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A Review of the Physical Oceanography of the Bag o f  Fundy 

David A, Greenberg  

Coastnf Oce knography 
Bedford instlttme of Oceanography 

P - 0 ,  Box 1006, Darkmouth, V,S, R2Y 482  

ABSTRACT 

'r'k~e physical oceanography of the Ray of F'undy is examined, The 
large tides and tidal currents, attributable to a resonance effect, are a 
domlnant force in the system, Variations in water levels and currents are 
caused by the predictable variability I n  the tidal generating forces, and 
by the less predictable meteorological forcing and fresh water input, The 
large tides glve rise to unusual effects such as tidal bores and reversing 
falls* The potential and kinetic energy and dissipation levels associated 
with t h e  tides are all very large, Examinacions of hydrographic data and 
modelling results have indicated strong vertical mixing caused by the 
tides, but horizontal exchange in the system 1s low compared to low-tide, 
open-sea situations, The mean currents in the upper Way are 3.argely 
tidally-driven, but in the lower Hay, fresh water runoff plays a major  
role, The ice characteristics are also greatly influenced by the tidaX 
range and tidal currents, Wave information in the Bay is sparce, but wave 
energy typically is not large, 

Key words : physical oceanog~aphy, Bay of Fundy, tidal dynarni cs, nzarrterl" c 
model studies 

Z,'oc4anographfe physique de la ba i e  de Fundy fait liobjct du 
r)r@Pqent rapport. De fortes mardes et d8&normes courants tidaenx attrl- 
buablrs 2 un effee de rgsonance, constituent une force dominante dans 4e 
systG~ne, Certaines variations du niveau de I'eau et des courants sont 
caus4es par %a variabilit4 preirisible des forces g&n&ratrices de la mar4e 
astronomique, ainsi que par le for~age mht&orologique direct et Isapporr en 
eaux dsuces, Les grandes imrges donnent lieu 3 des ph6nomPnes particullers 
cornme le mascaret et les chutes r4versibles, LQ6nergie potentielle et  
cin4tique de m&e que les niveaux de dissipation associ6s 'aux mar4es sont 
tous tr6s 6Seev6s. L i  eexamen des donn4es iiydrographi ques et des rhsrat carps d e  
q1od6Sisatisn one r4v&l4 l'existewce dPun mglange vertical t c 2 s  Cort, leyuel 
est dd aim mardes, tandis que l'&eii~ange horizontal est e'aible dans l e  
systgme eomparafivement 2 ce guE existe dans les zones littorales de faible 
mar& el: de mer libre, Dans la hafe du Nord, ies courants iiloyerrs qont 
gdngralement mus par les marges, mais dans la kaie du Sud, I Vcoulement des  
eaux douces joue un rGle de premier plan, Les caract4ristiques glacielles 
sont aussi domlnges par 4e rnarnage et les courants tidaux, On ne sait pas 
grand chose de la houle qul t-6gne dans la Raie, mas lQ6nergie d e s  vaguos 
est slnguliGretnent faible , 
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INTRODUCTION 

There are many processes important in the physical oceanography of 
the Bay of Pundy, One picture is obtained by thinkfng In terms of the 
dominant M2 tidal signal of 12,42 hrs, the annual signal and the annual 
means sf current and hydrographic parameters, Although this would cover 
most o f  the dynamics of the system, much of interest is attributable to the 
varfabllity in these signals, The very predictable variations in tides and 
the less predictable annual and short time scale variations in meteorology 
are of great importance to the synoptic picture of the Bay and significant 
to many non-physical aspects of the environment, This paper attempts to 
briefly describe what is known about the dominant processes in the Ray of 
Fundy and indicate some important areas of variability in these processes. 

THE SEA LEVEL TIDAL REGIME 

Prior to the late 1960's the large tidal oscillations in the Bay of 
Fundy were thought to be caused by the near resonance between the M 2  tide 
(period 12,42 hours) and the natural period of the Bay, Defant (1961), for 
example, referring to the Bay, stated "the resonance condition Is almost 
completely fulfulled". However, when a detailed calculation was made (Rao 
2968), the free period of the Bay of Fundy alone was found to be about 9 
hours which could amplify the tides, but is far from resonance. Later, 
Garrett (1972, 1974) showed that the entire Gulf of Maine and Bay of Fundy 
(Fig. 1) combined to form one resonant system with a period of close to 13 
hours, Duff (1981) has suggested that "frequency entrainment" - a process 
by which a system forced near to natural period will convert energy to this 
natural period from the forced period, - may also play a part in the Large 
Fundy tides, 

Figure 2 shows the amplification of the tide incident on the shelf 
edge, The tidal range increases from the shelf edge by a factor of 2 1 / 2  
t o  Boston, 3 to Yarmoutk, 6 to Saint John, 10 to Upper Chignecto and 12 I n  
upper Minas. Greenberg (1979) demonstrated that most of the energy enters 
vfa the Northeast channel and the northern shelf, with some entering 
through Great South Channel. 

The above describes the M2 component of the tide - the largest 
single constituent with a period of 12.42 hours and representing 90% of the 
tidal energy, It can reasonably be considered by itself to represent the 
"mean tide". The amplitude of the next two largest constituents, N2 
(period 12,56 hrs) and S2 (period 12,00 hrs) are a factor of 4,7 and 6 
smaller than M 2  respectively. The ratio of these terms is fairly constant 
throughout the Ray of Fundy and Gulf of Maine (Garrett 1972), It is prLn- 
eipally the beating of these three frequencies that provides the spring- 
neaps variation over the course of 15 and 29 days. Beating results from 
the superimposing of two waves of different frequencies, which leads to a 
maximum combined range when the waves are in phase, and to a minimum when 
the waves are out of phase. The diurnal variation in this system is caused 
by two main constituents: K 1  (period 23.94 hrs) and O 1  (period 25.82 hrs), 
These are far enough from the natural period that they lead to no resonant 
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Fig. 1, Location Map f o r  the  Bay of Pundy and Gulf of Maine, 





amplif ication. The amp1 ittnde of these constituents is fa i r1  y constant 
throughout the Ray and Gulf at 10-15 cm, The beating of these two signals 
also leads to a spring-neaps cycle, The beat frequencies of the seml- 
diurnal and diurnal tides themselves Reat, creating a third beat frequency 
that leads to two times a year when higher than normal tides are experi- 
enced. In the Bay of Fundy and Gulf of Maine the ratio of the highest tide 
range of the year to lowest is about 2:1, This is small compared to some 
areas, such as near the French tidal power plant at La Rance where the 
ratio is about 6:P, The largest and smallest tides are typfcally seen 
twfce yearly, but the rnajor part of the variability occurs over the I S  day 
and 29 day cycle (see Pig, 3 below), 

Over the longer period the tides are amplified by an 1 8 , Q  year 
nodal variation. The effect is to change the different constituents by 
different percentages. The largest effect in the Pundy-Maine system is 
from the &3,7X variation in M 2  amplitude, It is thought that frictional 
effects and the competing effect from diurnals which have a nodal variation 
out of phase with the semi-diurnals, would reduce this to 12,6% (Garrett 
1 9 7 7 ) .  

TIDAL CURRENTS 

Much of what has been sail about varlabllity in tidal elevation 
applies to tidal currents. It is harder to get accurate tidal constituents 
from current observations for three reasons, Simple continuity tells us 
that the tidal current will he closely related to tidal elevation, but vary 
with basin configuration and topography, A general hourly pfcture of mean 
tidal currents is given in the Atlas of Tidal Currents (CHS 1 9 8 1 ) ,  based on 
the numerical model described in Greenberg (19791, Some $enera1 observa- 
tions, can be made. The currents are of the order l m,s-* around Southwest 
Nova Scotia and over Georges Bank, The rest of the Gulf of Maine has lower 
tidal currents - about 0,5  m,s-' and even lower .in the western corner of 

- 1 the Gulf, The tidal currents increase from 0 ,75  to 1, m,s from the mouth 
of the Bay to Cape Chignecto and continue fairly uniformly at thae level in 
Chignecto Bay. On the Nova Scotia side, the entrance to Minas Channel has - 1 tfdaP currents of 1 to P,5 m,s increasing to as high as 4 m,s- in the 
narrows by Cape Split then decreasing to a typical strength of Z 3 me,- ' in 
the MInas Basin. 

TIDAL BORES AND REVERSING PALLS 

Tidal bores are found in some shallow rivers that flow into the 
head of Chignecto Bay and Minas Rasin such as the Petitcodlac River, They 
occur when a large amplitude tidal wave travels over shallow water. The 
speed at which a tidal wave moves 1s proportional to the depth of water 
over which it travels* In very shallow water, the amplitude of the tidal 
wave is significant with respect to the depth sf the water, Thus the Pead- 
ing and trailing edges of the wave are retarded as they move, The typical 
shallow water tide rises quickly on the flood and receeds slowly oil the 
ebb, In a tidal bore situation, the wave steepens to the extent that it 





b r e a k s .  Much energy  f s  d i s s i p a t e d  i n  a t i d a l  bore  so i t  cannot  c o n t i n u e  
i n d e f i n i t e l y  over  t h e  sha l low w a t e r ,  Thus t h e  P e t i t c o d i a c  bore  does not  
p e n e t r a t e  a s  f a r  upst ream fo l lowing  t h e  s i l t a t i o n  r e s u l t i n g  from t h e  com- 
p l e e f o n  of Moncton Causeway. 

Revers ing F a l l s ,  found a t  the  mouth of t h e  S a i n t  John R i v e r ,  f s  
d r i v e n  by t h e  combina t ions  of h i g h  t i d e s  and r i v e r  runoff  over  a  s h a l l o w ,  
narrow, r e s t r i c t i o n ,  A t  t imes  of normal r i v e r  f low,  h igh water  i n  t h e  
ha rbour  causes  a n  i n f l o w  p a s t  t h e  P a l l s  and low water c a u s e s  a n  ou t f low.  
The mean l e v e l  of t h e  r i v e r  behind t h e  F a l l s  is  more v a r i a b l e  and a lways  
h i g h e r  than  t h e  mean l e v e l  of t h e  ha rbour ,  During t imes  of hfgh r u n o f f ,  
t h e  l e v e l  of t h e  r i v e r  i s  s o  h i g h  t h e  f a l l s  do not  r e v e r s e ,  The o u t f l o w  a t  
t h e  f a l l s  a t  low wate r  i s  " c r i t i c a l " ,  meaning t h a t  i t  is  f lowing  a t  i t s  
maximum r a t e ,  and lower ing  low t i d e  would not  i n c r e a s e  t h e  f low,  A t  h i g h  
wa te r  t h e  in f low i s  n o t  a s  r e s t r i c t e d  f o r  normal r i v e r  l e v e l s .  Although 
t h e r e  i s  no i n f l o w  d u r i n g  hfgh r u n o f f ,  t h e  o u t f l o w  a t  t h i s  t ime i s  re-  
t a r d e d ,  A consequence of t h t s  regime i s  t h a t  t h e  mean l e v e l  i n  t h e  r e s c r -  
v o i r  t e n d s  t o  r e f l e c t  t h e  h igh  t i d e  l e v e I s  i n  t h e  ha rbour  ( P i g ,  3 ) -  A t  
t imes  of h igh  r u n o f f ,  ( i n f e r r e d  from t h e  F r e d e r i c t o n  r e c o r d )  t h e  e f f e c t s  
a r e  more pronounced downstream a t  s p r l n g  t l d e s ,  A t  low runof f  t i m e s ,  r i v e r  
l e v e l s  seem t o  peak d u r i n g  the  h i g h e r  s p r i n g  tides, Flood ing  s i t u a t i o n s  
caused by high runof f  cou ld  he more s e v e r e  when t h e  peak runof f  o c c u r s  a t  
t imes  of h i g h e r  than  normal t i d e s ,  

ENERGY CHARACTERISTICS 

The p a r t i t i o n i n g  of t i d a l  energy i s  d e s c r i b e d  i n  Greenberg (19799 
from which t h e  f o l l o w i n g  i s  e x c e r p t e d ,  

Values  of mean energy and mean work P a t e s  a r e  g iven  i n  Table  I ,  
The d i s t r i b u t i o n  of k i n e t i c  energy and f r i c t i o n a l  work is  shorn  i n  P i g ,  
4 ,  and 5. The p o t e n t i a l  energy i s ,  p r e d i c t a h l y ,  h i g h e s t  i n  t h e  upper 
r e a c h e s  of t h e  Bay of Fundy, where t h e  t i d a l  range i s  g r e a t e s t ,  I n  t h e s e  
a r e a s ,  i n  p a r t i c u l a r ,  and g e n e r a l l y  i n  t h e  Bay of Fundy, t h e  mean p o t e ~ ~ t i a l  
ene rgy  i s  h i g h e r  than  t h e  mean k i n e t i c  energy, I n  t h e  Gulf of Maine t h e  
k i n e t f c  energy  is  g r e a t e r  than t h e  p o t e n t i a l  ene rgy ,  and i s  concer i t r a t ed  i n  
a wide band from around t h e  Nantucket  a r e a ,  through Ceorges Rank, a c r o s s  
t h e  Fundian Channel,  and i n t o  t h e  Ray of Pundy, There  a r e  l o c a l  maxima 
through Great  South Channel,  Nor theas t  Channel and a t  t h e  e n t r a n c e  t o  t h e  
Ray of Fundy. The mean k i n e t i c  energy of rhe  New Hampshire c o r n e r  of t h e  
Gulf of Maine i s  very  low, The k i n e t i c  energy per  u n i t  a r e a  r e a c h e s  a  max- 
imum i n  t h e  narrows by Cape S p l i t ,  where t h e r e  a r e  s t r o n g  c u r r e n t s  through 
t h e  deep channel .  The wean k i n e t i c  energy i n  Chignecto  is  i n  compar ison,  
v e r y  low. The f r i c t i o n a l  dissipation i n  t:le Gulf of Maine is c o n c e n t r a t e d  
i n  a  band s i m i l a r  t o  t h a t  of t h e  mean k i n e t i c  ene rgy ,  but  w i t h  maxima o v e r  
t h e  s h a l l o w  a r e a s .  There  is v e r y  l i t t l e  d i s s i p a t f o n  i n  t h e  New Hampshire 
c o r n e r  of t h e  Gulf .  The f r i c t i o n a l  d i s s i p a t f o n  i n c r e a s e s  g r a d u a l l y  from 
t h e  body of t h e  bay i n t o  Chignecto  Ray. There  i s  a d r a m a t i c  i n c r e a s e  from 
Cape Chignecto  into Cape S p l i t ,  then a r e d u c t i o n  i n  d i s s i p a t f o n  i n  t h e  
Minas Bas in ,  a l t h o u g h  v a l u e s  a r e  s t i l l  r e l a t i v e l y  h i g h ,  







Using the values in Table 1, the dfssipative Q, where Q = 
Frequency x energy was found to be 5.0 for the entire system and for the 
Dissipation rate 
Gulf and Bay considered separately. Q is a measure of the damping of the 
system, 

TEMPERATURE AND SALINITY CWARACTEKLSTXCS 

An integrated study of the temperature and salfnfty characteristics 
for the entire Bay of Pundy remains to be done, We can, however, put to- 
gether a picture that gives us some idea of the hydrography of the region 
from different studies, recognizing year to year varlabflity most noteably 
from variations in fresh water runoff in the St. John River (Bumpus 1960) 
and to some extent from meteorological effects. The data used for this 
outline comes from Hachey (19521, Bailey (19541, Bailey et ale (1954) who 
looked in detail at aspects at the mouth of the Bay; Amos and Joice (1977) 
who examined the Minas area; Amos and Asprey (1981) who looked at Chignecto 
Bay; and Kate Kranck (personal communication) and Don Gordon (personal 
communlcation) who surveyed the main body of the Ray, 

Bailey (1954) studied long term measurements across a transect from 
St, Andrews to Digby Neck. He found data from the years 1950-1952 to be 
very similar, but quite different from the 1917 data in which similar 
salinities were observed, but temperatures were 2.0" C colder. Re identi- 
fied tidal mixing, vernal warming, runoff, and autumn and winter cooling to 
be important processes in the seasonal hydrographic picture, The analysis 
of data from a station north of Grand Manan Island (Bailey et a4. 1954) 
from three depths showed sinusoidal variations over the year, Salinity 
reached a maximum near bottom (about 33 /,,) with little seasogal 
variation and a minimum at the surface in the spring (about 30 /,,) 
where the seasonal variation was greater. The temperature minimum of near 
0°C was noted at the surface in the wlnter and the maximum at this station 
was 13°C in the late summer, found at a11 depths, 

The spatial variation of salinity and temperature in the Ray can be 
pieced together from several sources of data, At the mouth of the Bay 
whgre there is extensive stratification the salinity in summer is about 
33 /,,, but fresher at the surface. The surface salinity falls 
regularly from the mouth t8 near 31°/,, by Cape Chignecto, In 
Chignectg Bay values of 30 /,, have been found and in upper Minas 
Basin 28 /,, has been observed, En the fall and winter, when there 
is less fresh water runoff, the salinities tend t o  be higher and more 
spatially uniform, Surface temperatures in the late summer show a pattern 
of colder llBC water at the mouth of the Bay wzrming to l4OC at Cape 
Chignecto and rising further to 17°C in Chignecto and 2l0C in upper Minas 
Basin, In the fall, the temperatures are spatially more uniform and cooler 
than in summer. In the winter, the gradient is reversed, with the coldest 
(0°C) water at the head of the Bay and 3"-4°C water at the mouth, 



TABLE 1, Mean energy and work f o r  an M 2  t t d a l  c y c l e  f o r  d i f f e r e n t  a r e a s .  

( 1 )  Prom t h e  head of Minas t o  Cape D P O r e  

( 2 )  From t h e  head of Chfgnecto t o  a l i n e  midway between Cape 
Enrage and Cape Chignecto ,  

( 3 )  Covering t h e  Read of t h e  bay b e f o r e  i t  d i v i d e s  i n t o  Chignec to  
and Minas , 

( 4 )  The Bay of Fundy a r e a  covered by t h e  medium mesh. 

( 5 )  The Gulf s f  Maine and c o n t i n e n t a l  s h e l f  a r e a  covered by t h e  
c o a r s e  mesh, 

The d i s s i p a t i v e  Q of each r e g i o n  i s  a l s o  g i v e n ,  

(from Greenberg 1 979) 

Area 

Mean Mean 'Flean Mean R a t e  
P o t e n t i a l  KinetSc T o t a l  of F r i c t i o n  
Energy Energy Energy D i s s i p a t i o n  
1 0 1 4 ~ o u l e s  1 ~ ' ~  J o u l e s  lo1 '  J o u l e s  10'' Watts  Q 

1, Minas 1.15 .38 1.53 1-02. 2.1 

2 .  Chignecto  .38 .03 .41 .06 9.6 

3 .  Upper Fundy .65 . 21 -86 .22 5 , 5  

4 ,  Lower Pundy 2 ,39 1 ,59 3 -97 .60 9 , 3  

4,57 2,20 6-77 L ,90 5 - 0  

5 ,  Gulf of Maine 4,34  8.45 12,79 3,60 5 .O 

T o t a l  Fundy- 
Maine 8,91 10,65 19 -65 5,50 5 .O 



BORIZOFSEAL AND VERTICAL M I X I N G  

Although some s t u d i e s  of h o r i z o n t a l  mixing have been made, t h e r e  is 
much scope f o r  i d e n t i f i c a t i o n  of t h e  impor tan t  p r o c e s s e s  i n ,  and q u a n t i f y -  
fng o f ,  t h e  water  exchange i n  t k e  Bay, Retchum and Keen (1953) analyzed 
hydrograph ic  d a t a  f o r  t h e  Bay of Pundy aitd concbuded t h a t  durlrag t imes  o f  
heavy runof f  i n  t h e  St, John River  the  ff iushing rime was abou t  76 days ,  
When runof f  is  l e s s  impor tan t  t h e  f l u s h i n g  t h e  would be much l o n g e r .  
Holloway (%"PI)  ana lyzed  s a l i n i t y  and runoff  d a t a  and found t h e  eddy 
d i f  f u s i v i t y  i n  t h e  Minas Basin t o  be r e l a t e d  t o  t h e  t i d a l  Er ic tZon a long  2 

1 the a x i s  of t h e  Basin .  The e s t i m a t e d  v a l u e s  were of t h e  o r d e r  200 m .s- a 

T h i s  is a  v a l u e  s i m i l a r  t o  what one would expect i n  a  t y p i c a l  open c o a s t a l  
a r e a .  

T i d a l  c u r r e n t s  cause  much of t h e  v e r t i c a l  mixing 4n t h e  Bay of  
Fundy and Gulf of Maine, G a r r e t t  e t  a l ,  (1978) found t h a e f o r  t h e  sumirner 
months below a  c r i t i c a l  v a l u e  of t h e  r a t i o  of d e p t h  t o  t i d a l  d i s s i p a t i o n  
t h e  wa te r  w a s  v e r t i c a l l y  w e l l  mixed; wPi lLe  above t h a t  v a l u e ,  wa te r  could  be 
s t r a t i f i e d  (Fig* 6 a 8  b ) *  Most of t h e  Bay n o r t h e a s t  of S a i n t  John i s  w e l l  
mixed a s  a r e  a r e a s  around Grand Manan I s l a n d ,  B r i e r  I s l a n d  and southwest  
Nova S c o t i a ,  When sumer  h e a t i n g  i s  reduced and meteorologbcaf  fo rc ing  %nee-- 
c r e a s e d ,  i n  t h e  l a t e  f a l l ,  w j n t e r  and e a r l y  s p r i n g ,  t h e  s t r a t i f i c a t i o n  is 
reduced throughout  t h e  Bay ( B a i l s y  1954) -  

Prom t h e  above and t o  some e x t e n t  from t h e  d a t a  i n  t h e  p r e v i o u s  
s e c t i o n ,  we can s e e  t h a t  t h e  t i d e s  a r e  very  e f f e c t i v e  a t  v e r t i c a l l y  m i x i n g  
t h e  Ray, but  t h a t  h o r i z o n t a l  exchaages  a r e  corapara t ively  low, even wi th  the 
e x i s t i n g  l a r g e  t i d a l  e x c u r s i o n s .  

Numerical model s t u d i e s  (Tee 9976, Greenberg 1983) have i n d i c a t e d  
t h a t  t h e  b a r o e r o p i c  r e s i d u a l  e i r c u l a t l o n  a t  t h e  head of the Bay is  l a r g e l y -  
d r i v e n  by t h e  t i d e s ,  T h i s  i s  a l s o  suppor ted  by o b s e r v a t i o n s  (Godin 1 9 4 8 ,  
Tee 1 9 7 7 ) ,  S t rong  r e s i d u a l s  and f o u r  g y r e s  have been i d e n t i f i e d  around 
Cape S p l i t  and Cape Blomidon ( P i g ,  71, Around Cape Chignec to ,  Cap D t O r  a m d  
l n  Chignecto  Bay, model r e s u l t s  show d i s t l n c t  mean c u r r e n t  p a t t e r n s  b u t  
t h e r e  a r e  no t  s u f f i c i e n t  o b s e r v a t i o n s  t o  v e r i f y  them, Some o b s e r v a t i o n s  
s u g g e s t  t h a t  i n  p a r t s  of Chignecto  Bay, t h e  mean c u r r e n t  v a r i e s  i n  magni- 
t u d e  and d i r e c t i o n  w i t h  dep th .  I n  t h e  main body of t h e  Ray of Pundy some 
s f  t h e  mean c u r r e n t s  seem t o  be t i d a l l y  g e n e r a t e d  w h i l e  o t h e r s ,  such a s  the 
p r i n c i p a l  counterc9ockwise  g y r e  i n  t h e  lower Bay seem t o  be d r i v e n  baro- 
clinically, p r i n c i p a l l y  from t h e  f r e s h  water i n p u t  from t h e  S a i n t  John 
R i v e r .  The computer model a g r e e s  with o b s e r v a t i o n s  of a  t i d a l l y  d r i v e n  
g y r e  o f f  S t ,  John and s t r o n g  seaward f low n o r t h e a s t  of Grand Manan (F ig .  
8). The model does  no t  adequa te ly  r e s o l v e  t h e  r a p i d  changes  i n  topography  
a t  t h e  mouth of t h e  Bay, s o  t h e  i r r e g u l a r  p a t  t e r n  shou ld  o n l y  be thought c. f 
as ev idence  t h a t  t i d e s  do g e n e r a t e  s t r o n g  mean c u r r e n t s  t h e r e ,  The sea- 
s o n a l  wind s t r e s s  does  n o t  seem t o  p lay a  major r o l e  i n  d e t e r m i n i n g  t h e  
mean c i r c u l a t i o n  p a t t e r n ,  
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I c e  ohse rva t lonc ;  a - e  n o t  r o u t i n e l y  made i n  che Ray of Funtiy, 
i i e f e r e n c e s  t o  i c e  i n  tl te B;ly o f  Fundy S a l l i n g  D i r e c t i o n s  (Ailon 1982) d e a l  
a s  much w i t h  t h e  Gulf of S " c  Lawrence a s  z i t h  t h e  uppe r  Bay, Frt>rr: t h e  
SaPLing D i r e c t i o n s  and from ATPPB ( 1 9 6 9 ) ,  Greenberg  (1977)  conc luded  t h a t  
a t  t i m e s ,  Cumberland B a s i n  and Sheopody Eay a r e  c o v e r e d  wtkh f a s t  i c e ,  T h e  
o n l y  r e c e n t  s y s t e m a t i c  i c e  s t u d y  (Gordon 3nd Desplanque  1983)  c u n t r a d i c t s  
c h i s ,  Th'ey found t h a t  t h e  hreaicinp e f f e c t s  nC t h e  t I d a 1  rarrge. a n d  rr,ove~nent 
by t h e  t i d a l  c u r r e n t s  k e p t  t h e  I c e  i n  p i e c e s  a n d  i n  mot ion  most of  t h e  
t i m e ,  The r e a d e r  -is r e f e r r e d  t o  (;ordon dnd i)t?spIanqtae (1983)  f a r  s de-- 
t a i l e d  s trrdy incl~md-lng i c e  e f f e c t s  or? s ed  iment  and on h i o i o g y ,  

T h e r e  have  heen some wave t ~ ~ e a s u r e n e n t . ;  I n  t h e  uppe r  Bay, b u t  w i n t e r  
obse rva t lkons  a r e  d i f f i c u l t :  b e c a u s e  of  i c e  c o n d i t i o n s .  O b s e r v a t i o n s  i~ ti le  
lower  Bay r e p o r t e d  f n  !Jeu nr:d Vancisll ( 1916)  a t  Tyner  P t ,  (near P t ,  
Lepreau )  i n d i c a t e  t h a t  t h e  s i g r i i f i c a n t  wave h e i g h t  from November t o  A p r i l  
e x c e e d s  P m 2555: of  t h e  Cfme and e x c e e d s  2 rn 4% of t h e  t i m e ,  Prom May t o  
Oc tobe r  wave e n e r g y  i s  r e d u c e d ,  r e a c h i n g  minlrnum v a l u e s  -- a p p r o x i m a t e l y  
h a l f  t h e  w l ~ l t e r  h e i g h t s  - d u r i n g  t h e  S a t e  summer, T h e r e  were t t .~o d i s t i n c t  
wave p e r i o d s  n o t e d :  -= a  9 second p e r i o d  a t t r i b u t e d  t o  s e a  swell g e n e r a t e d  
o u t s i d e  t h e  a r e a ,  and a  5 second p e r i o d  from l o c a l  g e n e r a t i o ~ .  Longer 
p e r i o d  waves have  been  obse rved  dur-Eng bsd  s to r in s  (e,,s;, i 6  s e c  d u r i n g  Che. 
"Groundhog Day" s t o r m  of  1376) .  O l>se rva t  t o ~ ~ s  from P'linas Ra.;d,n (t2i;ros and 
J o i c e  4 9 7 7 )  show lower  e n e r g y  l e v e l s  t h a r  o h s e r v e d  i n  t h e  l ower  Bay, w i t h  
t h e  s f g n i f i c a r t t  wave h e l g h t  e x c e e d j n g  O,6 ITI o n l y  10% of t h e  t i n e ,  The 
o b s e r v a t i o n s  s u g g e s t  t h a t  l a r g e r  waves g roup  a round  a  4-5 s econd  p e r i o d .  
O h s e r v a c l o n s  from C h i g n e c t o  Ray (Ar o s  an6 Asprey 1981) a r e  s j m i l a r  except.  
t h a t  t h e y  do i n d i c a t e  some l o n g e r  1,el-f o d ,  higher waves i n  c e n t r a l  
C h l g n e c t o ,  

Wave arnpl f t~xde  and wave pei:iod a r e  itncsm t o  Int:r:ease w i t h  the  dcnra- 
t.L.on, fc?tch and s t r e n g t h  o f  t h e  w i ~ d  (Hassel.rnann e t  ale 1973), Wave devei--  
op~nen t  4,s a l s o  i n f l u e n ( - e d  by t h e  st: r e n g t h  of t i d a l  streams (3T1l f f ps 1 9 7 7 1 ,  
Wave a m p l j t u d e  is  a m p l i f i e d  when wfinds oppose  c u r r e n t s  and i s  d e c r e a s e d  
when wind and c u r r e n t s  run  i n  t h e  same d i  r e c t i o a ,  T h e r e  Is  a l s o  a n  
a p p a r e n t  f r e q u e n c y  s h i f t  from t h e  Doppler  e f f e c t  of  t h e  waves nlcving i n  t h e  
c u r r e n t .  Wlnd d a t a  colnjiiletl by E n i ~ i r o n m e n f l a n a d a  (Anon 1902h)  a t  Monlcton 
A i r p o r t  and D e b e r t  A i r p o r t  f o r  !."iart:h and Auglrst a r e  shown i n  F3.g- 9, T h e y  
r e p r e s e n t  p e r i o d s  of  s t r o n g  and wezk wincs  r e s p e c t i v e l y ,  I t  c a n  he s e e n  
where some dominant  wiird d i r e c t i o r i s  al ig: '  w i t h  t h e  a x e s  of t h e  h a s f n s  which 
would l e a d  t o  increased wave ene rgy  and n i g h t  i n t e r a c t  w i t h  t i d a l  s t r e a m s ,  
(More r e c e n t  d a t a  froin Sacicvi.Lie, CJ,B,, c , h i ch  woulrl he more r e l evan t :  t o  
Cumberland R a s l n ,  have  y e t  t o  be c o m p i l e ? ,  An f n i t i a l  cornpar l son  of  some 
s f m u l t a n e o u s  d a t a ,  i n d i c a t e s  t h a t  t h e r e  p r e  d i f f e r e n c e s  be tween Lhese and 
t h e  Moncton and  D e b e r t  d a t ? ) ,  

S torms c a n  caube  d e v i a t i o n h  from p r e d i c t e d  t i d e  h e i g h t s ,  w i e h  
s u r g e s  o f  2 m o r  more obse rved  i n  r h i s  a r e a .  The d u r a t i o n  and h e i g h t  
depends  on t h e  c h a r a c t e r i s t i c s  of  khe g e r e r a t i r l g  s t o m  (wind ,  p r e s s u r e ,  
s tor in  t r a c k ,  e t c , ) ,  The e l e v a t i o n  anomof i e s  can l a s t  a  few h o o r s  and m i g h t  
s e t  up a n  o s c i l l a t i o n  r h a e  would n o t  d i e  dowrr n n s i l  w e l l  a f t e r  t h e  s t o r m  



F i g ,  9. Mean wind s t r e n g t h s  and f r e q u e n c i e s  f o r  d i f f e r e n t  wind d i r e c t i o n s  
f o r  a h i g h  wind month (March) an3  a  low wind month ( A u g u s t ) .  
Averages  are from 6 y e a r s  d a t a  a t  Deber t  A i r p o r t  and 26 y e a r s  d a t a  
a t  Moncton A i r p o r t ,  



had  p a s s e d ,  I n  t h e  Bay of  Fundy, s u c h  s u r g e s  a r e  most s f g r ~ i f i c a n t  i f  t h e y  
a r r i v e  a t  a  tline of  h i g h  wa te r  when a r e a s  o u t s i d e  t h e  normal t i d a l  r ange  
woulrl he a t  r i s k ,  Al though r a r e ,  s u c h  f l o o d i n g  h a s  been r e p o r t e d ,  c a u s i n g  
damage t o  some o f  t h e  dyked l a n d s  a round  t h e  upper  Ray. 

I n  t h e  above ,  r i d e s  have been  emphasized due  t o  t h e i r  dominance % n  
t h e  sys t em and p e r h a p s  a l s o  due t o  t h e  ~ u t h o r ' s  p e r s p e c t i v e ,  I n  t h i s  b r % e f  
d e s c r i p t i o n  of  t h e  p h y z i c a l  oceanography ,  t i le  p r e d i c t a b l e  (mean, s e a s o n a l  
and t i d a l )  p r o c e s s e s  have bee11 exposed  and r h e  impor t ance  of t h e  v a r i a h i l -  
i t y  i n  t h e s e  p r o c e s s e s  h a s  been emphasfze: l ,  Some of  t h e  a r e a s  where work 
needs  t o  be done have  been i n d i c a t e d ,  
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QUESTIOtiS AND COMMENTS 

M. Dadswel l :  Are you aware  of  t h e  w e a t h e r  s t a t i o n  set up  s e v e r a l  y e a r s  ago 
a t  F o r t  B e a u s e j o u r  (Read oF Cumber-:and R z s i n )  by AES? The winds  a r e  q u i t e  
d i f f e r e n t  t h a n  t h o s e  r e c o r d e d  a t  Mencton A i r p o r t ,  

N.  G reenbe rg :  NO -- 
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A t l a n t i c  G~boscfer c e  C e n t r e ,  
GeoEogfcal  Survey of  Canada,  

Bedford I n s t i t u t e  of Oceanography,  
P ,O,  BOX 1006, 

Dartrnoutl-r, N,S,  f32Y 4 A 2  

The Xay of Fundy has  been t h e  s i t e  o f  a number of  key  s t u d i e s  i n  
t h e  f i e l d  of s ed imen to logy  r a n k i n g  i t  a s  one of t h e  b e t t e r  s t u d i e d  t i d a l  
e s t u a r i e s .  Such s t u d i e s  deve loped  c o n c e l t s  which have widesp read  a p p l i c a -  
t l o n .  I n  p a r t i c u l a r ,  t h e  g e n e r i c  c l a s s i f i c a t i o n  of  f l ow t r a n s v e r s e  bed 
fo rms  by Dalrymple e t  a l e  (1978) deve loped  i n  Cobequid Bay is  now a p p l l e d  
i n  many r e g i o n s .  R e l a t i o n s h i p s  between t i d a l  p r o c e s s e s  and s e d i m e n t  t r a n s -  
p o r t  i n  t h e  Ray of Fundy a r e  vieweti by petroleum g e o l o g i s t s  as keys  t o  t h e  
i n t e r p r e t a t i o n  of g e o l o g i c a l l y  p r e s e r v e d  " t i d a l i t e "  d e p o s i t s ,  s o  o f t e n  i m -  
p o r t a n t  i n  t h e  e x p l o r a ; i o n  For o i l ,  Dur ing  t h e  las t  6 y e a r s ,  t h e  f i e l d  o f  
a p p l i e d  s e d i m e n t o l o g y  h a s  p r o g r e s s ~ d  c o n s i d e r a b l y .  The development  of 
t e c h n i q u e s  t o  i n t e r f a c e  s e d i m e n t a t i o n  m o l e l s  and numer ic  h y d r a u l i c  models  
h a s  improved t h e  c a p a b i l i t y  t o  h i n d c a s t  t r  p r e d i c t  s e d i m e n t a t t o n  p a t t e r n s .  
Such models  a r e  however f i r s t  o r d e r ;  they do no t  a c c o u n t  f o r  waves,  s t o r m s ,  
i c e  o r  b i o l o g i c a l  e f f e c t s ,  y e t  t h e y  provide v a l u a b l e  i n f o r m a t i o n  f o r  e n v i r -  
onmen ta l  impact  a n a l y s i s  o r  enginecaring c i e s i g n ,  A number of  new t e c h n i q u e s  
have  been  t e s t e d  and p e r f e c t e d  i n  !-he Ba),  R a d i o i s o t o p e  tagged s a n d s  were 
s u c c e s s f u l l y  11sed t o  mon i to r  sand c r a n s p c ~ r t  i n  Minas B a s i n ;  t h e f i r s t  such  
expe r imen t  i n  Canada. Comptementi~tg "iaai s t u d y ,  t h e  q u a n t i t a t i v e  t r a n s p o r t  
a n d  d i s t r i b u t i o n  of  suspended p a r t i c u l a t e s  m a t t e r  was e v a l u a t e d  by t h e  c a l f -  
b r a t l o n  oE t h e  Landsa t  M u l t l s p e c t r a l  Scariner t o  suspended sed imen t  concen- 
e r a t i o n ,  Qne of  t h e  most I n t r i g u i n g  s e t  of  c o n t r f b u t l o n s  h a s  been  t h e  
development  of c o n c e p t s  r e l a t e d  t o  s e a  l c v e l  r i s e  and t i d a l  changes  s i n c e  
d e g l a c l a t i o n  of  t h e  r e g i o n ,  Rased on t k r s e  s t u d i e s  i t  now a p p e a r s  t h a t  
l a r g e  e s t u a r i n e  t i d e s  a r e  ephemeral  f e a t t i r e s  which can  d e v e l o p  and decay  
w i t h i n  s e v e r a l  m i l l e n i a ,  

Key words:  s e d i m e n t a t i o n  p a t t e r n s ,  bedf<grms, suspended s e d i m e n t ,  b e d l o a d ,  
numer ic  s i n u l a t i o n ,  p o s t - g l a t l a l  s t r a t i g r a p h y ,  sea "Lev1 
change ,  

La b a i e  d e  Fundy a  E a i t  l \ o b j e t  d'tun c e r t a i n  nombre d v 6 t u d e s c 4 d s  
d a n s  l e  domaine d e  l a  s d d i m e n t o l o g l e  q u i  e n  f o n t  tin d e s  e s t u a i r e s  a' marges  
les mleux 4 tud ie ' s .  De t e l l e s  6 t u d e s  p e r r i e t t e n t  d t 4 1 a b o r e r  d e s  c o n c e p t s  aux  
a p p l i c a t i o n s  trss rgpandues .  En p a r t i c u l i e r ,  Pa c l a s s i f i c a t i o n  g&n&rique 
d e s  formes  du f o n t  t r a x i s v e r s a l e s  a' l s 4 c o ~ l l e ~ n e n t  inise au  p o i n t  pour  l a  h a l e  



tle CobrqufJ par Dafryrnple ei coil, ( 1 9 7 8  est mainterrant a p p l l q ~ 1 6 t 3  dan.; irs 
grand nornbre (re rdgions. Les relations a nLre Tes proeess-ias tidarax e t  li. 
Lralasport des sgdlrnenr-s dan.; la hate de l'undy soat consid4rlS's par les gho- 
Zogucs p61 roliers comm,. des 626i;ienrs cl6: de I 'interpr6t:ltion des s6diments 
Indur6s de type "'t idai i te" rli~i sorlt 54 st r lvcnt  jmportants pour l0explora- 
t;on pgtro'iiifre, Ru coilrs des 6 dt  rnirer: ann6es $e domaine tie la s&i- 
mer-rtofogie appliqn4e a connu Aes pxogrOs considkrables, iAa mlse au point 
dc. rnCttlodes permettai-lt de relier ies rnod~les de s6dimentatioil aux mod&lca 
hydrauliqnes numgrlq~aes a am6liop.d' les posslbillt6s d e  pr&visior7 2 
poste'riori ots iSe prdvision des configurations de s&dimenr_ation, Ces 
modS2es sont toutefois de premier nrdre 6 . t  ne Lienneat pas cornpte des 
vagttes, des temp&tes, de la glace our des e f f ~ t s  bioioglqurs, nrsis 
fournissent nganmoins des renseignements pr6cieux pour l es  analyses des 
rkpercussfons gcologiques ou la conception cles ouvrages dc ggnfe ,  Un cer- 
tain nomhre de nouvelies m4thodes ont 4t& &prouv&es 2t perfectionn6es Zdns 
la baie, On a utflis4 avec succ6s le mal-quage de sables r;.u myen de 
radio-isotopes pour la surveillance des cf4placements du sable dans le 
hassin des Mfnes, ce qui constltualt la prerniPre expgrlence du genre au 
Canada. A t i t r e  de complgment a' ci-.tee &rude on a &~a51;-4 quanCitatlvement 
Pe d6placement et la r6pareition d ~ s  partic~14ss cfe maciGre en suspension 
par P94talonnage du balayeur multispectr:,l du Landsat en fonction de la 
concentration d e  rnati&res en suspeqsion, Un des ensembles dDapports fes 
plus iqtriguants a 6ee' lsd%aborati,~rl de concepts rell6s a' Zf&'l$vatlon du 
nlveau de la mer et aux modiffcations d e s  marges depu3s Pa ddglacfa~ion de 
la rgglon, DPapr$s ces gtudes il  semble maintenant que les rnarBes 
cst-uariennes importantes sont. des cntlt&, 4phgrnGres q u i  peuvent apparai'tre 
et disparaftre en rnoins de pausieurs rnill$naires, 

h great many sfrldies have been c~trrlcd out  riaeed to the sedlri~ent- 
ology of the Bay of Fundy, Klein (1970) was perhaps the f i r s t  to describe 
in netall the nature of the intertrdal stzdirnents and the processes which 
control their transport and distribution. Since chat time sedimentologic 
research has dealt with a number of aspeiets including: animal/sedfment re- 
lationships; sedlmeotation dynamics; bedrarm morphology and genesls; ineer- 
tidal and subtidal stratigraphy; sea Eevcl changes; and man's influence on 
sedimentatfon, 

Many of  the studies are applfcab'e ro the identification of 
lithified sedimentary structures and sequences and in rhe reconstruction of 
 he at~clent depositi~n~tl znvironments Zn which they formed, Even today, 
the identification of such prese rved  "titlalfte" deposits is often ambiguous 
and studies of Bay of Fundy sedimenrolog.7 corltrihute fmcreasingly co our 
knowledge, 

A number or' fundamenral relationwhfps between tidal dynamics and 
sediaentation (or erosion) have been eva:uated and applied to predictive 
models of siltation, These studies have illustrated the complexity of the 
sedimentlfluid interaction and the conerlbuting effects of waves, ice and 
biological acrivf ty, 



3 3 

The sum total of the above research has resulced in a large number 
or' publicationr,. This paper will. briefl) review the most signfficant find- 
ings since 4976 cl-l~cn a workshop on the er.-i~lronmentaS implications of Fundy 
tidal power was held (Daborn l979), 

ENVIRONMENTAI, AND CEOI,OGZCAL SETTIN(;S 

The Ray of Fundy system is located withi? the Appalachian Orogenic 
Pinysfographic Province (Williams et. a l e ,  19721, The bedrock geology within 
the region exhibits Triassic half-graben haslnal development which over- 
printed earlier Ordovician to Carbi-inifereaous tectonic events which began 
430 willion years ago, The half-graben hasin is composed of Triassic sand- 
stones and volcan9c rocks which underlie much of the region (King and 
Maclean 3.976)- Bedrock flexurfng during earth movements upthrusted and 
folded much of the material presently comprtsing the erosive cliffs sur- 
rounding the Ray, The "basement" structt~re took 100-200 milldon years to 
evolve lsetween the Ordovician arad S'rjasslc periods, The stratigraphic 
section is composed of fluvial and deltaic sediments wlth associated 
volcanics producing the complex stratigr~phy observed today, 

The present day sedimentary charhcter of the Bay of Fundy reflects 
the lithology of the local bedrock which has been modified to varying de- 
grees by glacial erosion and deposition, These glacially derived sediments 
comprise much of the seabed of the Bay (I'ader er al , 19791, and show local 
differences in compssitIon, especially between Minas Rasin and Chfgnecto 
Bay, Minas Basin fs typically a sandy estuary, with wide expanses of sand 
flats and sand bars, Despite its silt-lrdened waters, the proportion of 
si4t and clay rich depositional environrtitnts (mudflats and salt marshes) is 
low, These environments are restricted to sheltered embayments, 

The abundance of sand in Minas R a s i n  is the result of wave erosion 
of Triassic sandstone cliffs which predo~rinate the si~oreline, supplemented 
by th$ input of glacial outwash sand which is ubiquitous, A total of 3 x 

6 10 rn' of sand is introduced to the systerri annually, releaaed by cliff re- 
cession which varies from 0 , 5 h  a- ' to 4 -5  m a-1, The ff ner grafned sf it 
and clay, derived principally from the reworking of seabed sediments, is 
limited because of an ice rafted, gravel lag which overlies and protects It 
from the erosive force of the existing strong tidal currents. 

Chignecto Ray, in contrast to Plirias Basin, is stnrrsunded by erosive 
cl$Ffs of Paleozoic si5tstones and shales, Furthermore, the Ray has a 
greater exposure to ocean swell and thertfore is subject to greater wave 
aetack which causes a refease of silt-s%~e material from the seabed and 
through cliff erosion, The resulttng aggregate is transported principally 
in suspension, The cliffs, which erode z * t  rates up to i m supply l x 
lo6 m3a-l of fine-grained sediment, A further source of fine grained 
material is from seabed erosion, Repeated bathymetric surveys show that a 
tidal channel off Cape Enrag6 has been stoured 30 m since 1870 releasing 

b into the water column over 60 x EO w 3  of sediment. 
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OVERVIEW OF RECENT IWSEARCW 

Slnce the first Furldy t i d a l  power snv-ironmental workshop held in 
1976, a considerable amount of sedimentological research has been carried 
out in the Bay of Fundy, A description of the general environment and a 
review of work prior t o  1475 was given by Dalrymple et al. (1945)- The 
more recent research bas been both pure and applied in scope and indeed 
some globally applicable principles have evolved, 

Sedimentary cores taken from the centre of Minas Basin (Amos 1978) 
followed up by biological data of 3Keakney et al. (unpublished data) and 
thereafter by modelling work sf Sestt and Greenberg (in prep,) have shown a 
progressive Increase in tidal range over the last 6500 years, Large-tides 
(greater than 4 rn in range) appear to be fugitfve phenomena which can ap- 
pear and reappear over several mZPlenia leading to a complex "tidalfte" 
stratigraphy. This concept, based on well dedeloped physical concepts, can 
potentially be applied to any embayment, and thus have radical effects on 
interpretations of archeology, biology and geology In the regions bordering 
such tidal environments, Certainly, this history of sea level change has 
contributed greatly to the present day character of the Ray, 

The Ph.D, theses of Dalryaple ( 6 9 9 7 1 ,  KnPght (1944) and Lambiase 
(1973) have evaluated specific sac? bars, their superimposed bedforms and 
the transport of sand under tidal flow, This work, together with the 
subsequent papers by Middleton and Davies (f979), Dalrymple et a4. (1978) ,  
and Lambiase (1980a and b )  have put forward some fundamental concepts of 
sediment response to high energy tldal flow, 

Larnbiase (1980a), worleing in the Avon Estuary, Minas Basin, showed 
that there is an inverse relationship between mean grain size and current 
speed, and that textural parameters do not directly reflect hydralic condi- 
tions, This finding is very important to the interpretation of 
geological%y preserved sediments where indeed a direct relationship between 
grain size and current speed i s  Inferred, He also dfsseeted grain size 
cumulative curves from Minlas B a s i n  sandy sediments, relating inflection 
points of these curves to different modes of sediment transport, Be in- 
ferred (i) tractive load, (ii) intermittant suspension and (iii) suspended 
load, 

Co22ins (in prep,) examined the speerilative theory of intermittent 
suspension described in part by Lamblase (i980a) by water sampling im- 
mediately above the seabed over a sand bar in Cobequid Ray. His results 
suggest that Pndeed this phenomenon does occur, but only during periods of 
wave stirring. It thus appears that relatively small waves superimposed on 
strong tldal currents can have a significant effect on seabed stability, 
sediment mobility and sediment distribution, 

Yeo (1977) carried out a detailed study on animal/sediment rela- 
tionships in Ifinas Basin, He demonstrated the use of Corophium volutator 
Lebensspuren to indicate periods of erosion or deposition associated with 
storms, These traces may be valuable in the reconstruction of the envlron- 
ment of deposition, The organisms have been interpreted to respond in a 
predictable fashion to storm events, 



Risk and Moffat  (1977) looked s p e c i f i c a l l y  a t  t h e  d i s t r i b u t i o n  and 
abundance of Macoma b a l t i c a ,  and  t h e  e f f e c t  of t h i s  b i v a l v e  on sedimenta- 
t i o n ,  They  concluded t h a t  10,000 rn3 o f  f e c a l  m a t e r i a l  is  produced d a i l y  by 
t h e s e  organfsms i n  t h e  Mlnas WasLn and t h a t  they c o n t r i b u t e  s i g n i f i c a n t l y  
t o  t h e  f i x a t i o n  of i n t e r t i d a l  mud through t h e  p r o c e s s  of p e l l . e t i z a t i o n ,  

Loucks ( p e r s .  comm,) has  r e c e n t l y  c a r r i e d  o u t  a  su rvey  on c o a s t a l  
z r o s i o n  a l o n g  t h e  n o r t h  s h o r e  of Minas Ras in ,  H i s  f i n d i n g s  on t h i s  c h r o n i c  
problem has shown t h a t  t h e  e f f e c t s  of ground wa te r  seepage and f r e e z e / t h a w  
mechanical  heavj-ng can c o n t r i b u t e  a s  much $0 t h e  e r o s i o n  problem a s  wave 
e r o s i o n ,  91s r e s e a r c h  po in ted  o u t  t h e  s i g n i f i c a n c e  of s h e e t  f low i n  t r a n -  
s p o r t i n g  c o a r s e  m a t e r i a l  a c r o s s  t h e  i n t e r t i d a l  zone d u r i n g  p e r i o d s  s f  h i g h  
r a i n f a l l ,  He a l s o  c o n s i d e r s  t h e  ernbayments a l o n g  t h e  n o r t h  s h o r e  of  Minas 
Basin  t o  conform wfth l o g a r i t h m i c ,  s p i r a l - t y p e  bays u s u a l l y  a s s o c i a t e d  w i t h  
wave dominated c o a s t  l i n e s ,  The eltape of t h e s e  bays ,  when f u l l y  deve loped ,  
m111Pmlze c o a s t l i n e  e r o s i o n  and l o n g s h o r e  t r a n s p o r t  of sed iment ,  H i s  re- 
s u l t s  shou ld  be of g r e a t  v a l u e  f n  t h e  d e s i g n  of c o a s t a l  p r o t e c t i o n  schemes 
whieh have been long  overdue i n  t h i s  r eg ion .  

The Chignecto  Bay sys tem,  i n  c o n t r a s t  t o  Minas Ras in  and Cobequid 
Bay, was s e d i m e n t o l o g % c a l l y  unknown i n  1976,  Sfnce  c h a t  t lme a  number of  
major s t u d i e s  have been c a r r i e d  o u t ,  These i n c l u d e  a g e o p h y s i c a l  su rvey  
and sediinent budget a n a l y s i s ,  a  re-?iew of whieh i s  g i v e n  i n  h o s  and Asprey 
(4979) ,  The r e s u l t s  show t h a t  t h i s  sys tem i s  q u i t e  d i f f e r e n t  from Minas 
Bas in ,  compr i s ing  much h i g h e r  q u a n t i t i e s  of F i n e r  sed iments  i n  s u s p e n s i o n  
which o c c u r  i n  a n  a n f l o c c u l a t e d  s t a t e .  The a s s o c i a t e d  sed imenta ry  column 
shows a p o s t - g l a c i a l  l i t h a s t r a t i g r a p h y  iahich r e f l e c t s  t h e  bedrock geo logy  
( s f l t s t o n e s  and mudstones) and c o n t r a s t s  from t h e  T r i a s s i c  s a n d s t o n e l  
g l a c i a l  o11twash d e r i v e d ,  sandy sed iments  of Minas Bas in ,  Indeed ,  c o n t r a s t s  
of  t h i s  type  a r e  of g r e a t  i n t e r e s t .  t o  pet roleum g e o l o g i s t s  concerned w i t h  
p a l e o - r e c o n s t r u c t i o n  of " t 3 d a l i t e " / e s t u a r l n e  and marg ina l  mar ine  sys tems.  
A more d e t a i l e d  a n a l y s i s  of t h e  s t r a t i g r a p h y  of s u r f i c i a l  Ray of Fundy de- 
p o s i t s  is t o  be made by a  g e o l o g i s t  f o r m a l l y  from Gulf Canada Resources  
T>til e 

Sediment c o r i n g  i n  t h e  s u b t i d a l  r e g i o n  of Chignecto  Bay h a s  shown 
t h e  e x i s t a n c e  s f  f r e s h  wa te r  p e a t s  30 m below p r e s e n t  mean s e a  l e v e l ,  
These p e a t s  have been d a t e d  t o  be 7000 y e a r s  o l d  and p rov ide  ev idence  o f  
a n  o s c i l l a t f o n  i n  p o s t - g l a c i a l  r e l a t i v e  s e a  l e v e l  i n  keep ing  w i t h  t h e  
l o c a l  p e r i f e r a l  bu lge  concept  (Quin lan  and Beaumont l 9 8 2 ) ,  T h i s  informa- 
t i o n  can be used t o  c a l i b r a t e  r t t e s l o g i c a l  models of c r u s t a l  lnovement under 
ice l o a d i n g ,  which t h e n  can be used p r e d i c t i v e l y  i n  t h o s e  r e g i o n s  where no 
d a t a  a r e  a v a i l a b l e ,  These f i n d i n g s  a l s o  demons t ra te  &he r a p i d  changes i n  
s e a  l e v e l  which have occur red  s i n c e  d e g l a c i a t i o n  of t h e  r e g i o n  approximate- 
l y  13,500 y e a r s  R ,P ,  

The c h a r a c t e r i z a t i o n  o f  suspended sediment  t r a n s p o r t  and d i s t r f b u -  
t i o n  has  been ach ieved  u s i n g  two of NASA's env i ronmenta l  s a t e l l i t e s :  
Landsat  (MSS) and Nimbus-7 (CZCS) ,  A c a l i b r a t i o n  r e l a t i n g  Landsat  s p e c t r a l  
r a d i a n c e  t o  suspended sediment c o n c e n t r a t i o n  (SSC) h a s  been d e r i v e d  over  a  
c o n c e n t r a t I a n  range of 2 t o  1000 mg L - I  (Amos and APfoldi  1979) ,  Thematic 
p l o t s  of SSC have been g e n e r a t e d  u s i n g  t h i s  c a l i b r a t i o n  showing oceano- 



g r a p t i i c  and sed f rnen to log i  @a3 pl~~raorrrena, FOP example,  t i l r b i d  r i b b o n s  i n  
C h l g n e c t o  Bay have  been r e c o g r ~ f n e d  w h i c h  a r e  s e v e r a l  k i l o m e ~ r e s  i n  l e n g t h  
and a r e  hourld laterally by d r s t i - a c t  f ronLs .  Such r i b b o n s  have  r e c e n t l y  
been obse rved  f n  t h e  Oosterc ;c"ne%~ E s t u a r y ,  Xiolland and i n d i c a t e  t h e  com- 
p l e x i t y  of s ed imen t  Lransport .  patfrways a r d  the d i f f l e u 4 t - y  o f  r e p r e s e n t a t - l v e  
sampl ing  ( K a h s i e k ,  unptalrlished d a t a ) ,  O r t i c a l  work h a s  been  c a c r i e d  o u t  E O  

d e v e l o p  a t h e o r e t i c a l  framework f a r  ehe $ a t e l i i t e  c a l f b r a t i o n  t o  s e d i m e n t  
c o n c e n r r a t i o n  ( T o p P j s s ,  i n  p r e p ) .  The wcrk s u g g e s t s  t h a t  t h e  c a l i b r a t i o n  
i.; 1pp1ica'iiI.e t o  o t h e r  areas,  and lndeed  the r ~ s u l t s  have been  a p p l i e d  t o  
a n  a11a4ysis of  t h e  MacLenzie P l v e r  s ed imen t  plume i n  t h e  B e a u f o r t  Sea.  A 
company 3s now eonmercraSkg fmplemcnted rhi.;  c a l fb ra t io rm,  p r o v i d j n g  u s e r s  
w l  t h  t h e m a t i c  maps of sur;pcnt"ad s e ~ l f m e n t  c o n ~ e n t r a r d s n ,  A s e c o n d ,  s lmi lar  
c a l i b r a t i o n  i s  b e i n g  g e n e r a t e d  usling Ni~alus-7  which h a s  a much l a r g e r  f i e l d  
of view, The c a l i b r a t i o n  c o v e r s  3 sed imen t  c o n c e n t r a r i o n  r a n g e  of 20 t o  
150 m g  I,-' and w i l l  be used I n  r h e  o u t e r  Bay of  Pundy where o v e r p a s s e s  a r e  
d a i l y ,  T h i s  w i l l  a l l o w  s h o r t  term s l u d i e s  'to "ls ernade of a s p e c t s  of w a t e r  
mass movement such  a s  the  developrrrent ane decay of turbid plumes arid t h e  
u l t i m a c e  d i s p e r s a l  s f  suspended mat e r % a i .  

The upper  Ray of  Fundy h a s  a number of s o l i d  f i l l  cataseways which 
h a v e  r e s u l t e d  i n  the f o r m a t i o n  of rauciflats t o  their seaward  s f d e ,  Two o f  
t h e s e  have  heen  s t u d i e d  i n  d e t a i l ,  Bray  el. a l ,  (1982) h a s  docilrnented t h e  
P e t i c o d i a c  Causeway m a d f l a t  a c e &  et- i"on,  idfiile 6,in.o~ e"c1 ,  (1980)  and ,fob 
Corps  P r o j e c t  (1980;  unde r  t h e  s p o n s o r s h i p  of the A t l a n t r c  Reg iona l  Eabora-  
t o r y  of t h e  N a t l o n a l  Resea rch  Countfa o f  Canada) have documented t h e  a c c r e -  
t i o n  o f  t h e  Sjimdssr Causeway m u d f l a t .  Tt-,ese m u d f l a t s  a r e  good c a l i b r a t i o n  
p o i n t s  f o r ' s e d i m e n t a t i o n  models  whcre precesses of a c c r e t i o n  a r e  a c c e l e r -  
a t e d ,  I t  was shown t h a t  ~ I I P  summertime s e c r e t i o n  of Windsor m u d f l a t  w a s  
6 - 7  cm, T h i s  reszslr: was t h e n  compared t c  the c a l c u l a t e d  a c c r e t - l o a ~ ,  es t i -  
mated u s i n g  t h e  f o r m u l d t i o n  i n  r h e  p r e d i c t i v e ,  numeric model of  Greenberg  
and Amos ('1983)- The comparisons showed i.-sod ag reemen t  ( w l  t h i n  3 0 % ) -  T h i s  
work was supplemented by flume rani. s t u d i e s  by Ffos11er (1983) orr t h e  e ros - lon  
c h a r a c t e r 4 s t - i ~ ~  of Bay of  P.i:ndy mud, H i s  r e s u l t s  show a  marked ly  h i g h e r  
r e s i s t a r z c e  t o  c u r r e n t  t ? r o s i o ~ ~  t h a n  g i v e n  e l s e w h e r e  ill elie P i t e r a t u r e ,  The 
work is  c o n t i n u i n g  h u t  does  p rov ide  v a l u h b l e  i n f o r m a t f o n  t o  ehe a c c u r a t e  
p r e d f c t f o n  of s i l t a t i o n ,  

Samples c o l l e c t e d  by h e l i c o p t e r  i n  t h e  uppe r  w a t e r s  of C h i g n e c t o  
Bay (Gordon el: a l e  u n p u b l i s h e d  d a t a )  s h o ~  a w e l l  e s t a b l i s h e d  L o g a r i t h m i c  
d e c r e a s e  i n  s ed imen t  c o n c e n t r a t i o n  down t h e  e s t u a r y ,  T h i s  g r a d i e n t  r e p r e -  
s e n t s  a  b a l a n c e  between t h e  p r o c e s s  of headward t r a n s p o r t  o f  s e d i m e n t  re-  
s u l t i n g  from a n  asymmetric t i d e  and  t h e  seaward  d i s p e r s f o n  due  t o  ho r i - -  
t o n t n l  d i f f u s i o n ,  By o b s e r v a t f o n  of t h e  sed imen t  g r a d i e n t  and a  knowledge 
OF the  h o t - f z s n t a l  eddy d i f i f u s i v i t y ,  t h e  r e s i d u a l  t r a n s p o r t  of s ed imen t  c a n  
bc  e s t f m a t e d ,  T h i s  i s  v e r y  s l g n i f ~ c a n t  i n  the  e s t i m a t i o n  of  mass b a l a n c e  
of  c;ediment, a s  r e s u l t s  o f  r e p e a t e d  m e a s ~ ~ r e i n e n t a  of srlspended sed imen t  
t r a n s p o r t  show t l l a t  d i r e c t  s ampl ing  i s  s v l s j e c t  t o  c o n s i d e r a b l e  e r r o r  (Amos 
and Asprey ,  1 9 8 i ) ,  

The n a t u r e  of suspended secjiment in t h e  o u t e r  Bay s f  Fundy and i t s  
r e s i d u a l  t r a n s p o r t  h a s  been  examined by Eranek  ( u n p u b l i s h e d  data), These  
r e s u l t s  show t h a t  s e d i m e n t s  a r e  r le r ived  from t h e  s o i ~ t h e a s t e r r ?  Bay of Fi~lldy 



;n:iti n ran!;!,c)rted c o u n t e r c 1 o c ~ : w i s ~  rri t h e  ~ . o r e h w e s  t e r c  p a r e  o f  t h e  Bay, She 
3 3 i ; r p  observi2d a  n e t  inward t r a n s p o r t  oE t u spended  s o l i d s  presumed e roded  
f r o i n  seabed s e d i m e r ~ t s  of t h e  o u t e r  Ray. R e s f d t ~ a l  t r a n s p o r t  o b s e r v a t f o n s  i n  
C'-ii):necto Ray (Amos and Asprey 19Rf ), s u l  sfr int i : r ted by r e s u l t s  o f  nurnerfc 
i n s d ~ l  13ng of s i  Lts (Amos and Greenherg  1( 8 0 ) ,  show t h a t  sedinicnt  Is t r a i l s  - 
porLcd iqwards  d u r i n g  calm p e r i o d s  b u t  d : s p e r s e d  seawards  d u r i n g  s t o r m s  o r  
s p r i n g  thawing.  

TL12 eT'Eect of s t o r m s  on suspender+ s o l i d s  t r a n s p o r e  I s  n o r e  s ig - i l l f i -  
c a n t  i n  Cn ignec to  Bay Ihan  i n  Yinas  RasIr Bile t o  i t  b e i n g  ~tlore exposed  t o  
wave a t t a c k ,  i n  Ch igncc to  Bay ( u n i i k e  Minas B a s l n ) ,  suspended s o l f d s  a r e  
s t r a t i f i e d  s fowlng  aa i n c r e a s e  i n  [*oncent r a t i o n  w i t h  d e p t h *  con rent ratio,^^: 

of s e v e r a l  grams p e r  1? t re  cart be h a n d  ( l o s e  t o  t h e  bed which c o u l d  indeed  
c o n t r o l  t h e  mass h a l a n e e  of so11ds  and a s s o c r a t e d  c o n s t i t u e n t s ,  Such 
r3ephelofd layers  have been o b s e r v e i  i n  pzrt . ;  of  the Dutch Waddern Sea 
(Kohs iek ,  u n p u b l i s h e d  t l a t a )  and i n  t h e  Br i s t o t  Channel ,  TJ,K, (Kirby and 
P a r k e r  194  5 ) ,  

L Iussa in  (1980)  c a r r i e d  o u t  an  an& l y s i s  of t h e  d i s t r i b u t i o n  and 
n a t u r e  of b o t h  c l a y  ~ n i n e r a l s  and tlt:avy m j n e r a l s  i n  t i le  bortom s e d i m e n t s  of  
C h i g n e c t o  Bay, H i s  r e s u l t s  showed t h a t  t h e  c l a y s  a r e  p r i n c i p a l l y  d e r i v e d  
from P a l e o z o i c  s h a l e s  s u r r o u n d j n g  :he Ra:. I n  a d d i t i o n  he o b s e r v e d  t h a t  
heavy  m i n e r a l s  compr i se  2.5% ( b y  webight) o f  t h e  bot tom s e d i m e n t s .  The re  i s  
a predonlinance of  py roxenes  i n  t h e  heavy m l ~ l r r a l  s u i t e  which a p p e a r s  t o  he  
der . lved from t h e  b a s a l t s  of  s o u t h e a s t e r n  Bay of Fundy. The h i g h  propor-  
t i o n  of  amphipole  ( a l s o  found)  i s  interpreted t o  s i g n i f y  local  e r o s i o n  oF 
eche s e a b e d ,  The i m p o r t a n c e  of  l i a s s a i n P s  f i n d i n g s  r e l a t e s  t o  t l ie  m e c i ~ a n i c s  
of m4neraP c o n c e n t r a t i o n ,  I f  m i n e r a l s  a r e  suspended and d - l spe r sed  t h e n  no 
c o n c e n t r a t i o n s  w i l l  r e s u l t .  I f  m i n e r a l s  a r e  moved by t r a c t i o n  a l o n g  t h e  
seahed  t h e n  c o n c e n t r a t i o n  Is  p o s s i b l e ,  p c t e n t i a l l y  l e a d i n g  t o  p l a c e r - t y p e  
d e p o s i t s  of commercial  s i g n f f i c a n c c ,  These  c o n c e p t s  a r e  p r e s e n t l y  b e i n g  
-level opi.1.9 t o  ~ r o v i d e  i n p u t  t o  Sartaciian (31 % and Gas Lands  A d m i n i s ~ r a t i o i ~  i n 
d e f i r i i n g  i-he o f f  s h o r e  p o t e n t  Pal o f  non-f i e l  m i n e r a l  r e s o u r c e s ,  

L o r i n g  (1979 ,  1982) h a s  examfned t h e  t r a c e  metal co rnpos i t t on  o f  
h o t t i i n  sedimernts ii.1 t h e  o u t e r  Ray of  Func y ,  'Ifs r e s u l t s  c l e a r l y  show n 
d i f f e r e n t l a t f o n  of  sedainent t y p e  a?>ou t  a  median Line  p a r a l l e l  t o  t h e  Port:-; 
a x i s  of t h e  Bay. Tllcre is a s t r o n g  c o r r e l a t t o n  be tween t h e  c o n p e n t r a t i o n  
of t r a c e  m e t a l s  and t h e  volume of  sedlmerl t  less than  2 m i c r o n s  i n  d i a m e t e r ,  
Concentration of t r a c ?  m e t a l s  a r e  cormal and a r e  a s s o c i a t e d  w i t h  f i n e -  
Era %ned sediment.;. ,4 s l i g h t  i n c r e a s e  i n  c o n c e n t  r a t i o n  occinrs I R  t h e  v i c i n -  
i e y  of S q J n t  J o h n ,  

P e r t a ; - , f n g  t o  ?f inas  Basin, a r e g i o n a l  e v a l u a t i o n  h a s  beer-: c o ~ n p l e t e d  
u i  (1) t h e  s e d i m e n t a r y  c l i a r a c t e r  (iiinas a r d  Long 19801, ( 2 )  rrhe p o s t - g l a c i a l  
e v o l t ~ t i o n  (Amos 19781, and ( 3 )  t h e  s i l t a t  i o n  e f f e c t s  OF t i d a l  power 
development  (Amos and Creenhe rg  1980)  a t  t h e  R 9  S i t e  (Bay o f  Fundy T i d a l  
Power Review Board, 1 9 7 7 ) ,  I n  t h e  t a t t e r  e v a l u a t i o n ,  t h e  t i d a l  ~ ~ o d e l  o f  
Greenberg  (1979)  has  been  i n t e r f a c c ? d  t o  t a r i o u s  s e d i m e n t a t i o n  parameters 
e v a l u a t e d  i n  i t e m s  ( 4 )  and ( 2 )  above t o  ~ r o v i d e  a  p r e d % c t l v e  c a p n h i l i t y  o f  
s e d i m e n t a t i o n  r e s u l t i n g  from t l d a 9  power development (Greenhe rg  and  Amos 
1381), The r e s u l t s  a r c  g i v ~ b n  e l s e w h e r e  i n  t h i s  volume ( A m a s  1cjfr4), 



Finally, it appears that the Ray of Fundy is attractive as a 
resource from two standpoints other than tidal power development. Firstly, 
an assessment is being made of the basement hydrocarbon potential of 
Chignecto and Cobequid Rays, Secondly, the thick deposits of clean, well 
sorted sand in the Cobequid Ray intertidal zone are potentially of value as 
road grade, cement mix or in the glass making industry, The significance 
of this resource is demonstrated by the con-fuel Mineral Group of Canadian 
Oil and Gas Zands Administration who have included this resource in their 
inventory of the Canadian offshore, Thus the nay of Fundy may have 
excellent resource potential from several standpoints, 

CONCLIJS 1 ON 
In conclusion, the Ray of Fundy is a natural laboratory in which 

many sedirnentological, glacio-isostatic and hydraulic processes have inter- 
acted and from which a number of innovatfve theories have evolved, Two of 
the more important results of this work are (1) that it provides confidence 
to the interpretation o f  the mechanics of sediment motion and (2) it pro- 
vides a model for the post-glacial evolution of the Bay, 
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QUESTIONS AND COMMENTS 

D, Wildish: What is the maximum depth to which the wave effect is sPgnifi- 
cant on cohesive sediments In the Bay of Pundy such as the LaHave clay? 

C, Amos: Its obviously probabilistic if you are Eookfng at it predictively 
as we are currently doing on the edge of the co~~tinental s h e l f ,  J f  you 
have a probability funrtfon far the wave height you can in fact estfmate 
the velocity at the seabed u s i n g  some sort of first order approxfmatlon 
Pike Airy theory, There are methods of relating sediment type to the 
critfcal velocity for sediment erosion which can in turn he related to the 
critical stress for erosion, A lot of work has been done on the stability 
of cohesive sediments so its not too difffcult to come out. with the first: 
order probability of having a partleular velocity at the seabed and indi- 
cating whether or not there is likely to be any erosion, 

G ,  Daborn: Could the differences in predfcted sedimentation patterns 
between the Minas Basin and Bristsl Channel schemes be caused by the fact 
that the latter tends to move the tidal system away from resonance and the 
post-barrage flow conditions will be much less, 

C, Amos: No, The UK workers did not look at the detailed velocity field 
distribution but just a range of peak stresses and I think they assumed 

-2 that anywhere subject to a stress less than 10 dynes crn would be areas of 
mud accumulation. From the information I have they d i d  not look at post- 
barrage condjtions in more detail, My feeling i s  that their assumption 
about the sediment dfstriKatisn in relaeton to peak stress Is probably 
wrong. 

M, Dadswell: Does the sedimentation model have a temperature component? 
Our observatiorns in Cumberland Basin fndfrate that consfderable sediment 
settles out when the water temperature reaches 16-18 C, 

6, Amos: No. We have done a sensitivity analysis on temperature and found 
that temperature appears to 9x3 a second order effect and therefore has not 
been considered further, Perhaps the changes you see are due to advectton 
of different water parcels or biological effects, I doubt if flocculation 
is important because its more dependent on salinity than temperature, 
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A considerable amount of chemical research has been conducted in 
the Bay of Fundy since 1976 ,  Extensive ffeld programs have sampled the 
water column and sediments in most parts ~f the Ray over tidal and seasonal 
cycles, The principal variables measured were heavy metals, inorganic 
nutrients, plant pigments and organic carbon and nitrogen, Concentration 
ranges and spatial and temporal variations are now reasonably well defined 
and work is continuing on cmderstanding c;~ernical fluxes, Most Bay of "uudy 
water originates from the continental shelf, Freshwater input is rcla- 
tively low and salinity gradients are small, Water chemistry in the outer 
part of the Bay is influenced by high Riological productivity, in con- 
trast, chemical processes in the macrotidal upper reaches appear to be con- 
trolled primarily by physical factors, especially the very high and vari- 
able concentrations of suspended sediment which suppress biological produc- 
tion. 

Key words: Bay of Fundy, chemical oceanography, heavy metals, 
nutrients, chlorophyll, orga~~ic carbon and nitrogen 

On a eifectud une quantit4 consid4rahle de recherche5 en chimie 
dans la baie de Fundy depuis 1976, Deimpt>rtants programmes sur place ont 



permis  d T & c h a n t i l l o n n e a -  l a  co lonne  dPeatm e t  f e s  s g d i m e n t s  dans  l a  p l u p a r t  
d e s  p a r t l e s  de  l a  b a i e  pendant  t o u t e  l a  d u r g e  d e s  c y c l e s  d e s  marges  ee  d e s  
s a i s o n s ,  Ees p r i n c i p a l e s  c o n c e n t r a t i o n s  ~ n e s u r 4 e s  o n t  &t&' c e l l e s  d e s  m4taux 
l o u r d s ,  d e s  e"l4ments n t a t r i  t i f  s inorganbqr tes ,  d e s  p igments  v4gd taux  e t  tlu 
c a r b o n e  o r g a n i q u e  a P n s i  que d e  1 9 a z o t e ,  Les &tendues  d e s  c o n c e n t r a t i o n s  e t  
l e u r s  v a r i a t f o n s  d a n s  l v e s p a c e  e t  d a n s  4e temps s o n t  m a i n t e n a n t  r a i s o n n -  
ab lemen t  b i e n  connlaes e t  Pes t r a v a u x  v i s s n t  a' comprendre iles m&canisrnes 
ch i in iques  se p o u r s u i v e n t ,  Pour l a  p l u s  g r a n d e  p a r t i e  les eaux  d e  l a  b a i e  
d e  Fundy p r o v i e n n e n t  du p l a t e a u  c o n t i n e n t a l ,  Ees a p p o r t s  e n  e a u  douce  s o n t  
r e l a t i v e m e n t  f a i b l e s  e t  Les g r a d i e n t s  de  s a l i n i t 4  s o n t  peu i m p o r t a n t s ,  TAa 
c h i m i e  de  I 8 e a u  d e  l a  p a r t l e  e x t g r i e u r e  l e  % a  b a i e  est  i n f l u e n c g e  p a r  une 
p r o d u c t i v i t d  b i o l o g i q u e  S levde .  P a r  c o n t r a s t e ,  l e s  p r o c e s s u s  ch imlques  d e s  
p a r t l e s  m a c r o t i d a l e s  i n t 6 r i e u r e a  s rmblen t  p r i n c l p a l e n l e n t  dg te rmin4a  p a r  d e s  
f a c t e u r s  p h y s i q u e s  e t  e n  p a r j t i c u l i e r  p a r  l e s  c o n c e n t r a t i o n s  t r P s  6Pev4es  
e t  v a r i a b l e s  d e  m & i G r e s  e n  s u s p e n s i o n  q v i  4 t o u f f e n t  l a  p r o d u c e i o n  
h l o l o g i q u e ,  

Ckernical oceanographic r e s e a r c h  I n  t i l e  B~iy  o f  Fundy fs v e r y  r e c e n t .  
13ecause o f  t h e  a b s e n c e  of  d a t a ,  c h e m i c a l  p a p e r s  were no t  i n c l i ~ d e d  i n  t he  
program of r h e  1976 Acadia  IJorks"tlp and the r e p o r t  from t h e  c l i emfs t ry  d i s -  
c u s s i o n  g roup  (Hayes and S t i l e s  1977)  e x p r e s s e d  c o n c e r n  a b o u t  t h e  lael< o f  
- Informat ion  on water q u a l i t y ,  n u t r - i e n t  dynamics and o t h e r  c h e m i c a l  t o p i c s ,  
A l i t e r a t u r e  r e v i e w  f o r  t h e  e n t i r e  Bay of Fundy conduc ted  i n  1978 (Moyse 
1978)  i d e n t i f i e d  o n l y  22 ct1emJca4 r e f e r e n c e s  most of which d e a l t  wich  
r a t h e r  s p e c i f i c  p o l l u t i o n  s t u d i e s ,  

L a r g e l y  as t h e  r e s u l t  of t h e  Aeadla  \7ortcsl?op a  number of c h e m l c a l -  
l y - o r i e n t e d  i n v e s t i g a t i o n s  were begun i n  t h e  late 1 9 7 0 ' s  and a l a r g e  d a t a  
b a s e  h a s  heen c o l l e c t e d  ( p a r t l y  e a h u l a t e d  by Lotacks 1 9 7 9 ) ,  S e v e r a l  r e p o r t s  
have  a l r e a d y  a p p e a r e d  and a  c o n s ' i d e r a h l e  amount of work i s  i n  p r o g r e s s ,  
The pu rpose  o f  t h i s  r e v i e w  is  t o  i d e n t i f q  t h e  chemica l  o c e a n o g r a p h i c  
s t u d i e s  u n d e r t a k e n  s i n c e  1976,  e s p e c i a l l y  t h o s e  i n v o l v i n g  l a r g e  f i e l d  pro-  
grams,  and t o  p r e s e n t  some of t h e  data irl a  p r e l i m i n a r y  f a s h i o n ,  T h i s  re- 
view i s  n o t  e x h a u s t i v e  and i s  o n l y  i n t e n z e d  t o  i l l u s t r a t e  t h e  k i n d  of  pro-  
g r e s s  c u r r e n t l y  b e i n g  made t o  'improve o u r  u n d e r s t a n d i n g  o f  t h e  clrernical 
oceanography  o f  t h e  Bay of  Fundy, 

CHEMICAL VARIABLY S STUDIES 

Chemical  o c e a n o g r a p h i c  s t u d i e s  hcve f o c u s e d  on heavy m e t a l s ,  nu- 
t r i e n t s ,  p l a n t  p igmen t s  and o r g a n i c  c a r b o n  and n i t r o g e n ,  Yeavy m e t a l s  
a n a l y z e d  i n  s e d i m e n t s  i n c l u d e  Ng, Cd, Zn, Cu, Pb, Co, Ba, 31, C r ,  Re, V, 4 s  
and Se ,  N u t r i e n t s  i n c l u d e  n i t r a t e ,  n i t r i t e ,  ammonia, ~ h o s p h a t e  and  s i l i -  
c a t e ,  Pigment s t u d i e s  have  focused  on ~ F ~ S o r ~ p h y l l L  a, Organic  c a r b o n  mea- 
su remen t s  have  i n c l u d e d  b o t h  d i s s o l v e d  a ~ d  p a r t i c u l a t e  components ,  Temper- 
a t u r e  and s a l i n i t y  have  a l s o  been  w i d e l y  de t e rmfned  Rut o n l y  a few measure- 
ments  of  d i s s o l v e d  oxygen have  been  made, Suspended s e d i q e n t  e x e r t s  a  
major  i n f l u e n c e  on s e a w a t e r  chemistry and c o n c e n t r a t 4 o n s  have  heen  measured  



in most water samples collected, Particln-size distributions of surface 
and suspended sediments have also been determined for a large number of 
samples. 

MAJOR FIELD PSOGMMS 

Bay of Fundy Proper -- 
A number of cruises were made by the Bedford Institute of Oceano- 

graphy ( B L O )  between 1977 and 1980 coveri~g all major seasons. Most of the 
chemical work on these cruises was conducted by the Marine Ecology Labora- 
tory (MEL) and the Atlantic Oceanographic Laboratory (AOL), Sediment was 
collected at hundreds of stations spread Fairly evenly over the Ray, Water 
samples throughout the water column were collected principally at the six- 
teen stations identified in Figel, Anchor stations (marked with open 
circles in Fig, 1) were sampled at hourly intervals over at least one com- 
plete tidal cycle (low water to low water), 

Chignecto Bav/@umberland Basin 

A large number of subtidal sediment samples were collected in 
Chfgnecto Bay in August 1978. A~hnchor stations (Fig, 1) were sampled at 
different seasoris and locations across thz channels, During 1379 and 1980, 
surface water and intertidal sediment samples were collected at low tide i n  
Cumberland Basin approximately monthly by MEL with the assistance of a 
C,C.G. helicopter at the stations shown 31 Fig, 2 ,  A large number of chem- 
ical. investigations have also been conducted year-rotand between 1978 and 
1980 by MEL at Pecks Cove on both intertidal sedimeni: and water floodirng 
the mudflat at high tide, 

Minas Basin/Cobequid Bay/Southern Bight 

Subtidai sediments in the enttre Yinas Basin system were sampled on 
a 3-km grid in August 1979, At the same time anchor stations were occupied 
(Pig. l,), A limited number of chemical variables were measured year-round 
by M3L in the intertidal zone at Anthony Park during 1977 and 1978 leg. 
Kargrave 1978), During 1979, two Job Corps programs coordinated by Acadia 
University and the Atlantic Regional Laboratory (ARL) conducted a variety 
of chemical studies involving both sedime~t and seawater in the lntertlclal 
zone of the Southern Right near Wolfville; observations were  restricted to 
the summer months, Between April and October 198% MEL collected, at month- 
ly intervals, intertidal sediment samples for chemical analysis at nine 
transects around the entire Minas Easin system using a C,C,G, helicopter 
(Fig, 3) e 
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GEMEICAI, DISTRIBUTION OF :WEMIGAL VARIABLES 

Sediment 

Lor ing (1979 and 1982) has s h o w  t h a t  heavy meta l  c o n c e n t r a t i o n s  i n  
Fundy sed iments  vary r e g i o n a l l y  arsd w i t h  t e x t u r a l  d i f f e r e n c e s ,  Concentra-  
t i o n s  a r e  h i g h e s t  i n  t h e  f i n e  sed iments  i l  t h e  North Outer  Bay r e g i o n  
( F i g ,  2)  and a r e  g e n e r a l l y  a t  o r  nea r  n a t n r a l  l e v e l s  i n  r e l a t t o n  t o  s o u r c e  
r o c k s .  Sediment pigment: and o r g a n i c  ca rb , sn /n i t rogen  c o n c e n t r a t i o n s  a l s o  
show an  i n v e r s e  r e l a t i o n s h i p  wi th  g r a i n - s i z e  i n  bo th  sub- and i n t e r t i d a l  
s e d i m e n t s ,  P r e l i m i n a r y  d a t a  on sediment  g r g a n i c  chemis t ry  a t  t h e  Pecks 
Cove mudf la t  have been r e p o r t e d  by Gordon e t  a9 ,  (1980) whi le  Rober t s  
(1982)  has  s t u d i e d  t h e  composi t ion of sediment o r g a n i c  m a t t e s ,  S n t e r t i d a l -  
Ty t h e  h i g h e s t  c o n c e n t r a t i o n s  occur  i n  Cuaberland Basin  and t h e  Sou the rn  
Bight  which a r e  dominated by muddy sed imeqts ,  I n t e r t i d a l  sediment  ch lo ro -  
p h y l l  d a t a  a r e  d i s c u s s e d  i n  more d e t a i l  by Bargrave e s  a l ,  (4983)  and 
Prouse  e t  a l e  (1984) ,  

Seawater  

General  d i s t r i b u t - l o n  p a t t e r n s  d u r d t ~ g  summer a r e  l h l r l s t r a t e d  i n  
Tab le  1, S a l i n i t y  i s  j u s t  over  32°/,0 a t  t h e  mouth of t h e  Bay and de- 
c r e a s e s  t o  less than 3OU/,, i n  t h e  upper r eaches  because  of f r e s i lwa te r  
i n p u t  from numerous s m a l l  r i v e r s ,  The lowes t  s a l i n i t i e s  a r e  found i n  
Cobequid Bay and t h e  Sou thern  Righ t  where samples were c o l l e c t e d  i n  a  mud- 
f l a t  d r a i n a g e  channe l  (Tab le ,  I ) .  I n  t h e  open Bay s a l i n j - t i e s  a r e  s l i g h t l y  
g r e a t e r  on t h e  Nova S c o t i a  s i d e  r e f l e c t i n g  t h e  inward t r a n s p o r t  of She l f  
Water ( r e s i d u a l  c i r c u l a t i o n  i s  councer-cloeltwise).  S a l i n i t y  can va ry  
s e v e r a l  O/,, over  a  t i d a l  c y c l e  i n  t h e  upper r e a c h e s  ( e - g .  F i g ,  4 ) -  

During t h e  summer, t empera tu res  a r e  much g r e a t e r  i n  t h e  upper  
r e a c h e s  because  of t h e  sha l lowness  and turbidity of t h e  w a t e r ,  I n  wir-rter 
however t empera tu res  arc l e s s  and e x t e n s i v e  i c e  can farm (Gordon and  
Desplanque L983), An i l ~ d i c a t t o n  of t h e  s e a s o n a l  range of t e m p e r a t u r e  i s  
given  i n  Tab le  2, 

There  i s  L i t t l e  o r  no s t r a t i f i c a t i o n  of t h e  wa te r  eolumn I n  t h e  
i n n e r  p a r t  of t h e  Bay because  of t h e  l i m i t e d  f r e s h w a t e r  i n p u t  and t h e  
i n t e n s e  v e r t i c a l  t i d a l  mixing ( G a r r e t t  e t  a l ,  %978) ,  S t r a t i f i c a t i o n  near 
t h e  mouth of t h e  Bay v a r i e s  s e a s o n a l l y  and i s  s t r o n g e s t  d u r i n g  summer, 

Only a  few d i s s o l v e d  oxygen measurements were made a t  t h e  f i r s t  
anchor  s t a t i o n s  arsd they c o n s i s t e n t l y  i n d i c a t e d  v a l u e s  a t  o r  n e a r  s a t u r a -  
t i o n  (Tab le  l ) ,  

N u t r i e n t  c o n c e n t r a t i o n s  shcw some s p a t i a l  v a r i a b l j  l i t y  and a r e  sub- 
s t a n t i a l  even d u r i n g  t h e  summer m o ~ t h s  (Tab le  I ) ,  Primary p r o d u c t i o n  
s t u d i e s  (P rouse  el: a l .  1984) have sllown t h a t  t h e  major l i m i t i n g  f a c t o r  i s  
l i g h t .  Only n i t r a t e  approaches  l t m i t i n g  c o n c e n t r a t i o n s  and t h a t  i s  d u r j n g  
t h e  s u m e r  nea r  t h e  mouth of t h e  Bay (North  Outer  p o r t i o n ,  P ig .  2 )  when 
thermal  s t r a t i f i c a t i o n  5s g r e a t e s t  ( d a t a  f o r  n i t r a t e  i n  t h e  Sou thern  Bight  
shown i n  Table  1 a r e  not  comparable wi th  o t h e r  d a t a  because  of t h e i r  
s o u r c e ) .  



P i g ,  1, Map sf  t h e  Bay of Pundy showing the  Poea t i sn  s f  p r i n c i p a l  s t a t i o n s  
where water  chemistry d a t a  were e o & l e e t e d  by s h i p ,  Open c i r c les  
i n  t he  upper p a r t s  of t h e  Bay denote  anchor  s t a t i o n s ,  Also s h o w  
a r e  t he  boundaries  used i n  d i v i d i n g  t h e  B a y  i n t o  d i f f e r e n t  r e g i o n s  
(Table  I ) ,  
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The pronounced s e a s o n a l  v a r i a t i o r , ~  i n  d i s s o l v e d  n u t r d e n t s  a r e  typ i -  
cal. of n o r t h  temperate  c o a s t a l  w a t e r s ,  C o n c e n t r a t i o n s  a r e  h i g h e s t  i n  
w i n t e r  and e a r l y  s p r i n g  and lowes t  i n  suarmer (Tab le  21, Seasona l  v a r i a t i o n  
is  g r e a t e s t  a t  t h e  moutlz of t h e  Way where t h e  h i g h e s t  p r imary  p r o d u c t i v i t y  
o c c u r s  (P rouse  e t  a l e  1984) ,  

P a r t i c u l a t e  o r g a n i c  carbon and n l t r o g e n  c o n c e n t a t i o n s  are h i g h e s t  
i n  t h e  o u t e r  p a r t  of t h e  Bay and i n  t h e  more p r o d u c t i v e  e s t u a r f e s  such a s  
Cumberland Basin and t h e  Southern  Right  ( T a b l e  1 )  ( c o n c e n t r a t i o n s  f o r  t h e  
Southern  Bight  a r e  probably  exaggera ted  somewhat because  samples were 
c o l l e c t e d  from a  d r a i n a g e  c h a n n e l ) ,  f a  t h e  o u t e r  Bay, c o n c e n t r a t i o n s  de- 
c r e a s e  wi th  d e p t h ,  The o p p o s i t e  o c c u r s  I n  t h e  upper r e a c h e s  because  of  t h e  
r e s u s p e n s i o n  of sediment ,  C o n c e n t r a t i o n s  va ry  over  a  t i d a l  c y c l e  and a r e  
g r e a t e s t  near  low t i d e  when t h e  c o n c e n t r ~ t i o n s  of suspended sediment a r e  
a l s o  g r e a t e s t  (Amos and Asprey l 9 8 1 ) ,  Seasona l  v a r i a t i o n s  i n  t h e  upper 
r e a c h e s  a r e  a l s o  r e l a t e d  t o  sediment r e suspens fon ,  and c o n c e n t r a t i o n s  a r e  
g r e a t e s t  In  t h e  w i n t e r  (Tab le  2 )  when i n t e r t i d a l  sed iments  a r e  s u b j e c t e d  to 
heavy i c e  s c o u r i n g  (Gordon and D e s p l a n q u ~  l 9 8 3 ) ,  

C o n c e n t r a t i o n s  of d i s s o l v e d  o r g a n i c  carbon show c o n s i d e r a b l e  v a r i a - -  
b i l i t y  (Table  10 ) ,  The complete  d a t a  base  must be ana lyzed  t o  determfne - f f  
s i g n i f i c a n t  s p a t i a l  o r  seaonaf p a t t e r n s  e x i s t .  There  a r e  no a p p a r e n t  tern- 
p o r a l  v a r i a t i o n s  over  a  t i d a l  c y c l e  a t  any l o c a t i o n ,  

ChPorophyPl c o n c e n t r a t i o n s  d u r i n g  t h e  summer a r e  g r e a t e s t  i n  t h e  
o u t e r  p a r t  of t h e  Ray (Tab le  l )  r e f l e c t i n g  t h e  h i g h  phy top lank ton  produc- 
t i v i t y  (Prouse  e t  a l e  P984), D e s p i t e  t h e  t u r b i d i t y  of t h e  w a t e r  i n  t h e  
upper r e a c h e s  a p p r e c i a b l e  c h l o r o p h y l l  c o r t c e n t r a t i o n s  do o c c u r ,  I n  p a r t  be- 
c a u s e  of t h e  r e s u s p e n s i o n  of i n t e r t i d a l  sediment  and t h e  a s s o c i a t e d  abun- 
d a n t  mic roa lgae ,  There  i s  l i t t l e  s e a s o n a l  v a r i a t i o n  a t  t h e  mouth of 
Cumberland Basin (Tab le  I )  presumably because  of g r e a t e r  scdirnent r e s u s p e n d  
s i o n  d u r i n g  t h e  w i n t e r ,  

SMALL SCALE VAP.IARIGITY 
Sediment 

Ch lorophy l l  and o r g a n i c  e a r b o n f n i t r o g e n  c o n c e n t r a t i o n s  I n  I n t e r -  
t i d a l  sed iments  are c o n s f s t e n t l y  g r e a t e r  i n  t h e  upper i n t e r t i d a l  zone a t  
a l l  l o c a t i o n s  ( F i g ,  2 and 3 )  presurnably clue t o  l o n g e r  exposure  t imes ,  Con- 
c e n t r a t i o n s  d e c r e a s e  wfth  d e p t h  i n  t h e  upper f ew  ern and s u r f a c e  sedlment  
samples must be c o l l e c t e d  c a r e f u l l y  t o  p reven t  mixing w i t h  deeper  s e d j m e n t -  

I n  September 3980 META examined tlte smal l  s c a l e  s p a t i a l  v a r i a b i l i t y  
o f  numerous chemical  and b i o l o g i c a l  v a r i a b l e s  i n  s u r f a c e  sediment  a c r o s s  
t h e  Pecks Cove m u d f l a t *  Chlorophy l l  d i s p l a y s  pronounced v a r l a b l i l i t y  over 
h o r i z o n t a l  d i s t a n c e s  of J u s t  a  few cm ( F t g ,  5) w h i l e  t h e  v a r i a b l l i t y  of or- 
g a n i c  c a r b o n l n i t r o g e n  i s  c o n s i d e r a b l y  l e s s .  T h i s  s p a t i a l  v a r i a l s i l f t y  must 
be c o n s i d e r e d  when d a t a  based on few r e p j i c a t e s  a r e  i n t e r p r e t e d ,  

A n a l y s i s  of s u r f a c e  water  sample5 c o l l e c t e d  i n  t h e  Cumberland Basim 
by h e l i c o p t e r  ( F I R ,  2 )  g i v e s  some In fo rmet ion  on s m a l l - s c a l e  chemical  va r i -  



Fig. 2, Map of the upper Chignecto Bay region showing the location of 
seations sampled by helicopter in Cumberland Basin, Circles 
denote water samples and triangles sediment samples. Bashed Pine 
indicates the approximate location of mean low water, 





Fig* 4 ,  

CUMBERLAND BASIN 

26t 1 SHEPODY BAY I i 

I / CAPE ENRAGE 1 1 

1 /MOUTH OF CHlGNECTO BAY / 1 

0 2 4 6 8 1 0 1 2  
T I M E  ( h r s )  

Typical tidal cycle variations of depth, current veloelty, salin- 
ity and nitrate in Cumberland Basin, Shepody Bay, Cape Enrage and 
Chlgnecto Bay (August f 9 7 8 ) ,  



Fig. 5. Small-scale horizontal variability of chlorophyll in surface 
sediment at Pecks Cove (September 1980). 



a b i l i t y  i n  t h e  upper e s t u a r i e s ,  These s ~ ~ m p l e s  were c o l l e c t e d  a t  o r  near  
low t i d e  and s a l i n i t y  ranged from n e a r  3 0 ° / , ,  a t  t h e  mouth of t h e  Basin  
t o  a lmos t  0 ° / , ,  i n  t h e  smal l  t i d a l  r i v e r s  ( s a l i n i t y  a t  t h e s e  s i t e s  
would be a t  l e a s t  20°/ , ,  when t h e  t i d e  was h i g h ) ,  N u t r i e n t  concen t ra -  
t i o n s  were h i g h l y  v a r i a b l e  r e f l e c t i n g  t h e  I n f l u e n c e  of numerous f a c t o r s  In- 
c l u d l n g  s e a s o n ,  l o c a t i o n  and r i v e r  d i s c h b r g e ,  C o n c e n t r a t i o n s  of  ch lo ro -  
p h y l l  and p a r t i c u l a t e  o r g a n i c  c a r b o n l n i t r o g e n  g e n e r a l l y  i n c r e a s e d  up t h e  
a x i s  of t h e  e s t u a r y  a s  d i d  suspended sediment  c o n c e n t r a t i o n s ,  l l e l i c o p t e r  
d a t a  from t h e  mouth of t h e  Basin agreed  w i t h  anchor s t a t f o n  d a t a  from t h e  
same l o c a t i o n  (Tab le  2 ) -  

During 1974, wa te r  samples were c o l l e c t e d  by MEL over t h e  upper  
p a r t  of t h e  Pecks Cove mudfla t  d u r i n g  the  f o u r  hour f1ooding p e r i o d  w i t h  a 
p o r t a b l e  pumping sys tem,  C o n c e n t r a t i o n s  of p a r t i c u l a t e  v a r i a b l e s  were 
h i g h e r  a t  t h e  beg inn ing  and end of f l o o d j n g  e p i s o d e s  because  o f  resuspen-  
s i o n  a s  tlie wa te r  edge moved a c r o s s  t h e  ~ n u d f l a t ,  The d e g r e e  of sesuspen-  
s i o n  was dependent upon wind and wave act  i v f t y  which v a r j e s  c o n s i d e r a b l y  
day t o  day,  

I n p u t  P r o c e s s e s  

Although f r e s h w a t e r  i n p u t  Is minor i n  t h e  upper Bay compared t o  
t i d a l  f l u s h i n g  ( G a r r e t t  e t  a l .  1978)  i t  cgoes have a  measurable  e f f e c t  on 
s e a w a t e r  chemis t ry .  S a l i n i t i e s  a r e  lower  a t  t h e  head of t h e  Bay, even a t  
h i g h  t i d e  (Tab le  1 ) ,  and c o n c e n t r a t i o n s  of n i t r a t e  and s i l i c a t e  v a r y  
i n v e r s e l y  w i t h  s a l i n i t y  over  t h e  t f d a l  c y c l e  a t  t h e  anchor  s t a t i o n s  (eg .  
F i g ,  4 ) .  These obserxra t ions  s u g g e s t  t h a t  h o r i z o n t a l  mixing i n  t h e  upper 
r e a c h e s  is  l e s s  f n t e n s e  than v e r t i c a l  mixing,  

Chemical exchanges between wa te r  and sediment a r e  e x p e c t e d  t o  be 
very  i m p o r t a n t  i n  t h e  upper r e a c h e s  of F t~ndy ,  A number of exchange e x p e r i -  
ments have been conducted a t  Pecks Cove by u s l n g  d i f f e r e n t  methods,  
under bo th  t u r b u l e n t  and s t a t i c  eoi~dftrforrs,  and sed iments  have been foirnd 
t o  r e l e a s e  n u t r i e n t s  t o  t h e  wa te r  column, S u r f i c i a l  and suspended s e d i -  
ments have a l s o  been i d e n t i f i e d  a s  t h e  s j t e  of i n t e n s e  m l c r o h i a l  a c t f v i t y  
which r e m i n e r a l i z e s  o r g a n i c  n i t r o g e n  t o  ammonia, Acadia U n i v c r s l t y  h a s  
s t u d i e d  t h e  c a p a c i t y  of sediment t o  b ind and r e l e a s e  n u t r i e n t s  a t  s e v e r a l  
s i t e s  i n  t h e  Sou thern  Bight  a r e a  and some t y p i c a l  r e s u l t s ,  adap ted  from De 
Marco e t  a l .  ( l 9 7 9 ) ,  a r e  shorn  i n  T a b l e  3, Uptake o c c u r s  under some condi-  
t i o n s  whi le  r e l e a s e  can occur  under o t h e r  c o n d i t i o n s ,  S i m i l a r  o b s e r v a t i o n s  
have been made a t  Pecks Cove, 

Because of t h e  re4a t i s se ly  small l r e s h w a t e r  i n p u t  most of tlie water 
i n  t h e  Bay of Pundy i s  d e r i v e d  from t h e  s h e l f  and t h e  coun te r -c lockwise  
r e s i d u a l  c i r c i l l a t i o n  i s  w e l l - r e f l e c t e d  ir: t h e  d i s t r i b u t i o n  of t empera t i i r e ,  
s a l i n i t y  and n u t r i e n t s ,  



TABLE 3. Distribution of nutrients in intertidal sediments, suspended 
particulate material (SPM) and the water column at Evangeline 
Beach in the Southern Bight (Fig. 3) (ug at Data gathered 
by Acadia University (DeMarco et al. 1979). 

Nutrient Water Column SPM Sed iment 

Ammonia 0.0 -14 .O 1.0 - 5.0 0,2 - 0,s 
Nitrate 0.2 - 0.4 0.1 - 0.3 9.004 - 0.005 

Nitrite 0.3 - 2.3 9.0 - 2.3 0.01 - 0.02 

Reactive 
Phosphorus 

Pyrophosphate 

Total 
phosphorus 

Reactive 
silicate 

Total 
silicate 

Suf Eate 

Sulf lte 

Sulfide 



Horizontal Fluxes 

The anchor station program was ucdertaken to determine the magni- 
tude, direction and importance of horizor!tal fluxes between the upper 
reaches and the lower parts of the Bay, Initial attempts to calculate 
nutrient fluxes through Chignecto Bay suggest a seaward transport, These 
results are very tentative however because of uncertainties in current 
reversal times and residual circulation patterns, Different approaches to 
analyzing the data are available and will be tried, Reasonable estirnates 
of horizontal fluxes should he possible from the existing data base, 

OTHER STUZlLES 

Ackman et al. (1979) have studiee the lipids and fatty acids of 
Corophium voluator. Brown et ale (1981) have compared fluorescence and 
spectrophotometric methods for measuring chl.orophyl1 in sediment. Usdng 
comparisons with the results obtained usjng more precise high-pressure 
liquid chromatography they demonstrated that the spectrophotometric. method 
generally gives more reliable results. T'he fluorescence method usually 
over-estimates chlorophyll concentrations, sometimes by as much as 70%, 
MEL used both methods when analyzing the Minas Basin system sediment 
samples collected by helicopter and found that differences between the re- 
sults of the two methods were less and varied seasonally. Hawkins and 
Keizer (1982) developed an automated laboratory method to measure ammoilia 
excretion rates of Corophium and other marine organisms, Schwinghamer et 
al. (1983) have studied stable carbon isotopes in the Cumberland Basin eco- 
system. 

A number of chemical studies by ARL have focused on salt marshes in 
the Southern Bight. A large body of tidal water data is reported by Walker 
et ale (1981). Mackinnon and Walker (1979) have studied the carbon content 
of saltmarsh sediment and pore water while Smith et al, (l974) investigated 
nitrogen fixation rates. Two Job Corps final reports also contain chemical 
data gathered from the Southern Bight a r m  (DeElarco et al, 1979; and Walker 
et al. 1979). 

Pollutants in Cumberland Basin sediments have been studied, Petro- 
leum hydrocarbon concentrations are very low in intertidal sediments 
(Keizer, unpublished data) and Pocklington (unpublished data) was unable to 
detect any chlorinated hydrocarbons, 

Finally, a very extensive radion(qcl.ide monitoring program has been 
conducted in the north Outer Bay region (Fig, I) around Point IAepreau 
(Smith et al, 198I), 

We thank Peter Cranford f o r  prepering data for this review, 
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QUESTIONS AND COmENTS 

D, Greenberg: Is there any reason why nutrient concentrakions would he ex- 
pected to change over a tidal cycle or can the observed variations be 
explained by a gradient moving back and forth? 

P ,  Keizer: There is a gradient of nitrate and other nutrients along the - 
axis of the Bay with higher concencrations in Cumberland Basin, Basically 
the tidal variations are caused by the pushing hack and forth of this slug 
of more nutrient-rich water coupled with some dilution by incornlng sea- 
water. 



G ,  Daborn: Do you kznow anything about tlte rates at which chloro[~hyll 
%ays i; turbid waters? We have found very high chlorophyPP eoncentra- 
tions in the Cornwallis Estuary and are irncertain of thefr orip,3n, Do yokt 
have any idea of the turnover rate of chlorophyll? 

P ,  KePzer: No, but we do have a mechanism for determining decay rates riog- 
The common method for estimating c'illoroghyll has been fluorescence spectro- 
scopy which does not provjde detailed inrormation on degradation products- 
Spectrophotometric methods are not much better, However the high pressore 
liquid chromatographPc method (APLC) used by Brown, Hargrave and MacKinnon 
is capable of resolving tile var"ius photosynthetic pigmenes and their 
degradation products, making it possible to estimate decay rates, 

G ,  Brown: Why does the correlation coefgiciene between fluorescence and 
P 

spectrophotometric estimates of ch1oroph:fll vary seasonally? 

P ,  Keizer: 1 am not absolutely certain !hat everything shown in that slfde -- 
is statistically true, If it is true, the reason would be that the actual 
determination is based on the inserting of two numbers into an equatfon 
which looks at the fluorescence or absorltfion of a sample urrdep. two differ- 
ent conditions, The eq~aation is an empirical one developer? using samples 
which were 100% chlorophyll a. Therefort. estimates are based on the 
assumption that all chlorophyll measured Is chlorophyll a and the only 
degradation product is phaeophytfn, 1inde-h- varying conditions, the eqr~~t I o n  
can be more or less accurate, You can expect to see seasonal and geogra- 
phic variacfons, sometimes sampling when chlorophyll a Is in fact the pr2fl.n- 
ary pigment and other times when it is not, so the equations can become 
very Inaccurate= You can see all sorts of variation simply beecase what 
you say you are measuring Is not what you really are measuring in most 
instances, 

G ,  Brown: Are the differences shorm by :he two methods for estimatlrig ---- 
chlorophyll really important? 

P. KePzer: Probably not. As chemfsts, we tend to look at any -variation 
greater than 10% as disgusttng and figurrt something. is wrong with the 
nerhod, We try to hone methods to give precision In che range of 1-52, 
Rowever, in t h i s  ease we must keep in mitid that we arc looking at blologi---  
cal systems which have a tremendous amount of variability and where the 
varlation hetween two replicate sa~nples isan be 100°Z or more, So why he 
concerned about 20% differences in chlorophyll estimates based on the tech- 
nlques we are using, 

P ,  Schwinghamer: Fluorescence may not be a good method to estimate spec- 
trophotometric chlorophyll hut it does seem to be a good estimator of 
microaigal biomass (or volume) i n  sedimeints, 

P a  Keizer: Yes, If the estimates obtained by fluorescence are reasonably -- 
correlated with other methods, then as a biological indieator nothing is 
wrong with them, You are still going to get a good correlation, The only 
thing is that there is an unknown k in there and it really doesn't matter 
what it Is as long as it Is relatively constant. 



J, Lakshminarayana: What are the ranges of trace metal concentratfons 
in sediments? 

P ,  Keizer: I donvt know, The data were taken from LoringPs paper. Con- 
centrations are typical for unpolluted coastal areas and reflect source 
rock composition. 

S ,  Lakshminarayana: What do you mean by the buffering capacfty of 
sediments? 

P.  Keizer: Basically its not unlike traditional chemical buffering but 
instead of involving an equilibrium coefficient there is an adsorption and 
desorption of chemically charged species in the water column, in this case 
nutrients, with sediment particles. The direction of the flux is a func- 
tion of many chemical factors such as the nutrient concentration in the 
water surrounding the particle, pH, and the Ionic strength of the solute, 
it has been determined, particularly in estuarine areas, that fine-grain 
sediments have a strong buffering capacity for phosphate, silicate and 
nitrate. 
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Studies froa 1976 to I382 of primary production by salt marsh, sea- 
weeds, benthic microalgae and phytoplankton in the Bay of Fundy are re- 
viewed and annual production for different regions and the entire Bay 1s 
estimated, The outer Ray accounts for 86% of the total annual production 

3 of 1124 x 10 tonnes C of which 96% is derived from phytoplankton, Tn this 
region, fucoids are locally very abundant on rocky shores and net produc- 
tion of 845 g C m-2 y - L  has been measured, The upper reaches, typiffcd by 
high turbidity, strong tidal currents and no stratification of the water 
column, have lower but significant productha (up to 44 g C m-' yr". 1 

average for all sources in the Cumberland Basin) which supports moderate 
populations of invertebrates, fish, and birds. The majority of this 
primary production is derived frorn ext-enrive areas of mudflats supporting 
benthic microalgae and large tracts of salt marsh. 



Key words: primary production, Kay of Fundy , salt marsh, seaweeds, benthic 
microalgae, pllytoplankton 

On effectue un exarnen critique des 4tudes de la production primarie 
d9herbes marines, de mlcro-algues benthiques et de phytoplancton daas les 
marais sal4s de la baie de Fundy de 1990 a" 1982 et on esti~ne 1a production 
annuelle pour diffgrentes rdgions ainsi que pour lBensembLe de la bale, La 
partie ext4rieure de la baie produit 86% de la production annuel'ie totale 
de C qui sVle've a" 1124 x 103 tonnes de C dont 96% provient du phyto- 
plancton, Dans cette rdgion les fuco-;"dcs sont trGs abondants gar endrolts 
SUP les riva es rocheux et on a mesure? tine production annuelle nette de 845 5 g de C par rn . Ees parties int&rieures, caractgristles par une turbidit6 
dlevde de 19eau, la prgsence de forts courants de marge et 19absence d'une 
stratification de la colonne d'eau prcsentent une production importante 
(atteignant jusqu2 44 g de C par m par annge en moyenne pour toutes les 
sources dans le bassin de Cumberland) qui supporte des popinlations nom- 
breuses dlinvert&br&s, de poissons e t  d'oiseaux, La plus grande partie d e  
la production primaire provient des rggions ctendues de vasisres supportant 
des micro-algues benthiques ainsl que dts grands marais sa14se 

Organic material in the Bay of Fundy is produced through phoeo- 
synthesis by seaweeds, salt marshes, benthic mi croalgae and phytoplankton, 
Prior to 1976, few direct measurements cf primary production had been made 
in this area, the emphasis until then being on species distributions mainly 
in the outer Bay. Since then, a number of investigations have been initi- 
ated especially In the more turbid upper reaches where the poterztiaf Tor 
tidal power is recognized, Presented here is a preliminary rgsumh of the 
work of numerous scientists completed to date with the aim of arrtvfng at 
some estimates of production for all parts of the Bay, Many of these 
values are the result of limited sampling and are not to he considered 
absolute; they are given as a means to distinguish important areas of pro- 
duction as well as identify major primary producers. The data will be ex- 
panded and refined in future publications. 

The Bay of Fundy has been divided arbitrarily Into a number of 
regions ( F i g ,  I), En each, the areas of water (at different tidal levels), 
salt marsh, flats and kedges have been moasured by glanimetry (Table 1) so 
that estimates of total biomass and prodrlction could be calculateds Thus 
the Inner and Outer Bay typified by stratified water can be compared with 
the more turbid upper reaches such as Cu~nberZand Basin and Cobeqraid Ray.. 
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Distribution & Area 

Phytoplankton are distributed in the water column throughout the 
Bay of Fundy, They can be holoplanktonic (free floating), meroplanktonic 
(littoral and associated with coastline) or tychopelagic (mostly bottom 
living), 

Structure & Composition 

Prior to 1976 most studies concentrated on species identification 
and distribution in the lower Bay of Pundy, especially the Quoddy region 
(Davidson 1934; Gran and Braarud 1935)e Since then, Lakshminarayana and 
Sita Devi (unpublished report) have examined LO77 water samples collected 
on four cruises in the entire Bay (1999-80) and at Pecks Cove, Cumberland 
Basin, Identified were 127 species in 42 genera representing diatoms (113 
species in 35 genera), dinoflagellates (12 species in 5 genera), and green 
aigae (I). The benthic diatom Paralia sulcata is very common as Is 

senarius, an oceanic diatom, Many euryhaline species known 
to occur in coastal waters assocfated wfth littoral areas are present such 

and Chaetoceros affine. There appears to be a definite seasonal distribu- 
tion of phytoplankton typical of a temperate coastal region resulting in 
winter, spring, summer and fall populations (Table 2 ) ,  Species like 
Rhizosolenia alata, R, stolterfothfi, Thalassionema nitzschioides, - -  
Thalassiosira nordenskioldif, Ceratiuw fusus and others as described by 
Marshall (1978) as occurring in the Gulf of Mine and surrounding Atlantic 
waters are represented among the species recorded for the Ray of Pundy 
region, This indicates an input of water into the Bay, There are also 
distinct variations in distribution and frequency of phytoplankters between 
the inner and outer Bay, 

The upper reaches are especially rich in diatoms, Dominant forms 
in the inner Chignecto Bay, Cumberland Basin, Shepody Ray and Minas Basin 
are listed In Table 3 ,  

Biomass and Productivity 

Studies of production and biomass in the Bay of Pundy include those 
of Gran and Braarud (1935) and Subba Rao (1974) in the Power Bay plus our 
own investigations over the entire Ray (Hargrave et al, 1983, Prouse 
1983), Using standard radiocarbon methods, as outlined by Strickland and 
Parsons (1968) ,  we have arrived at net production values by -- in situ mea- 
surements at Pecks Cove, Cumberland Basin and simulated in s i t ~  measure-- -- 
ments (deck incubations) on four cruises throughout the Ray, Additional 
light saturation experiments were performed to study the relationship 
between light and carbon assimilation, Production data are summarized in 
Table 4, 



TABLE 2 ,  Phytoplankton species present along the transect of stations of 
Bay of Fundy. Data summarized from unpublished observations by 
S ,S ,S ,  Lakshmlnarayana and J. Sita Devi, 

0,B. = Outer Bay F = frequent 
I,B, = Inner Ray D = Dominant 

Cruises 
Spring Summer Pall Winter 
79-004 79-023 79-034 807-003 

1 . R .  0eBm IeBe OeB, I e B .  0.B. P e B *  O e B e  

Actinocyclus octonarius F 
Asterionella ia~onica 

4 ' 
Bacillarla paxillifer 

aurf ta D F 
B, pulchella - D 
B ,  mobiliensis - D F 
Calonei s westii 
Chaetoceros affine F F F 
Ch, compressum - F 
Ck, deeipiens - F D D D F 
Ch, diadema - D F F 
Ch, gracile - D F 
Ch, radicans - D F 
Ch, subtile - F 
Ch, tires -- F 
Coscinodiscus asteromphalus 

P 

C, centralis - 
6 ,  coneinnus - 
C, eccentricus - 
6 ,  radlatus 

- ,  

CyclotelPa meneghinfana 
C, striata - 
Dinloneis didma 
DityPum brightwellii 
Eucampia radiatus 
Praailaria s ~ ,  
Lfcmophora graeilis 

P 

danicus 
P 

MelosPra moniliformfs 
M, nummuloi des 

m- - 
Pi, sulcata - 
M e  westii 
P -- 
Navicula maculosa 
Nitzsehia angularis 
N, elosterium - 
N, Ponglssima - 
N, serlata 
Paralia sulcata 
P a  crucfformis 
P 

Pleurosigma aestuarii 



TABLE 2. C O N T ' D .  

Cruises 
Spring Summer Fall Winter 
79-004 79-023 79-034 80-003 

1 . R .  0 .B.  1 . R .  0.B. 1 . R .  0 e B e  Z e R a  0 - B v  

Rhizosolemia hebetata 
forma semispina D 

R. robusta - 
R e  setlgera - 
Skeletonema costatum 
Stre~totheca tamesis 
Thalassionema nitzschioides F 
Thalassiothrx frauenfeldii F 
Thaassiosira deci~iens 
Th. nordenskioldii - 
Ceratium furca 

- - * 

C, macroceros - F F 
C. tripos - F P 
Prorocentrum micans F 
Protoperidinium depressum F 



TABLE 3. Dominant phytoplankton species collected from the inner Bay of 
Fundy, Minas Basin samples collected from summer only, Data 
summarized from unpublished observations by 3.S.S. 
Lakshminarayana and J. Sita Devi. 

Inner Cumberland Shepody 14inas 
Chignecto Bey Basin Bay Rasi n 

Actinoptychus senarius 
Biddulphia - G b i l  iensis 
B,  aurita - 
Ceratium 
Coscinodl entralis 
C e  concinrnus - 
C. eceentricus - 
CyclotelPa meneghiniana 
Eucampia zodiacus 
Fragilarla oceanica 
Gonyaulax tamarensis 

fasciola 
Melssira nummuPloides 
Navlcula vanhdf fenii 
Nitzschia serfata 
Paralia sulcata 
Pinnularia auadrateria 
Pleurosfgma normanii 
Rhizoselenia alata 
RL , - 
Surirella fastuosa 
S. O V A ~ R  . . - . -. - - -- 

af finis 
Thalassiosira deciolens 
Thalassiothrix longissima 



TABLE 4. Summary of phytoplankton production data. Numbers of regions 
indicate location in Fig. I. 

Estimated Total 
Area ae: Annual Production Annual Production 

Region Mean Sea Level (g c m ~r-') (tonnes C - 2  

(ha x lo3) yr- ' x 10 3, 

Cumberland 
Basin (1) 

Shepody Ray (2) 11.5 

Chignec to Bay 28.0 
( 3 )  

Cobequid Bay 21.1 
(4 1 

Minas Basin (5) 60,l 

Southern Right(6) 15.7 

Inner Bay (7) 465.4 

Outer Bay (8) 697.6 



Average annua l  phy top lank ton  p r o d u c t i o n  i n  t h e  wa te r  c o v e r i n g  t h e  
Pecks Cove m u d f l a t ,  which i s  f looded  o n l y  h a l f  of t h e  day,  i s  e s t i m a t e d  by 
i n  s i t s  methods t o  be 7 g  C m m 2  (Bargrave  e t  a l e  1983) w i t h  twice  t h i s  pro- -- 
d u c t i o n  (15 g  C f o r  t h e  wa te r  mass permanent ly  p r e s e n t  i n  t h e  Bas in ,  
Annual r a t e s  of ca rbon  a s s i m i l a t i o n  e s t i m a t e d  from deck i n c u b a t i o n  e x p e r i -  

2 
ments i n  t h e  Cumberland-Shepody r e g i o n  ranged from 5-25 g  C m- , I n  c l o s e  
agreement  w i t h  i n  v a l u e s s  These r a t e s  compare w i t h  a  p r o d u c t i o n  e s t i -  
mate of 13 g  C F  i n  t h e  D o l l a r d  E s t u a r y ,  Ne the r lands ,  whlch e x p e r f -  
e n e e s  h igh  t u r b i d i t y  from p o l l u t i o n  (Cadge and Hegeman l 9 7 4 a ) ,  

Although r a d i o c a r b o n  measurements were made o n l y  on one summer 
c r u i s e  i n  t h e  Mlnas Bas in ,  a r a t i o  between t h e s e  v a l u e s  and t h o s e  measured 
f o r  t h e  same p e r i o d  i n  t h e  Cumberland Basin  p r o v i d e s  a n  e s t i m a t e  f o r  t h e  
e n t i r e  y e a r .  By t h i s  method a  r ange  of 15-19 g  C m-2y-1 i s  d e r i v e d ,  
s l i g h t l y  h i g h e r  and l e s s  v a r i a b l e  t h a n  f o r  t h e  Cumherland B a s i n ,  Tkils d i f -  
f e r e n c e  is  due i n  p a r t  t o  t h e  lower amount of suspended sediment  a l l o w i n g  
g r e a t e r  l i g h t  p e n e t r a t i o n ,  However i n  t h e  more t u r b i d  a r e a s  such  as 
Cobequid Ray and the Sou thern  Bight  p r o d u c t i o n  v a l u e s  a r e  p robab ly  s i m i l a r  
t o  t h e  Cumberland Bas in ,  

I n  t h e  open Bay of Fundy, a n n u a l  p r o d u c t i o n  i s  e s t i m a t e d  a t  27 g C 
-2 m i n  t h e  i n n e r  Bay and 133 g  G rn-Z i n  t h e  o u t e r  Ray (Tab le  4 - 3 ,  The 

l a t t e r  is t y p i f i e d  by a s t r a t i f i e d  wa te r  column and n e g l i g i b l e  t u r b i d i t y ,  
By comparison annua l  pr imary p r o d u c t i o n  jn  S t ,  Margare t s  Bay, Nova S c o t i a ,  
i s  between 125-155 g  C m-2 ( P l a t t  and I r w i n  l 9 6 8 ) ,  

S e a s o n a l l y ,  h i g h e s t  p r o d u c t i o n  i s  observed i n  a l l  a r e a s  i n  summer 
when l i g h t  c o n d i t i o n s  a r e  o p t i m a l ,  Although t h e  s t r a t i f f e d  w a t e r  of t h e  
O u t e r  Ray has  t h e  p o t e n t i a l  f o r  n u t r i e n t  l i m i t a t i o n ,  t h i s  does  no t  a p p e a r  
t o  happen, perhaps  because  of upwel l ing  o f f  Yarmouth, Our summer measure- 
ments of p r o d u c t i o n  i n  t h e  s u r f a c e  w a t e r  a t  t h e  mouth of t h e  Bay ( e l 2  mg C 

-- 1. 
In 'h- ) were t h e  h i g h e s t  r ecorded  and a r e  i n  agreement w i t h  those observed  
by Subba Rao (2994) I n  t h e  same a r e a ,  Lowest p r o d u c t i o n  appeared  t o  be I n  
f a l l ;  w i n t e r  v a l u e s  were s l i g h t l y  h i g h e r  bu t  t h i s  might have been t h e  re- 
s u l t  of l i m i t e d  sampl ing.  L imi ted  sampl ing might a l s o  e x p l a i n  t h e  absence  
of a not-lceab3e s p r i n g  bloom i n  ttae Bay of Fundy a s  h a s  been ohserved 
d u r i n g  March-April i n  a d j a c e n t  t empera te  w a t e r s  ( P l a t t  1971; P l a t t  e t  ale 
l 9 7 3 ) ,  More f r e q u e n t  sampl ing a t  Peeks Cove d u r i n g  t h i s  t lme  p e r j o d  showed 
t h a t  p r o d u c t i o n  is low i n  A p r i l  but  i n c r e a s e s  r a p i d l y  i n  May and June 
(Kargrave e t  a l e  1983) ,  Perhaps  t h e  h igh  t u r b i d i t y  i n  t h i s  area s u p p r e s s e s  
a c t i v e  growth of phy top lank ton  u n t i l  a  " t h r e s h o l d "  amount of l i g h t  is re- 
c e i v e d  i n  l a t e  s p r i n g ,  S i n c l a i r  (1978) h a s  noted a  s3mi1ar phy top lank ton  
r e s p o n s e  and absence  of a  s p r i n g  bloom i n  t h e  t u r b i d  w a t e r s  of t h e  lower 
S t ,  Lawrence E s t u a r y .  

The annua l  v a r i a t i o n  i n  abundance of phy top lank ton  i s  r e f l e c t e d  I n  
t h e  c h l o r o p h y l l  d i s t r i b u t i o n  th roughout  r-he Bay of Pundy, Maxirnum a v e r a g e  
bfomass i n  s u r f a c e  wa te r  c a l c u l a t e d  on t h e  b a s i s  of f o u r  s e a s o n a l  c r u i s e s  
o c c u r r e d  i n  summer a t  t h e  mouth (3 .3  pg I,-') w i t h  minimum c o n c e n t r a t i o n  i n  
w i n t e r  and e a r l y  s p r i n g  (0.5 pg L-'je Nowearer a v e r a g e  biomass i n  t h e  
s u r f a c e  w a t e r s  of t h e  Cumberland-Shepody a r e a  i s  similar th roughout  t h e  
y e a r  (1 ,3-1-8  pg L - ~ ) .  Th i s  might be a  r e f l e c t i o n  of t h e  h l g h  t u r b u l e n c e  





a s s i m i l a t i o n  through h e t e r o t r o p h i c  p r o c e s s e s  by b a c t e r i a  and a l g a e .  Our 
s t u d i e s  a t  Pecks Cove i n d i c a t e  t h a t  non-pho tosyn the t i c  b i o l o g i c a l  u p t a k e ,  
t h a t  is t h e  d i f f e r e n c e  between d a r k  up take  and uptake i n  d a r k  mercur ic  
ch lo r ide -po i soned  b o t t l e s ,  could  be a s  much a s  48% of t h e  g r o s s  amount 
Fixed i n  l i g h t *  T h i s  chemosyn the t i c  p r o d u c t i o n  was p o s i t i v e l y  c o r r e l a t e d  
w i t h  t h e  amount: of suspended m a t e r i a l  i n  t h e  wa te r ,  Sek i  (1968) observed 
t h e  g r e a t e s t  d a r k  a s s i m i l a t i o n  i n  t h e  s p r i n g  i n  t h e  wa te r  column of a  s h a l -  
low i n l e t  i n  Japan  because  of s t r o n g  s e a s o n a l  winds s t i r r i n g  up t h e  b e n t h i c  
microorganisms.  I n  a r e a s  of t h e  Ray of Fundy w i t h  h i g h  t u r b i d i t y ,  such a s  
t h e  Cumberland Basin and Cobequid Ray, t h e r e  a r e  l a r g e  numbers of micro-  
o rgan i sms  a t  a l l  t imes  whfch would accoun t  f o r  h igh  d a r k  f i x a t i o n  v a l u e s ,  
Indeed t h e  upper r e a c h e s  have t h e  h i g h e s t  c o n c e n t r a t i o n  of b a c t e r i a l  c e l l s  
i n  t h e  Bay of Fundy, 98% of  which a r e  a t t a c h e d  t o  suspended p a r t i c l e s  
(Cammen and Walker 1982) .  Measurements i n  t h e  Outer  Ray wi th  fewer bac- 
t e r i a l  c e l l s  and n e g l i g i b l e  t u r b i d i t y  showed lower r a t e s  of d a r k  u p t a k e ,  
A s  chemosyn the t i c  p r o d u c t i o n  is independent  of  l i g h t  and hence d e p t h ,  t h e r e  
c o u l d  be a  c o n s i d e r a b l e  q u a n t i t y  of carbon a s s i m i l a t i o n  th roughout  t h e  
w a t e r  column i n  a r e a s  of h i g h  t u r b i d i t y .  Thus, t o t a l  o r g a n i c  carbon pro- 
d u c t i o n  f o r  t u r b i d  a r e a s  of t h e  Bay might be much g r e a t e r  than  e s t i m a t e d  
from measurements of phy top lank ton  p r o d u c t i o n  a l o n e .  

F a t e  of  P r o d u c t i o n  

Most i f  no t  a l l  of t h e  p r o d u c t i o n  i s  r a p i d l y  u t i l i z e d  i n  p e l a g i c  
and b e n t h i c  food webs. 

BENTHIC MICROALGAE 

D i s t r i b u t i o n  and Area 

Ben th ic  d ia toms a r e  u b i q u i t o u s  i n  i n t e r t i d a l  sed iments  i n  t h e  Ray 
o f  Fundy, Because of t h e  e x t e n s i v e  t i d a l  r ange ,  t h e  intertidal r e g i o n  i s  
v e r y  l a r g e ,  e s p e c i a l l y  i n  t h e  upper r eaches  (Tab le  I ) ,  More than  h a l f  of 
t h e  t o t a l  a r e a  of Cumberland Bas in ,  Shepody Bay, Cobequid and t h e  Sou thern  
Righ t  is  i n t e r t i d a l  and composed of sand- and m u d f l a t s .  

S t r u c t u r e  and Composit ion 

The v e r t i c a l  d i s t r i b u t i o n  of c h l o r o p h y l l  i n  i n t e r t i d a l  s e d i m e n t s  
i n d i c a t e s  t h a t  d ia toms can occur  t o  d e p t h s  of a t  l e a s t  15  cm, Cadge and 
Hegeman (1974b) have made s i m i l a r  o b s e r v a t i o n s  i n  i n t e r t i d a l  sed iments  from 
t h e  Dutch Wadden Sea,  However, d ia toms can o n l y  c a r r y  o u t  p h o t o s y n t h e s i s  
i n  t h e  upper few m i l l i m e t r e s  of s u r f a c e  sediment  where l i g h t  is a v a i l a b l e ,  
C e l l s  a r e  a b l e  t o  m i g r a t e  v e r t i c a l l y  i n  t h e  s u r f a c e  l a y e r  s e e k i n g  o p t i m a l  
l i g h t  i n t e n s i t i e s .  Wave a c t i v i t y  a s s o c i a t e d  wi th  advancing and r e c e d i n g  
t i d e s  can suspend c e l l s  a l o n g  w i t h  s u r f a c e  sediment  such t h a t  b e n t h i c  
s p e c i e s  a r e  f r e q u e n t l y  encoun te red  i n  w a t e r  samples.  

A t  l e a s t  26 genera  of b e n t h i c  d ia toms  occur  i n  Cumberland Basin  and 
t h e  t h r e e  most common a r e  Gyrosigma, Cosc inod i scus  and Rhaphoneis (Pa lmer ,  
p e r s o n a l  communication),  Numbers and d i v e r s i t y  change markedly over  a n  



a n n u a l  c y c l e *  Schwinghamer e t  a l ,  (1983) found Gyrosigma t o  be t h e  predom- 
i n a n t  genus a t  Pecks Cove d u r i n g  t h e  summer months, 

Biomass and P r o d u c t i v i t y  

B e n t h i c  d ia tom biomass (volume) h a s  been measured d i r e c L l y  a t  Pecks  
Cove by Schwinghamer (1981) .  Maximum and mlnimum biomass o c c u r r e d  I n  
September and ~ e b r u a r y / M a r c h  r e s p e c t i v e l y .  S i m i l a r  s e a s o n a l  maxima and 
~ninima a t  s i t e s  i n  Cumberland Bas in ,  Cobequid Bay, Minas Basin  and t h e  
Sou thern  Bight  were observed by ineasuring t h e  c h l o r o p h y l l  c o n c e n t r a t i o n  i n  
s u r f a c e  sed iments  (Gordon e t  a l e  unpublisl led d a t a ) ,  Average a n n u a l  concen- 
t r a t i o n s  f o r  v a r i o u s  s i t e s  a r e  l i s t e d  i n  Tab le  5 and pronounced variations 
a r e  no ted ,  I n  g e n e r a l ,  c o n c e n t r a t i o n s  a r e  g r e a t e r  i n  f i n e r  sed iments ,  
Reduced c h l o r o p h y l l  c o n c e n t r a t i o n s  a %  lower i n t e r t i d a l  zone s t a t i o n s  imply 
t h a t  d ia tom biomass is l e s s  a t  s i t e s  which a r e  Flooded l o n g e r  and t h e r e f o r e  
r e c e i v e  l e s s  l i g h t  than  upper i n t e r t i d a l  zone s t a t i o n s  (abou t  8  h v e r s u s  4 
h on each t i d e  a t  Pecks Cove), Using a  carbon t o  c h l o r o p h y l l  r a t i o  s f  2 0  
(determined e m p i r i c a l l y )  b e n t h i c  m i c r o a l g a e  a t  Pecks Cove c o n s t i t u t e  abou t  
7% of t h e  o r g a n i c  carbon i n  s u r f a c e  sediment  averaged o v e r  a  y e a r ,  T h i s  
p e r c e n t a g e  can  exceed 50% d u r i n g  bloom c o n d i t i o n s .  

P r o d u c t i o n  of b e n t h i c  mic roa lgae  w a s  measured by Bargrave  e t  a l e  
(1983)  a t  two i n t e r t i d a l  s i t e s  u s i n g  an Jn s P t u  oxygen p r o d u c t i o n  method, -- - 
They e s t i m a t e d  g r o s s  annual p roduc t ion  t o  he 73.0 (62.5-83.5) and 26.6 
(20,2-32.0)  g  C m-2 a t  Peeks Cove (Cumberland Basin)  and Anthony Park  
(Cobequid Bay),  r e s p e c t i v e l y ,  Net p r o d u c t i o n  would be a p p r o x i m a t e l y  LO% 
lower t h a n  t h e s e  v a l u e s ,  Both e s t i m a t e s  a r e  based on d a t a  g a t h e r e d  o v e r  a  
two y e a r  p e r i o d  and a r e  i n  t h e  range r e p o r t e d  f o r  s t u d i e s  i n  o t h e r  i n t e r -  
t i d a l  a r e a s ,  Schwinghamer (1981) e s t i m a t e d  p r o d u c t i o n  from m i c r o a l g a l  bio- 
mass and a  t u r n o v e r  r a t i o  c a l c u l a t e d  from a r e g r e s s i o n  of P/B on c e l l  
volume. Re d e r i v e d  an es t l lnaee  of 46 g  C m-2 f o r  n e t  a n n u a l  p r o d u c t i o n  a t  
Fecks Cove, somewhat lower than t h e  v a l u e  c a l c u l a t e d  by Hargrave e t  a l e  
( l 9 8 3 ) ,  

A t  l e a s t  t h r e e  f a c t o r s  appear  t o  c o n t r o l  t h e  p r o d u c t i v i t y  of  ben- 
t h i c  d i a t o m s ,  The most lmpor tan t  i s  p robab ly  l i g h t ,  Because of wa te r  
t u r b i d i t y ,  no p h o t o s y n t h e s i s  o c c u r s  when t h e  f l a t s  a r e  f l o o d e d ,  Maximum 
p r o d u c t i v i t y  o c c u r s  d u r i n g  t h e  summer months when i n c i d e n t  s o l a r  r a d i a t i o n  
(and t e m p e r a t u r e )  a r e  g r e a t e s t ,  The d a t a  of Hargrave e t  a l ,  (1983) s u g g e s t  
t h a t  p r o d u c t i o n  i s  l e s s  i n  t h e  lower i n t e r t i d a l  zone where c h l o r o p h y l l  c s n -  
c e n t r a t i o n s  a r e  g e n e r a l l y  Power (Tab le  5 )  presumably because  of l i g h t  B i m i -  
r a t i o n .  Cadge and Hegeman (1979) r e p o r t  a s t r o n g  c o r r e l a t i o - n  between e l e -  
v a t i o n  and b e n t h i c  m i c r o f l o r a  p r o d u c t i o n  i n  t he  i n t e r t i d a l  r e g i o n  of  t h e  
Dutch Wadden Sea,  a n  environment s i m i l a r  t o  t h e  upper r e a c h e s  of t h e  Bay o f  
Fundy, which they  e x p l a i n  by l i g h t  a v a i l a b i l i t y .  

I n t e n s e  g r a z i n g  by mic roa lga l - feed ing  h e r b i v o r e s  such a s  Corophium 
v o r u t a t o r  a p p e a r s  t o  d e p r e s s  p r o d u c t i v i t y  durllng c e r t a i n  p e r i o d s  of t h e  
y e a r  (Hargrave e t  a l e  1983)*  Although t h e r e  is a n  abundance of  n u t r i e n t s  
i n  t h e  wa te r  a l l  seasons  of the  y e a r  ( X e i z e r  e t  a l e  1984) n u t r i e n t  l f m i t a -  
t i o n  may occur  s i n c e  o n l y  a t h i n  f i l m  of wa te r  i s  p r e s e n t  on t h e  sedirnent 
s u r f a c e  when p h o t o s y n t h e s i s  t a k e s  p l a c e ,  The p o s s i b l e  importance  of 



TABLE 5. Average annual concentrations (median of 12 monthly means) of 
chlorophyll in the surface 1 cm of intertidal sediment measured 
fluorometrically. Numbers in parentheses indicate regional 
location in Fig. 2 .  

Locat ion 
rng chlorophyll a me2 

Upper Intertidal tower Intertidal 

Pecks Cove (1) 

Minudie (I) 

Elysian Fields (1) 

Allen Creek (1) 

Economy East (5) 

Portapique (5) 

Anthony Park (5) 

Noel (5) 

Economy West (6) 

Cambridge (6) 

Pereau (7) 

Starrs Point (7) 

Evangeline Beach (7) 



p h y s i c a l  s t r e s s  resulting from t i d a l  s u s p e n s i o n  and r e - d e p o s i t i o n  i s  
unknown, 

Cad& and Wegeman (1977 )  found a  v e r y  s t r o n g  c o r r e l a t i o n  between 
annua l  b e n t h i c  m i c r o f l o r a  p r o d u c t i o n  and anniaal a v e r a g e  concentrations of 
c h l o r o p h y l l  i n  s u r f a c e  sediment ,  i-largrave e t  aP. (1983) a l s o  r e p o r t e d  
lower c o n c e n t r a t i o n s  of c h l o r o p h y l l  a t  Anthony Park  t h a n  a t  Pecks Cove 
averaged o v e r  t h e  y e a r ,  Annual p r o d u c t i o n  was a l s o  about  one t h i r d  of t h a t  
a t  Pecks Cove, T h e r e f o r e  we have e s t i m a r e d  annua l  d ia tom p r o d u c t i o n  a t  
o t h e r  i n t e r t i d a l  a r e a s  from t h e  annua l  a v e r a g e  chlorophyPP c o n c e n t r a t i o n s  
( T a b l e  5 )  u s i n g  t h e  a v e r a g e  annua l  p r o d u t t i o n / c h P o r o p l . ~ y l l  r a t i o  obse rved  by 
Hargrave e t  a l ,  (1983) (0 ,54  g  C p e r  mg ch lo rophyP4) ,  Values  averaged f o r  
d i f f e r e n t  r e g i o n s  a r e  p r e s e n t e d  I n  Tab le  6 a l o n g  w i t h  e s t i m a t e s  o f  t o t a l  
annua l  p r o d u c t i o n ,  

F a t e  of  P r o d u c t i o n  

A l l  ev idence  i n d i c a t e s  t h a t  belztllic d ia tom p r o d u c t i o n  is  u t i l i z e d  
v e r y  r a p i d l y ,  e i t h e r  by consumption o r  r e s p i r a t i o n  i n  t h e  s u r f a c e  sediment  
o r  i n  the w a t e r  column (Bargrave e t  al, 1983)-  A l l  lnajor consumers a t  t h e  
Pecks Cove nrrudflat have 6 I 3 c  r a t i o s  in tile same range a s  b e n t h i c  m i c r o a l g a e  
(approximately -12 t o  -%5"/ , , )  i n d f c a t i n g  t h e i r  importance  a s  a  food 
s o u r c e  (Sckwlnghamer et a l .  1983) -  

SALT KAltSN 

D i s t r i b u t i o n  and Area 

The d i s t r i b u t i o n  and a r e a  of s a l t  marshes i n  t h e  Bay of Fundy a r e  
summarized i n  Table  1 ,  The l a r g e s t  t r a c t s  of s a l t  marsh o c c u r  i n  
Cumberland Bas in  and t h e  Sou thern  Right (58%)*  Only 6% of t h e  t o t a l  sa l t  
marsh a r e a  i s  found i n  Cobequid Bay, Before  t h e  a r r i v a l  of  European 
s e t t l e r s  i n  kFlc seventeen"ci c e n t u r y  and subsequen t  d ikdng ,  t h e  s a l t  marshes  
a t  t h e  head of t h e  Ray of Fundy were more e x t e n s i v e ,  a p p r o x i m a t e l y  28 x 10 3 

h e c t a r e s  (Ganong 190J), About 90% s f  t h e  o r i g f n a l  sa l t  marsh has  been r e -  
c la imed i n  Cumberland Bas in ,  

S t r u c t u r e  and Composition 

P a t r i q u i n  (1981) has  reviewed the  g e n e r a l  b i o l o g y  of s a l t  marshes 
I n  Nova S c o t f a ,  S a l t  marsh p r o p e r t i e s  are i n f l u e n c e d  p ro found ly  by e l e v a -  
t i o n  and t h e  f requency  of i m ~ e r s i o n  by t e d a l  w a t e r s .  T h i s  i s  especially 
t h e  c a s e  n e a r  t h e  head of t h e  Bay of Fundy where t h e  e l e v a t i o n  of h igh  
wa te r  can vary  s e v e r a l  me te r s  over a spr ing-neap c y c l e  and the number and 
t iming  of h i g h  s p r i n g  Cfdes change from y e a r  t o  y e a r ,  Pundy marshes  a r e  
a l s o  i n f l u e n c e d  by a  s t e a d y  r i s e  i n  h ighwate r  l e v e l  of  a b o u t  0.3 m per  
c e n t u r y  (Amos 19789,  

G e n e r a l l y  speaking, P ~ ~ n c l y  s a l t  marshes can be d i v i d e d  i n t o  two 
c a t e g o r i e s  on t h e  b a s i s  of e l e v a t i o n :  



TABLE 6. Summary of gross benthic microalgal production. Net production 
would be approxfmately 10% lower. See text for derivation of 
annual production estimates. Numbers in parentheses indicate 
regional location in Fig. 1. 

Area of Mud and Annual Production Annual Production 
Region Sand Flat ( 5  c m e 2  yr-l) (tonnes 

(ha x lo3) c yr-  ' x 10 3, 

Cumberland 
Basin (1) 

Shepody Bay (2) 

Chignecto Bay (3) 

Cobequid Bay (4) 

Minas Basin (5) 

Southern Bight(6) 

Inner Bay (7) 

Outer Bay (8) 

L assuming same as Cumberland Basin. 
2 assuming same as Cobequid Bay. 



i i igh marsh - That p o r t i o n  of s a l t  marsh w e l l  above mean h i g h  w a t e r  (MNIJ) 
t h a t  o c c u p i e s  a  narrow v e r t i c a l  zone of about  I. m. It i s  v e r y  f l a t  and can 
he  d i s s e c t e d  i n  p l a c e s  by c r e e k s  and man--made d i t c h e s ,  I t  is  f l o o d e d  i n -  
f r e q u e n t l y  by o n l y  t h e  h i g h e s t  s p r i n g  t i d e s  ( abou t  25 t o  TO t imes  a y e a r ) e  
When f l o o d i n g  o c c u r s ,  immersion i s  b r i e f  and t h e  maximum w a t e r  d e p t h  i s  
abou t  1 m ,  The dominant p l a n t  i s  S p a r t i n a  p a t e n s ,  b u t  P u c c i n e l l i a  
amer icana  i s  a l s o  common i n  some l o c a t f o n s .  Juncus  g e r a r d i  and S p a r t i n a  

a r e  sometimes found a l o n g  t h e  landward edge where d r a i n a g e  i s  
poor and f r e s h w a t e r  c o l l e c t s .  High marsh r e p r e s e n t s  t h e  mature  s t a g e  o f  
s a l t  marsh development ( R e d f i e l d  1973) ,  

Low marsh - That p o r t i o n  of s a l t  marsh rang ing  from j u s t  above MHW t o  a b o u t  
2 m below, It  is g e n e r a l l y  s l o p e d .  S h e l t e r e d  p o r t i o n s  a r e  found a l o n g  
c r e e k s  and d i t c h e s  t h a t  p e n e t r a t e  h i g h  marsh a r e a s  and around s a l i n e  
p o o l s .  Exposed p o r t i o n s  occupy t h e  s l o p i n g  s u r f a c e s  seaward of h i g h  marsh  
t r a c t s  and t e r m i n a t e  i n  mudf la t s .  Except f o r  t h e  upper p o r t i o n s  on neap 
t i d e s ,  low marsh i s  f looded  twice  d a i l y .  The d e p t h  of w a t e r  f l o o d i n g  l o w  
marsh is  commonly s e v e r a l  me te r s ,  o f t e n  w i t h  s i z e a b l e  waves, and immers ion  
times can be a s  long a s  4 h. V e g e t a t i o n  i s  a lmos t  e x c l u s i v e l y  S p a r t i n a  
a l t e r n i f l o r a .  Low marsh,  r e p r e s e n t i n g  e a r l y  s t a g e s  i n  s a l t  marsh 
e v o l u t i o n ,  can deve lop  i n t o  h igh marsh i f  t h e  r a t e  of sediment  a c c u m u l a t f o n  
exceeds  r i s e  I n  s e a  l e v e l .  

T o t a l  marsh a r e a s  a r e  d i v i d e d  i n t o  h i g h  and low c a t e g o r i e s  ( T a b l e  
I ) .  I n  g e n e r a l ,  h igh marsh a r e a s  a r e  s l i . g h t l y  g r e a t e r  i n  a e r i a l  e x t e n t  i n  
a l l  r e g i o n s  of t h e  upper r eaches  of t h e  Bay of Fundy. I n  Cumberland Basin 
and t h e  Sou thern  B i g h t ,  t h e  r e g i o n s  w i t h  t h e  g r e a t e s t  marsh a r e a s ,  t h e  re- 
l a t i v e  a r e a s  of h igh marsh a r e  55 and 472 r e s p e c t i v e l y .  A s  o n l y  h igh  m a r s h  
h a s  been d i k e d ,  t h e  o r i g i n a l  a r e a  of h i g h  marsh must have been was much 
g r e a t e r .  

P r o d u c t i v i t y  

Three  s a l t  marsh p r o d u c t i v i t y  s t r ~ d i e s  have been conducted i n  t h e  
Ray of Pundy, Morarntz (1976) s t u d i e d  f o u r  s i t e s  i n  t h e  John Lusby Narsh 
near  Amilerst, t h e  s i n g l e  l a r g e s t  s a l t  marsh I n  Cumberland Bas in ,  He e s t f  - 
mated n e t  above-ground annua l  p r o d u c t i o n  t o  be 483 g  d r y  w t  m-' ( i n c l u d i n g  
h-igh and low marsh assemblages ) .  Two s a l t  marshes I n  t h e  Minas Basin  w e r e  
s t u d i e d  by Smith e t  a l .  (1980);  one (Grand Pr4)  was e n t i r e l y  low marsh 
whi le  t h e  o t h e r  (Kingspor t )  was a  mix tu re  of h igh  and low, Net above- 
ground annua l  p r o d u c t i o n  f o r  both  marshes w a s  abou t  500 g d r y  w t  m-'* T h e y  
noted t h e  h i g h e r  p r o d u c t i v i t y  of S p a r t i n a  a l t e r n i f l o r a  ( iow marsh) c o m p a r e d  
w i t h  o t h e r  s p e c i e s .  Most r e c e n t l y ,  Gordon and Cranford  ( i n  p r e p , )  s t u d i e d  
erlght s a l t  marshes around t h e  p e r i r ~ l e t e r  of Cumberland Bas in ,  i n c l u d i n g  the 
John Eusby Thrsh ,  They e s t i m a t e  t h e  n e t  above-ground annua l  p roduc t ion  to 
he 634 and 406 g  d ry  w t  me2  f o r  low and h i g h  marsh, r e s p e c t i v e l y .  

D e s p i t e  d i f f e r e n c e s  i n  l o c a t i o n  and methods, a l l  r a t e s  a r e  remark-  
a b l y  s i m i l a r  and s u g g e s t  t h a t  500 g  d r y  ~ i ~ t  m"2 ( o r  215 g  C m-2) i s  a  
r e a s o n a b l e  e s t i m a t e  of t h e  n e t  above-ground annua l  p r o d u c t i o n  of Fundy 
s a l t  marshes. T h i s  v a l u e  i s  lower t h a n  observed i n  s a l t  marshes a long  t h e  
A t l a n t i c  c o a s t  of Nova S c o t i a  and f u r t h e r  s o u t h  i n  t h e  USA (Hatcher  and 



Mann 2575)*  The total salt marsh production Is considerably greater be- 
cause of below-ground growth (Smith et ale, 9980). Estimates of net above- 
ground production are presented in Table 7.  

Elevation plays a key role in controlling salt marsh productivity, 
Morantz (1576), Smith et aP. (1980) and Gordon and Cranford (In prep.) all 
noted the general greater productivity of Spartina alterniflora compared to 
hfgh marsh species. Within the low marsh zone, Gordon and Cranford (in 
prep.) have observed a very close inverse relationship between the produc- 
tivity of S. alterniflora and elevation with the most luxuriant growth 
occurring z o u t  MHW where plants are flooded on the average of only a few 
minutes twice a day (but with considerable variability from day to day). 

The lower productivity of high marsh is probably caused by nutrient 
limitation, especially nitrogen (Smith et al, 1980)- High concentrations 
of combined nitrogen (ammonium, nitrite and nitrate) are found in estuarine 
waters (Smith et al. 1980, Reizer unpubl, data) but these are not readily 
available to high marsh plants because of the infrequency of flooding. 
Rates of nitrogen fixation are also low and can supply only a few percent 
of the total nitrogen requirements of marsh plants (Smith et al* 1975). 

Nutrient limitation is less significant in low marsh because of the 
much greater frequency of flooding* However, the limiting effects of phy- 
sical stress become more important. As elevation decreases the time of 
exposure to wave and current activity increases. Light limitation may also 
become important at the lowest elevations of Spartina alterniflora which 
can be flooded as much as 4 h per tide, Moving drift ice during the winter 
months may also limit the seaward growth of low marsh by damaging under- 
ground rhizomes, 

Odum and Fanning (1933) postulated that tides provide an energy 
subsidy which increases saltmarsh production, SEeever et al, (1976) have 
demonstrated a strong posftfve linear correlation between Spartina 
alterniflora production and tidal range, but they recognized thae a point 
of diminishing returns is probably reached where the physical stress of 
higher tidal range outweighs the benefits, This is clearly the ease for 
the lower elevation stands of - S, alterniflora in Fundy marshes, 

In conclusion, the frequency and duration of flooding play a para- 
mount role in controlling the productivity of Fundy marshes. On high marsh 
where flooding is infrequent and brief, growth is limited primarily by a 
shortage of nutrients, At the lowest elevations of Spartina alterniflora, 
where flooding occurs twice daily for several hours, physical stress plays - 
a key role. Optimal growth conditions occur in between, at and immediately 
below MIW. 

Fate of Production 

The fate of salt marsh productton, both above-and belowground, is 
poorly understood and currently a topic uf  considerable scientific interest 
(for example Nixon 1579 and Marinucci 1582), While some saltmarshes are 
net consumers of material from tidal waters (for example Woodwell et al. 



TABLE 7 ,  Summary of low s a l t  marsh p r o d u c t i o n  d a t a  ( n e t  above-general  
p r o d u c t i o n ) .  Numbers of r e g i o n s  i n d i c a t e  p o s i t i o n  i n  F ig .  1 ,  

Es t ima ted  T o t a l  
Area of Anrlual P roduc t  i o n  Annual P roduc t  i o n  

Region Low Marsh ( g  c in'' yr- ') ( t o n n e s  
(ha  x l o 3 )  c yr-  x 10 3 ,  

Cumberland 0.76 
Basin  ( 1 )  

Shepody Bay ( 2 )  0 . 3 9 ~  

Chignecto  Bay ( 3 )  6.11 ' 
Cobequid Bay ( 4 )  0 -15  

Minas Basin  ( 5 )  0.10 

Sou thern  H i g h t ( 6 )  1 - 0 8  

I n n e r  Bay ( 7 )  0.2 2 15 0.4 

Outer  Bay (8)  0,2  215 0 , 4  

e s t i m a t e d  assuming 43% of t o t a l  a r e a  Ps Pow marsh which i s  p robab ly  t o o  
h igh  f o r  t h e  Outer  Ray, 



1 9 7 7 ) ,  a l l  t h r e e  p roduc t ion  s t u d i e s  of Fundy marshes have demonstra ted  
s- lzeable  e x p o r t  of p l a n t  m a t e r i a l  t o  e s t u a r i n e  w a t e r s ,  Schwingharner e t  
a l e  (1983) have shown t h a t  s a l t m a r s h  d e t r i t u s  i s  widely  d i s t r i b u t e d  i n  t h e  
sediments  and wa te r  column of Cumberland Basin .  Most of t h e  e x p o r t  a p p e a r s  
to t a k e  p l a c e  from low marsh a r e a s  where p h y s i c a l  s t r e s s  i s  g r e a t e s t .  A 
l a r g e  p o r t i o n  of t h e  aboveground p r o d u c t i o n  d i s a p p e a r s  by l a t e  f a l l  and 
t h a t  p r e s e n t  throughout  t h e  w i n t e r  u s u a l l y  d i s a p p e a r s  by t h e  f o l l o w i n g  
growing season .  I n  c o n t r a s t ,  h i g h  marsh a p p e a r s  t o  e x p o r t  very  l i t t l e  o f  
i t s  p r o d u c t i o n ,  i n  p a r t  because of  i n f r e q u e n t  and b r i e f  f l o o d i n g .  The b io -  
mass of dead m a t e r i a l  from p r e v i o u s  y e a r ' s  growth o f t e n  exceeds  annua l  pro-  
d u c t l o n  and i t s  r a t e  of d i s a p p e a r a n c e  i s  probably  c o n t r o l l e d  more by 
decomposi t ion p r o c e s s e s  than e x p o r t .  

We conclude t h a t  because of h igh t i d a l  ene rgy ,  a l a r g e  f r a c t i o n  of  
Fundy s a l t  marsh p roduc t ion  is expor ted  and widely  d i s t r i b u t e d  th roughout  
t h e  l o c a l  e s t u a r i e s  a t  t h e  head of t h e  Bay. The dynamics of t h i s  pool  of 
o r g a n i c  m a t t e r  and i t s  importance  i n  e s t u a r i n e  foodwebs a r e  poorly under-  
s tood  and war ran t  f u r t h e r  s tudy  i n  t h e  Eay of Fundy. A s  h i g h  marshes 
a p p e a r  t o  f u n c t i o n  l a r g e l y  a s  c l o s e d  sys tems ,  on ly  low marsh a r e a s  a r e  u s e d  
t o  c a l c u l a t e  p o t e n t i a l  carbon supply  t o  e s t u a r i n e  ecosystems (Tab le  7 ) .  

SEAWEED 

D i s t r i b u t i o n  and Area 

Seaweeds a r e  d i s t r i b u t e d  a l o n g  rocky s h o r e s  on bo th  s i d e s  of the  
open Bay of Fundy and i n  i s o l a t e d  p a t c h e s  i n  t h e  upper r e a c h e s .  Approxi- 
mate ly  35% of t h e  s h o r e l i n e  of t h e  open Bay i s  e n t i r e l y  rock and,  i n  aci- 
d i t i o n ,  55% of t h e  remaining s h o r e l i n e  h a s  some rock.  The a v e r a g e  width of 
t h e  rocky s h o r e  i s  40.7 m and t h e  t o t a l  l e n g t h  is  abou t  1605 km. The t o t a l  
rocky a r e a  sui tab1.e  f o r  seaweed i s  about  1156 ha a l o n g  t h e  Nova S c o t i a  
Fundy c o a s t  and 2044 ha i n  New Brunswick, o r  a  t o t a l  of 3200 ha. 

S t r u c t u r e  and Composit ion 

The f l o r i s t i c s  of Fundy seaweeds a r e  r e l a t i v e l y  w e l l  documented 
( E d e l s t e i n  e t  a l e  1970, Wilson e t  a l ,  1979) ,  and an e x t e n s i v e  survey h a s  
been made of t h e  d i s t r i b u t i o n  of s p e c i e s  a l o n g  v e r t i c a l  t r a n s e c t s  spaced 
around t h e  Bay ( T r i c k  1977, Smith 1978) ,  The biomass is dominated by o n l y  
a  few s p e c i e s .  Within  t h e  l i t t o r a l  zone,  t h e  predominant s p e c i e s  a r e  
f u c o i d s ,  e s p e c i a l l y  Ascophyllcara nodosum, w i t h  l e s s e r  amounts of  Fucus 
v e s i c u l o s u s ,  F ,  e d e n t a t u s  and F. s p i r a l i s .  The ext reme lower l i t t o r a l  a n d  
s u b l i t t o r a l  z G s  a r e  domf n a t e F b y  t h e  k g l p s ,  Laminar ia  d i g i t a t a ,  L. - 
l o n g i c r u r i s ,  A l a r l a  e s c u l e n t a ,  and Agarum cr ibrosum.  

Biomass and P r o d u c t i o n  

P r o d u c t i o n  and biomass f o r  t h e  New Rrunswick s h o r e  of t h e  Bay of 
Fundy have been s t u d i e d  by Thomas (unpub l i shed  d a t a ) .  Biomass d i s t r i b u -  
t i o n s  a s  dry  weight  have been determined f o r  over  30 l o c a t i o n s  from t h e  
United S t a t e s  b o r d e r  t o  P o i n t  Wolf, A l l  c o l l e c t i o n s  o r  measurements were 



taken at a series of slx tidal. heights: 0, 20, 4 8 ,  60, 80, and 100% of 
mean tidal range (OzMLW, 100=MHW), Results are summarized in Table 8, 
Along the Nova Scotian coast of the Bay of Pundy, qualitative assessments, 
including perusal of aerial photographs, indicate a paucity of vegetation 
northeast of the Digby Neck area with the exception of sites where the 
flora is locally abundant (Bird and McLachlan, pers, comm,), Along the 
Digby Neck, there are significant stands of fueoids with up to 20 kg m-2 
(dry) standing stock recorded, The overall estimates of bfomass have been 
reported by Loucks Oceanology (1980) and are summarized in Table 9 ,  Kelp 
densities are not high as there Is a major limitation of suitable substrate 
(Tremblay and Chapman L980), 

The production studles of Thomas have focused on a primary field 
site at Musquas"nI-iead, New Brunswick (just west of Saint John?), The area 
is typical in terms of community structure, biomass, zonation, slope and 
aspects. Production determinations were divided into emerged and submerged - 
phases separately, Fucus spiralis dominated the 100% level and F, 
endentatus the 0% level with Asco~hvlLum nodosum the overall domKant, 

Annual mean net productfon for srtbmerged and emerged phases at each 
tidal level are summarized for the New Brunswlck Shore in Table 10 and for 
all regions of the Bay sf Fundy in Table 11, Using the mean net production 
figure of 845 g @ nl-2 y - I ,  total anual production (is estimated at 27 x l(f 
eonnes C i n  the Bay of Fundy, Gross macrophyte production amoesnts to 33 x 
lo3 tonnes C annt~ally which rmuld include the loss of dissolved organic 
matter, 

Several conclusions can he drawn from this study of seaweed produc- 
tion, The roclcy intertidal zone of the Bay of F'undy is moderately pro- 
d~actP1~.e and t h e  bulk of the production takes place during tile exposed phase 
because of light lfmjtation when intertidal algae are submerged, Lnter- 
tidal fucoid algae have significant net primary production at all tern- 
peratures from - -1O0C to 30°C and at all stages of dessication from OX to 
7 0 % ,  The majority of production takes place in the middle of the Pnter- 
tidal zone between the tidal levels of 30 and 90% of mean tidal range, 
most by the knotted wrack, Ascophyllum nodosum, 

Fate of Productlsn 

Much of the seaweed can be brolienr dotm into detritus and soluble 
organlc material which can be utilized by organisms, Dadswell (pers comm,) 
suggests t h P s  occurs when seaweed, such as is sloughed off by 
tadal currents and washed ashore, At Musquash Head, Thomas and Page (1983) 
found that net production of Fucus edentatus during summer averaged 61 g 
-2 --- 

m day of which 52 g was retained as biomass with remainder exported as 
detached plants or dissolved organics, For material washed ashore there is 
ac t fve  breakdown by awphlpods and Diptera wfth further reworking by 
bacteria so that a humus-like substance containing feces and water soluable 
organics is produced, This material could eventually re-enter the water 
column rhrough acrion of the tides, 



TABLE 8, Mean dry weight bfomass of seaweeds along the New Brunswick coast 
of the Bay of Fundy in 1979-1982 ( g / m 2 ) ,  (Me Thomas, unpub l i shed  
data) + 

Tidal Level Total Flora Fucolds 



TABLE 9.  Biomass of f u c o i d s  a l o n g  t h e  Nova S c o t i a  s h o r e  of t h e  Ray of 
Fundy. (Loucks Oceanology, 1980) 

Range 
D i s t a n c e  Area tonne lha  T o t a l  biomass 

S i t e  (km) (ha) (wet wt)  tonnes  wet wt,) - 

Pond Cove- 
Digby Gut 11 0 

Digby Gut- 
Delap Cove 

Delap Cove- 
Scotsman Bay 5 2 

Es t ima ted  a v e r a g e  = 75,000 tonne wet we igh t  

S tandard  e r r o r  of u n c e r t a i n t i e s  = 50% (assume f o r  l a c k  of f u r t h e r  
i n f  orrnaion) 

U n c e r t a i n t y  f o r  temporal  variability = 20% 

R e s u l t a n t  i s t a n d a r d  e r r o r  = 75,000 tonnes  (1tO.54) 



TABLE 10. Summary of yearly net seaweed productlon on rocky shores along 
the New Brunswick coast of the Bay of Fundy (g C yr-l) 

Tidal Level Submerged Phase Emerged Phase Total 
- ,  -- 

Mean 84 5 



TABLE 11.  Summary of seaweed n e t  p r o d u c t i o n  d a t a .  (Average  p r o d u c t i o n  
r a t e  c a l c u l a t e d  i n  T a b l e  1 0 ) .  Numbers of  r e g i o n s  i n d i c a t e  
p o s i t i o n  i n  F i g .  I .  

N e t  Annual E s t i m a t e d  T o t a l  
Rocky I n t e r t i d a l  P r o d u c t i o n  Annual P r o d u c t i o n  

Regton Area ( h a )  ( g  C  m-' y r - l )  ( t o n n e s  C y r - l x l 0  3, 
- -- 

Cumherland 
B a s i n  ( 1 )  

T r a c e  - - 

Shepody Ray ( 2 )  "T 

L r a c e  - - 

C h i g n e c t o  Bay ( 3 )  T r a c e  - - 

Cobequid Bay ( 4 )  T r a c e  - - 

Ninas  B a s i n  ( 5 )  T r a c e  - - 

S o u t h e r n  X i g h t ( 6 )  T r a c e  - - 

I n n e r  Ray ( 7 )  1600 845 1 3 , 5  

O u t e r  Ray ( 8 )  1600 845 13.5 



P r o d u c t i o n  e s t - ima tes  of  e a c h  p l a n t  t y p e  a r e  sumrna r i~ed  i n  T a b l e  1 2  
f o r  a l l  r e g i o n s  i n  t h e  Ray of  Fundy. T o t a l  a n n u a l  p r o d u c t i o n  f o r  t h e  
e n t i r e  Bay i s  I124 x  1 n 3  tonrles  C ,  O f  i h i s  abou t  96% i s  d e r i v e d  from phy- 
t o p l a n k t o n  w i t h  seaweed,  b e n t h i c  m i c r o a l g a o ,  and s a l t  marsh r e s p o n s i b l e  f o r  
a b o u t  2%, 1% and 0.6% of t h e  t o t a l  prod-i lct lon r e s p e c t i v e l y .  The dominance 
of  phytoplanlc ton  p r o d u c t i o n  r e f l e c t s  t h e  l a r g e  a r e a  of w a t e r  compared t o  
o t h e r  h a b i t a t s  as w e l l  as t h e  ve ry  h i g h  p h y t o p l a n k t o n  p r o t l u c t i v i t y  rates i n  
t h e  les.; t u r b i d  O u t e r  Bay, R e g i o n a l l y ,  t h e  Ou te r  Bay which h a s  t h e  g r e a t -  
e s t  a r e a  p r o v j d e s  a b o u t  85% of t h e  t o t a l  p r o d u c t i o n  f o l l o w e d  by t h e  I n n e r  
Bay which p r o v i d e s  a b o u t  12%,  A l l  o t h e r  r e g i o n s  acco tmt  f o r  1% o r  less o f  
t h e  t o t a l  a n n u a l  p r o d u c t i o n  f o r  t h e  Bay of  Fundy, l a r g e l y  b e c a u s e  of  t h e i r  
r e l a t i v e l y  s m a l l  a r e a s  ( F i g ,  I ) ,  

When p r o d u c t i o n  is  e x p r e s s e d  a s  an a v e r a g e  on a  u n i t  a r e a  b a s i s  
( T a b l e  1 2 )  i t  is c l e a r  t h a t  pr imary  p r o d u c t i o n  i n  t h e  uppe r  r e a c h e s ,  s u c h  
as t h e  Cumbedand B a s i n  (44  C m-2 y )  and t h e  S o u t h e r n  B i g h t  (41  g  C m-' 
- 1 y  ), is modera t e  d e s p i t e  h i g h  e n e r g y  and l i g h t  L i m i t a t i o n .  Approx ima te ly  

h a l f  of  t h e  p r o d u c t i o n  i n  t h e  uppe r  r e a c h e s  s t ems  from b e n t h i c  m i c r o a l g a e  
b e c a u s e  of  t h e  e x t e n s i v e  sand- and m u d f l a t s ,  E x t e n s i v e  s a l t  marshes ,  e spe -  
c i a l l y  in t h e  Camberland R a s i n  and S o u t i ~ e r r l  R i g h t ,  a r e  a l s o  i m p o r t a n t  l o c a l  
components  of  t h e  t o t a l  p r o d u c t i o n .  These  r i l rb id  uppe r  r e g i o n s  a r e  muell 
n o r e  p r o d u e t i v e  t h a n  w a s  o r i g i n a l l y  p r e l i i c r e d  and s u p p l y  o r g a n i c  rnatcir taj  
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QUEST LONS AM2 COMMENTS 

6. Xrow-t: When is  t h e  g r e a t e s t  i n f l u x  of d e t r i t u s  from t h e  s a l  tmarshes?  

N* Prouse:  Our e x p e r i e n c e  i n  Cumherland Basin s u g g e s t s  d u r i n g  t h e  summer -- 
months, 

G .  Brown: Is  t h e r e  a  d i r e c t  relationship between phy top lank ton  p r o d u c t i o n  -- 
i n  t h e  o u t e r  and i n n e r  p a r t s  of t h e  Bay? Can p r o d u c t t o n  i n  t h e  o u t e r  Bay 
be imported t o  t h e  i n n e r  Ray? 

N, Prouse:  There  rnight be some r e l a t i o n s h i p  dependent  upon t h e  g e n e r a l  
c i r c u l  a t i o n  p a t t e r n  I n  t h e  Bay, Some ty p i  r a l l y  o c e a n i c  phy t o p l a n k t o n  
s p e c i e s  d o  r each  t h e  i m e r  p a r t s  of t h e  Ray* 1 t h i n k  t h a t  most of t h e  
secondary p roduc t ion  i i ~  t h e  upper p a r t  of the  Hay r e s u l t s  from i n  s i t u  -- 
primary p roduc t ion .  Irnport Is u n l i k e l y  but  e x p o r t  inay o c c u r .  

C. Amos: Are t h e  p r o d u c t i o n  e s t i m a t e s  you g i v e  t y p i c a l  of o t h e r  s i m i l a r  
e s t u a r i e s  i n  t h e  world and of what s i g n i f i c a n c e  a r e  your  o b s e r v a t i o n s ?  

N. P rouse :  Ycs, they a r c  t y p i c a l  of o t h e r  a r e a s  wit l i  turbici  wa te r  and ex- 
t e n s i v e  i n t e r t i d a l  sed iments  such a s  t h e  Wadden Sea. Phy top lank ton  and 
seaweed prodiic t i o n  v a l u e s  seem t y p i c a l  , liowever, s a l t  mars11 p roduc t  Ion is 
somewhat lower than found a long  t h e  A t l a n t i c  c o a s t ,  The s i g n i f i c a n c e  i s  
t h a t  as t h e  water  g e t s  more t u r b i d ,  t i l e re  i s  l e s s  phytoplankton p r o d u c t i o n ,  
The Bay of Fundy i s  r a t h e r  unique because  of i t s  g r e a t  t i d a l  a m p l i t u d e  
which produces  v a s t  a r e a s  of mudf la t  which a r e  i d e a l  f o r  e i t h e r  b e n t h i c  
mic roa lgae  o r  sa lemarsh  p roduc t ion .  These can c o n t r i b u t e  a  l o t  of  produc- 
t i o n  and h e l p  o f f s e t  t h e  d e c l i n e  i n  phytoplankton p r o d u c t i o n ,  

D, Gordon: Comparing our  knoxledge now Co what it was s i x  y e a r s  ago,  i t  is  
c l e a r  tha't  phytoplankton and s a l t m a r s h  product  i o n  a r e  impor tan t  p roduc t ion  
s o u r c e s  i n  t h e  upper r eaches .  At t h e  Acadia Workshop they were thought  t o  
bc very ininor and t h e  consensus  was t h a t  b e n t h i c  m i c r o a l g a l  p r o d u c t i o n  
dominated the  system. T t  i s  i m p o r t a n t ,  c o n t r i b u t i n g  about  50% of t h e  t o t a l  
p r o d u c t i o n ,  bu t  t h e s e  o t h e r  s o u r c e s  a r e  impor tan t  too .  We have l e a r n e d  
t h a t  the  p roduc t ion  i s  more d i v e r s f f i e d  than  e a r l i e r  though t .  
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ABSTRACT 

A b r i e f  review of b e n t h i c  e c o l o g i c a l  r e s e a r c h  I n  t h e  Ray of Fu~ldy 
i n  the  p e r i o d  1976--1982 is  p r e s e n t e d ,  

Key words: s u b t i d a l  ben thos ,  Ray of Pundy, p r o d u c t i o n  

On p r g s e n t e  un b re f  examen c r i t i q u e  (les r e c h e r c h e s  en k c o l o g i e  
h e n t h i q u e  e f f e c t u 4 e s  dans  l a  b a l e  de  Fundy pendant l a  p g r i o d e  de  1976 2 
1982 ,  

INTRODUCTION 

The possibility t h a t  a l a r g e  t i d a l  power p r o j e c t  cou ld  s t a r t  i n  t h e  
Bay of Fundy s t i m u l a t e d  a n  i n t e r e s t  i n  p r e d i c t i n g  whal: k i n d s  of e f f e c t s  
might r e s u l t  froin such development,  The major q u e s t i o n ,  a s  f a r  as s u b t i d a l  
b e n t h i c  a n i m a l s  a r e  concerned,  i s  how t h e  changed cnvlronment  w i l l  a f f e c t  
b e n t h i c  p r o d u c t i o n  (Wi ld i sh  l977a)  and t h e  t r a n s f e r  of t h i s  p r o d u c t i o n  t o  
t h e  t e r t i a r y  t r o p h i c  l e v e l ,  

I t  shou ld  he remembered t h a t  t h e r e  a r e  a  number of a d d i t i o n a l  
contemporary  p r a c t i c a l  r e a s o n s  (Wi ld i sh  1977b) f o r  s t u d y i n g  t h e  ben thos  
u s u a l l y  c a r r i e d  o u t  by d i f f e r e n t ,  i s o l a t e d ,  groups  and which w i l l  d i c t a t e  
t h e  d i r e c t i o n  such s t u d i e s  t a k e ,  The groups  i n c l u d e :  

- r e c e n t  sed imenta ry  g e o l o g i s t s  who s t u d y  b e n t h i c / s e d i m e n t a r y  i n t e r a c t i o n s  
i n  o r d e r  t o  unders tand  t h e  p r o c e s s  of sediment b u r i a l  and t h u s  t h e  
s t r a t i g r a p h  l c  r e c o r d ;  

-- f i s h e r i e s  b i o l o g i s t s  wI-lo st t ldy b e n t h i c  p r o d u c t i o r ~  because  i t  i s  a  major  
c o n t r i b u t o r  t o  commercial g r o u n d f i s h  p roduc t ion ;  

-- a n d  env i ronmenta l  b i o l o g i s t s  who u t i l i z e  h e n t h i c  d i s t r l b u t l o n  p a t t e r n s  t o  
i n d i c a t e  t h e  s p a t i a l  e x t e n t  of munic ipa l  o r  I n d u s t r i a l  p o l l u t i o n ,  
d redg ing  and dumping a c t i v i t y ,  



BENTIILC D l S T R I B U T l O f a  AND CONTROLIAING FACTORS 

Knowledge of t h e  taxonomy and geograph ic  d i s t r i b u t i o n  of ben thos  i n  
t h e  Ray of  Fundy i s  s t i l l  f a r  from complete  a l t h o u g h  most of t h e  papers  
a p p e a r f n g  i n  t h e  review p e r i o d  concern  c h i s  s u b j e c t .  Taxonontic and phys i -  
c a l  f e a t u r e s  of  some e s t u a r i e s  have been d e s c r i b e d  ( M e t c a l f e  e t  a l e  1976,  
Wi ld i sh  and Rris tmanson 1979, Wl ld i sh  1983) a s  w e l l  a s  t h e  s o f t - s e d i m e n t  
n~acrofauna  o f  t h e  lower Bay ( P e e r  e-1, 1980) atrd upper Bay (Wildfs1.1 e t  
a l e  l 9 8 3 ) +  The e p i f a u n a  of  hard  bottoms has  heen s t u d i e d  I n  the Western  
I s l e s  a t  t h e  mouth of t h e  Bay of Fandy (Noble e t  al, 1976,  Page 1981, L,ogan 
e t  a l e  1983) ,  

The hard-bottom b e n t h i c  f auna  down t o  Scuba d i v i n g  dep th  (40 m) has 
been s u b j e c t i v e l y  d e s c r i b e d  a s  c o n s l s t l n g  o f  two major b i o t i c  commtanitie";: 

- T e r e b r a t u l i n a  s e p t e n t r i o n a l i s  cornr~uraity 
P 

- C r u s t o s e  c o r a l l i n e  a l g a e  community 

by Logan e t  a l e  (1983) ,  An o b j e c t i v e  a n a l y s i s  of e p l f a u n a l  d a t a  down to a 
d e p t h  of 26, rn yief-ded f i v e  major c l u s t e r s  (Page e t  al, i n  p r e p , ) :  

- sha l low zone - c r u s t o s e  c o r a l l j n e  a l g a e  
- P e t r o c e l i s  middeador f i  

- mid-depth - trcpward f a c i n g  s u r f a c e s  of c r u s t o s e  c o r a l l i n e  a l g a e  
- shaded,  s t e e p l y  irrclCrled f a c e s  c o n s i s t i n g  of a  

Terebra tu l lna -domina ted  communmity 
- deep zone - T e r e b r a t u l i n a  community, w i t h  t h e  g r e a t e s t  

P 

d i v e r s i t y  of macrofal~ria 

The  so f t -bo t tom b e n t h i c  m a c r o f a u ~ a  h a s  heen s t u d i e d  a t  a l l  d e p t h s  
( t o  )200 m) i n  t h e  Ray of Fondy, I n  c o n t r a s t  t o  t h e  hard-bottom macro- 
Fauna, s o f t  s e d i m e r ~ t s  of the  lower Bay have heen desrr - lbed on a f u n c t i o n a l  
bast.; u t i l i z i n g  the  t r o p h i c  group concept  (Wi td i sh  and Peer  1983) ,  T h e  
r eason  f o r  t h i s  P fes  i n  t h e  b e l i e f  cha t  t h e  commurnity concept: f s  of d u b j o a - s  
v a l u e  i n  b e n t h i c  work (Wfldish  l 9 7 7 ) ,  A s i m i l a r  a n a l y s i s  o f  subtPdaP 
b e n t h i c  d a t a  Pn t h e  upper Bay, Chignecto  Ray and Xfnas Bas in ,  i s  b e i n g  p r e -  
pared (Wi ld i sh  e t  a l ,  1983) ,  

One i n t e r e s t i n g  f e a t u r e  of  t h e  s o f t  sediment work i s  t h a t  a  b e n t h + C  
assemblage s imfPar  t o  t h e  T e r e b r a t u l i n a  s e p t e n t r i o n a l i s  community of 1,ogar-a 
ct a l e  (1983) i s  p r e s e n t  over  n e a r l y  o n e - t h i r d  of  t h e  s o u t h e a s t e r n  c o r n e r  
of t h e  lower Bay, En t h i s  r eg ion  t h e  sediment i s  a  poorly  s o r t e d  m i x t u r e  
I nc? u s i v e  of sand ,  s i l  t / c l a y ,  b o u l d e r s ,  c o h b l e s ,  and pebb les  d e s c r j  bed by 
Fader e t  a l e  (1977) as S c o t i a n  She l f  d r i f t ,  T h i s  sediment  is p r e g l a e i a l  
and ~ h e  o l d e s t  of t h r e e  major t y p e s  p r e s e n t  and may be regarded  a s  transi-- 
eLonal between hard and s o f t  bot toms,  I ts  p resence  r e n d e r s  a  c l e a r  d i s -  
t i n c t i o n  between hard- and so f t -bo t tom macrofaunal  a s s o c i a t i o n s  a s  p r o -  
RlematicaP t o  d e f i n e ,  

4 s a t i s f a c t o r y  coneepeual  basis froril which t o  e x p l a i n  s u b t i d a l  
macrofaunal. composit iori  blorwss and product  1v-i t y ,  f r e e  of  t a u t o l o g y  and  
u s e f u l  t o  t h e  aims g iven  i n  tile I n t ~ o r f u c t h o ~  has  been sugges ted  by W-kldis lf--~ 



( 1 9 7 7 )  l i l c l ~ i d e d  i n  t h e  rn i i l t i p l e  l i m i t i n g  f a c t o r  t l i eo ry  are  p h y s i c a l  
f a c t o r s ,  e , g ,  sat  i n i t y ,  Lernperattlre, c u r r e n k  s p e e d ,  oxygen a v a t l a b i i l i t y ,  -- 
s e d i m e n t s  and w a t e r l s e d l m e n t  exchange  phenomena and b i o t i c  f a c t o r s ,  e,g. 
food s u p p l y ,  c o l o n i z i n g  l a r v a l  s u p p l y ,  and i n t e r s p e c f E l c  c o i n p e t i t f o n ,  

C u r r e n t  speed  and food s u p p l y  a r e  t h e  o n l y  f a c t o r s  c u r r e n t l y  b e i n g  
s t u d i e d  e x p e r j m e n t a l l y  i n  t e s t i n g  t h e  h y p o t h e s i s  of  Y i i d i s h  and Mristmancon 
(1979)  t h a t  t h e y  c o n t r o l  p r o d u c t i v i t y  of s u s p e n s i o n  f e e d e r s .  Unperblfshcd 
e x p e r i m e n t s  a l r e a d y  coinpleted c o n f i r m  t h e  p r e s e n c e  of  a  s e s t o n  d e p l e t e d  
l a y e r  downsi-ream from a musse l  bed and ongoirig e x p e r i m e n t s  are d e s i g n e d  t o  
d e r i v e  a  r e l a t i o n s h i p  be tween t h e  r u r h u l e n t  s u p p l y  of  sestcan and ni-rtssel 
growth .  C i r c i ~ ~ n ~ t a n t f a l  e v i d e n c e  (Wildis11 ei- a l ,  1981) a l s o  s u p p o r t s  tile 
i d e a  t h a t  t h e  t u r b u l e n t  s u p p l y  of  s e s t o n  (X) c o n t r o l s  s u s p e n s i o n  f e e d e r  
p rod t i c t ion  ( Y )  because  t h e s e  a r e  r e l a t e d  by t;he r e l a t f o n s h i p :  

Log Y = 0,0124X t 0,0163 
w i t h  a  c o r r e l a t f o n  c o e f f i c i e n t  of 0-86 which is s f g n l f t e a n t  a t  f >95%,  
S u s p e n s i o n  f e e d e r  p r o d u c t i o n  a t  some s t a t h o n s  i n  t h e  Bay d o e s  n o t  obey r h i s  
r e l a t i o n s h i p  (Wbldish  e t  a l ,  1981)  and i s  ' 3mpover i shed"  due  t o  a p h y s i c a l  
l i m i t a t i o n  l i n k e d  t o  s e d i m e n t  e r o s i o n l d e p o s i t l o n  c y c l e s ,  I t  h a s  been  sug- 
g e s t e d  t h a t  i t  i s  r e p e a t e d  sed imen t  e r o s i o n  i t se  bf which prevecl t s  l a r v a l  
s e t t l i n g  o r  a d u l t  g r o w t h  t h e  d i r e c t  e f f e c t  of  h i g h  c u r r e n t  s p e e d s ,  o r  t h e  
e f f e c t  of  h i g h  c o n c e n t r a t i o n s  of  i n o r g a n i c  m a t e r i a l s  suspended  In water 
( W i l d i s h  and Kr l s tmanson  1 9 7 9 ) -  

BENTHIC PRODUCTION 

Crucie e s t i m a t e s  o f  b e n t h i c  p r o d u c t l o l i  based  on w e t  b l o ~ n a s s  v a l u e s  
t i m e s  an  e m p i r i c a l l y  d e r i v e d  P:B r a t i o  have been made f o r  -300 scoft-sedi- 
rnerl t  s t a t t o n s  i n  t h e  Bay, The  t - ~ . ; u l t s  w l l l  be r e p o r t e d  s e p a r a t e l y  as maps 
of production f o r  t h e  lower  ( W i l d l s h  and Peer 1983) and uppe r  Bay ( W i l d i s h  
and P e e r ,  i n  p r e p , ) ,  The P:b r a e i o s  used  I n  t h e s e  a n a l y s e s  depend on l i f c  
s p a n  Zn y e a r s  ( R o b e r t s o n  rneehod) o r  mass i t ?  Kcal (Banse  and Mosher rmeti~od),  

An i n d e p e n d e n t  e s t i m a t e  of c r u d e  b e n ~ h i c  p r o d u c t i o n  has been  made 
st  15 s i t b t i d a l  s t a t i o n s  i n  ?!-re lower  Bay ~ i . ; l n g  che novel  method i n t r o d i l c c d  
hy Schwinghamer (E982) ,  The r e s u l t s  of  t h i s  a n a l y s i s  a r e  i n  e s s e n t i a l  
ag reemen t  w i t h  t h e  f i n d i n g s  o f  Wild4sh slid iJeer ((1981). 

A s  a  check  on t h e  e m p i r i c a l l y  d e r i v e d  P:W r a t i o s ,  a  more d e t a i l e d  
s t u d y  of  p r o d u c t i o n  by some hmphipoda Wac a t t e m p t e d ,  P o n t o p o r e i a  f e m o r a t a ,  
%tsche i rms  p i n g u i s ,  and sp Casco b i g e l o w l  I n  t h e  Digdequash  e s t u a r y e o u l d  
n o t  be a s s e s s e d  f o r  p r o d u c t i o n  p u r p o s e s ~ h e c a u s e  of enz igrae ion  f rom,  and 
i m m i g r a t i o n  t o ,  t h e  sampl ing  L o c a t i o n  d u r i n g  t h e  2-yr s ampl ing  p e r i o d  
(Wibdish  1980,  W i l d i s h  and P e e r  f 9 8 1 ) ,  f lowever,  a more s t a b l e  deep  popula-  
t i o n  a t  80 m i n  t h e  lower  Bay of  Fundy y i e l d e d  f o u r  s p e c i e s  f o r  which pro-  
d u c t i o n  and P:B v a l u e s  have  been  c a l c u l a t e d  (WLPdish, u n p u b l ,  d a t a )  
i n c l u d i n g :  Haploops  f u n d i e n s i s ,  H a r p f n i a  p r o p i n g u a ,  P h o t i s  r e i n h a r d i ,  and  

*---- 

Casco b i g e l o w i ,  The r e s u l t s  a r e  i n  gener-a4 ag reemen t  w i t h  t h e  empirically 
d e r i v e d  v a l u e s  of  P:B c a l c u l a t e d  by R o b e r t s o n  o r  Ranse and I\'losher methods ,  

No p r o d u c t i o n  daca  are  a v a i l a b l e  f a r  hard-bot tom bcia thos ,  



THE WORM'S EYE VIEW: OM B E I N G  PREYED UPON 

h p r o s p e c t u s  f o r  a scudy of  t h e  r e l a t i o n s h i p  between b e n t h i c  p rey  
a n d  t h e i r  p r e d a t o r s  which are c h i e f l y  demersa l  f i s h  might i n c l u d e :  

- p r e d a t o r  stomach a n a l y s i s  
- prey  m o r t a l i t y  cu rves  
- adapta t iorns  of the  p rey  t o  a v o i d  p r e d a t o r s  Xnvoivbng c o l o r  a n d  

v i s i o n ,  s m e l l ,  and c r y p t i c  o d o r s  o r  a l t e r e d  prey r e p r o d u c t i v e  
s t r a t e g i e s  

- energy exchange between t h e  p rey  and p r e d a t o r  

By t h e s e  c r i t e r i a ,  such s t u d l e s  i n  t h e  Bay of Fundy are woefu l ly  i n a d e q u a t e  
wi th  a l i t t l e  j n f o r m a t i a n  on o n l y  t h e  f i r s t  two c a t e g o r i e s .  

A s t u d y  of b e n t h i c  food r e s o u r c e s  u t i l i z e d  by f i v e  s p e c i e s  o f  
demersa l  f i s h  h a s  been made by MacDonald ( 2 9 8 2 ) ,  The p r e d a t o r  species 
s t u d i e d  i n c l u d e d  cod, ocean pou t ,  w i n t e r  Flounder ,  and American plaice 
XacDonatd e t  a l e  (1982) showed e x p e r i m e n t a l l y  t h a t  t h e s e  s p e c i e s  d i g e s t  
d i f f e r e n t  s p e c i e s  of food i tems at different r a t e s  and t h a t  ;ihe e v a c u f i o n  
r a t e  of d i f f e r e n t  p rey  should  be c o n s i d e r e d  i n  e s t i m a t i n g  d a i l y  r a t i o n s  
from f i s h  sample? i n  f i e l d ,  U t i l i z e d  t h i s  method d a i l y ,  f eed ing  c h r o n o l o g Y  
and r a t i o n  c a 4 c u I a t 2 o n s  were made from a  f i e l d  exper iment  (MacDonald and 
Waiwood, i n  p r e p , )  w i t h  malrimlim r a t i o n s  I %  ljody r.rt day-'] found as f o l f _ o w s ;  
w i n t e r  f l o u n d e r  (leQ5), cod ( L e 6 6 ) ,  ocean pout (L ,25 ) ,  and p l a i c e  4 \O16"3 -  
Ln l a b o r a t o r y  exper l raents ,  T y l e r  and llunn (1976)  showed t h a t  t h e  m a i n t e n -  

I i ance r a t i o n  f a r  w d n t e r  f l o u n d e r  was 7 ,9  caP g-- day- . The g r o s s  c o n v e r -  
q ion  e f  f i c t e n c y  depended on r a t i o n  v a r y i ~ a g  from 1,16% 

I n d i r e c t  I t f e - h i s t o r y  ev idence  ( b i l d i s h ,  urrpubl ,  d a t a )  shows rha- t :  
i s  a remarkable biar ,nual  ampe l i sc id  with Lit-tle r n s s - ~ c g ~ ~  

I t y  o c c t ~ r r i n g  e a r l y  i n  t h e  l i f e  h l s to l -y  jn  r c ~ n t r d s t  t o  most o t h e r  we14 
icnown amphipods where consf dera'n9 e mortali iry occl~rs i n  t h e  e a r l y  jtrrveni le 
r r a g e s  (Wi ld i sh  1982), 

NEW iw3 ' f i lODS 

Schkjlr~ghamer (1981) has examined t h e  ~ ; f r , e  d i s t r i h u t - i o n s  of micro- 
a rgan t sms ,  microfauna,  and macrofauna and found t h a t w h e n  biomass csncen-  
t r a t i o n  Is e x p r e s s e d  a s  a log2  f u n c t i o n  of  organism s j z e  (eqr%ivalent  
spherical d i a m e t e r )  a charaeiseris"cic speetrtnrn emerges, ZJPomass 4 s  d e t e r -  
mined a s  voPlrme d i sp lacement  ( V )  of i n d i v i d u a l  specimens o r  groups of . ; fmf lA  
l a r l y  s i z e d  ilnclivfduals of the  s a n e  s p e c i e s .  The organism volulncs a r e  t h e n  
c o n v e r t e d  t o  t h e  e q u i v a l e n t  s p h e r i c a l  d i s u l c t e r  (D) by: 

arid I:'i:e toe-al  biomass f o r  t h e  :;ize--cl.ass expressed as  em3 me' s e d i m e n t  sur---- 
face area ,  One u s e f u l  p r o p e r t y  of t he  s p e c t r u m  -is t h a t  i t  can u s e d  t o  
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de te rmine  p r o d u c t i v i t y  by m u l t i p l y i n g  t h e  biomass f o r  a  g i v e n  s e c t i o n  oC 
t h e  spect rum by t h e  a p p r o p r i a t e  Ranse and iilosher P:B r a t i o ,  Comparisons 
between the  two methods used i n  t h e  Bay a r e  f a c i l i t a t e d  Ry t h e  assumpt ion 
t h a t  1 cm3 = 1 g  wet w t  and,  a s  mentioned, s u g g e s t  concordance i n  t h e  
r e s u l t s  o b t a i n e d ,  

Both t h e  s i z e - c l a s s  method of Schwinghamer (1981)  and t h e  conven- 
t i o n a l  method used by Wildtsh  and Peer  (1982) a r e  r ecogn ized  t o  be c r u d e  
a t t e m p t s  invo lv i l lg  numerous approxirnat ions  and e r r o r s  and f o r  t h a t  r eason  
more r e f i n e d  measures on a  s i n g l e  p o p u l a t i o n  of a  g iven  s p e c i e s  of amphipod 
have been a t t e m p t e d  a s  a check.  Two minor t echn ique  changes ,  I n t r o d u c t i o n  
of t h e  s i z e  f requency  meehod f o r  marine ainpilil~ods where c o h o r t s  a r e  not 
d l s t t n g t r i s h a b l e  i n  s i z e / f r e y u e n c y  d a t a  and a  back-calci i l lat ion method to  
overcome sampl ing b i a s  of e a r l y  l i f e - h i s t o r y  s t a g e s  of amphipods,have been 
suggestecl (Wi ld i sh  and Peer  1981) ,  The importance  of knowing t h e  l i f e -  
h i s t o r y  d e t a f l s  of a  g i v e n  p o p u l a t i o n  (Wi ld i sh  1982) is emphasized when 
individual p o p u l a t i o n  p r o d u c t i o n  e s t i m a t e s  a r e  t o  be made, 

New sampl ing t e c h n i q u e s  For t h e  s t u d y  of Bay 01 Fundy benthos  in -  
c l u d e  t h e  UNB b e n t h i c  camera and F'IEL l a r g e  modif ied  Van Veen g r a b  of 0 ,5  
m 2 *  neftfiter of which have y e t  had ?-%me t o  make t h e i r  mark on b e n t h i c  s rud-  
i p s ,  Fur t i l e r  Pmprovements I n  f i e l d  and e x p e r i m e n t a l  methods a r e  of c r i t i -  
c a l  importance  t o  t h e  f u t u r e  development of b e n t h i c  worlc, 

New developments i n  t h e  taxonomy of Bay of Fundy ben thos  i n c l u d e  
keys  t o  a d u l t  (Appy e t  a l .  1980) a s  w e l l  a s  l a r v a l  p ( , lychae tes  ( t a c a l l f  
1980) and ;B c h e c k j i s t  f o r  t h e  Flinas Basin  and Channel (Bromley 19791, New 
s p e c l e s  d e s c r i b e d  from t h e  Bay i n c l u d e  t h e  amphipods Naploops f u n d i e n s % s  
( W i l d i s h  and Dickinson 19821, a  new s p e c i e s  of -- N e l i t a  (Brune l  and Dadswel l ,  
i n  p r e p , ) ,  and a  new p o l y c h a e t e  Aglophemus neo tenus  (Noyes 1 9 8 0 ) -  

CONCLUSIONS 

r lot? A s  found e a r l i e r  i n  a  genera l  ceview of beneh-fc s t u d i e s  (Flarg&< 
and Levlngs  1975) on t h e  Canadjan A t l a n ~ i c  Coas t ,  b e n t h i c  work i s  %ti11 i n  
i t s  in fancy  i n  3982 i n  t h e  Bay oF Fundy. 

With t h e  a v a i l a b l e  ev idence  a t  hand can we answer t h e  q u e s t i o n  
r e g a r d i n g  t h e  env i ronmenta l  e f f e c t s  of a t i d a l  b a r r a g e  on b e n t h i c  produc- 
t i o n ?  The answer i s  a  q u a l i f i e d  y e s *  T i d a l  c u r r e n t  speeds  r e s u l  t i n g  from 
b a r r a g e  c o n s t r u c t f o n  can be p r e d i c t e d  from G r e e n b e r g P s  (1979)  model and 
t h i s  parameter can be used t o  p r e d i c t  t h e  suspens ion  f e e d e r  p r o d u c t i o n  
expec ted  a t  a  g i v e n  l o c a t i o n  from t h e  r e l a t i o n s h i p  d e r i v e d  frorn t h e s e  t w o  
paramete r s ,  A d i f f i c u l t y  remains I n  t h a t  s u s p e n s i o n  f e e d i n g  6s known t o  b e  
a ramp f u n c t i o n  of c u r r e n t  speed and t h e  e x a c t  l i r n i t i n g  f a c t o r  i n  t i d a l l y  
impover ished a r e a s  i s  s t i l l  unknown, Secondly ,  t h e  r e l a t i o n s h i p  a p p l i e s  
o n l y  t o  s u s p e n s i o n  f e e d e r s  and not d e p o s i t  Ferlders wl~ ich  a r e  t h e  o t h e r  
major t r o p h i c  group p r e s e n t .  The f a c t o r s  c o n t r o l l i n g  d e p o s i t  f e e d i n g  pro- 
d u c t i o n  remain c o n j e c t u r a l ,  

There  i s  l i t t l e  information r e g a r d i n g  the  t r a n s f e r  of b e n t h i c  
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A R e v i e w  sf  Benthic &crofauml Produetion sf the Upper B y  
od Pundy Intertidal k e a  

Donald L, Peer 

Marine Ecology Laboratory 
Bedford Institute of Oceanography 

P,O, Box 1006 
Dartmouth, N,S, R2Y 4A2 

The upper reaches of the Bay of Fundy support a low diversity 
intertidal ~nacrofaunal community dominated by the bivalve rnollusk Macoma 
balthica and the amphipod Corophium volutator, Corophium Is responsible 
for the largest part of the intertidal secondary productfon except in one 
part of Gobequid Bay where Macoma Is the main macrofaunal producer. The 
distribution of both species and the factors that are considered to be 
influencing it are discussed, Estimates of Macoma production made at two 
locations by different workers are compared, Corophium production at three 
different locations measured by three different workers are compared to the 
total primary production, 

Key words: Bay of Pundy, intertidal macrofauna, secondary production, 
Corphium volutator, Hacoma balthica 

Les parties dranont de ba baic de Pundy supportent une communaut4 
macrofaunique intertidale peu diversift& dominQe par le mollusque bivalve 
Macoma balthica et lVampbipode Corophium volutator, Le Corophium est 
responsable de la plus grande part de la productfon intertidale secondaire 
sauf dans une partie de la baie de Cabequid ou le Macoma est le principal 
producteur macrofaunique, On examine la rgpartition des deux espe'ces et 
ies facteurs importanis qui I'lnfluence, On compare des estimations de la 
nroduction de Macoma effectugs en deux emplacements par des travailleurs 
diff&rents, La production de Coropkium mesurge B trois emplacements par 
trsis travailleurs diffdrents est eomparde 2 Ea production primarie totale, 

INTRODUCTION 

The intertidal inudflats sf the upper reaches of the Day of Fundy 
support a Pow diversity community of macrofauna dominated by three or four 
species (Hicklin et ale 1980), The amphipod Corophium volutator is respon- 
sible for most of the macrofaunal production in Cumberland Basin, Shepody 
Bay and the Southern Bight of Kinas Basin, The bivalve mollusk Maeoma 
baP"chia also occurs in tlifs area in significant numbers and contributes 
about half the amount to production as does Csrophium, On che south shore 



of Gobequid Bay Macoma accounts for a much Larger part of the production. 

Other species, such as the soft-shelled clam Mya arenaria and a - 
number of species of polychaetes, are also present but either their contri- 
bution to the macrofauna is very small or they are confined to a limited 
area. There is a fishery for Mya along the north shore of Cobequid Ray and - 
Minas Basin w11ich is described by Witherspoon (1984)- The following review 
will be confkned to work done on the two ubiquitous species, Macoma and 
Corophiuna, -- 

DISTRIBUTION OF MACOMA 

On the sand flats of the south shore of Minas Basin, Yeo (1977) 
found that Macoma was confined to a narrow zone near neap high water 
extending seaward only 50-150 rn, On the mudflats of the southern shore of 
Cobequld Bay densities are lower near shore and increase seaward reaching a 
maximum near the seaward edge of the mud, The Macoma in this environment 
are more abundant than on a-ny other part of the upper reaches of the Ray of 
Furldy . 

In Cumberland Basin and Shepody Bay Macoma are always confined to -- 
a narrow zone near shore, a distribution similar to that of the sandflats 
of Minas Basin, Within some restricted areas densities can be as high as 
those of Cobequid Bay but the animals are always small, 

It has been suggested by both Ueo (1977) and Cranford (1980) that 
the Macoma distribution %s the result of a conflfct between the positive -.- 
effects of Increased submergence, herlee increased feeding rime, and the 
negative effects of erosion and deposition, 

Macoma production was measured on the mudflats of Cobe uid Bay by 
Yeo (1977) and found ro he 9-15 g shell-free d r y  weight m-' y-' from the 
upper and lower mudflats respectively, This would translate into 2.97 and 
4 -95 g 1:,le2 y - b e  The P/B (production biomass) ratio was 0 ,3  for the upper 
mudflat anfmals and 0 - 5  for the lower, This was for a population of old 
animals with a body weight of about 9 g, These high levels of production 
are somewt-rat anomalous as there are large intertidal areas in other parts 
of Cobequid Bay where Macsma is absent or found in very low numbers. As 
these i s  insufficient primary production to account for such levels of pro- 
duction it would seen reasonable to asstme that food energy fs being con- 
centrated in areas o f  high secondary production, 

Yacoma production on the Cumberland Basin and Shepody Bay mudflats 
has been merastlred by the Marine Ecology Laboratory and found to be between 
0*15 and 2,2 g C m-2 -yreL w i ~ h  a P/B ratio of between 0,6"ind 1.6. These 
populations are composed of much younger and smaller animals with average 
body weights of from 0-07 to O,12 g (dry weight), 



1Jorlcing a long  t h e  s o n t i ~ e r n  s h o r e  of Cobequid Bay and Minas Bas in ,  
Yeo (1977) found t h e  g r e a t e s t  Corophlum d e n s i t i e s  on a  sediment  c o n s i s t i n g  
o f  70% very f i n e  sand and 311% s i l t  and c l a y  wi th  a  20-25% wate r  c o n t e n t  I n  
the  upper 5 ern, He found a  r a p i d  r e d u c t i o n  i n  numbers whenever t h e  g r a i n  
s I  z e  was over  3 - 5  ph i  u n i t s  ( abou t  100 um) , 

G r a t t o  (1979) found t h a t  i n  t h e  Sou thern  Bight  of Minas Rasin t h e  
m;ixirnurn densities were on t h e  lower h a l f  of t h e  mudf fa t s  where t h e  pre- 
f e r r e d  type of seclimenl: was most common1 y  found,  I n  both  Shepody Bay and 
Cuinherland Ras in ,  I i i c k l i n  en- a l ,  (1980) found Corophium t o  "a aaburldant be- 
tween high and low neap t i d e  Level wi th  no p a r t i c u l a r  seaward o r  shoreward 
t r e n d ,  D e i ~ s i t f e s  were c o n s l d e r z b l y  l e s s  on the s a r ~ d f l a t s  of the E l y s i a n  
F ie l t l s  In t h e  Cum"orrlnncl Bas in ,  

Corophium shows l a r g e  f l r l c t c ~ a t  i o n s  i n  d e n s i t y  wi th  t ime,  H i g h e s t  --.-- 
d e n s i t i e s  a r e  found I n  J u l y  and September 4ta all. a r e a s .  The r a p i d  reduc- 
t i o n  i n  numbers d u r i n g  A~ngust i s  due t o  t h e  t e n s  of thousands  of s h o r e b i r d s  
t h a t  pass  through and feed a t  e h i s  t ime ,  R n o t i ~ e r  r a p i d  drop rln d e n s i t y  can 
, , f ten  be seen  i n  l a t e  Thy and e a r l y  June ,  when t h e  sample s p a c i n g  Is ; ~ d e -  
q u a t e ,  and i s  thought t o  t h e  r e s u l t  from f i s h  p r e d a t i o n ,  

PRODUCTION OF COROPL26UM 

The p r o d u c t i o n  of Corophium was measured a t  t h r e e  locations i n  t h e  
t i p p e r  r e i i c ;~es  of t h e  Bay a f  Fundy: Gobetlaid Bay (Ueo %977) ,  t h e  S o n t t ~ e r n  
137'ghl. O F  N.i~nas Basin ( F r a t t o  1939) and Pecks Cove, Cumberland Rasin  ( P e e r  
el- nP,  In  p r e p , ) ,  Atarzraal pr.i?duetton was 2 , 4 1 ,  6 - 7  and 1 ,74  grn C m e 2 >  re- 
. ;prc t lvcPy,  A n o t h e ~  es t i i i i a t e ,  one yea r  ! a t e r ,  from Pecks Cove was 0,62 grn 
C J X - ~  whie l~  g i v e s  an  i n d i c a t i o n  oF the sirlount of i n t e r - a n ~ ~ l n a l  v a r i a t i o n  t o  
be expecte:!, Annual P/B s a c t o s  a r e  a l s o  g iven  i n  t h e s e  s t u d i e s  and found 
t o  vdcy  betwccn 2 , h  and 5 - 8 ,  

i>/B ratfos have been used by e c o b o g i s t s  t o  e s t l m a t e  prodrrctioia 111 
t h e  <tbsencc? of growth and  m o r t a l i t y  r a r e 3  w h t w  biomass d a t a  a l o n e  are 
a v a t l a b L e ,  The extrcrne ~ e m p o r a l  and s e a s o n a l  v a r i a t i o n  i n  Siornass of Coro- 
phfurn i n  t h i s  a r e a  makes t h e  e s t i a a t i o n  of  a mean a n n u a l  biomass d i f f i c u l t  -- 
t o  d e t e r i ? ~ l r ~ e  and r e s u l t s  i n  u n r e l i a b l e  and v a r i a b l e  P/B r a t i o s ,  For t h i s  
r eason ,  I have c o n s t r u c t e d  a s e r i e s  0-5' rc l t ios  of prodv;etion/mean J u l y  bio-  
mass, Ti12 month of J u l y  was chosen because  a t  t h i s  t lme t h e  heavy f i s h  
p rc i l a t ion  which c a u s e s  a  rap id  b l o q a s s  loss draring l a t e  Play and e a r l y  June  
i s  over  ( o r  at. l e a s t  t h e  p o p u l a t i o n  has  reached a s t a b l e  e q u i l i b r i u m  w i t h  
i t )  and Coreophium i s  i n  a  s t a c e  of uniform growths  The a r r i v a l  of l a r g e  
numbers of s h o r e b i r d s  i n  e a r l y  August cause4 a precipitous drop Jn  biomass 
and rnalnta ins  f e a t  ci low l e v e l  u n t l l  September,  

' f h e  J u l y  P/B r a t i o s  were found t o  be q u i t e  c o n s i s t e n t  among the  
f o u r  mensdrernents a v a i l a b l e  ( T a b l e  1 ) -  'Phey ranged from 1 - 4  t o  3_,9 w i t h  n 
lie#? t - i  3 F 3 e 5 * 



TARL": 1, Ki:)mass and P/B r a r i o s  of Corophiurn at three s i t e s  frr the t ipper - 
reaches of the Bay of Fundy, 

Mean 
J u l y  blornass Annual  hiornass J u l y  P /B  

(g  c m-2) ( g  C m- 2 ) 

7'eck.s Cove (1978) 0 ,9  3. ,74 l ,9 

iltrngc: Brook 2 ,66  2.41 1 . 4  



Good summer b iomass  d a t a  a r e  a v a i l a b l e  froin 22 d i f f e r e n t  m u d f l a t s  
froin t h e  uppe r  Bay of Fundy. An a n n u a l  u n i t  p r o d u c t i o n  is  c a l c u l a t e d  f o r  
e a c h  frooi the mean J u l y  P / B  r a t i o  ( T a b l e  2 ) .  From t h e s e  d a t a  a  mean a n n u a l  
u n i t  p r o d r ~ c t i o r l  was c a l c u l a t e d  f o r  t h e  P o t e r t i d a l  a r e a  o f  t h e  m a j o r  r e g i o n s  
i n  t h e  tipper Ray ( T a b l e  3 ) .  Corophivrn p r o d u c t i o n  was c l o s e l y  r e l a t e d  t o  
t o t a l  p r imary  p r o d u c t i o n  ( P r o u s e  e t  a l e  1984) ( F i g ,  1) -  Al though  t h e  e x a c t  
n a t u r e  of  t h e  food of  Corophium i s  n o t  known (Hawkins,  i n  p r e p , ) ,  t h i s  
relationship I n d i c a t e s  t h a t  t h y i r  food  may be d e r i v e d  d i r e c t l y  from t h e  
t o t a l  pr irnary p r o d u c t i o n ,  
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QUESTIONS ANU COMMEhTS 

B, :Jilsora: What was the  Y-axis on y o u r  l a s t  f i g u r e ?  ---- 
D, P e e r :  P r imary  p r o d u c t i o n  (g C rn-2 y - L )  a v e r a g e d  f o r  t h e  e n t i r e  r e g i o n ,  -- 
N, i * i i t h e ~ s p o o n :  Is t h e r e  a s i m i l a r  r e l a t i o n s h i p  be tween p r imary  p r o d u c t i o n  
--"- 

and Yacoma p r o d u c t i o n ?  -- 



TARI,E 2, C a l c u l a t e d  ar lnual  secorrdary p r o d u c t i o n  of  Coropbiurn a t  22 s i c e s  
i n  t h e  uppe r  r eac i i c s  of  t h e  Ray of  Fusrdy, 

Annrla I 
J u f  y P r o d u c t i o n  

B f omass 
---- - ------- ---- ( g  c m e 2 )  -- -- 

E l y s i a n  F i e l d s  0,Ol 0,02 

Pecks  Cove (1978) 0.90 1.44 

Pecks  Cove (1979) 0,45 9 , 7 2  

Grand Anse 1.04 1,46 

D a n i a l s  F l n t s  0 , 6 4  i,02 
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E v a n g e l i n e  Beach ( 1 9 7 8 )  

Avorlpori: 



TAR1,E 3, Mean v a l u e s  o f  s e r o n d a r y  p r o d u c t i o n  by Corophlutn In  d i f f e r e n t  
r e g f o n s  i n  i-he u p p e r  reaches of  t h e  Ray of Fundy. 

Reg i on  Annual P r o d u c t i o n  ( g  C I I I - ~ )  
---- .- _- 
Ciirnbe r l a n d  B a s i n  1.78 ( i n c l u d i n g  E l y s i a n  F i e l d s )  

2 - 3 6  ( e x c l u d i n g  E l y s i a n  F i e l d s )  

Sllcporly Ray 1 -60  

Cobequid  Hay 0 - 8 0  

Minas  R a s i n  0.26 ( 1 9 7 7 )  

S o u t h e r n  B i g h t  2 - 1 1  ( E v a n g e l i n e  Beach d a t a )  

3.09 (1978 E v a n g e l i n e  Beach d a t a )  
--- 



Cora P r o d  u c t i o n  

PPg. 1, Relationshfp between total primary production (Prouse et al. 
1984) and secondary production of Corophium averaged for ma jc r 
regians in t h e  upper reaches of the Bay of Fundy. 



9 e  No, Yacoma appear.; t o  r e a c h  d i s p o r p o r t i o n a l 3 y  h i g h  Riomasses  anti --- 
p r o d ~ ~ c t i o r ?  up f r l  t h a t  one l i t t l e  pocke t  of Cobequid Ray, I n  t h e  Chigmecto  
Ray r e g i o n ,  Maco~na p r o d u c t i o n  seems t o  be  q u i t e  v a r i a b l e  depend ing  upon t h e  -- 
s t a t e  of t h e  p o p u l a t i o n ,  1 t h i n k  t h e y  a r e  p e r i o d i c a l l y  wiped o u t  by s t o r m s  
and p r o b a b l y  l i v i n g  tinder s t r e s s ,  

D, Gordon: I s n P  t i t  f a i r  et, adti t h a t  Yeo ' s  d a t a  corne from a r e a s  where 
Macoma i s  rnost nhilndant atltf t h ~ r  a r e a s  d l t h  low abundance  were n o t  s ampled ,  -- 
T h e  f i g u r e s  you g i v e  a r e  a v e r a g e d  f o r  a11 of Gobequid Ray and  t h e r e f o r e  may 
he on t h e  h i g h  s i d e ,  

D .  P e e r :  Yes,  t h e  e n t i r e  Selma Bar and n o r t h  s h o r e  a r e  m o s t l y  sand  anJ - 
h a v e  Pew Macorna, D i s t r f i u t i o n  "i v e r y  p a t c h y  and some a r e a s  have  no Macoma -- --- 
a t  a l l ,  

3, Majka: Is t h e r e  any  e v i d e n c e  t o  s u p p o r t  your  s u g g e s t i o n  t h a t  t h e  d r o p  
-zhfum abundance  i n  J11ne i s  due t o  f i s h  p r e d a t i o n ?  

D, P e e r :  Yes, Mike Dadswel l  r e p o r t s  a v e r y  m a s s i v e  m i g r a t l o n  of tomcod 
o n t o  t h e  t i d a l  f l a t s  a h o u t  t h i s  t ime  and i f  your  s a m p l i n g  s t r a d d l e s  t h i s  
p e r i o d  you c a n  s e e  q u i t e  a d r o p  i n  Corophium, 

M, Dadswe l l :  We bound tomcod f e e d i n g  on p o l y c h a e t e s  d u r i n g  t h e  w i n t e r  bu t  
s w i t c h i n g  t o  ~ C o r o ~ h i u i n  i n  Nay-,June, 

K, Mann: Do you have  any  coiiercnt- t h e o r y  or, t h e  e c o l o g y  of  Macoma t o  ex-  -- 
p l a i n  Yts d i s t r i b u t t o n ?  For  example ,  T am t h i n k i n g  a b o u t  some p o l y c h a e t e s  
w.i?ith sited t h e i r  l a r v a e  w h ~ n  t h e  t i d e  i s  o u t  and s e t t l e m e n t  o c c u r s  n e a r  t h e  
h i ~ h  w a t e r  mark,  1s i t  p o s s l b l e  t h a t  Macoma l a r v a e  s e t t l e  n e a r  h i g h  w a t e r  
whi  l e  t h e  r ep roduc i r tg  population f s  i n  d e e p e r  w a t e r ,  

C ,  P e e r :  M s ,  1 d o n ' t  thinlc  s o ,  1 have  n o t  s e e n  t o o  many Macoma i n  d e e p e r  
*-- 

k a t e c ,  The d i s t r i b u t i o n  arounri ' i ~ i g h  t i d e  seems t o  be r e l a t e d  somewhat t o  
m u d i l a t  s t a b i l i t y ,  I t s  a  q u e s t i o n  of  whcare t h e  s e d i m e n t  i s  u n s t a b l e  t h e i r  
c h a n c e s  of  becomitlg e roded  o r  b u r i e d  become g r e a t e r  and  g r e a t e r  and s o  
t h e r e  a r e  l e q s  and l e s s  O F  Ellern u n t i l  you r e a c h  t h e  s t a t e  of  a l m o s t  s a n d  
wave s rE tua t ion  where Flacoma is  unab le  t o  s u r v i v e ,  1 d o n ' t  know how Macoma 
f.s a b l e  t o  m a i n t a i n  p r o d u c t i o n  i n  some a r e a s  s u c h  a s  Gobequid Ray, p e r h a p s  
5 e c a u s e  o t h e r  a n i m a l s  c a n ' t  s u r v i v e ,  T h e r e  may be  i rnport  o f  food  froin 
o t h e r  p a r t s  o f  t h e  m u d f l a t  s o  what you may have i s  a n  e x a g g e r a t e d  e s t i m a t e  
of p r o d u e t i o o  c o n f i n e d  t o  one  l i t t l e  s p o t  which c a n ' t  o c c u r  e l s e w h e r e ,  

G ,  Brown: 113s any  work been done  an  t h e  p r o d u c t i o n  o f  Mya ( s o f t - s h e l l e d  -- - 
clam).  

D, Peer: Yes. Ross Yeo d i d  some p r o d u c t i o n  e s t i m a t e s  a l o n g  t h e  n o r t h  -- 
s h o r e  of  Cobequid Bay i n  h i s  t h e s i s ,  1 d i d  n o t  i n c l u d e  them h e r e  f o r  t h a t  
Ls t h e  o n l y  place where t h e y  seem t o  he a b u n d a n t ,  1 don" b e l i e v e  w e  have  
a v e r  found s i g n i f i c a n t  numbers o f  Nya anywhere  i n  Shepody Bay o r  Cumberland - 
rdas-i.a, 





MicroblaP Ecology of che Bay of Pundy' 

Bigelow Laboratory for Ocean Sciences 
Wesr Boothbay Harbor, Maine 04575 

Largely qt~alitative seudies of fungi in the Bay of Fundy have re- 
sulted in the isolation and identification o f  almost 60 species, Some in- 
fortnation is available about their nutrition, but little is known of their 
quantitative significance, Free-living bacteria (unattached to particles) 
dominated the open water of the lower Bay in all seasons, but- attached 
cells were more abundant in tFze upper reaches. Both the abundance and pro- 
portion of cells attached were strongly correlated with the concentration 
of suspernded particulate matter, Bacterial activity generally followed the 
same pattern as cell numbers, Bacteria in subtidal sediments accounted for 

/ l to 2% of the total organic carbon and ranged from 0-03  to 0.5 g C m- . 
Bacteria in inrertidal sediments were generally more abundant on a per g 
scrdiment basis high in the .intertidal zone t h a n  low in the intertidal but 

i - ? *  
numbers per cm were similar, Biomass ranged from 1.6 to 2.8 g C m 
Bacterial numbers per unit sediment organfc carbon doubled in the fall 
during the benthic microalga3 hloom, Numbers of attached bacteria per unit 
carbon were higher in the water than in the sediment. There are signf f i -  
cant gaps in our knowledge of microbial ecology in the Bay including a 
qu;irrtitrative assessment of tile role of microbes 4n general, and protozoans 
tn particular, in energy and nutrient cycljng, 

Key words: Ray of Fundy, marine fungi, suspended bacteria, attached 
bacterta, free-Ijving baceeriz, heterotrophic activity, 
sediment bacteria, nudf-fat, 

i>es 6i~udes en grande partie qualitatlves des champignons dans I n  
baie de Fundy ont permis d'en isoler eL d ' c q  identifier prPs de 60 espc.'ces, 
Certains renseignemeats sont disponibles q u ~ ~ r i ;  2 leur alimentation, mais on 
ne sait que peu de choses SUP leur importance qudntitative. Les bactgries 
vivanc 4 ['&tat iibre (non attach4es 4 des particules) dominent dans les 
edux tibres de la partie aval de l a  baie en toutes saisons, mais les 
cellules, parasites sont plus abondantes dans les segments plus en amont. 
Lkahondanee et la proportion de cellules parasites prgsentaient de fortes 
corrglations avec la concentrtion des particules de matisres en suspension. 
LBactivjtd bactgrienne prksente en gdngral 4es mgmes caract4ristiques que 
les nombres de cellules, Les bactgries pr4sentes dans les sddiments sub- 

---- - 
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tidaiix renferment de 1 .?i 22 du carbone organique total et environ 0 , 0 3  2 
2 0 , 5  g dc C par m . Dans les sgdiments intertidaux les bact4ries sont 

g6ndralem~nt plus abondantes, par gramme de s&diments, 2 la partie 
supbrieurc d r  la zone intertidale quv2 sa partfe ini&rieure, mals les nom- 
hrps par ern3 *;ant comparables. La biomasse varie de l,6 a' 2 ,R  g de C par 
2 m . Les nombres de bactgries par unit4 de carbone organique dans des sgdi- 

ments douhlent 2 lPautomne pendant le pullulement des mfcroalgues 
benthiques. T,es nombres de hact6ries parasites par unit6 de earbone sont 
plus 6lev6s dans al'eau que dans les sgdiments. Notre connalssanee de 
lvkcologle microbienne de la bale prgsente des lacunes importantes dont une 
&valuation quantitative du rdle des microbes en g4n4sa19 et des proto- 
zoalres en particulfer, dans le cycle de lP6narir;ie et de l'aalimentation, 

The Ray of Fundy, with its large tidal range, extensive mudflats 
and turb4d waters presents a unique environment for the study of microbial 
processes, Unfortunately our knowledge of mlerobial ecology in this area 
is rather limtted. In fact, it was not difficult to limit this review to 
work after 1975, since virtually all we know has come froin studies carried 
out after 1978, T have organized this review into two sections, one deal- 
kng with marine fungi and the second with bacteria; within the bacteria 
section 1 have discussed open water, suhtidal sediments and intertidal 
qreas including both the sediment and overlying water at high tide. 

Stuiiies of marfne fungi in the Bay {lave been largely qual-itative, 
but ie js possible that rlurnbers of geofungi may be higher in the Bay than 
In oeher marine areas because of the high tides and the degree of fresh- 
water inprtt (Miller and Whitney b98lb). About 60 species of fungi have 
been isolated an4 rdentified from seawater samples and from littoral marine 
dgae (Miller and Whitney 1981 a, b), Some information is available from 
these studies on suitable organic srrbstrates fox- the Fungi, hut se do nor 
yet have an indication of the jmportance of their role in degradative pro- 
cesses in Ehe Ray, 

BACTERIA 

Onen Water 

The only information we have about bacterial populations and 
activity i n  the open water of the Bay comes from a series of three crufses 
throughout the Ray In spring, summer and fall of 1979 (F9g. 1; Cammen and 
Walker 1982), That study attempted to show the relationship between 
bacteria and suspended particulate matter (SP'..I), 

Bacterial abundance in surface water of the Bay of Fundy ranged 
from 0-2 to 4.0 x lob cells K~L-' ( F i g ,  2 ) ,  Dfstributfon of free-living 



Fig. 1, Location of cruise stations in the Bay of Pundy (reproduced from 
Cammen and Walker 19821, 



Attached 
(106 cells. r n ~ f )  

F i g .  2. Abundance of f r e e - l i v i n g  and a t t a c h e d  suspended b a c t e r i a  (x  1 0  
m~-') i n  t h e  Bay of Fundy. Only one b a r  i s  p r e s e n t  when o n l y  s u r -  
f a c e  w a t e r  was sampled ( r e p r o d u c e d  from Cammen and Walker 1982) .  



b a c e e r i a  ( i ina t tachec l  Lo p a t t % c P e s )  was f a i r l y  u:mPTcirm wlt i3in t h e  lower Ray 
o f  E'undy w i t h  t h e  e x c e p t i o n  of  S t a t i o n s  2-6 during t h e  summer where numbers 
were  h i g h e r ;  S t a t i o n  6 ,  l o c a t e d  j u s t  o f f  S a t n t  J o h n ,  New Brunswick ,  had t h e  
h ighes t .  numbers of f r e e - l l v i n g  b a c t e r i a  r ~ e o r d c d  d u r i n g  t h e  t h r e e  c r u i s e s .  
I n  g e n e r a l ,  f r e e - l i v i n g  b a c t e r i a  were most ahuntf:ant in t h e  summer and l e a s t  
abundan t  i n  t h e  s p r i n g ,  Abundance was r educed  i~ t h e  u p p e r  r e a c h r s  of t h e  
Bay ( C h i g n e c t o  Ray and Minas B a s i n )  d u r i n g  a l l  t h r e e  s e a s o n s ,  The Ristri-  
b u t i o n  of  b a c t e r i a  a t t a c h e d  t o  p a r t i c l e s  was a l s o  q u i t e  u n i f o r m  i n  s u r f a c e  
w a t e r  d u r i n g  surnlller and f a l l  irn ehe  l ower  Bay, I n  t h e  s p r i n g ,  however ,  
t11ere w a s  :I marked d i s c r e p a n c y  between t h e  n o r t h e r n  and s o u t h e r n  s i d e s  o f  
t h e  Bay, w i t h  h i g h e r  numbers on t h e  n o r r h e r n  s i d e  e x c e p t  n e a r  t h e  mouth o f  
t h e  Ray, In a l l  t h r e e  s e a s o n s  t h e  numbers of a t t a c h e d  b a c t e r i a  were  much 
h i g h e r  i n  t h e  u p p e r  r e a c h e s  t h a n  i n  t h e  l ower  Bay: 67-94% of  t h e  c e l l s  in 
t h e  uppe r  r e a c h e s  were a t t a c h e d  i n  t h e  spr-ina,,  8--40% I n  t h e  summer and 
37-89% i n  t h e  f a l l .  

The abundance  o f  b a c t e r i a  i n  t h e  midwater  and bot tom w a t e r  o f  t h c  
Ray g e n e r a l l y  f o l l o w e d  t h a t  of t h e  s u r f a c e  w a t e r  ( P i g ,  2 1 ,  The m a j o r  ex-- 
c e p t i o n  w a s  i n  t h e  summer when h i g h  numbers of  f r e e - l i v i n g  b a c t e r i a  i n  t h e  
s u r f a c e  w a t e r  of S t a g i o n s  2-6 were  n o t  r e f l e c t e d  i n  t h e  d e e p e r  w a t e r s .  A s  
i n  t h e  s u r f a c e  w a t e r s ,  f r e e - l i v i n g  b a c t e r i a  were g e n e r a l l y  more abundan t  i n  
t h e  summer t h a n  i n  t h e  s p r i n g  and f a l l  and i n  t h e  l ower  Bay t h a n  i n  tile 
u p p e r  r e a c h e s ,  Numbers of  a t t a c h e d  b a c t e r f a  were h i g h e r  a l o n g  t h e  n o r t h  
s i d e  of  t h e  Ray t h a n  a l o n g  t h e  s o u t h  s i d e  i n  t h e  summer i n  b o t h  mid- and 
b o t t o m  w a t e r .  

Both  t h e  d i s t r i b u t i o n  and a c t f v i t y  of  suspended b a c t e r i a  i n  t h e  Ray 
o f  Fundy r e f l e c t .  t h e  g e n e r a l  a n t i - c l o c k w i s e  c l r c ~ i l a t i a n  p a t t e r n  o f  f l ow  i n  
f rom t h e  G u l f o f  Maine a l o n g  -the s o u t h e c n  or  Nova S c o t i a  c o a s t  and  o u t  
a l o n g  t h e  n o r t h e r n  new BrunswEck c o a s t  ( B a i l e y  "L'37),  Fo r  example ,  t h e  
d i s t r i b u t i o n  of  f r e e - J i v i n g  b a c t e r i a  d u r i n g  t h e  summer ( F i g ,  2 )  sllows an 
i n i t i a l  s t r a t i f i c a t i o n  as w a t e r  e n t e r s  "Le Bay a l o n g  t h e  s o t a t h e r r ~  c o a s t  
f o l l o w e d  by r e l a t i v e l y  comple t e  rnixlng so that :  d i s t r i b u l i o n  becomes uni  form 
w i t h  d e p t h .  A s  t h e  water f l o w s  o u t  a l o n g  t h e  n o r t h e r n  c o a s t ,  t h e  d i s t r i b u -  
t i o n  re-malxls ilraiiorm w i t h  d e p t h  r l n ~ i l  p a s t  t h e  S a i n t  J o h n  R i v e r  o u t f l o w  
where a p u l s e  of l ~ a c t e r i a  a p p e a r s  i n  t h e  s u r f a c e  w a t e r ;  t t ~ i s  p u l s e  r e m a i n s  
e v i d e n t  i n  t h ~  more seaward  s t a t i o n s ,  S i ~ n i i a r l y ,  t h e  d i s t r i b u t b n  o f  
a t t a c h e d  bac ' ce r i a  i n  t h e  s p r i n g  shows t h e  i n f l u e n c e  of  SPM c a r r i e d  o u t  of  
C h l g n e c t o  Bay a l o n g  t h e  n o r t h e r n  c o a s t .  Thus ,  i n  some r e s p e c t s ,  b a c t e r i a  
a p p e a r  t o  be a c o n s e r v a t i v e  t r a c e r  o f  w a t e r  masses  i n  t h e  Bay, 

The p r o p o r t i o n  o f  suspended b a c t e r i a  t h a t  a r e  a t t a c h e d  i n  t h e  Ray 
o f  Fundy v a r i e s  w i t h  t h e  a r e a  sampled  and a p p e a r s  t o  depend on t h e  amount 
OF SPM i n  t h e  w a t e r ,  Hanson and Wiebe (1977)  p o i n t  o u t  t h a t  i n  t h e  open  
o c e a n  most b a c t e r i a  a r e  f r e e - l i v i n g ,  i n  c o a s t a l  w a t e l s  t h e  p r o p o r t i o n  o f  
a t t a c h m e n t  a p p e a r s  t o  v a r y ,  and i n  e s t u a r y - s a l t  marsh s y s t e m s  most  o f  t h e  
b a c t e r i a  seem t o  be a t t a c h e d ,  I h e  Bay of Pundy a p p a r e n t l y  h a s  s i m i l a r i t i e s  
t o  a l l  t h e s c  s y s t e m s  w i t h  t h e  r e l a t i v e l y  open  mouth, a d j a c e n t  t o  t h e  Gulf  
o f  Maine,  dominated  by f r e e - l i v i n g  b a c t e r i a  and t h e  t u r b l d  u p p e r  r e a c h e s  
dominated  by a t f a e k e d  ce l l s .  The r e l a t i o n  be tween numbers o f  a t t a c h e d  
b a c t e r i a  and d e t r i t a l  SPM (SPM w i t h  l i v i n g  a l a a l  b lomass  s r r h t r a c t e d )  w a s  
c o n s i s t e n t  r e g a r d l e s s  of  s e a s o n  o r  depr'n (Fig, 3 ,  r i - 0 , 9 4 ,  Nzl16 ,  P < 0 . 0 1 ) ,  



DetritaI SPM ( r n g n ~ - l )  

~ i g ,  3. Total numbers of attached bacteria (upper) and number of attached 
bacteria per unit detrital SPM (lower) as a function of detrital 
SPM concentration for a14 samples- Values within dashed lines are 
from Station 19 on the fa11 cruise (reproduced from Cammen and 
Walker 19823, 



There was only a minor effect of quality of the detrital SPM (measured as 
percent carbon) on numbers of attached bacteria (g  detrital. SPM)-I ( r 2  = 
Oe13, W = 110, P<0,05), Although the number of attached bacteria per unit 
weight of detrital SPM was highly variable for detrital SPM concentrations 
less than 15 mg L-' ( N  - 9 4 ,  F i g ,  31, ranging from 0 - 3  to 2 x 7  x 20L0 cells 
(g detrital SPMM1), the variability was much less at higher detrital SPM 
concentrations. For samples with 15 fo 70 mg detrl tal SPM L - I  (Fa  = 171, 
the numbers sf attached cells (g detrital SPM)-I were between I and 2 x 
LO" a d  for detri.tal SPM concentrations greater than 75 mg L - A  (N = 81, 
there were consistently 1 x 10" cells (g cletritd SEW)-'- 

There was no significant difference in bacterial cell volume be- 
tween spring and summer or with depth in the summer, The mean cell volume 

3 for surface water from four stations in the spring was 0-ll ym (SEf 0.02) ,  
equivalent to about 1,0  x C cell-', For five summer stations over- 
all mean cell volume was 0.09 urn5 (SE & O.Ol), equivalent to 0.8 x 10- '' g 

3 C cell-', Mean cell volumes ( m  ) for surface, mid-, and bottom water for 
these five stations were: 0-08  flO,O1, 0,054 0-01, and 0-09 f 0,02,  
respectively. 

Heterotrophic activity of the bacteria was also determined by use 
of 3pl-glutamic acid in the summer and fall, Activity was greater in the 
sumer than in the fall and was dodinated by free-living bacteria through- 
out the Bay. In the fall, free-living bacteria still accounted for most of 
the heterotrophic activity in the lower Ray but the proportion of activity 
due to attached bacteria was substantially greater than during the summer. 
Activity in the upper reaches in the fall was dominated by attached 
bacteria. On a per cell basis, the geometric mean ratio of attached:free- 
living activity En surface water was 0,56 in the summer and 2,32 in the 
fall. Thus, free-living bacterial cells were about twice as active as 
attached cells in surface water during the summer, but only half as actlve 
during the fall. 

Subtidal sediment 

The only available data on subtidal bacterial populations come from 
a single cruise in summer 1979 (Schwinghamer 198ib1 ,  Bacterial biomass 

2 (0,25 - 4 m cells) ranged from 0-03  to 0,5 g C: mro , accounting for 1-2% of 
the total organic carbon in the sediments, There were generally 1-10 cells 
for each 100 m 2  of sediment grain surface, greater than the densities 
found by Dale ( 1 9 7 4 )  in samples along the Atlantic coast of Nova Scotia, 
Using these data plus a few additional Intertidal stations, Schwinghamer 
(4981b) found a very close relationship between the log of bacterial bfo- 
mass and an index derived from the log of the percent silt-clay in tlte 
sediment times the percent organic carbon ( r 2  = Q , 8 1 2 ) ,  

Intertidal sediment and overlying water 

There have been two studies of intertidal bacteria in the Bay of 
Fundy, one already published on Minas Basin (Tunnicliffe and Risk 1977) and 
one unpublished on Peeks Cove I n  Cumberland Basin (Cammen and Walker, 
unpublished data), I will mention the former study only briefly since it 
is available elsewhere, but will discuss the latter in more detail, 



Minas Basin  

T u n n i c l i f f e  and Risk  (1979) were i n t e r e s t e d  i n  t h e  r e l a t i o n  between 
d e n s i t i e s  of t h e  b i v a l v e  Macoma b a l t h i c a  and i n t e r t i d a l  b a c t e r j a l  popula- 
t i c n s .  They found t h a t  Macoma d e n s i t y  was h i g h l y  c o r r e l a t e d  w i t h  b a c t e r i a l  
d e n s i t y .  E a c t e r l a l  d e n s i t i e s  ranged from about  0.5 x  10' to 2 x f0I0 c e l l s  
pe r  g d r y  sediment ,  Although they  sugges t  t h a t  b a c t e r i a  could  accoun t  f o r  
an average  of 33 and a s  much a s  200% of t h e  t o t a l  sediment  o r g a n i c  ca rbon ,  
t h e i r  convers ion  f a c t o r  f o r  carbon pe r  c e l l  a p p e a r s  t o  be i n  e r r o r ;  a  more 
r e a s o n a b l e  convers ion  f a c t o r  g i v e s  an a v e r a g e  of 2 .5%,  s i m i l a r  t o  t h a t  f o r  
s u b t i d a l  sediments .  

Pecks Cove 

The second i n t e r t i d a l  a r e a  t h a t  was s t u d i e d  i n  t h e  Bay of Fundy was 
Pecks Cove, l o c a t e d  a t  t h e  mouth of Cumberland Basin  i n  t h e  upper Bay of 
Fundy ( F i g ,  4 )  (Cammen and Ya lker ,  unpubl ished d a t a ) .  T i d a l  range i n  t h i s  
a r e a  averages  about  11 m; s a l i n i t y  r a g e s  from 20 t o  2 8 ° / , 0  and wa te r  
t e m p e r a t u r e  from t h e  f r e e z i n g  p o i n t  t o  23OC, S t a t i o n  A was l o c a t e d  i n  t h e  
upper  i n t e r t i d a l  zone of a  E km wide mudfla t  and was exposed an a v e r a g e  of 
16 h p e r  day;  ave rage  water  dep th  a t  h igh  t i d e  was abou t  3 m e  S t a t i o n  B 
was l o c a t e d  i n  t h e  lower i n t e r t i d a l  zone and w a s  exposed an e s t i m a t e d  4 h  
p e r  day; ave rage  wa te r  d e p t h  a t  h igh t i d e  w a s  abou t  10  m. Dominant macro- 
f auna  i n  t h i s  a r e a  were t h e  amphipod Corophium v o l u t a t o r ,  t h e  p o l y c h a e t e  
Heteromastus  f i l i f o r m i s ,  and t h e  s n a i l  Bydrobia minuta ;  t h e  b i v a l v e  Macoma 
b a l t h i c a  was a l s o  abundant i n  a r e a s  near  S t a t i o n  A .  The uppermost p o r t i o n  
of  t h e  mudf la t  ( j u s t  above S t a t i o n  A) suppor ted  a  narrow band of S p a r t i n a  
a l t e r n i f l o r a  marsh and dia toms were abundant on t h e  sediment s u r f a c e  of t h e  
e n t i r e  m u d f l a t ,  The sediment a t  both  t h e s e  s t a t i o n s  was predominant ly  
s i l t ,  but  o r g a n i c  carbon c o n t e n t  was q u i t e  low, 0.3-1.5%- 

Samples f o r  d e t e r m i n a t i o n  of b a c t e r i a l  abundance were t aken  from 
t h e  mudf la t  sediment a t  S t a t i o n s  A and B by c o r i n g  and from t h e  wa te r  
f l o o d i n g  t h e  mudfla t  w i t h  a  pumping system e i t h e r  monthly o r  biweekly he- 
tween 20 A p r i l  and 12  December 1999, B a c t e r i a l  numbers were determined f o r  
the wate r  and sediment by d i r e c t  e p i f l u o r e s c e n t  c o u n t i n g ,  The wa te r  sam- 
p l e s  were ana lyzed  f o r  suspended p a r t i c l e  m a t t e r  (SPM), p a r t i c u l a t e  o r g a n i c  
carbon (POC), c h l o r o p h y l l  a  and p a r t i c l e  s i z e ,  Sediment samples were a l s o  
ana lyzed  f o r  o r g a n i c  carbon,  c h l o r o p h y l l  a  and p a r t i c l e  s i z e ,  

Sediment 

Numbers of b a c t e r i a  g-' were g e n e r a l l y  g r e a t e r  a t  t h e  h igh  i n t e r -  
t i d a l  S t a t i o n  A than a t  t h e  Pow i n t e r t i d a l  S t a t i o n  B,  but  numbers cmm3 were 
s i m i l a r  ( F i g ,  L i t t l e  s e a s o n a l  v a r i a t i o n  was a p p a r e n t  a l though  numbers 
of b a c t e r i a  m a  t h e  s u r f a c e  seemed t o  be h i g h e r  i n  t h e  l a t e  s p r i n g  and 
summer than  i n  t h e  f a l l  f o r  both  s t a t i o n s ,  With a n  a v e r a g e  c e l l  carbon 
c o n t e n t  of %,2  x  10- l4  g  f o r  S t a t i o n  A and 1.1 x 1 0 - l 4  g  f o r  S t a t i o n  B  
a l o n g  w i t h  t h e  numbers of b a c t e r i a  cm-3 from Fig .  5 ,  b a c t e r i a l  carbon m- 2 

i n  t h e  t o p  5 cm ranged from 2,O t o  2 ,8  g  a t  S t a t i o n  A and 1.6 t o  2.3 g  a t  
S t a t i o n  R d u r i n g  t h e  sampling p e r i o d ,  



Fig. 4 .  Location of t h e  Peck's Cove mudflat, 
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Fig. 5. Seasonal variation in bacterial abundance in the Peck's Cove mud- 
flat. Abundance is given cme3 (upper two panels) and g-' (lower 
two panels) for stations A and B e  Vertical bars are rt 1 SEI 



There was a close relationship between bacteria'and chlorophyll a 
concentrations in the sediment at Station A throughout the sampling period 
(Fig. 6c, d); bacterial and algal carbon were not included in the sediment 
carbon values when calculating bacteria (g C)-le Values of bacteria 
( g  c)-' for Station A were consistently about 9 x LOA1 cells (g C)-' (Fig. 
6c) until early September when there was a marked increase, This increase 
came just after the start of an algal bloom on the sediment surface (Fig. 
6 d ) ,  Similarly, the subsequent decline in algal biomass was followed 
closely by a decrease in baceeria (g C)-'. The overall correlation for all 
sampling dates was r = 0.83 (P<0,01). Station B did not have a marked 
algal bloom during our sampling period and bacteria (g C)-' remained fairly 
constant throughout the year, Both bacteria (g c)-"' and chlorophyll a 
(g-') were similar for both stations except during the period of the algal 
bloom. 

0verl.ying water - 
There was little seasonal variation in total suspended bacteria in 

the samples taken at slack water from the high intertidal Station A and 
numbers were generally Lower than those found in the water that initially 
flooded the station (Pig. 7 ) -  Prom 66 to 89% of the bacteria in the ini- 
tial samples and from 55 to 82% of the bacteria in the slack water samples 
were attached to particles. Free-living bacterial abundance was usually 
about 0.5 x lo6 cells ml-' in the initial samples, but in the slack water 
samples values were higher in the summer, reaching a peak of 1.2 x 10' 
cells ml-l on 8 August. Attached bacterial numbers generally were about 
2.0 x 10' cells ml-l in the initial water samples and about 1.5 x 10 ' cells 
ml-l in the slack water samples, 

Numbers of attached bacteria (g POC)-' varied widely in successive 
samples and were higher when tidal range was lower (Fig. 6b,c). There was 
a significant inverse correlation between bacteria and the amount of POC in 
the water at slack high tide (r = -0,88, P<0.01) (Fig. 6b, c) the same re- 
lation was found for bacteria (g SIPM)-' and the SPM concentration (r = 
-0.92, P(0.01). However, unlike the sediment, there was no apparent rela- 
tion between microalgal biomass in the water coLumn (measured by chloro- 
phyll a) and bacteria, 

Suspended bacterial cells were slightly smaller than those in the 
sediment, Cell volumes were equivalent to about 1.0 x 10-l4 g C per cell. 
Taking into account the bacterial concentration, bacterial biomass in the 
overlying water ranged from 13 to 30 vg C L-le 

Factors controlling bacterial abundance in sediment and overlying water 

Although there were no pronounced seasonal cycles for total bac- 
terial abundance (per volume of sediment or water - Figs. 5, 7), there was 
significant variation when bacterial numbers were expressed on a per gram 
dry weight of sediment (Fig. 5) or per gram carbon (Fig. 6c) basis, In 
particular, numbers of attached suspended bacteria (g POC)-' were highest 
although variable in the summer (Fig, 6c), even though the numbers mL-' 
remained fairly constant throughout the year (Fig* 7). Similarly, the peak 
in bacteria (g c)-' in the fall at Station A (Fig, 6c) was not reflected in 
numbers cm- (Fig. 5 ) . 
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Fig. 6, Relationships between bacteria, organic carbon and chlorophyll a 
in the water and sediment throughout the sampling period. 
Chlorophyll a in the water and the predicted tidal range are given 
in A. POC in the water is given in B. Bacterial abundance (g 
c)"' in the water for both initial and slack high water samples 
and in the sediment for Stations A and B is presented in C. 
Chlorophyll a abundance in the sediment at Stations A and B is 
given in D, 
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F i g ,  7, Seasonal  v a r i a t i o n  i n  b a c t e r i a l  abundance i n  t h e  water  f l ood ing  
Peck" Cove mudf la t*  Data a r e  g iven  f o r  both t h e  i n i t i a l  samples 
from t h e  pump and f o r  samples taken  a t  s l a c k  h igh  water ,  V e r t i c a l  
bass  a r e  -b 1 SDr 



There  was l i t t l e  d i f f e r e n c e  i n  bacterial abundance i n  s u r f a c e  s e d i -  
ment between the h i g h  intertfdal S e a t i o n  A and the low i n t e r t i d a l  S t a t i o n  B 
d u r i n g  most of t h i s  s t u J y ,  U n t i l  the  t$me of t h e  a l g a l  bloom a t  S t a t i o n  A 
i n  SepLember, numbers were g e n e r a l l y  from 3 t o  4 x l o 9  and numbers 
( g  C)- '  ayeraged about  9 x 1 0 d L ;  a s  soon a s  t h e  a l g a l  bloom began a t  
S t a t i o n  A,  however, the ei9miParity disappeared and numbers (g C)- ' became 
h i g h e r  a t  Station A than a t  S t a t i o n  B, The similarity rmost of t h e  y e a r  was 
s u r p r i s i n g  s i n c e  S t a t i o n  A was exposed about  16 B~ours each  day,  w h i l e  
S t a t i o n  B was exposed on ly  about 4 hours .  T h i s  d i f f e r e n c e  i n  exposure  t jme 
~ a a y  e x p l a i n  why t h e r e  was no a l g a l  bloom a t  S t a t i o n  B (Admlraal  and 
P e l e t i e r ,  1488), S t a t i o n  R showed v1rtualI .y no e r o s i o n  or  a c c r e t i o n  of 
sediment ehroughout t k c  sampling p e r i o d ,  but t h e r e  was a s t e a d y  a c c r e t f o n  
of sediment aL S t a t i o n  B, r e s u l t i n g  i n  an i n c r e a s e  of 1 7 - 4  em sediment  from 
A p r i l  t o  September (Gordon and Desplanque E983), Although t h i s  r a p i d  
a c c r e t i o n  may e x p l a i n  why t h e  d i f f e r e n c e s  i n  HsacterfaP abundance w i t h  d e p t h  
( b a c t e r i a  g-i) consf s t e n t l y  observed a t  S t a t  ion  W were n o t  seen  a t  S t a t i o n  
B ( P i g .  51, it  d i d  no t  r e s u l t  i n  a l a r g e  d i f f e r e n c e  i n  s u r f a c e  g r a i n  s i z e  
( a s  measured by C o u l t e r  Counter)  between t h e  two s t a t i o n s  (Gordon and 
DespEanque 1983)* 

T t  i s  n o t  obvious  wky the a p p a r e n t  Pink between m l c r o a l g a l  biomass 
and b a c t e r i a l  abundance i n  t h e  sediment d u r i n g  the  sampl ing p e r i o d  (F ig .  
fie, d )  was so  s"eong, The amphipod Corophium has been I m p l i c a t e d  i n  con- - -- 
t r o l  of mic roa lga l  p o p u l a t i o n s  on t h e  mudf la t  s i n c e  t h e  a l g a l  bloom ( F i g .  
66) o c c u r s  j u s t  a f t e r  t h e  Corophium p o p u l a t i o n  d e c l i n e s  s h a r p l y  due  t o  
s h o r e b i r d  p r e d a t i o n  (Boa tes  and Smith 1979, Schwir?ghamer l981b) ;  a  c a u s a l  
model developed f o r  t h i s  mudfla t  a l s o  s u p p o r t s  t h i s  view (Schwinghamer 
P981b), The q u e s t i o n  then  i s  whether t h e  b a c t e r i a  p o p u l a t i o n  may a l s o  have 
been l i m i t e d  by t h e  same g r a z e r ,  o r  whether t h e  b a c t e r i a  may simply have 
responded t o  changes i n  t h e  p roduc t ion  of a l g a l  e x u d a t e s ,  o r  whether some 
o t h e r  e x p l a n a t i o n  may be needed,  B a c t e r i a l  biomass and a c t i v i t y  a r e  
r e l a t e d  t o  t h e  abundance and a c t i v i t y  of phytoplankton I n  %!-re wate r  coli~mn 
(Fuhrman e t  a % ,  1880, Molter  1982) and a  s i m i l a r  r e l a t i o n s h i p  h a s  been 
shotan between prlma-mry p r o d u c t l s n  and cormunity r e s p i r a t i o n  i n  i n t e r t i d a l  
f l a t s ,  a l t h o a g h  t h e r e  was a l a g  of % t o  2 months (van E s  % 9 8 2 ) ,  I n  o r d e r  
f o r  t h e  a p p a r e n t  r e l a t i o n s h i p  between mic roa lgac  and b a c t e r i a  a t  Peck ' s  
Cove t o  be due s o l e l y  t o  c ropp ing  by Cosopkium, then  Corophium would have 
t o  be  a major g r a z e r  of bo th  b a c t e r i a  and a l g a e .  While Corophium i s  cap- 
a b l e  o f  g r a z i n g  on and d i g e s t i n g  b a t h  b a c t e r i a  m d  mlcroa lgae  (Penchel  e t  - 

aP, 197% Lopez and Lev in ton  1978) ,  i t  i s  u n l i k e l y  t h a t  the CoropRPura popu- 
l a t i o n  r e p r e s e n t s  a major consumer of b a c t e r i a  (Sehwinghanier e t  a l e  1983) ,  
The m i c r o b i a l  conamunity made up of c i l i a t e s ,  m i c r o f l a g e l l a t e s  and o t h e r s ,  
and t h e  mesofal~na (== meiofauraa), probably  consume b a c t e r i a  a t  a  much h igher  
r a t e  than t h e  Corophium p o p u l a t i o n ,  Cammen and Walker (unpub l i shed  d a t a )  -- 
sugges ted  t h a t  an i n c r e a s e  i n  a l g a l  scsnd ing  s t o c k ,  due t o  a r e d u c t i o n  i n  
f e e d i n g  p r e s s u r e  by Corophium, l e d  t o  an i n c r e a s e d  p r o d u c t i o n  of e x t r a -  
c e l l u l a r  organic compounds, which i n  t u r n  s h i f t e d  t h e  s t e a d y - s t a t e  e x i s t i n g  
between b a c t e r i a l  p roduc t ion  and consumption toward p r o d u c t i o n ,  r e s u l t i n g  
i n  an e l e v a ~ e d  s t a n d i n g  s t o c k .  L a t e r  I n  t h e  f a l l  a s  bo th  t empera tu re  and 
l i g h t  began t o  d e c r e a s e ,  m i c r o a l g a l  p roduc t ion  d e c l i n e d  and b a c t e r i a l  
s t a n d i n g  s t o c k  a l s o  d e c r e a s e d ;  t h e r e  was c e r t a i n l y  no ev idence  t h a t  t h e s e  
d e c l i n e s  were due t o  i n c r e a s e d  f e e d i n g  a c t i v i t y  by Corophium, 



There were more bacteria (g c)-~ attached to particles in the water 
column that in the sediment during most of the sampling period (Fig. bb) 
and the difference may be explained by available surface area, There is a 
gross inverse correlation between particle size and bacterial abundance 
which has been attributed to surface area available for bacterial attach- 
ment (Hargrave 1972, Dale 19741% although on a finer scale this relation- 
ship does not always hold (Cammen 1982), Inorganic grain size analysis 
gave a mean surface:volume ratio of 1,50 0,07 (SD) for the slack water 
SPM between 25 June and 6 September. Sediment samples taken on 18 June, 3 
and 16 July, and 30 August from Stations A and B had a mean surface:volume 
ratio of 0.60 t 0,25, Thus, for a given volume of particles, the water 
samples had potentially 2,5 times more surface area than the sediment which 
could account for most of the difference in bacterial abundance simply by 
considering available surface areas. 

The data from the water samples suggest that resuspension from 
bottom sediments may be significant in controlling bacterial abundance in 
the water flooding the mudflat, There are apparently three general mechan- 
isms which control resuspension in this area, Two are large scale, opera- 
ting throughout the Cumberland Basin on an order of days, and result in the 
variation seen in the slack water samples (Fig, hb). The first of these 
large-scale factors f s  tidal exchange which varies throughout the lunar 
eidal cycle as tidal range changes, The second large-scale factor is the 
occurrence of storms (Amos and Asprey 1981). The third factor is small 
scale, operating at the front of the advancing water as small-amplitude 
waves on an order of minutes (Anderson 1980); this factor would be respon- 
sible for the difference between the slack water and initial water samples 
(Fig, 6b), If we assume that during the periods with greater amounts of 
POC (Fig. 6b) or SPM in the water, the mean particle diameter was also 
greater, then the variations in bacteria (g POC)-~ (Fig. 6c) or (g SPM)- 1 

can be explained as a result of variation in the available surface area of 
the SPM. The two occasions during the summer that the amount of POC in the 
slack water samples was relatively high (9 July, 8 August - Fig. 6b) were 
also the only times that there was no difference in bacteria (g POC)-' for 
the initial and slack water samples, It is likely that on these two dates 
the difference in mean particle size between the slack water SPM and the 
material suspended by the advancing flood-water was the least of the summer 
sampling dates and thus the change in surface:volume ratio as the newly 
suspended material settled out between the initial and slack water samples 
would have been minimal, 

An additional explanation for the wide fluctuations in bacterial 
abundance ( g  POC)-' between consecutive water samples may be that the 
abundance of bacteria in the water was linked to phytoplankton production 
in a manner analagous to the sediment, The periods when bacterial abun- 
dances were particularly low were also the periods sf high SPM loading 
(Fig, 6b, c) and presumably increased turbidity when phytoplankton produc- 
tion would have been reduced. 

In summary, bacterial abundance in the Pecks Cove sediment-water 
system appears to be controlled by both surface area available for coloni- 
zation and the presence of microalgae in agreement with Schwinghamer 



(1981a). The major difference observed between sediment and water 
bacterial abundance appears to be mainly due to the greater surface area 
available in the water per volume of particles* Within the sediment, vari- 
ation appears to be linked to the presence of benthic microalgae; possibly 
an analagous situation occurs in the water, but there is no evidence to 
show this. 

CONCLUSIONS 

Although the studies reported in this review have begun to give us 
basic information on fungal and bacterial populations, there are signifi- 
cant gaps in our knowledge that will need to be addressed if we are to gain 
an understanding of microbial activity in the Bay. We need quantitative 
information about the role of fungi in heterotrophic processes and more 
such information for the bacteria, We know almost nothlng about the proto- 
zoans in terms of their abundance and their role in the cycling of energy 
and nutrientso Truly the field of microbial ecology is a wide-open area 
for investigation in the Bay of Fundy. 
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QUESTIONS AND COMMENTS 

B. Hargrave: Did you ever  count b a c t e r i a  on f l o c c u l e n t  d e t r i t a l  particles 
o r  p ieces  of Spa r t i na  d e b r i s ?  Correc t  m e  i f  I am wrong, but  most of your 
counts  a r e  made on f i n e  suspended p a r t i c l e s  and not  coarse  d e b r i s  c o l l e c t e d  
with a  ne t .  

L, Cammen:: The only f r a c t i o n a t i o n  work I. have done is  on su r f ace  s e d i m e n t  
where t he  l a r g e s t  s i z e  f r a c t i o n  was p a r t i c l e s  g r e a t e r  than 243 mpn. I n  
Cumberland Basin,  t he  b a c t e r i a l  concent ra t ions  a r e  g r e a t e s t  on the smal ler  
p a r t i c l e s  (Cammen 1982). 1 have counted b a c t e r i a  i n  sediments from o t h e r  
a r e a s  and the  concent ra t ion  i n  t h e  l a r g e s t  s i z e  f r a c t i o n  was always rela- 
t i v e l y  low. I have not done t h i s  i n  t he  water column, 

B e  Hargrave: Large p a r t i c l e s  may be small  i n  numbers and mass but t hey  
be micro-s i tes  of decomposition. 

L a  Cammen: %at I d id  not show was i f  t h e  t o t a l  sediment weight i s  taken 
i n t o  account ,  then fn  the  sp r ing ,  most of the  b a c t e r i a  a r e  a s soc i a t ed  w i t h  
p a r t i c l e s  i n  t he  10-40 pm range, a l i t t l e  l a r g e r .  Only 4-6% a r e  found on 
p a r t i c l e s  l a r g e r  than 102 inn, However, t he se  a r e  counts  on su r f ace  sed i -  
ment, a s  shallow as poss ib le .  My d a t a  d e a l  only wi th  s t and ing  s t o c k ,  
not a c t i v i t y ,  so  t h e  l a r g e  p a r t i c l e s  could be more important  i n  terms o f  
decomposi t i o n ,  

G. Daborn: I endorse your remark about needing more work on the a c t i v i t y  
of b a c t e r i a .  Gai l  Brown and Mike BryPinski s t a r t e d  some prel iminary exper"" 
iments t h i s  year  on he t e ro t roph ic  uptake i n  the  Cornwall is  Estuary where 
the  suspended sediment concen t r a t i ons  a r e  i n  excess of 500 mg L I 1 .  On t h e  
f i r s t  couple of runs they could not  s a t u r a t e  the  system, The b a c t e r i a  w e r e  
capable  of tu rn ing  over a l l  the  glucose added, so  obviously they were 
extremely a c t f v e ,  

L, Cammen: The g r e a t e r  the  suspended sediment concent ra t ion ,  t he  g r e a t e r  
t he  p o t e n t i a l  f o r  he t e ro t roph ic  a c t i v i t y  due mostly t o  the  increased num- 
be r s  of b a c t e r i a ,  

K. Mann: I am not clear about your comparison of b a c t e r i a  i n  water and 
sediment normalized t o  carbon, It seems t o  me t h a t  carbon i s  going to  b e  
very  much more d i l u t e  i n  the  water column. To expla in  i t ,  you r e l a t e  t o  
t he  amount of su r f ace  a r e a  a v a i l a b l e  and I would have thought: t h a t  per u n i  
volume the  su r f ace  a r e a  of sediment was much g r e a t e r  than i n  the water 
column. A t  t h i s  s t a g e  i t  seems l i k e  a  funny b a s l s  f o r  comparison, Can y e  
c l a r i f y  t h a t ?  



L .  Capmen: These a r e  a t t a c h e d  b a c t e r i a ,  no t  a l l  b a c t e r i a .  I n  terms of a  
g i v e n  weight of p a r t i c l e s ,  a  g iven  amount of carbon i n  t h e  wa te r  w i l l  have 
more b a c t e r i a  a s s o c i a t e d  w i t h  i t  t h a n  a g iven  amount of carbon i n  t h e  s e d i -  
ment. The reason  i s  t h a t  t h e  g iven  amount of carbon i n  t h e  wa te r  is  i n  t h e  
form of much s m a l l e r  p a r t i c l e s  which have more s u r f a c e  a r e a .  The p o i n t  of 
normal iz ing  f o r  carbon i s  t h a t  i n v a r i a b l y  you w i l l  f i n d  t h a t  numbers of 
b a c t e r i a  a r e  c l o s e l y  c o r r e l a t e d  w i t h  t h e  amount of carbon a v a i l a b l e .  The 
problem is t h a t  t h e  amount of carbon a v a i l a b l e  is a l s o  a  f u n c t i o n  of p a r t i -  
c l e  s i z e  and we r e a l l y  d o n ' t  know which f a c t o r  is more impor tan t .  What I 
have done h e r e  is  f i r s t  e l i m i n a t e  t h e  amount of carbon a s  a  f a c t o r  and t h e n  
make my comparison,  T h i s  s u g g e s t s  t h a t  suspended p a r t i c l e s  a r e  f i n e r  t h a n  
s u r f a c e  sed iment ,  I am not  r e a l l y  comparing a volume of wa te r  t o  a  volume 
of  sediment .  I am comparing a  volume of p a r t i c l e s  i n  water  t o  a n  e q u a l  
volume of p a r t i c l e s  i n  sediment .  

M. Majka: Have you a t t empted  t o  i d e n t i f y  t h e  b a c t e r i a  o r  do l a b o r a t o r y  
s t u d i e s ?  

L. Cammen: I made no a t t e m p t  t o  do any taxonomy. T h i s  was t h e  v e r y  f i r s t  
m i c r o b i a l  s t u d y  t o  be done and i t  is  on ly  b a s e l i n e  d a t a .  I was p r i m a r i l y  
i n t e r e s t e d  i n  t h e  r e l a t i o n  of b a c t e r i a  t o  t h e  r e s t  of t h e  system.1 thought  
i t  was most impor tan t  t o  g e t  some knowledge of numbers and r a t e s  i n  t h e  
f i e l d .  When you work wi th  l a b o r a t o r y  c t r l t u r e s ,  you a r e  s t u d y i n g  b a c t e r i a  
under unusual  c o n d i t i o n s  and i t  is hard t o  e x t r a p o l a t e  t h a t  d a t a  t o  t h e  
f i e l d .  Such d a t a  may be v a l u a b l e  i n  some i n s t a n c e s ,  but  t h e y  do no t  answer 
t h e  kind of q u e s t i o n s  I would l i k e  t o  s e e  addressed .  
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Extensive collections of zooplankton have been made in the Bay OF 
Fundy in association with larval fish studies. Within the upper portions 
of the Bay of Fundy system, collections have been made with a variety of 
gear, for several months during the year, utilising sequential time-series 
sampling over whole tidal cycles and general surveys. Zooplankton divers- 
ity declines with distance up the Bay toward the inner reaches. Abundance 
and biomass decline to a minimum in Chi nects Bay and Minas Basin where 
suspended sediment levels are <50 mg L-', but rise dramatically in extreme- 
ly turbid waters 0 5 0 0  mg L-l). The zooplankton of inner waters is domin- 
ated by small estuarine species such as Eurytemora herdmani and Acartia 
tonsa, High biomass in extremely turbid waters suggests the plankton food 
web is detritus-based. Visual feeders are absent and vertical movements 
eliminated, except in the clearer waters of Chignecto Bay and Minas Basin. 
Specific studies-of Eurytemora herdmani and ~eom~sis americana indicate 
high production in the most turbid waters, and both species are utilized 
extensively by fish. In moderately turbid areas fish feed primarily on 
benthic organisms. 

Key words: zooplankton, suspended sediment, diversity, productivity, 
copepods, tidal cycles, vertical migrations, trophic 
relationships. 

Dans le cadre d%tudes sur les larves de poissons on a effectu6 
d'importantes collectes de zooplancton dans la partie interieure de la baie 
de Fundy. Dans les parties d'amont ddu reseau de la baie de Fundy on a 
effectug ces collectes au moyen d'une gamme diversifiee d~nstruments, 
pend nt plusieurs mois de l'annge et dans le cadre d'6chantillonnages bche- 
lonnes dans le temps sur des cycles complets des marees ainsi que de d6- 
nombrements generaux, La diversite du zooplaneton diminue en fonction de 
la distance dans la direction de l'amont dans la baie. L'abondance et la 
biomasse diminuent jusqu'8 un minimum dans la baie de Chignectou et le 
bassin des Mines oh les concentrations de matieres en suspension sont 
inferieures 3 50 mg par L, mais augmente dramatiquement dans les eaux 
extrernement turbides oh les concentrations de mati&res en suspension sont 
supgrieures % 500 mg par L. Les petites esp&ces estuariennes comme 
Eurytemora herdmani et Acartia tonsa sont les especes dominantes du zoo- 
plancto des eaux les plus interieures. La presence dtune grande quantitO 



de biomasse dans l e s  eaux extrgmement t u r b i d e s  suggPre que l e  p l a n c t o n  v i t  
dans un m i l i e u  r i c h e  e n  mate r iaux  d~compos6s .  Les especes  q u i  dgpendent d e  
l a  vue pour s e  n o u r r i r  s o n t  a b s e n t e s  e t  l e s  dgplacements v e r t i c a u x  s o n t  
glirnin$s sauf  dans  l e s  eaux p l u s  c l a i r e s  de  l a  b a i e  de  Chignectou e t  du 
b a s s i n  des  Mines, Les Btudes s ~ & c i f i a u e s  d-urvtemora herdmani e t  de  
Neomysis americana i n d l q u e n t  une p roduc t ion  & l e v e e  dans  les eaux l e s  p l u s  
t u r b i d e s  e t  l e s  deux esp5ces  s o n t  largement  u t i l i s e e s  par  l e  po i sson .  Dans 
l e s  s e c t e u r s  rnodgrgment t u r b i d e s  l a  p l u p a r t  des  p o i s s o n s  s e  n o u r r i s s e n t  
p r inc ipa lement  dvorgan i smes  ben th iques .  

SURVEYS I N  THE BAY OF FUNDY 

P r i o r  t o  1976 s t u d i e s  of p lank ton  i n  t h e  Bay of Fundy system had 
p r i m a r i l y  concerned t h e  o u t e r  r e g i o n  of t h e  Bay, p a r t i c u l a r l y  t h e  Quoddy 
r e g i o n  and t h e  upwel l ing  systems between Grand Manan and B r i e r  I s l a n d .  A 
number of p u b l i c a t i o n s  p rov ide  a n  e x t e n s i v e  coverage of zooplankton i n  t h e  
Gulf of Maine - o u t e r  Bay of Fundy r e g l o n  (e.g. Bigelow 1926; F i s h  1936a,  
b ,  c j  F i s h  and Johnson 1937; Legare and MacLellan 1960). Only one pub l ica -  
t i o n ,  however, d e a l s  w i t h  t h e  i n n e r  Bay of Fundy ( d e f i n e d  f o r  convenience 
a s  t h e  Bay n o r t h e a s t  of t h e  Digby-Saint John l i n e  t o  Cape Chignecto)  and 
Minas Basin.  Je rmola jev  (1958) p r e s e n t e d  an  account  of a n a l y s e s  of 99 
p l a n k t o n  tows t aken  i n  1920 (86)  and 1951 (13)  a t  28 s t a t i o n s  i n  t h e  i n n e r  
Bay, Minas Basin and Cobequid Bay. These c o l l e c t i o n s  were a  m i x t u r e  of 
v e r t i c a l  and h o r i z o n t a l  tows u s i n g  n e t s  w i t h  mesh s i z e  of 570 o r  280 vm.  
Although h e r  r e s u l t s  i n d i c a t e d  some v e r y  h igh  zooplankton numbers i n  some 
samples from Minas Basin  and Cobequid Bay, Je rmola jev  (1958) was much more 
impressed w i t h  t h e  s p a r s e n e s s  of zooplankton i n  t h e  i n n e r  Bay. She con- 
c luded :  "The extreme p a u c i t y  of p lank ton  i n  t h e  i n n e r  Bay a s  w e l l  as t h e  
poor c o n d i t i o n  of t h e  few immigrants t h e r e  l e a v e s  no doubt  t h a t  f i s h  l a r v a e  
and l a r g e r  f i s h  t h a t  depend upon p lank ton  f o r  food w i l l  be l i t t l e  a p t  t o  
grow and s u r v i v e  i f  t h e y  remain t h e r e , "  

I n  t h e  l a s t  decade,  sampl ing a c t i v i t y  i n  t h e  Ray of Fundy has  i n -  
c r e a s e d  g r e a t l y  and some of t h i s  a c t i v i t y  has  included t h e  two subsystems 
a t  t h e  head of t h e  Bay - Chignecto Bay and Minas Basin.  S ince  1969 l a r v a l  
h e r r i n g  s u r v e y s  have invo lved  p lank ton  tows a t  116 s t a t i o n s  c o v e r i n g  t h e  
e n t i r e  Bay of Fundy, and i n c l u d i n g  one s t a t i o n  i n  Minas Basin (No. 116) and  
t h r e e  (Nos. 103-105) i n  Chignecto Bay (F ig .  1 ) .  Because of t h e  l e n g t h  o f  
t ime r e q u i r e d  t o  t r a v e r s e  Minas Channel, t h e  Five  I s l a n d s  S t a t i o n  (No. 116)  
h a s  on ly  been v i s i t e d  once i n  t h e  l a s t  f i v e  y e a r s  (Power, p e r s o n a l  communi- 
c a t i o n ) .  I n  g e n e r a l  a l l  o t h e r  s t a t i o n s  have been v i s i t e d  2-4 t i m e s  each  
y e a r  i n  a programme t h a t  i s  c o n t i n u i n g  a t  t h e  p r e s e n t  t ime. 

Pr imary o b j e c t i v e s  of t h i s  su rvey  r e l a t e  t o  l a r v a l  h e r r i n g  d i s t r i -  
S u t i o n s ,  Zooplankton c d l l e c t i o n s  a r e  made wi th  p a i r e d  Bongo n e t s  f i t t e d  
w i t h  505 and /or  333 pm mesh. Both mesh s i z e s  r e t a i n  a d u l t s  of many copepod 
s p e c i e s ,  a l t h o u g h  immature s t a g e s  a r e  a l lowed t o  p a s s  through.  A p re l imin-  
a r y  a n a l y s i s  of zooplankton samples t aken  i n  1969 shows t h a t  maximal dens- 
i t i e s  0 2 0  m-2) of t h e  e o p h a u s i i d s  Meganyctiphanes norveg ica  and 
Thysanoessa i n e r m i s  a r e  p r i m a r i l y  encountered a t  t h e  mouth of t h e  Ray and 
i n  t h e  Quoddy r e g i o n  ( F i g ,  21, A second c e n t r e  of abundance i n  t h e  i n n e r  



Fig,  1. Larva l  h e r r i n g  sampling s t a t i o n s  i n  the Bay of Fundy, 1969-82, 



Fig.  2 .  D i s t r i b u t i o n  of euphaus i ids  i n  t h e  Bay of Fundy (after Iles 
1975J. 



( f r o m  I L E S  1 9 7 5 )  

Fig. 3 .  Michael Graham's S a g i t t a  patch ( a f t e r  IPes 1975) .  



P i g ,  4 ,  Copepod d i s t r i b u t i o n s  i n  t h e  Bay of Fundy ( a f t e r  Tles  1 9 7 5 ) .  



Fig .  5. Copepod d i v e r s i t y  i n  t h e  Bay of Fundy ( a f t e r  Rof f ,  unpublished 
d a t a ) ,  



F i g .  6 .  D i s t r i b u t i o n  of -- Calanus finmarchicus i n  the Bay of Fundy (after 
Roff ,  unpublished data), 



1979 

(FROM RQFF 1982) 

F i g .  7. D i s t r i b u t i o n  of Eurytemsra herdmani i n  the  Bay af Fundy ( a f t e r  
R o f f ,  unpubl i shed  d a t a ) .  



Fig .  8 .  Neuston sampling stations of the inner Bay of Fundy, 1979.  





Bag off S t ,  krtinss is probably prImarPly Thysanoessa -- and way occur only 
occasionally, The life histories and diskrhbutions of cuphauslids In the 
Bay of Pundy have been studied by Corey and colleagues at the University of 
Guelpk and described l a  several publications (Kulka and Corey 1978, 1982; 
KuLka et ale ";ma, b) , 

Chaetsgnaths and ctenophores frequently seem to he eoncenltrated in 
a patch (Graham's --- Sagitta patch) south of Saint John (FPg, 31, a phenomenon 
that Ires (1975) suggests is a consequence jointly sf hydrographic forces 
of the environment and behaviourai characteristics of the plankton, Cope- 
pods on the other hand tend to show a more regul ar distribution in the Bay, 
having maximal densities 05800  III-~) between Grand mnan and Brier Island 
(Pig, 4 )  and declining steadily at stations further up the Bay, 

According to Iles (personal communication) these general patterns 
of distribution are shorn in subsequent surveys, halysis sf samples is 
not complete for all cruises and all stations, and generally does not 
Involve identification below family or order level (Frost, personal commun- 
Scation), More detailed examination sf these samples has been carried out 
recently by Kofl and Corey and their students at the Unrafversity of Guelph,  
Roff (unpublished data) has developed the first general accoune of the 
mfcrocrustacea, principally the copepods, occurrfng over the maln Bay sf 
Pundy, As one would expect, the diversity (as Indicated by number o f  
species) tends t o  be considerably less in the inner Bay, Inside the Digby- 
Saint John line where the water column is essentially unstratified ( F i g ,  
51, The number of species increases, however, as one approaches aigneeto 
Bay where it i s  augmented by estuarine and perhaps benthlc forms such as 
the harpacticoids, Calanus finmarchbeus becomes progressively less abund- 
ant (Pig, 6 )  and is represen$ed primarily by copepodid stages 111-V, As 
Jemolajev (1958) observed, this species probably cannot maintain itself 
within t h e  Bay, bur drifts inward with tidal and residual circulation of 
water, The estuarine copepod Eurytemsra -- herdmani, however, exhlbdts the 
reverse pattern, wfth maximum abundance in turbid, shallow areas such as 
S t ,  Mary's, Passamaquoddy and mignecto Bays (Pig, 7) .  

A survey of near-surface and neustonic plankton was carried out I n  
the Inner Bay as a joint project between St, hdrews BioSogfcal Station and 
the Department of Biology at Acadia UnIwerisay in 1979, Sampljrag was con- 
ducted usfng 1 m and 4 m diameter neuston nets towed at 4 and  2 kts, 
respectively, at 44 ssations (Pig, 8) during each of 3 cruises, When the B 
m neustorl net was towed it was paired wit11 a P m d i m ,  conical net set at a 
mean depth of % rn, All samples were fitted w i t h  1179 N l t e x  mesh and t h u s  
collected only macrozooplankton, The survey, although I i m j t e d ,  p rov ides  
some informa~ion on d i s t r i b u t i o n s  of macrozooplankton but perhaps o f  
greater Interest is the indication that a well-developed neustonic compon- 
ent is to be f o u ~ d  i n  t h e  Inner Bay (Table 1 ) -  Several species, par t icu-  
larly the amphipod Caliiopius $aevfuscu$us, the  copepods ------- homaloceraopnlus 
and Harpacticus c h e n f e r  and several fish are more abundant in the top 15- ---- 
20 cm of the water column during the daytime t'lsan they are at a d e p t h o f  
50-150 c m ,  Our results failed to show a direct correlation of abundance 
with the presence of floating rj,~a-ack (mostly bcsphyllum -- nodosum), but 
determination of the quantity of the latter could  not be made in this study 
and would repay much more Investigation, 



TABLE 2, Mean numbers of organisms/ l000 m3 c a p t u r e d  i n  n e u s t o a  and sub- 
s u r f a c e  n e t s  * 

R a t i o  o f  
Neuston Subsur face  Weuston t o  

n e t  1 n e t  1 Subsur face  

Isopods 

Gammarid Amphipods 

Lumpfish 

Lobs te r  Larvae 

Fourbeard Rockling Larvae 

Threespined S t i c k l e b a c k  Larvae 

Bake 

P l e u r o b r a c h i a  

H y p e r i i d  Amphipods 

C hae  t ogna t h a  

Crab  Larvae 

P o l y c h a e t e s  

Copepods 

H e r r i n g  Larvae 

Anomalocera 

C a r i d e a  

Euphausids  

No, of p a i r e d  samples = 120 

n . s ,  
I n d i c a t e s  no s i g n i f i c a n t  d i f f e r e n c e  between means a t  0,05 l eve l ,  



STUDIES IN THE I N N E R  BASINS 

Zooplankton colbeer-ions Ln t h e  s o u t h e r n  b igh t  of Minau A a s a n  have 
been c a r r i e d  o u t  hp Acadfa U r ~ i v e r s i t y  p e r s o n n e l ,  cemraer~clng f n  1976, These 
ear ly  s t u d i e s  i n c l d d e d  d i s t r i b u t i o n a l  su rveys  w i t h i n  t h e  Southern Bight  and 
t i d a l  s t u d i e s  ( P e n o a e h e t t i  1948, Daborn and Pennache t t f  %9795), and in-  
volved examinat ion of suspended sediment concen%ra tkons  and particle s i z e  
d i s t r i b u t i o n s  (Daborn afld Pennaehe te i  1979a), After some expertmentation, 
a mesh s-ize of 160 I j r n  was adopted f o r  pbarlkton sample rs  s i n c e  this mesi, re- 
t a i n s  many j u v e n i l e  s t a g e s  of t h e  dominant copepods ~r rh i l e  permitring most 
o f  t h e  suspe t~ded  p a r t % c u % a ~ e  m a t t e r  t o  pass  through, Since rr~uch f i n e r  nets 
have been u s e d ,  the  r e s u l t s  a r e  n o t  e n t i r e l y  comparable w i t h  kbose st 
J e r m o l a j  ev  (1 958) but do l ead  t o  t h e  same g e n e r a l  c o n ~ l u ~ l  ~ o n s  x o o p l  anktrm 
p o p u l a t i o n s  i n  the Southern Bight a r e  h i g h l y  c o n t a g i o u s ,  a t  cimes $very 
abundan t ,  and usually dominated by s m a l l  ((1 l e n g t h )  e s t u a c i i ~ e  copepod5 
such as Eurytemora herdmani ,  A c a r t i a  t o n s a  and Pseudodiaptomus co rona tu s ,  

--w--p pppu ---- --- - - - - m e -  

Messp%anklonic  components such as trselaophore,  cyphonaemtes 3 r d  veilges 
l a r v a e  are f r e q u e n t l y  v e r y  numerous (>%000,000 mm"), Studbes ae a fixed 
anchor  s t a t i o n  o f t e n  showed s t r i k i n g  changes i n  a b s o l u t e  and relative 
abundance wi th  t i m e  over  a t i d a l  c y c l e  (Daborrr and Perrrzachettf b979b1, 

Hildebrand (198%) occupied etm anchor s t a t i o n s  i n  the nrrsutin of 
Shepody Bay i n  Juae 1978 ( P i g ,  9 )  sampling a t  f i x e d  dep ths  of 8-5 m w i r h  s 
30 cm diam, n e t  o f  246 y m  mesh. Sarnples were s f  10 min d u r a t i o n  each h a l f  
hour  f o r  13 hours ,  Hi ldebraad  recognised  two d i s t i n c t  p l a n k t o n i c  associ--  
a t i o n s :  an e s t u a r i n e  one c o n s i s t i n g  mainly of A, hudsor-tlca, E, herdmarai,  ----. -" 

6 ,  hamatus and merop lank ton ie  l a r v a e ,  which formed most of t he  bicsn~ass pre- 
p--- 

s e n t  near  Pow t i d e ,  and a second community dominated by Pseudocalanus  sp, --.-- ----- 
and S a g i t t a  elegarrs around h i g h  tide, P4axi.auru biomass v a h e s  of >50 mg msa3 -- 
a r e  comparable t o  tHnose t h a t  can be d e r i v e d  from J e r w o l a . j e v 3 s  (1958) data 
f o r  ~ o b e ~ u i d  Bay (58-75 mg r n e 3 ) *  There was no c l e a r  iaadicatior-) f rz  
H i%debrandBs  coPlectFons t h a t  l i g h t  i n f l u e n e e d  abundance of m u s t  spec ies  
w i t h  the possible exception of Pseudocalanus ,  The 1% l ight .  l e ~ ~ e 2  was esti--- 

----. 

mated t o  hse a t  8-2 la, and SPM Bevels always exceeded 100 rag lî'; i7enc.e 
v e r t i c a l  m i g r a t i o n s  were no t  i d e n t i f i a b l e  i n  t h e  mouth s f  Shepody Bay 
(Bildebrand 19811, 

Following e h f s  early work, zooplankton c o 1 P e c t i a n s  were made o n  
e a c h  of f i v e  c r u i s e s  of C,S,S, Dawson (Table 1 ) -  Most ro l lec tF:~ies  were 

< < made d u r i n g  anchor  s t a t i o n s  a t  Cape Enrage ( S b t i o - n s  6 ,  1, 8,  i t ? , ? ,  231, 
Shepody Bay ( 9 ,  48) and Cumberland Basin (10 ,  1'7, 2 4 1 ,  Ira August 1979 the 
Datason occupied three arachor s t a t i o n s  i n  Minas &mranneT_ (221, MLz1a.s Basin 
( 2 % )  and Economy P o i n t  (20), A t  each hour of t h e  anchor s t a t i o n  simultane- 
ous  vertical tows were taken with a 30 e m  d i m ,  Clarke-Bumpus sampler 
f i t t e d  w i t h  360 urn mest1 and a B rn diam, c o n i c a l  n e t  w i t h  TOSO urn nesh, 
During t h e  February 1980 c r u i . s e  t h i s  was r e p l a c e d  by a trice of 30 cro $ l a m ,  
metered samplers f t t t e d  w i t h  160, 330 and 510 y m  mesh nets, 

T h i s  s e r i e s  of c o l l e c t i o n s  has  been anakysed t o  p r o v i d e  a n  account 
of t h e  composi t ion and abundance of microzooplankton f o r  t he  inner w a t e r s  
of t h e  Fundy system, M t h o u g h  p r o c e d u r a l  f e a t u r e s  l i m i t  chc r e P i a b P l f t y  o f  
t h e  d a t a  t h u s  ob ta . ined ,  some g e n e r a l  conc%usbons can be made, More tl-nan 



Fig, 9. Anchor stations of the inner Bay of Fundy, 1978-1980, 



100 taxa have been recorded, many of them i n  numerous samples, Relative 
abundance is extremely irregular, often changing substantially from hour to 
hour, In all areas the plankton is dominated on most occasions by rela- 
tively small (< I , ?  mm) estuarine eopepods that are common to all areas 
(Fig, 10)- Eurytemora herdmani, however, was notably absent from most 
Cumberland Basin samples, although one of the major dominants at all other 
sites, Furthermore, whereas Acartia hudsonica was more common in the 
Chignecto Bay subsystem (including Shepody and Cumberland), 8, tonsa was 
the major form in the Minas subsystem, differences are consistent 
with other reports (Jermolajev 1958, Daborn and Pennachetti 1979b, 
Wildebrand 1981) and it is tempting to ascribe the dominance of A, -- tonsa in 
the Minas Basin to the higher smmer temperatures prevailing there. 

The outermost stations in Chignecto Bay (6-8, 11-14, 18, 23), Minas 
Channel (22) and Cape Blomidon (21) are in regions of mixing between faunas 
derived from the Bay of Pundy and from the more turbid inner bays, The 
Fundy association includes Pseudocalanus sp,, Oithona -- similis, Centropages 
typicus and immature Calanus finmarchicus. At these deeper, clearer and 
more saline stations, also, meroplanktonic larvae were less important 
numerically than at the shallow, turbid stations nearer shore, At the 
latter large swarms of trochophore or veliger larvae occasionally dominated 
samples, As a consequence of this, and patchiness in the holoplankton, 
diversity was generally lower at the inner stations, and lowest of all at 
the mouth of Cumberland Basin, 

At all stations, distinct differences were evident between samples 
taken during the flood and those taken at corresponding stages of the ebb 
tide, These differences became extreme at the innernost stations, The 
13-16 h duration of a station involved both day and night samples and at 
the relatively less turbid ( ( 2 5  mg I,-' SPM) stations in Minas and Chig- 
necto, some of the flood-ebb differences are attributable to vertical move- 
ments of the plankton, In all areas, perhaps particularly in Shepody Bay 
and Cumberland Basin, the samples indicate extreme patchiness of the 
plankton, 

Direct measurements of biomass have not usually been made because 
of the large quantities of detritus present in most samples, Estimates 
based on abundance and mean individual weight have been made where 
estuarine eopepods dominate the samples (Table 3 ) -  values indicate 
that biomass of microcrustacea in these turbid waters is considerable and, 
since the estimates do not include macroscopic forms such as mysids, the 
total plankton bionass is really muck greater, 

A major Bitnitation of the Bawaon series Is the Long t h e  interval 
between cruises, Brom (personal communication) has carried out a detailed 
survey of microzooplankton, suspended sediments and heterotrophic activity 
in the Cornwallis Estuary over a 1.5 year period, Samples were taken with 
a 160 ym mesh net at weekly or bi-weekly intervals near high tide at Port 
Williams. The zooplankton community consists of -- Acartia - tonsa, Eurytemora 
herdmani, Pseudodiaptomus coronatus, Eabidoeera aestiva and nmerous mero- -- 
planktonic or ~agile benthic forms including Neomysis americana. E ,  
herdmani was the dominant form durf ng fall and spring months, beingre- 



Gp 1. ALL REGIONS G p  2 .  ALL EXCEPT SHEPODY 

Acartra claust (hudsonica) 

Centropages harnatus 

Centropages typicus 

Pseudodraptornus coronatus 

Pseudocalanus minut us 
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Fig. 10. Species groups of the microzooplankton of the inner Bay of Fundy, 



TABLE 3. Mean abundance and estimated biomass of microzooplankton' at anchor 
stations in the inner Bay of Fundy. 

Abundance Biomass ~ i v e r s i  ey 

- - 
Region Station Date X No m-3 X No, m-2 ~g m- Mg m-2 II ' -- 

Chignecto Bay 6 Aug 78 376 11,650 3 - 9 4  - 1 .Sf3 

8 Aug 78 516 46.420 8.79 - 1,51. 

16 Mar 79 48 2,240 0.01 - 0 ,SO 

2 3 Oct 79 257 13,090 0.68 - 1.33 

Cobequid Bay 20 Aug 79 167 5,187 3.48 - P ,24 

Minas Basin 21 Aug79 116 5,117 1.19 - 1,7O 

Minas Channel 2 2 Aug 79 25 1,256 0,36 - P - 8 2  

Shepody Bay 9 Aug 78 372 9,228 4.52 - 0,56 

18 Apg 79 3342 8,702' 0.11 * - 0 , 4 5  

Cumberland 10 Aug 78 466 11,660 9.23 115.6 0,95 

Basin 17 Apt 79 92 2,120 0.01 7.3  0.56 

2 4 Oct 79 114 3,542 1.58 4 5 - 4  0 - 3 4  

Biomass estimates include copepods only, not larger plankters nor m e r o p l a n k t o f l i c  
forms. 

L Estimates exclude V. large sample with >110,000 trochophore larvae at east 7' 



p l a c e d  by A, tonsa  i n  t h e  warmer ~ n o n t h s .  T h i s  s t u d y  r e p r e s e n t s  t h e  o n l y  -- 
d e t a i l e d  examinat ion of such a  h i g h l y  t u r b i d  system, It  r e i n f o r c e s  t h e  
impress ion  d e r i v e d  from t h e  Bawson anchor  s t a t i o n  s e r i e s  t h a t  biomass of 
p lank ton  i n c r e a s e s  s u b s t a n t i a l l y  i n  t h e  more t u r b i d  r e g i o n s  of t h e  sys tem,  

B r o w ' s  f r e q u e n t  and c o n s i s t e n t  sampling a l l o w s  a  r e a s o n a b l e  e s t i -  
mate of s t a n d i n g  c r o p  biomass t o  be w d e  f o r  a t  l e a s t  the  dominant cope- 
pods-  Over ti8 samples,  average biomass of A ,  tonsa  w a s  153,3 mg m e L  and of  -- P 

E ,  herdmani was 82 ,O  mg m-2. These v a l u e s  a r e  ve ry  h igh  compared t o  o t h e r  - 
e s t u a r i n e  sys tems.  Although d i r e c t  d e t e r m i n a t f o n s  of p roduc t ion /b iomsss  
r a t i o  have n o t  been made, a d o p t i o n  of v a l u e s  quoted i n  t h e  l i t e r a t u r e  (P/B 
= 24 f o r  A ,  t o n s a ,  33 f o r  E.  herdman% from B u r k i l l  and Kenda l l  1982) g i v e s  -- 
e s t i m a t e s  of produc t i o n  o f 7 ,  r- ' and 2 , 4  g rn- yr-  f o r  A. t o n s a  -- 
and E ,  herdmani r e s p e c t i v e l . y ,  The adopted P/B r a t i o s  may be too high;  
n o n e z e l e s s  t h e  biomass v a l u e s  c l e a r l y  i n d i c a t e  the  p o t e n t i a l  f o r  v e r y  h igh  
secondary  p roduc t ion  i n  t h e  p lank ton  of t h e  most tukb ld  a r e a s .  Recent mea- 
su rements  of primary p roduc t ion  and he t e r o t r o p h i c  a c t i v l t y  i n  the  wa te r  
column have shorn t h a t  t h e  former 1s about  1141 and t h e  l a t t e r  ex t remely  
h i g h ,  S i n c e  t h e  dominant copepods a r e  w e l l  k n o m  t o  be omnivorous,  and the  
b a c t e r i a  a r e  a lmost  a l l  a s s o c i a t e d  w i t h  suspended particles (Cammen and 
Walker 1982) i t  i s  c l e a r  t h a t  the  h i g h  p l a n k t o n i c  biomass i s  f u e l e d  by t h e  
o r g a n i c  mat te r -mic rof lo ra  complex i n  suspens ion ,  Examination of g u t  con- 
t e n t s  conf i rms  t h a t  the  n u m e r i c a l l y  dominant copepods i n g e s t  suspended 
p a r t i c l e s  o n l y ,  

Evidence t h a t  the  t r o p h i c  s u p p o r t  f o r  t h e  microzooplankton i s  ade- 
q u a t e  o r  even abundant is  provided by an  examinat ion of r e p r o d u c t i v e  a c t i v -  
i t y  i n  - E ,  herdmani Prom the  C o r n w a l l i s  R iver  (Crawford,  p e r s o n a l  communica- 
t i o n ) .  She h a s  si-eom t h a t  egg-bearirxg females  a r e  p r e s e n t  from October 
through J u l y ,  wf t h  c l u t c h  sf;& (120 eggse There are 5 o r  6 g e n e r a t i o n s  
d u r i n g  t h e  y e a r ,  Such r e p r o d u c t i v e  o u t p u t  c l e a r l y  s u g g e s t s  t h a t  food 
supp ly  f s  more than adequate  f o r  maintenance of the  p o p u l a t i o n ,  and t h a t  
p r o d u c t i v i t y  u f  t h i s  s p e c i e s  may be q u i t e  h igh.  

W ~ n a j o r  l i m i t a t i o n  of t h e  s t u d i e s  o i l t l i n e d  above a r i s e s  from t h e  
i n a d e q u a t e  sampling of t h e  Larger  c r u s t a c e a n s  and f i s h  t h a t  may r e a d i l y  
avoid  c a p t u r e  i n  slow-moving, fine-mesh n e t s *  There is  l i t t l e  doubt t h a t  
muck more of t h e  bl%omass i n  the  wa te r  column i n  B~ighly  t u r b i d  r e g i o n s  i s  
a s s o c i a t e d  w i t h  semioe lag ic  forms, s a r t i c u k a r l v  t h e  mvsids (Mvsis - s & . , -- 
s t e n o % e p i s ,  M, mixta and Neomysfs americana)  and Crangon septemsp%nosa,  
than wf th  t h e  abundgnt but  s m a l l  copepods. These macrozooplank te r s  hgve 
been s t u d i e d  by Corey and her s t u d e n t s  i n  Passamaquoddy Bay (Pezzack and 
Corey $ 9 7 9 ,  Amaratunga and Corey 1979,  Corey 1981, 1982) .  Occas iona l  c o l -  
l e c t i o n s  w i t h  l a r g e r  and c o a r s e r  n e t s  have shown v e r y  c o n s i d e r a b l e  abun- 
dance of mysids i n  Cumberland Bas in ,  Shepody Bay and t h e  C o r n w a l l i s  
E s t u a r y .  Fur thermore,  examinat ion of f i s h  stomach c o n t e n t s  h a s  o f t e n  shown 
a  d i s p r o p o r t i o n a t e  amount of l a r g e r  c r u s t a c e a n s  than recorded  i n  p lank ton  
tows because many s p e c i e s  feed  s e l e c t i v e l y  on t h e  l a r g e s t  p a r t i c l e s  t h a t  
can be i n g e s t e d ,  I n  e f f e c t  some f i s h  provide an a l t e r n a t f v e  sainpling 



nethod that selectively captteres macrozaoplanktorr, Both American shad, 
Alosa sapidissima (Dadswell, personal communication) and alewives, A, 
pseudoharengus , feed extensively an mysrhds which they effectively e n t e r  
from the water colmn, 

The only study of mysids in this area was carried our  by Prouse 
(unpublEshed data) in Cumberland Basin, Mdwater (5 m dep th)  plankton tows 
were made on six occasions bet~~een June 14 and Oceober 13 198% using a 0.5 
-an  PEP^^ conical. net with 600 pal mesh. The survey was repeated Fn 1982, 
when samples were taken at three different depths, Prouse coneluded that 
Neomysis americana was most abundant near the mouth sf Cumberland Basin in 
summer, but was almost absent in October, F;ikereas Mysis stenolepis was con- 
centrated in upper regions of the Cumberland Basin, Size frequency distri- 
butions indicated that Neomysis had two generations per year, and --- Mysis 
one, These results correspond -&th those obtained from Passamaquoddy Bay 
(ilsnaratunga and Corey 1975; Pezzack and Corey 19991, It is that 
both mysfds utilize detritus extensively and provide the nmjor link between 
detritus of salt marsh or terrfgenous origin and the abundant fish fauna of 
Cumberland Basin, Suitable collections are not mailable for CobequPd Bay, 
but the presence of fairly large numbers of shad and alewives in the Bay in 
summer (Dadswell, personal csmnunication) suggests that some macrozoo- 
plankters must be abundant there, Analysis of stomach contents will pro- 
v i d e  a good indication of the dominant forms, Obviously, much remains to 
be done to evaluate the importance of the larger pelagic organisms in the 
upper Bay, 

BEOPHYSlCAL RELATIOWS OF THE PEMd'KrBW 

The foregoing account briefly outlines major research activities on 
zooplankton in recent years in the inner regions of the Bay of Fundy 
system, Mthough systematic collections have rarely been carried out with 
appropri~te frequency and interpretation Is l i m i t e d  by the diffieultfes of 
adequate sampling in rhe extreme conditions found in the inner regions, 
some general features have emerged d t h  sufficient c l a r i t y  to aftord 
tentative @onclus%sns, 

Physical parameters quite clearly exert an avestqhelmlng influence 
on the zooplankton of the system, Plankton diversity and abundance decline 
steadily as one proceeds up the Bay of Pundy, as coastal/~eritFc genera 
such as Calanus, Metridla, Pleuroma-anma, Seolecithrix, Oncaea and homaloc- 

PP -- 
disappear, The %Innernost turbid waters are dora%neted nwnecicklly by 

sGall. estuarine specf es BE Eurytemora, Acartia and Pseudodbaptewas, dong - -- ---- 
the same axis, tidal range, vertfcal nixfng and suspended particulate 
matter cancentrations increase while depth, l i g h t  penetration and salinity 
deerease, Although a%% these physical factors are covariant and fnter- 
related, it is probable that SPM levels are of pri~narg Importance in deter- 
mining the community composition, diversity arad abundar~ee of micro- 
zooplankters, As turbidity increases, the photie zone b s  reduced and 
phytoplankton progressively diminished, removing the major food sources for 
obligate herbivores such as Calanus, In the  innermost turbid regions ex- 
tremely high concentrations sf particulate matter, associated with attached 



bacteria, provide a different food source for omnivorous species such as 
and Acartia, In between, here SPM levels are too great to per- 

mit sufficient phytoplankton production, but too I s w  for effective filter- 
ing, the abundance and biomass of zooplankton are much lower, The rela- 
tionship appears as shorn in Pig, 1%- 

According to this interpretation, the Bay of Fundy is a system with 
a production pump at each end, one associated with autotrophic production 
at the mouth of the Bay and the other with idllochtl~ono~s product8ot1 ( v i s  B 
v i e  the water colmn) s f  the innermost macrotidal regions, The similarity 
between this model of planktonic secondary production and tile variation in 
production of benthos, shorebirds, benthic algae and salt marshes ( e g ,  Peer 
1984 ,  Prouse et ale 1984, Bicklin 1984) %s striking, 

Sequential sampling over complete tidal cycles sometimes indicates 
that specific composition varies in a consistent pattern, although this is 
often masked by the effects of patchiness, For example, in Wnas Basin 
summer zooplankton populations inelude both ~ur~temoka --- herdmani and -- Acartia 
tonsa, Over a, single tidal evcle, A, tsnsa m s  the dominant form near low 

-= " 
tide but was replaced by EE, h;?rdmi~;i near high tide, m e n  displayed as a 
function of SPM eoncentraxon the percentage of a sample represented by E,  
herdmani declines monotonically, whereas that of A, tonsa rises (Fig, 12x -- 
As noted elsewhere (Dabsrn and Pennachetti 1979b),  it is probable that E ,  
herdmani is restricted to deeper waiters by temperature: linnitations rathE 
than by SPM level sance at other seasons the species tolerates much higher 
turbzdities, A similar temporal relationshfp is evident in Ct~mberEand 
Basin between A, ktadsowica and Pseudodiaptomus coronatus (Pig, 131, AP- 
though presentstudies provide a valuable b a s i s F i u c h  more needs to be done 
before a reasonable model s f  zooplankton distribution, composition and 
abundance in these turbid regions can be constructed, 

Results from Cumberland Basin and the Cornwallis Estuary indicate 
that zooplankton productivity may be higher than prevLousLy expected and 
may even be comparable to that i n  clearer waters, Trophie support comes 
primarily through non-living organic matter and bacteria, The zsoplankton 
is utilized by a few fish species, although most shift to feeding on the 
bentlnos when large enough, The zooplankton provides an integral .link be- 
tween suspended organic material and the terminal consuer, A considerable 
nursery role and potential is therefore indicated for these waters, h 
assessment of this role, however, can only come from a prolonged, con- 
sistent study of zooplankton productivity in these inner regions,  

1 am grateful to a number of people w11o k i n d l y  provided references 
and unpublkshed informattan for use in thfs revtew: Dick Bro-m (CWS), Gail 
Brom (Acadia) , Sue Corey (Guelph), Peggy Crawf ord (Acadf a), M k e  Badswell 
(DPo) ,  Lee-Anne Frost (~untsman), krek iles (BPD),  Mike Power (DPQ),  Nick 
Prouse (MEL) and John RofE (Guelph), In addition I am g l a d  to aeknowl-edge 
the multitude of students and colleagues who have "&en involved i n  collec- 
tion and analysis of material from the Bay in recent years, Financial 



- -1 J INNER BAY 

M l N A S  CHANNEL 

CHIGNECTO BAY 

MINAS BASIN 

COBEQUID BAY 

SHEPODY BAY 

\r 
CORN WALLIS 

ESTUARY 

-- - .- 

Fig. 11. Model of zooplankton: suspended particulate matter concentration 
in the Bay of Fundy. 
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QUESTIONS COWNTS 

D, Gordon: Have you any feeling whether the zooplankton production shows a 
direct relationship with primary production which varies by about a factor 
of three from the mouth of the Bay to the upper reaches? 

6 ,  Dabornr: I have not attempted yet to calculate zooplankton productios 
for ehe outer part of the Bay, 1 think however that production in the 
upper portions is a small fractlon of what is produced in the upwelling 
region at the mouth of the Bay, I don't think the two are going to be 
dimensionally comparable, 

D, Gordon: It is interestfng to see that the low point in your zooplankton 
abundance data occurs in Cnignecto Ray anit Minas Basin where primary pro- 
ducton is lowest, 

G ,  Daborn: 1 drew Pig, I I  before I realized what would be presented in the 
primary -3oduceion paper this morning so it 's somewhat cof ncidental, but 
it f i t s  rather w e l l ,  

K, Mann: The P / B  ratio depends very w c h  upon the rate of predation on 
the populatfon, It's a fact that so much production is removed that it 
lowers the biomass and increases the P/B ratio, If, as you suggested, zoo- 
plankton are  able to escape from their predators in turbid waters you might 
expect a much Lower P/B  ratio, I m suspicious of your PIB ratios, 

6 ,  Daborn: I chose a value produced for Eurytemora of 33 wl~ich was adopted 
by Burkill and KendaPl (1982) for the BristoP mannel, T%e P / B  ratios for 
Eurytemora range from a %ow of 16 to as lmigh as 182 in. Narrangansett Bay, 
1 have no direct values for Puedy, There obviously is much variation, I 
would not attempt to justify the choice of 33 except to say that it came 
from a comparable environment, 

K ,  Mann: I think you might have to look at the range of unpublished 
values and Power yours a bit, 

M, Dadswell: You are also going to have to worry about those fish, parti- 
cularly shad, that can feed without seeing, 

6 ,  Daborn: I. agree, -- 
B ,  Hargarve: Have you made any observations on microzosplankton, such as 
tintinnids? 



G. Daborn: Yes, we do have records of tintinnids in the southern part of 
Minas Basin where the water is somewhat clearer. Gail Brown comes across 
tintinnids in the Cornwallis River but I don't think they are that common. 
The problem is some things go through a 160 pm net. If you use a finer net 
you can capture smaller zooplankton but it clogs up with sediment, 

B ,  Wargrave: Tintinnids can also disintegrate if samples are preserved. 

G, Daborn: It% an area we have not covered adequately, either by collect- 
ing or preservation. At the other end of the size spectrum we have also 
underestimated mysids which are much more abundant, Gail Brown captures 
very large numbers of juvenile mysids in her zooplankton collections and 
there are some adults present too. These are not adequately sampled by 
fine mesh nets. 
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Since 1996 r e sea rch  on f i s h e s  and f i s h e r i e s  i n  t h e  Ray of Fundy has  
been concent ra ted  i n  t h r e e  reg ions :  t h e  megat idal  embapen t s  of Chlgnecto 
Bay and Minas Basin; t h e  e s t u a r i e s  of t h e  AnnapoPfs and Sa in t  John R ive r s ,  
and o u t e r  the  Br i e r  I s l and  - Grand Wnan - Passamaquaddy Bay reg ion ,  

F i shes  u t i l i z i n g  the % n t e r t i d a l  and pe l ag i c  zones rece ived  the 
g r e a t e s t  a t t e n t i o n  i n  the  upper Bay, I n t e r t i d a l  s t u d i e s  have e x m i n e d  t h e  
abundance and feed ing  r e l a t i o n s h i p s  of tomcod, A t l a n t i c  s i l v e r s i d e s ,  smelt, 
smooth f lounder  and win te r  f l ounde r ,  Pe l ag i c  f i s h  s t u d i e s  inc luded  a sur -  
vey of f i s h e s  and t h e i r  p a r a s i t e s  I n  Cumberland Basin and an assessment of 
t he  abundance and o r i g i n  of a i s s i d s  i n  t he se  reg ions ,  Tagging and popula- 
t i o n  d i s c r i m i n a t i o n  s t u d i e s  (morphometics, m e r i s t i c s ,  p a r a s i t e s )  I n d i c a t e  
many of" t h e  h e r i c a n  shad occu r r ing  i n  t h e  upper Bay of Pundy du r ing  summer 
a r e  of sou thern  o r i g i n ,  t h i s  reg ion  being t h e  nor thern  t e m i n u s  of t h e i r  
c o a s t a l  migra t ion  r o u t e ,  Long-term, cont inu ing  A t l a n t i c  h e r r i n g  surveys  
conducted over t he  e n t i r e  Bay of Pandy i n d i c a t e  t he  upper p o r t i o n s  a r e  
tmportant  f o r  l a r v a e  and j u v e n i l e s ,  Addit i o n a l l y  l a rge  nt~mbers of 
j u v e n i l e  and a d u l t  shad and a l ewi fe  occur t h e r e  and t h e  e n t i r e  r eg ion  
appears  important a s  a nursery  and f eed ing  ground f o r  p lankt ivorous  f i s h .  
Lobs te r  r e sea rch ,  i nc lud ing  a  tagging  program, was conducted i n  t h e  Alma 
reg ion  and movement sf  l a r g e  Lobs te rs  was found t o  be e x t e n s i v e ,  



Ln response t o  the  cons t ruc t ion  of a  h y d r o e l e c t r i c  t i da l -gene ra t i ng  
p l a n t  on t h e  h n a p s l i s  River ,  f i s h  passage s t r u c t u r e s  and t u r b i n e  m o r t a l i t y  
expected from t h e  STMPLB tu rb ine  was assessed ,  Addi t iona l  s t u d i e s  a r e  
underway on l a r v a l  f i s h  ecology,  t he  l o c a l  s t r i p e d  bass  popula t ion  and t h e  
s i z e  and s t r u c t u r e  of the shad spawning popula t ion ,  The h e r i c a n  shad pop- 
u l a t i o n  ts l a r g e  and has d i s t i n c t  c h a r a c t e r i s t i c s  making it a s e n s i t i v e  
t o o l  f o r  a s s e s s i n g  t u r b i n e  m o r t a l i t y ,  S t u d i e s  i n  t h e  Sa in t  John e s t u a r y  
included work on a lewives ,  s turgeon and s t r i p e d  bass ,  

S tud ies  i n  t h e  lower Bay of Pundy inc lude  ben th i c  f i s h  surveys ,  t h e  
comparison of red  and white hake biology,  cod b i o e n e r g e t i c s ,  and ex t ens ive  
l o b s t e r  tagging programs, The bf s l sgy  of harbour  porpoise  has been exten- 
s i v e l y  documented and r ecen t  marine mammal ~ r o r k  I n d i c a t e s  l a r g e  numbers of 
ce taceans  spend the  smmer i n  the  o u t e r  Bay of Pundy, 

F i s h e r i e s  of che upper Bay of Pundy a r e  t r a d 4 t i o n a l l y  l o c a l i z e d  
w e e k  moderate l e v e l s  of y i e l d ,  '2"he major f i s h e r i e s  a r e  SOP anadromous 
s p e c i e s  isa%mon, shad,  a l ewi fe ,  and s t rdped  bass)  and s h e l l f i s h  ( l o b s t e r s ,  
s o f t s h e l l  c lams) ,  Cod, h a l f b u t ,  f lounder  and mackerel a r e  caught but land- 
i n g s  are low, 'There is a he r r ing  purse-seine fishery Pn Scots  Way, 
F i s h e r i e s  i n  ehe lower Bay of Pundy have h igh  y i e l d s  and a r e  based on 
groundfish (cod, po l lock ,  haddock, and f l o u n d e r s ) ,  p e l a g i c s  ( h e r r i n g ) ,  and 
s h e l l f i s h  ( l o b s t e r s ,  s c a l l o p s ) ,  

Key words: g roundf i sh ,  p e l a g i c  f i s h ,  anadromous f i s h ,  s h e l l f i s h ,  l and ings ,  
popula t ton  d i s c r imina t ion ,  low-head t u r b i n e s ,  NAP0 4 X  

Depuis 1976 l a  recherche su r  Pe po l s son  er les peches dans l a  ba ie  
de  Puady a e t e  concent ree  dans t r o i s  reg ions :  l e s  i n d e n t a t t o n s  megat ida les  
i r a t e r i eu re s  de  CTPlignectou e t  bes I"lines, Ies e s t u a r i e s  des r i v i e r e s  
Annapolis e t  Saint-Jean e t  l a  region de  T 9 t h e  Brier exterieure - Grand- 
Manan - Passamaquoddy, 

L e s  yoissons q u l  f r equea t en t  les zones i n t e r d i d a l e  e t  pelagfque ont 
f a i t  I P o b j e t  de ka plus grande a t t e n t i o n  dans l a  p a r t i e  i n t e r i e u r e  de l a  
bale. Des etledes i n t e r t i d a l e s  on$ examine IPabondanr3e et les r e l a t i o n s  
a l i m e n t a i r e s  du poulamon a t l a n t t q u e ,  de l a  capuce t t e ,  de  I 8 c p e r l a n ,  de Pa 
p % i e  l i s s e  et de l a  p l i e  rouge, Parmi les etudes su r  l e  poisson pelagique 
mentionnons ua reeensement des especes et. de l e u r s  p a r a s i t e s  dans  l e  bas s in  
de Cumberland a i n s i  quBune  eva lua t ion  de l%abondance e t  de  l P o r i g i n e  des 
aZases dans ces r eg ions ,  L ' e t i que t age  e t  des e tudes  de d i f f e r e n c i a t i o n  des  
popula t ions  (morphornecique, t r a i t s  mer i s t i ques ,  p a r a s i t e s )  ind iquent  q\nPun 
grand nembre des  a l a s e s  canadiennes p re sen t e s  dans la partie i n t e r i e u r e  de 
l a  b a t e  de Fundy pendant l ' e t e  viennenc du sud ,  puisque c e t t e  ba i e  est l e  
te rmi  us s e p t e n t r i o n a l  dc Beur pareours  m i g r a t o i r e  c o t t e r ,  Les e tudes  a 
long  ferme du hareng de LBAtLantfque qui se pourauivent  indiquerit  que Zes 
p a r t i e s  inter leures  de l a  ba t e  sont  impor tan tes  pour Zes l a r v e s  e t  l e s  
jeunes ,  On t rouve  de p lus  s c e t  end ro i t  be grands nombres de jeunes et 
a d u l t e s  a i n s e s  e t  g a s p a r e a m  et Lsuee l a  region sernble importante  cornme 



a i r e  de c r o i s s a n c e  e t  d ' a l i m e n t a t i o n  pour l e s  p o i s s o n s  p lanc tophages .  Des 
r e c h e r c h e s  s u r  l e  homard i n c l u a n t  un programme d 1 4 t i q u e t a g e ,  o n t  e't4 men4es 
dans  l a  r d g i o n  d'Alma e t  on a  c o n s t a t 6  que l e s  g r o s  homards s e  d g p l a ~ a i e n t  
s u r  d e s  d i s t a n c e s  c o n s i d k r a b l e s .  

En r4ponse 2 l a  c o n s t r u c t i o n  d g u n e  u s i n e  m a r c h o t r i c e  s u r  l a  r i v i e ' r e  
Annapol is  on a  d v a l u d  l e e  s t r u c t u r e s  p e r m e t t a n t  l e  passage d e s  p o i s s o n s  e t  
les taux  de m o r t a l i t 4  prdvus  pendant l ' e x p l o i t a t i o n  de  l a  t u r b i n e  STRAFLO. 
D ' a u t r e s  4 t u d e s  s o n t  e n  c o u r s  concernan t  l g 4 c o l o g i e  d e s  p o i s s o n s  au  s t a d e  
l a r v a i r e ,  l a  p o p u l a t i o n  l o c a l e  de b a r s  dqAm4rique a i n s i  que l a  t a i l l e  e t  l a  
s t r u c t u r e  de l a  p o p u l a t i o n  d ' a l o s e s  q u i  f r a y e e  La p o p u l a t i o n  d ' a l o s e s  
canad iennes  e s t  impor tan te  e t  p r d s e n t e  d e s  c a r a c t 6 r i s t i q u e s  d i n s t i n c t e s  q u i  
e n  f o n t  un i n s t r u m e n t  s e n s i b l e  pour lve fva lua  t i o n  d e s  t a u x  de  m o r t a l i t k  
a t t r i b u a b l e s  $ l a  t u r b i n e .  Parmi l e s  d t u d e s  e f f e c t u k e s  dans  l v e s t u a r i e  d e  
l a  Saint-Sean mentionnons d e s  t r a v a u x  p o r t a n t  s u r  l e  gaspareau ,  l ' e s t u r g e o n  
e t  l e  b a r  d 'Amdrique.  

Dans l a  p a r t i e  e x t k r i e u r e  de l a  b a i e  de Fundy l e s  4 t u d e s  e n g l o b e n t  
d e s  ddnombrements d e s  p o i s s o n s  b e n t h i q u e s ,  La comparaison de  l a  b i o l o g i e  de  
l a  mer luche-gcureu i l  e t  de l a  merluche Rlanche,  d e s  r e c h e r c h e s  biodrier- 
g 4 t i q u e s  s u r  la  morue a i n s i  que d ' i m p o r t a n t s  programmes d ' e ' t ique tage  de 
homards. La b i o l o g l e  du marsouin a  f a i r  l ' o b j e t  d ' g t u d e s  i m p o r t a n t e s  e t  
d e s  t r a v a u x  re 'cents s u r  l e s  mammifsres mar ins  i n d i q u e n t  que de  g r a n d s  nom- 
b r e s  de c 4 t a c k s  p a s s e n t  l P 6 t 4  dans  l a  p a r t i e  ex te f r i eu re  de l a  b a i e  de  
Fundy . 

Les p g c h e r i e s  dans  l a  p a r t i e  i n t g r i e u r e  de l a  b a i e  de  Fundy s o n t  
d e p u i s  t o u j o u r s  l o c a l i s k e s  e t  f o u r n i s s e n t  d e s  c a p t u r e s  mod4r4es. Les 
pgches majeures  s o n t  c e l l e s  d e s  e s p s c e s  anadromes (saumon, a l o s e ,  gaspareau  
e t  b a r  dVAm&rique) a l n s i  que d e s  mol lusques  ek c r u s t a c 4 s  (homards, a y e s ) .  
On y  prend ggalement de l a  morue, du fle?tan, du f l e t  e t  du maquereau, mais 
l e u  c a p t u r e s  de e e s  e s p s c e s  s o n t  f a i b l e s .  II s e  p r a t i q u e  une pgche $ l a  
senne c o u l i s s a n t e  dans  l a  b a i e  S c o t s .  La pd'che dans  l a  p a r t i e  e x t g r i e u r e  
de  l a  b a l e  de Fundy donne d e s  rendements k l e v 6 s  e t  e l l e  e s t  b a d e  s u r  l e  
po i s son  de fond (morue, l i e u ,  a i g l e f i n  e t  ELets) ,  l e  p o i s s o n  pg lag ique  
(ha reng)  a i n s i  que l e s  mol lusques  e t  crus tacefs  (homards e t  c o q u i l l e s  
Sa in t - Jacques )  . 

I N T R O D U C T I O N  

S i n c e  e a r l i e s t  t imes  the  f i s h  of the  Bay of Fundy have been a  prim- 
a r y  c o n s i d e r a t f o n  f o r  t h e  people  i n h a b i t i n g  i t s  s h o r e l i n e  ( P e r l e y  1852, 
Bonnichsen and Sanger 1977,  S c a r r a t t  1977) .  Although the  f i s h e r i e s  ex- 
p l o i t e d  and t h e i r  economic v a l u e s  have changed o v e r  t ime i n  response  t o  
a v a i l a b i l i t y  and market  demand, t h e i r  development and wel l -being have al-  
ways been c r t t f c a l l y  impor tan t  ( P e r l e y  1852,  P r i n c e  1912 ,  Caddy and 
Chandler  1 9 7 6 ) -  Consequent ly ,  any a l t e r n a t i o n  t o  t h e  Bay of Fundy h a b i t a t  
which cou ld  e f f e c t  f i s h e r i e s  should  be thorough ly  reviewed b e f o r e  implemen- 
t a t i o n .  



The Fundy T i d a l  Power and t h e  Environment Workshop i n  1976 was t h e  
s t i m u l u s  f o r  examining t h e  s t a t e  of knowledge concerning f i s h  and f i s h e r i e s  
i n  t h e  Bay ( S c a r r a t t  1977) -  It was t h e  g e n e r a l  consensus  t h a t  a l t h o u g h  t h e  
l a r g e  and p r e s e n t l y  v a l u a b l e  commercial f i s h e r i e s  a t  t h e  mouth o f  t h e  Bay 
were i n  g e n e r a l  w e l l  known, e x i s t i r l g  knowledge diminished s t e a d i l y  a s  one 
proceeded i n t o  t h e  Bay (Daborn and Bleakney 1977) ,  It was thought  t h a t  t h e  
i n n e r  p o r t i o n s  of t h e  Bay of Fundy might s e r v e  a s  a  n u r s e r y  area and a re-  
commendation t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  was made, A s  w i l l  be seen i n  
t h i s  review,  much of t h e  r e s e a r c h  which fol lowed was des igned  t o  answer 
t h i s  q u e s t i o n .  Others  thought t h e  supposed low p r o d u c t i v i t y  of t h e  i n n e r  
Bay would l i m i t  i t s  use as a  n u r s e r y  and was t h e  reason  t h e r e  seemed t o  be 
no commercia l ly  s i g n i f i c a n t  f i s h e r i e s  i n  t h e  r e g i o n  (Anon 1977).  T h i s  
l a t t e r  o p i n i o n  now a p p e a r s  i n c o r r e c t  on b o t h  a c c o u n t s  (Daborn 1984; 
Dadswell e t  a l .  1983).  

Fundy t i d a l  power and i t s  e f f e c t s  on f i s h e r i e s  have been reviewed 
i n  t h e  p a s t  ( K e r s w i l l  1960, Mar t in  1960, R i l e y  1970) ,  e s p e c i a l l y  w i t h  
r e s p e c t  t o  i n t e r n a t i o n a l  development of the  Quoddy r e g i o n .  The o p i n i o n  o f  
t h e s e  a u t h o r s  r e p r e s e n t s  f i s h e r i e s  i n  jeopardy from development i n  t h e  
lower Bay of Fundy. 

The Upper Bay of Fundy 

A s  a  r e g i o n ,  t h e  upper Bay of Fundy ( F i g ,  1 )  has  r e c e i v e d  l e s s  re -  
s e a r c h  a t t e n t i o n  than most of t h e  remainder of A t l a n t i c  Canada. E a r l y  work 
on f i s h e s  was conf ined  t o  a  summer survey  on f i s h e r i e s  i n  1550 by P e r l e y  
(1852) ,  i n v e s t i g a t i o n s  on American shad between 1919 and 1923 (Leim 1 9 2 4 ) ,  
A t l a n t i c  salmon i n v e s t i g a t i o n s  (White 1936, Huntsman 1958, J e s s o p  1976a) 
and d e s c r i p t i v e  c o m p l i a t i o n s  (Leim 19311, Much of t h e  e a r l y  work by A.  H.  
Leim remained unpubl i shed  u n t i l  now o r  appeased i n  cheek l i s t s  ( B o u s f i e l d  
and Leim 1958) and among f f s h  s p e c i e s  accounts  i n  l a r g e r  works (Leim and 
S c o t t  1966) ,  Consequent ly ,  when S c a r r a t t  (1977) reviewed t h e  f i s h  and 
f f s k e r i e s  of t h e  Bay of Fundy f o r  t h e  f i r s t  t i d a l  power workshop i n  1976,  
l i t t l e  i n f o r m a t i o n  was a v a i l a b l e  t o  d e s c r l b e  t h i s  r e g i o n .  A f t e r  1976 f i e l d  
s t u d i e s  became i n t e n s i v e  and c o n s i d e r a b l e  i n f o r m a t i o n  has  now been accummu- 
l a t e d  . 

T i d a l  f l a t  f i s h e s  

To d a t e ,  f o r t y - t h r e e  f i s h  s p e c i e s ,  which can be c o n s i d e r e d  r e g u l a r  
r e s i d e n t s  o f  t h e  r e g i o n ,  have been recorded  from s u r v e y s  o f  t h e  t i d a l  f l a t s  
(Table  1 ) -  I n c i d e n c e  and abundance of f i s h e s  observed I n  w e i r s  o r  t r a p s  i n  
t h e  i n t e r t i d a l  zone d u r i n g  1920-1922 by Leim were v i r t u a l l y  i d e n t i c a l  t o  
o b s e r v a t i o n s  d u r i n g  1980-1983 by SaLinas ,  S c u l l y  and Dadswell .  Bleakney 
and M c A l l i s t e r  (1973) observed some a d d i t i o n a l  b e n t h i c  s p e c i e s  s t r a n d e d  
d u r i n g  extreme low t i d e s .  F i s h  u t % l l . z i n g  t h e  t i d e  f l a t s  r e p r e s e n t  two 
groups :  t h o s e  which remain a long  t h e  l i t t o r a l  f r i n g e  a t  low wate r  and can  
be c a p t u r e d  by hand s e i n e ,  and those  whfch occur  o v e r  t h e  t i d e  f l a t s  o n l y  
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Fig. 1. The Bay of Fundy showing localities mentioned in the text and 
dividing lines for the regional discussion sf its fish fauna. 
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a t  h igh  t i d e  and a r e  c a p t u r e d  by g i l l n e t s  o r  w e i r s .  The former grouping 
c o n s i s t s  of j u v e n i l e s  and a d u l t s  of s m a l l e r  f o r a g e  s p e c i e s  and j u v e n i l e s  o f  
l a r g e  s p e c i e s ;  the  l a t t e r ,  J u v e n i l e s  and a d u l t s  of l a r g e  commercial 
s p e c i e s .  

Se ine  su rveys  were conducted i n  Cobequid Ray by Leim d u r i n g  August 
1921,  a t  K i n g s p o r t ,  Minas Basin d u r i n g  1478 and 1979 ( f m r i e  and Daborn 
1981, Gilmurray and Daborn 1981) ,  a t  Pecks Cove, Cumberland Basin  d u r i n g  
1979 ( S a l i n a s  198E),  and a t  15 s i t e s  i n  t h e  upper Bay ( F i g .  2 )  between J u n e  
and September 1978 by Dadswell ,  S i t e s  i n  the  i n n e r  p o r t i o n s  of Minas Rasin  
and Chignecto  Bay were c h a r a c t e r i z l e d  by mud s u b s t r a t e ,  s a l i n i t i e s  l e s s  
t h a n  30°/,,  and t u r b i d  wa te r  ( S a l i n a s  1981, Imr ie  and Daborn 1981) ,  
seaward s i t e s  had sandy-mud t o  g r a v e l  s u b s t r a t e ,  s a l i n i t i e s  i n  e x c e s s  o f  
3 0 ° / 0 ,  and c l e a r  w a t e r ,  F i f t e e n  f i s h  s p e c i e s  were c a p t u r e d  r e g u l a r l y  
( T a b l e  2 ) .  During summer two f i s h  assemblages  e x i s t e d :  a n  e s t u a r i n e -  
mudf la t  group of j u v e n i l e  and a d u l t  tomcod, s m e l t ,  s i l v e r s i d e s  and smooth 
f l o u n d e r  i n  t h e  i n n e r  p o r t i o n s  of t h e  r e g i o n  ( I m r i e  and Daborn 1981, 
S a l i n a s  1981) ,  and a  seaward,  oceanic-sand beach group of j u v e n i l e  h e r r i n g ,  
whf te  hake and w i n t e r  f l o u n d e r  and a d u l t  and J u v e n i l e  t h r e e - s p i n e  s t i c k l e -  
backs ( F i g .  3 )  (Tab le  31, Most s i t e s  I n  t h e  i n n e r  r e g i o n s  were n u m e r i c a l l y  
dominated by tomcod (Table  2 )  ( S a l i n a s  L981), R i n g s p o r t ,  Minas Basin  
a p p e a r s  t o  be a  t r a n s i t i o n  l o c a l i t y  where Larger  numbers of s m e l t  and 
s i l v e r s i d e s  were found than a t  o t h e r  i n n e r  o r  o u t e r  s i t e s  ( I rnr ie  and Dahorn 
1981, Gilmurray and Daborn l 9 8 f ) -  

Because of t h e  r e g i o n ' s  l a r g e  t i d e s  f ishermen have long  favored  
i n t e r t i d a l  w e i r s  f o r  c a p t u r i n g  c o m e r c i a l  s p e c i e s  ( P e r l e y  1852, P r i n c e  
1912) .  These w e i r s  a r e  t y p i c a l l y  made of b rush  and a r e  v a r i o u s l y  V-shaped 
w i t h  t h e  open end f a c i n g  t h e  s h o r e ,  The wings of t h e  we i r  may be up t o  
300 m i n  l e n g t h .  I n  most such weirs t h e  t r a p  d r i e s  a t  low wate r  and t h e  
f i shermen  d r i v e  a v e h i c l e  a c r o s s  the  tPde f l a t  t o  c o l l e c t  t h e  f i s h .  I n  the 
p a s t  t h e r e  were a  l a r g e  number of t h e s e  w e i r s  ( P e r l e y  18521, Because of  
d e c l i n i n g  c a t c h e s  and l i m i t e d  e n t r y  kicenelng p o l i c i e s  t h e  number of w e i r s  
i s  now much reduced.  During I982 none were b u i l t  I n  Chignecto  Bay and o n l y  
seven i n  Minas Basin;  f o u r  a t  E~owomy P o i n t ,  two a t  F i v e  I s l a n d s  and one at 
Walton ( F i g ,  I ) ,  

During August 6920 and I922 a weFr i n  S c o t s  Ray w a s  v i s i t e d  on e a c h  
low t i d e .  T h i s  procedure  was r e p e a t e d  f o r  a weir  a t  Bass R i v e r ,  Cobequid 
Bay d u r i n g  August 1921 and f o r  one a t  Apple River  i n  1931. Between J u n e  
and August 1982 a  we i r  a t  F ive  I s l a n d s  was v i s i t e d  i n t e r m i t t e n t l y  and 
r e c o r d s  of t h e  c a t c h l t i d e  of shad were k e p t  f u r  a n o t h e r  weir  a t  Economy 
P o i n t .  Between May and August ,  1983 a  we i r  a t  Economy P o i n t  was v i s i t e d  
d u r i n g  e v e r y  low t i d e  and one a t  F ive  I s l a n d s  i n t e r m i t t e n t l y ,  Ca tches  o f  
commercial s p e c i e s  c o n s i s t e d  of shad,  h e r r i n g ,  mackere l ,  a l e w i f e s ,  A t l a n t i c  
s t u r g e o n ,  whi te  hake and f l o u n d e r s  (Tab le  4 3 ,  We were informed t h a t  s f g n i -  
f i c a n t  c a t c h e s  of cod occur  d u r i n g  c o l d  wa te r  p e r i o d s  (May and November), 
and some h a l i b u t  were c a p t u r e d  a t  FPve I s l a n d s  (Dadswell  p e r s .  ob. ) .  Dur- 
i n g  bo th  1920-22 and 1982-83 few s t r i p e d  b a s s  were c a p t u r e d  ( f o u r  observed  
1982) b u t  i n  some y e a r s  c a t c h e s  have been s t g n i f i c a n t  (Caddy and Chandler  
1976) .  F i s h  c a t c h e s  i n  t h e  S c o t s  Bay wei r  d u r i n g  August and e a r l y  
September 1922 c o n s i s t e d  of l a r g e  j u v e n i l e s  and a d u l t s  of t h e  s p e c i e s  re- 



Fig. 2. Seining sites occupied in the upper Bay of Fundy during 1978 and 
their associated fish assemblages* Isohalines are after Bousfield 
and Liem (1958) and Dadswell (unpub. data). 
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Mlcrogsdus tomcod Clupes harengus 

40 [ o +  
d Adults -------I 
1 + 2 + 3 + 

. . ,: ycis tenus . .  . .. . . . .  . .  . . . . .. . . ... , . . .  .. . .  . .. . . . .. . . . . .  .. . . . . .. . . .. . ... . ... ., . . ... .. ., .. .. . .  . . .. .. .. . . .  .. . .. .. . . . .  .. .. . . . .. . . . .. .. , . . . . . . . .. . ... . .. . .  .. .. . .  . ,  . . . .  . ,  . . . . . . . . . . . . . . . . . . . . .  . . . .  . ,  

Pseudopleuronectes 
americanus 

20 
t-- Adults + 

0 
$0 120 160 200 20 60 100 140 

Length (mm) 

Fig. 3. Size distribution of fishes captured by seine in 0-1 m depths at 
low tide during June to September, 1978. 



TABLE 3, Totals and percent representation of the most abundant fishes captured 
at 15 seining sites i n  the upper Ray of Pundy during June to september 
1978, Estuarine-mudflat sites were characterized by salinities of 
25-3O0/,, (~ig, 2), 

Estuarine 
- Oceanic Total 

Species Site 3-7, 9-13 Sites 1, 2 ,  8, 14, 15 captured 

Mieragadus tomeod -- 
Osrnerus mordax 
Liopsetta putnami 
Menidia rnenldia 

Clupea harengus 3 (25%) 12  (75%) 15 
Uraphycis tenuis 6 (7%) 84 (93%) 90 
Gasterosreus aculeatus 10 (14%) 63 (86%) 7 3 
Pseudspleuronectes merecanus 5 (15%) 29 (85%) 3 4 

- 
1488~ ( ( 9 6 % )  

' Total fish captured of all species 1545. 



TABLE 4 .  Weir ca t ch  by week during August 1921 and 1922 a t  Bass River  and Sco t s  
Bay, Minas Basin (Leim, unpub. d a t a ) .  The same spec i e s  were observed 
a t  a weir a t  Five I s l a n d s  dur ing  1982 and 1983. 

Bass River ,  1921; Dates Scots  Bay, 1922; Dates  

Squalus  a c a n t h i a s  

Raja e r i n a c e a  - 2 

Raja  l a e v i s  - 
Acipenser oxyrynchus 

Alosa pseudoharengus 2 

A, a e s t i v a l i s  - 
A .  sap id iss ima - 
Clupea harengus 

Salmo s a l a r  -- 
Osmerus mordax 

Scomber scombrus 

P e p r i l u s  t r i a c a n t h u s  - 
Morone s a x a t i l i s  

Gadus morhua - 

Microgadus tomcod 2 1 

Merluccius b i l i n e a r i s  2 

Urophycfs t e n u f s  106 

Po l l ach ius  v f r e n s  

L i o p s e t t a  putnami 

Pseudopleuronectes  americanus 1 

Scophthalmus aquosus 

Hemipterus americanus - 
Lophius americanus -- 

Estimated from c a r t  loads .  
Many r i p e  specimens, ready t o  spawn. 
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Scots Bay Weir Catches August, 1922  

Alosa sapldisslma Clupea harengus 

/ h 
I I 1 

- Alosa 

20 - Urophycis tenuls pseudoherengus 

-- 
m" 160 
o Scomber scombrus 

0 

I0 Microgadus 

Scophthalmus aquosus Pseudopleuronec tes 
americanus 

10 

0 - 1 
10 20 30 40 5 0 1 0  20 30 40 50 

Length (cm) 

Fig. 4. Size distribution of fishes c a p t u r e d  in a Scots Bay weir during 
August 1922. 



Weir Catches 1922  
American Shad 

Alosa sapidissima 
60 n 

Scomber scombrws 

450 

Merlwcclus bJllnearls 
Silver Hake 

100 

50 

0 T - 7 - - 1 - -  1 T I- 
10 15 20 25 1 5 

August 

Fig. 5. Catches of commercial fishes on day tides (8 am - 8 om low water) 
and night tides (8 pm - 8 am low water) in a Scots Bay weir durlng 
August 1922. 



Fig.  

Weirs 1982 

June I July 

Shad catch/day du r ing  1982 f o r  two weirs a t  Economy P o i n t ,  
Cobequid Bay i n  r e l a t i o n  t o  d a i l y  t i d e  he lgh t  and t i m e  of low 
water .  



May I June 1 July 1 ~ u g .  1 Sept. 1 0 c t .  

Fig .  7. Abundance of tomcod, e x p r e s s e d  as a percent of t h e  t o t a l  summers 
c a t c h ,  c a p t u r e d  i n  a f y k e n e t  on t h e  Pecks Cove t i d e  f l a t  d u r i n g  
day (8 a m  - 8 pm h i g h  w a t e r )  and n i g h t  (8 pm - 8 a m  h igh  w a t e r )  
t i d e s .  



Liopse tta 
Smooth Flounder 

Night 

May 1 June ~ u g .  I ~ e p t .  I ~ c t .  

P i g ,  8, Abundance of smooth f l o u n d e r ,  e x p r e s s e d  as a percent of t h e  t o t a l  
summers c a t c h ,  c a p t u r e d  in a Zykenet on t h e  Pqcks Cove t i d e  flat 
dur ing  day (8 am - 8 pm h igh  w a t e r )  and n i g h t  (8 gm - 8 a m  h i g h  
water) tides. 



TABLE 5 ,  Fish catch per 5-min beach sePne haul  a t  Pecks Cove, Ct~mberland 
Basin. Hauls were in 0-1 m in depths  a long the  l i t t o r a l  f r i n g e  
between 1 hr before and 1 hr after low tide, 

Date 1979 

Species 
March May Jane J u l y  July Aug Aug Sept 
2 2 31 18 10 3 1 15 30 il. 

Alosa pseudokarengus 
Clupea harengus 
Osmerus mordax 
Menidia menidia 

Liopsetta putnami 
Pseudopleuronectes americanus -- 
Nemltripterus americanus 
Gasterosteus aculeatus 



0 a, 
m u @  
\ z J %  
c a r d  
u c  rn 



F i g .  9. Stations sampled by "Yankee-35" trawl in the upper Ray of Fundy 
during 1979. Numbers in brackets are the "Prince" stations 
occupied for bottom trawl by Leim in 1922 (Bousfield and Liem 
1958). 



222,800 u t i l i z e d  t h e  t i d e  f l a t  d u r i n g  h igh  t i d e  (Tab le  7 ) -  A p o p u l a t i o n  of 
2 t h i s  s i z e  r e p r e s e n t e d  a  s t a n d i n g  c r o p  of approx imate ly  0 , 2  tomeod/m , o r  

f o r  t h e  average  weight  of tomcod sampled i n  t h i s  s t u d y  of 2 1 - 8  g ,  a tvrneod 
2 biomass o f  4 , 4  glm . 

Food: The amphipod, Corophium v o l u t a t o r ,  c o n s t i t u t e d  98-82% on a  
d r y  weight  b a s i s  of t h e  food of tomcod u t i l i z a t i n g  t i d e  f l a t s  i n  Cumberland 
Rasfn d u r i n g  summer ( S a l i n a s  1 9 8 1 ) -  During f a l l ,  w i n t e r  and s p r i n g  poly- 
c h a e t e s  and o t h e r  ben thos  accounted f o r  up t o  70% by d r y  weight of t h e  
stomach e o n t e n t s  (SaLinas  1981). C r u s t a c e a n s ,  p a r t i c u l a r l y  amphipods, are  
t y p i c a l l y  found a s  t h e  major prey I n  o t h e r  torncod populathons  s t u d i e d  (Cox 
1933, Grabe 1978) .  

Tomcod f e e d i n g  on C o r o y h i m  appear  t o  s e l e c t  f o r  t h e  l a r g e  amphi- 
pods ( P i g .  10)  but  s e l e c t i o n  may be c o n t r o l l e d  more by a v a i l a b i l i t y  (more 
l a r g e  Corophium swi~nming i n  wa te r  colutnn) than  by p r e f e r e n c e ,  The mouth  
gape t o  l e n g t h  r e l a t i o n s h i p  f o r  tomcod s u g g e s t s  t h a t  even CJr torncod (50 m) 
would have l i t t l e  problem f e e d i n g  on a l l  s i z e s  of -- Corophlun CFPg, I k ) ,  

Between May and December 1999,  weight  o f  g u t  c o n t e n t s  w a s  3-3% of 
body weigh t ,  of  which 30-90% by weight  was Corophium ( S a l i n a s  1981), ThLs 
r e p r e s e n t s  35-1 50 Corophbum/ - tomeod 81 U s f  ng e s t i m a t e d  torncod poptal a t  i o n  
s i z e s  and t h e  mean rlumber of Corophium found i n  s"r-smachs durhng 2-wk 
p e r f o d s ,  i t  was c a l c u l a t e d  t h a t  1.72 x 1 0  Corophitrm o r  2 -86 g d r y  wk m- 
were removed from t h e  Pecks Cove t i d e  f l a t  between May and October,  1979 
(Tab le  8), The c a l c u l a t e d  removal by tomcod r e p r e s e n t e d  0 ,22 of t h e  e a t i -  
mated Corophium produc t ion  between Play and September 1979 ( R i c k l t n  e t  aL, 
1988, L f n k l e t t e r  p e r s .  comm,), Unless  p o p u l a t i o n  s i z e  was u n d e r e s t i m a t e d ,  
tomeod a p p a r e n t l y  consume o n l y  a  mfnor p o r t i o n  of t h e  a n n u a l  Peeks Cove 
Corophium produc t i o n ,  

S a b t n a s  (19813 found t h a t  tomcod feeding i n t e n s i t y  was r e l a t e d  t o  
season  and tide phase. G r e a t e s t  food consumption o c c u r r e d  I n  sumlner, l e a s t  
i n  w f n t e r ,  Stomach f u l l n e s s  was g r e a t e s t  d u r i n g  mid- t ide  f a i l i n g  whbch 
s u g g e s t s  p r e d a t i o n  s u c c e s s  was g r e a t e s t  when t u r b i d i t y  dec l%ned  (Salfnas 
1981, Gifmurray and Baborn b981),  A s s f m i l a t i o n  e f f i c i e n c y  of tomcod was 
approx imate ly  98% a t  10°C and 18°C but  a s s i m i l a t i o n  r a t e  w a s  greatest  aP 
h l g h e r  t empera tu res  ( S a l i n a s  2981),  

E a r l y  l i f e  h f s t o r y s  I n  t h e  Bay of  Pundy r e g i o n  turncod spawn Pn 
f r e s h w a t e r  s t r e a m s  d u r l n g  w i n t e r  (Leim and S c o t t  1 9 4 6 ) ,  Eggs are a d h e s i v e  
and remaln a t t a c h e d  t o  t h e  s u b s t r a t e  u n t i l  t h e  l a r v a e  h a t c h  i n  early s p r i n g  
(March-April) ( P e t e r s o n  e t  a l .  1980)- The l a r v a e  d r i f t  downstream to t h e  
ocean where they remain d r i f t i n g  as p a r t  o f  "ie zooplanktorr for the f i r s t  
2-3 mo of t h e i r  l i f e .  Hatching s i z e  i n  t h e  Bay of Puady i s  6-8 mm 
( P e t e r s o n  e t  a l e  1980) and growth 1s slow f o r  the  f l r s t  2 mo, the  larvae 
a t t a i n i n g  o n l y  12-16 m ( F i g ,  1 2 1 ,  During .June growth a c e e k e r a t e s  anad by 
l a t e  J u l y  when j u v e n i l e  tomcod (O+) f i r s t  appear  i n  t h e  i n t e r t i d a l  zone i n  
Cumberland Basin t h e y  average  50-60 m i n  l e n g t h  ( P i g ,  1 3 ) .  The weight-  
l e n g t h  r e l a t i o n s h i p  f o r  S a i n t  John River  Larva l  tomeod is d e s c r i b e d  b y  LogW 
= 1.22 (LogL)-5.25 where W = welght i n  g ,  L - l e n g t h  i n  m ( P i g *  141 ,  



TABLE 7. Tabulat ion of marked Microgadus tomcod from bi-weekly c o l l e c t i o n s  i n  
i t h  sample, recaptured  i n  t h e  h t h  sample, Peck 's  Cove, May - October,  
1979 and r e s u l t i n g  Seber-Joly popula t ion  e s t ima te s .  

Cycle i 1 2 3 4 5 6 7 8 9 T o t a l s  
n 
i 

545 447 1068 450 276 341 954 601 1540 298% 9203 

Iii 
445 356 1038 406 248 237 895 552 97 0 4274 

% r ecap tu re s  1.3 0.6 2,6 4.0 3.5 0.9 3 , 2  3,0 0,9 

Tota l  S tandard  
Propor t ion  To ta l  number s u r v i v a l  E r ro r  

Cycle marked marked (N) p r o b a b i l i t y  Immigration of (N) 

' Mean popula t ion  e s t ima te  121,888 % 39,321 



20 Benthic Sampies 
Aug. 9, 1978 

Q 
w 

% Tomcod Samples 
k! 
a 
s Juiy 2 7 ,  1978 
g 20 
U, 

10 

8 

Fig. 10. Size distribution of in benthic samples and in tomcod 
stomachs from Peeks Cove, 1978, 



Total Length [mm) 

Fig. 11. Mouth gape of tomcod in relation to total length. 
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Growth of Torneod 
Bay of Fundy 

SaintJohn R. 4 9 7 5  (Dadswell) I 

o Schubenacadie R. 1922  I 

(Leim unpub. data) 

o Cumberland Basin 1 9 7 9  
I 

A Passamaquoddy Bay 1 9 2 0  t 

(Cox 1932)  

0 
April 1 May I June July I August 

I 1 I I I I I I I 

15 30 45 60 75 90 105 120 135 

Days from Hatching 

Fig. 12. Averaged growth rate during the first year of life of Microgadus 
tomcod from various localities in the Bay of Fundy. 
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Fig.  13.  Length-frequency d i s t r f b u t i o n  of torneod on Pecks Cove i n t e r t i d a l  
zone and j u s t  o f f s h o r e ,  May-August 1979, caught be beach s e i n e  
(1-cm mesh) and o t t e r  t r awl  (3-em mesh), 





Age, growth and m o r t a l i t y :  Tomcod a r e  s h o r t l i v e d .  Few c a p t u r e d  i n  
Cumberland o r  Minas Basin  exceeded 4 y r  of age ( F i g ,  151,  Growth i s  r a p i d  
d u r i n g  t h e  f f r s t  two summers b u t  slows on a t t a i n m e n t  of maturity (age  14-9, 
The approximate  von B e r t a l a n f f y  growth curve  f o r  tomcod from Cumberland 
Basin  i s  Lt = 280 (1-e-O* 3 0 3  ( tCOe ")) where Lt = l e n g t h  i n  cm 
( F i g ,  1 6 ) .  Mean s i z e  of immature 1-t- f i s h  approaches  t h a t  of mature  2+ 
tomcod d u r i n g  t h e  f o m e r "  second summer and t h e  m a j o r i t y  s f  tomcod do n o t  
s u r v i v e  a f t e r  age 2+ o r  second s p a m i n g  ( F i g ,  159,  The average weight- 
l e n g t h  r e l a t f o n s h i p  f o r  tomcod from Cumberland Bas in  i s  LogW = 2,96(EogL) 
-4.05, where LogW i s  weight  i n  g  and LogE i s  l e n g t h  i n  mm ( F i g ,  1 7 ) ,  

The p e r c e n t  of v a r i o u s  age-c lass  abundances from cumula t ive  s e i n e  
h a u l s  i n  Cumberland Basin  and Cobequid Bay i n d i c a t e  m o r t a l i t y  o f  0+2+ 
tomcod is  h igh  (F ig .  181,  C a l c u l a t e d  i n s t a n t a n e o u s  t o t a l  m o r t a l i t y  ( Z )  f o r  
Cumberland and Cobequid s e i n e  c o l l e c t i o n s  and S c o t s  Bay wei r  c o l l e c t t o n s  
a r e  1 .87,2 ,13 and 0 ,68 ,  r e s p e c t i v e l y  ( F i g ,  199,  We s u s p e c t  o l d e r  tomcod 
a r e  l e s s  abundant i n  t h e  i n n e r  p o r t i o n s  and young tomcod a r e  n o t  w e l l  r e -  
p r e s e n t e d  seaward of t h e s e  embayment s d u r i n g  summer because of t empera tu re  
s e l e c t f o n .  T h i s  s p a t i a l  s e g r e g a t i o n  c r e a t e s  a  b i a s  f o r  est innated m o r t a l i -  
t i e s .  True Z f o r  t h e s e  p o p u l a t i o n s  i s  perhaps  i n  t h e  r a n g e ,  P,00-1-50, 

Movements: A f t e r  l e a v i n g  t h e  zooplankton,  tomcod become p a r t  sf 
t h e  f n t e z i d a l  zone o r  beach assemblage of f i s h e s  (Macdonald e t  ak. i n  
p r e s s ) *  Tomcod m i g r a t e  on to  t h e  t i d e  f l a t s  w i t h  t h e  r i s i n g  t i d e  and leave 
on t h e  f a l l i n g  t i d e  ( S a l i n a s  1981) ,  During summer, pe rhaps  i n  response tu 
i n c r e a s e d  t empera tu res  i n  t h e  s h o r e  zone,  l a r g e r  tomcod remain i n  deeper  
wa te r  o r  m i g r a t e  t o  more seaward i n t e r t i d a l  beaches  ( F i g s .  1 3 ,  20) (Tab le  
61 ,  then  r e t u r n  t o  t h e  e m b a p e n t s  i n  October ( F i g .  71,  

2 .  Smelt (Osmerus mordax) 
Smelt were the  second most abundant f i s h  c a p t u r e d  i n  s e i n e  h a u l s  i n  

t h e  upper Bay of Fundy (Tab le  3). Ninety-seven p e r c e n t  o f  smel t  taken 
d u r i n g  the  1999 s e i n e  su rvey  were from e s t u a r i n e  s l t e s ,  Smelt was a l s o  
abundant i n  the  p e l a g i c  zone of t h e  megat idab b a s i n s  and were f r e q u e n t l y  
c a p t u r e d  d u r i n g  t r a w l  sampling (Van Eeckhaute and Appy 1979) and d r t f t  
g i l l n e t  sampling ( s e e  p e l a g i c  s e c t i o n ) ,  

Food: I n  Minas Bas in ,  y e a r l i n g  smel t  (25-50 rn PL) fed predomi- - 
n e n t l y  on Eurytemora herdmani and p e l a g i c  eggs;  I-2-yr-old smel t  fed  mainly  
on sa l t  marsh i n s e c t s ,  mysids  and Corophfum ( I m r i e  and Daborn 1981) ,  

Age and growth: I n  Cumberland and Minas B a s i n s ,  y e a r l i n g  smelt ap- 
p- 

pear  i n  eke In te r tPdaL zone i n  % a t e  J u l y  a t  a  s i z e  of 20-38 m FL ( F i g ,  219 
( I m r i e  and Baborn 1986) -  One-year-old smel t  average  65-105 m PL and 2 
y r  o l d  smel t  may a t t a f n  150 mm, The l a r g e s t  smel t  c a p t u r e d  d u r i n g  the 1978  
s e i n i n g  survey was 188 m, S e i n i n g  and b e n t h i c  t r a w l  s u r v e y s  predominate ly  
c a p t u r e d  0+, 14- and 2+ smel t  (Van Eeckhaute and Appy 1979) ,  

The weight- length  r e l a t i o n s h i p  f o r  smel t  from t h e  upper Bay of 
Fundy based on 92 specimens c a p t u r e d  between June  and August was LogW = 
3.04 LogL - 1%,29  where W = weight  ( g ) ,  L = f o r k  l e n g t h  (mm), 
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F i g .  15, Length-frequency d i s t r i b u t i o n  by age of tomcod c a p t u r e d  i n  an  
i n t e r t i d a l  Eykenet (2,s-em mesh) d u r i n g  May-October 1 9 9 9 ,  
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Fig. 16. Von Bertalanffy growth relationship (length vs age) for tomeod in 
Cumberland Basin. 
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Fig. 17, Weight-length relationship for tomcod from Cumberland Basin. 
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Fig. 18. Age-class abundance from cumulative seine hauls during summer in 
Cumberland and Minas Basins, 1978 and 1921-22. 
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Fig, 19, Total rnortal%tj (Z )  and resultant annual survivorship (S) for 
tomeod sampled at two warnwater sites (Cumberland Basin and 
Csbequid Bay) and one coldwater site (Scots Bay), 



Microgadus tomcod 
roo P 

Fig. 2 0 ,  Numbers of tamcad capturedlseine h a u l  in Chignecto Bay during 
June to September 1978, Sites in a seaward progression are 
Beausejour ,  Wood P k , ,  Wood Ck., Allen's Ck., Pecks Pt. and Marys 
I?%. 



3 ,  Silversides (Menidfa menidia) -- 

Menidfa menidia is a common member sf the beach fish assemblage in -- --- 
the upper Bay o f  Pundy (Table 3 1 ,  T21e')s seem to be most abtandant at sites 
w i t h  harder substrate (sand, gravel), high sal%nit:ies and less turbid water 
(Table 21, Abundance of ---- Menidfa among beach catches tends to increase in 
late summer (GiQmurray and Dabsrn 1981) (Table 51, This is partially a 
response to $he add i t i on  of OZ! recruits to the popuLat~on, and partially 
because the water becomes less t u rb id  at t l ~ f s  time maktng the hab%%at more 
preferable to Menidfa, Gilrrrurray and Daborn (1981) postuf-ated -- Menidia was 
primarily a v i z i r t i c u l a t e  feeder because the gut fullness index rose 
rapidly during and after high t l d e  when turbidity was decreasing, Salfnas 
(1981) found Menidja w a s  always absent along the beach at n i g h t  except ---- 
during one sampling perlod when there was a full moon, 

Food and feeding: In CmberPand Basin Carophium comprised the -------- 
highest percerltage (43-93%) of food items in th; Menidia guts at all times 
of the year (Sakknas 1981),  Only Insects approached ---- Csrophium f n  fmpob-  
Lance and then only in IL4agust and Sptelnker (29-30%)- The eopepod 
Eurytemora herdmani was third in occurrence, --. -- 

Food ltems occurring in the guts of Menidia from Kinas Basin were -- 
similar but relative importance was different (Gilmurray and Daborn I98%), 
T%e copepod, Euryitemora herdmani, was the most cornon food item of 314. size ------ 
classes except those larger than POI m (40-100%) and at all times of the 
year except m i d - s ~ ~ m m e r ,  Unlike the situation in Cumberland Basin, where 
these appeared to be little selection of prey type  by s l z e  class of Menidia -- 
(Salinas 1981), small Menidia in Mnas Basin exhibkeed strong selection for 
planktonic or neustonic prey (Eurytemora, &rpacticsids, Crangon), Larger 
silversides ate food similar $0 those in @umber%and, mainly f l o a t i n g  or 
swimming large arthropods (Corophium, --- Pnsecta, Diastylis), 

Although prey  items were f a i r l y  sisail.ar, the feeding rnode appeared 
to be almost elcactly opposite at the two sites studied, Sal inas  (1981) 
found Menidfa were empty at low tide and had full guts at high tide (Fig, 
221, ~ i l r a ~ a r k a ~  and Daborn (1981) found -- Menidfa were least f u l l  at high 
tide and gut fullness increased during falling tide (Pig, 221, The results 
from Cumberland Basin may be p a r t i a . l l y  spurious since 41 of the 50 Menidia -- 
used for the low tide stowac'i~ ana.$.ysis were taken during a d a m  low tide 
and Salfnas (1981) contends Menidla do not feed at night, ---- 

Assirnilatl.on efficiency of Menidia was 7B,5% at I O 0 C  and 73,7X at --- 
17'C (Sa1.fna.s 19811, Evarsuation times varied from 34 I-rr at 5°C to 10 hr at 
18'C (Sabinas 1988), 

Age, growth and reproduction: Menidia in the Ray o f  Fundy have an -- ------- --- 
anillual life cycle ( L e l ~ ?  and Sco t t  1966) or survive for 2 yr (Jesssp 1933). 
Spamixrzg occurs i n  b y  and June on Cumberland BasLn (Salinas 1981) arid 
small juveniles (20 m) enter seine caches in August (Gilmurray and Uahorn 
19811, Growth is rapfd, Nost f i s h  in the pspu%atfsn each year are l - y r -  
olds but a few survive into their second year (Iwrie and Daborn %981),  h 
approximate Van &rtalanffy growth curve for these sflversides is Lk = 
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Fig* 21, Length-frequency of Urophycis tenuis and Osmerus mordax from 
Cumberland Basin 1979. Fish were captured with an otter trawl 
(opern bars) or a beach seine (shaded bars) (after Van Eeckhaute 
and Appy 1979). 
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Fig. 22. Fullness index in relation to tidal time and phase for Menidia 
menidia in Cumberland Basin (Pecks Cove) and Minas Basin 
(Kingsport) (after Salinas 1981, and Gilmurray and Daborn 1981). 



126 ( l - e O -  W9(t+O* 22 ) )  ( F i g .  23) .  The weight- length  r e l a t i o n s h i p  i s  
g i v e n  by S a l i n a s  (1981) a s  a  power f u n c t i o n ,  For September i t  i s  W = 41 x 
;r)-- 7 3, 27 where W = dry  body weight ( g )  and L = t o t a l  Length (mm), The 
weight- Length r e l a t l s n s h i p  f o r  s e i n e  c a p t u r e d  Menidia d ~ l r i n g  t h e  sumnier 
was I,ugW = 2.94  LogE - 11,711 where W = wet  weight ( g )  , L = f o r k  lrangtl?i 
(mm> * 

4 .  Smooth f l o u n d e r  ( L i o p s e t t a  putnami) 

Smuoth f l o u n d e r  a r e  an ubiqutkous  member of t h e  beach assemblage i n  
t h e  upper Bay of Fcndy hu t  never occur  i n  l a r g e  numbers (Table  2 ) -  Great-  
e s t  numbers, 94% of c a p t u r e s ,  were over  mud f l a t s ,  i n  warm, t u r b i d ,  low 
s a b f n i t y  wa te r  (Table  31, Th is  s p e c i e s  i s  uneomon o u t s i d e  of e s t u a r i n e s  
i n  e a s t e r n  Canada (&elm and S c o t t  1966) .  

Abundance: The Large fykene t  used t o  c a p t u r e  tomcod d u r i n g  t h e  
1974 p o p ~ l a t i o n % p e r i m e n t s  a t  Pecks Cove a l s o  c a p t u r e d  c o n s i d e r a b l e  num- 
b e r s  of smooth f l o u n d e r .  Catches  ranged from 50-300 d u r i n g  a  3 - t i d e  sam- 
p l i n g  c y c l e  (Table  9 ) .  Catches  were l a r g e s t  d u r i n g  s p r i n g ,  d e c l i n e d  d u r i n g  
summer and i n c r e a s e d  i n  t h e  f a l l  as 1+ j u v e n i l e s  began t o  be c a p t u r e d  by 
t h e  g e a r  ( F i g ,  241, During s p r l n g  and Late  summer l a r g e s t  c a t c h e s  of 
smooth f l o u n d e r  occur red  on n i g h t  t i d e s  but  t h e  p a t t e r n  was r e v e r s e d  i n  
mid-summer ( P i g .  8 ) .  The d i f f e r e n c e s ,  however, were b a r e l y  s i g n i f i c a n t  
( P  = 90%) and may a c t u a l l y  have been cat.sed by t i d e  phase ,  weather  o r  g e a r  
b i a s .  

Mark-recapture exper iments  a t  Pecks Cove d u r i n g  May t o  Oc tober ,  
1979 i n d i c a t e d  the  smooth f l o u n d e r  p o p u l a t i o n  was r e l a t i v e l y  s e n d e n t a r y  and 
i t  d e c l i n e d  from approximately 10,000 i n  s p r i n g  t o  1000 i n  f a l l  (Table  9 ) .  
The beach p o p u l a t i o n  c o n s i s t e d  of f o u r  year  c l a s s e s  (I+-44-1 and d e c l f n e  i n  
p o p ~ a l a t i o n  a p p e a r s  r e l a t e d  t o  a  s h a r p  d e c l i n e  i n  2-t- f i s h  ( F i g .  24) ,  
Wlze t h e r  d e c l l n e  was caused by e m i g r a t i o n  (which the  popula t f  on model sug- 
g e s t s )  o r  m o r t a l i t y  i s  impossible  t o  de te rmine .  S c u l l y  (1983) ,  u s i n g  a 
Schnabel  mark-recapture  exper imenta l  d e s i g n ,  found t h e  populae ion  of 0-I- 
j u v e n i l e  smooth f l o u n d e r  i n  a  m u d f l a t - s a l t  marsh t i d e  f l a t  d r a i n a g e  system 
i n  Minas Basin  was 1742 f 50%- 

Food: I m r i e  and Daborn (1981) r e p o r t e d  t h a t  0-i- smooth f l o u n d e r  
from K i n g s p o r t ,  Minas Basin fed  mainly  on h a r p a c t i c o i d  copepods and mysids.  
ScuEly (1983)  found OQ- f l o u n d e r  from a nearby s i t e  u t i l i z e d  Eurytemora i n  
s p r i n g  a f t e r  which Corophium and p o l y c k a e t e s  became t h e  most impor tan t  food 
I tems.  Smooth f l o u n d e r  ( I +  - 4+) from Pecks Cove, Cumberland Basin  preyed 
o n l y  on b e n t h s s  ( P i g ,  251, C o r o p h i m ,  polycl laetes ,  and Bydrobia were t h e  
most numerous i t e m s  found i n  t h e  g u t s  b u t  Macoma w a s  u s u a l l y  t h e  most 
impor tan t  by weight .  S a l i n a s  (1981) r e p v r t s  s i m i l a r  f i n d i n g s  from h i s  
s t u d y  of smooth f l o u n d e r  g u t s  f n  Cumberland Basin  ( t h e y  were L i o p s e t t a ,  n o t  
P a r a l i c h t h y s  as i n  h i s  t h e s i s ) .  Macoma averaged 37% of t h e  d i e t  of a l l  
v 

s i z e s  of f l o u n d e r  b u t  d e c l i n e d  from a  h i g h  of 81% i n  May when Macsma were 
abundant i n  t h e  ben thos  t o  44% i n  August when they were l e s s  so .  Poly- 
chae  t e s  were a l s o  impor tan t  r ang ing  from 12-65% o c c u r r e n c e ,  -- Corophium 
tended t o  be most impor tan t  fn  t h e  ddiet of f l o u n d e r  l e s s  than 165 m i n  
l e n g t h .  I n  g e n e r a l  mol luscs  dominated t h e  d i e t  b u t  a  l a r g e  p r o p o r t i o n  
(57%) of t h e  t o t a l  d r y  g a s t r f c  c o n t e n t s  was sediment, 



F i g .  23. Von BertaPanffy growth relationship for Menidia menidia from 
Minas Basin. 



TABLE 9. Tabulation of marked Liopsetta putnami from the biweekly collectio~~s 
in ith sample, captured in the hth sample, Pecks Cove, May - 
September, 1979 and the resulting Serber-Joly population estimates. 

C y c l e  I Totals 
n 
i 

265 292 276 155 9 4 5 6 6 3 8 7 9 2 1380 

m e r e  i = sample number, h = recapture sample number, n = number of captures in 
the ith sample, Ri = number of marked animals released in the ith sample, rh 
= number of recaptures in the hth sample, ,mi = number of marked animals caught 
in the ith sample. 

Total Standard 
Proportion Total number Survival Error 

Cycle marked marked ( M )  probability Immigration of (N) 
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Pig. 24. Length-frequency distribution by age-class of smooth flounder 
captured on the Pecks Cove mudflat between June and September 
1999 .  



Age, growth and m o r t a l i t y :  The m a j o r i t y  of smooth f l o u n d e r  
csccilrrin; oil t i d e  f l a t s  In  14inas Basin  were young of t h e  y e a r  (Tmrie and 
Dakorn 1981; SculLy 1983) .  In Cumberland Basin  the  major  age c l a s s e s  
c a p t u r e d  were a g e s  I t -3+  ( P i g ,  24) bu t  t h e s e  f i n d i n g s  cou ld  Re p a r t j a l l y  a n  
a r t i f a c t  of the  sampling g e a r  used ,  No f l o u n d e r  more than  4C i n  age was 
c a p t u r e d .  

S e u J l y  (1983) Pound the  growth r e l a t i o n s h i p  f o r  (3-1- smooth f l o u n d e r  
from Winas Basin  was it = 112.5 ( l - e - 0 0 B ( t * o a 5 1 3 ) )  where l e n g t h  i s  
i n  m. Tlr; weight- length  r e l a t i o n s h i p  f o r  t h e s e  same f i s h  was EogW = 3 , 1 4  
(%ogL)-2,010 where W = weight ( g ) ,  E = l e n g t h  (ma), The weight- length  
r e l a t i o n s h i p  f o r  14-36- smooth f l o u n d e r  from Cumberland Bas in  was f,ogW = 
3.12 (LugL)-1-19 where W = weigh t  ( g ) ,  % = l e n g t h  (am). 

Using p e r c e n t  abundance of If-44- age c l a s s e s  of smooth f l o u n d e r  
c a p t u r e d  i n  Cumberland Basin  i n  J u l y  and September,  I982 ( P i g ,  24)  t o t a l  
m o r t a l i t y  (Z) of t h e  p o p u l a t i o n s  was determined as 1.40-Ee65 ( F i g ,  2 6 ) .  
E s t i m a t e d  t o t a l  m o r t a l i t y  may be g r e a t e r  than  r e a l  v a l u e s  because  of  the  
p robab le  e m l g r a t i v n  of l a r g e r  f l o u n d e r  from t h e  beach assemblage,  P u r f h e r  
work needs  t o  be done on a l l  t h e s e  beach s p e c i e s  t o  cLarEfy t h e  e f f e c t s  of 
t h e i r  m i g r a t o r y  behav io r  on t h e  b i o l o g i c a l  p o p u l a t i o n  pa ramete r s  o b t a i n e d  
from sampling , 

5.  S t i c k l e b a c k s  ( G a s t e r o s t e u s  -- a c u l e a t u s  and - G ,  w h e a t l a n d i )  

S t i c k l e b a c k s  were most common a t  seaward s L t e s  i n  the  upper Bay of  
Fundy (Tab le  3 ) .  Sampling i n  l agoons  and sa l t -marsh  p o o l s  i n d i c a t e  they 
a r e  e x t r e m e l y  abundant i n  these  h a b i t a t s  (Bleakney and Bailey-Meyer 1979, 
Brown 1983). G a s t e r o s t e u s  a c u l e a t u s  i s  a  r e g u l a r  member of t h e  Reach 
community i n  the  o u t e r  Bay of  Pundy (Macdunald e t  a l e ,  Bn p r e s s ) *  

Food: The o n l y  a s p e c t  of  t h e  b i o l o g y  of  s t i c k l e b a c k s  i n  t h e  u p p e r  
Ray of Fundy examined t o  d a t e  was f e e d i n g  h a b i t s .  G .  a c u l e a t u s  from 
Cumber Land Basin  fed  l a r g e l y  on h a r p a c t f  c o l d s  ( 4 8 - 7 7 ~ ) ~  Macoma s p a t  , in-  
s e c t s  and Eurvtemora ( S a i l n a s  b981),  G .  whea t l and i  from Minas Basin  f e d  

-- -- 
a l m o s t  e x c l u s z e l f  oxn p l a n k t o n i c  organTsms i n c l u d i n g  - Eury temora and 
h a r p a c t a c o i d s  (Zmsie and Daborn b 9 8 l ) .  

6 ,  White hake (Urophycf s t e n u i s )  

J u v e n i l e  wht te  hake (04-1 were comrnoa members of  t h e  beach assem- 
b l a g e  a t  more seaward s i t e s  i n  t h e  upper Bay of Fundy ( T a b l e s  2 and 3 ) .  
These j u v e n i l e s  ranged from 30-70 mnx TL w i t h  a  mode of 60 m ( F i g .  3 ) -  
Y e a r l i n g  whi te  hake were common i n  b e n t h i c  t r a w l  c a t c h e s  i n  Cumberland 
Bas in  (Van E e c k i ~ a u t e  and happy 1979). These 14- hake grew from a  mean of 5 0  
ma i n  s p r t n g  t o  150 m i n  l a t e  h g u s t  ( F i g .  2 1 ) .  Pew o l d e r  whi te  hake w e r e  
c a p t u r e d .  Except f o r  p a r a s i t e s  no o t h e r  b i o l o g i c a l  d a t a  were o b t a i n e d  f r 9 m  
 hi t e  hake,  

7 .  E e l  ( A n g u i l l a  r o s t r a t a )  

Anrerican e e l  were common i n  s e i n e  h a u l s  from t h e  i n n e r ,  t u r b i d  



June I July 1 August 1 " ~ c t o b e r  

Fig. 25, Relative frequency and total dry weight of prey items by 
taxonomic group from stomachs of smooth flounder captured in 
Pecks Cove, Cumberland Basin between June and October 1979. 
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Flg. 2 6 ,  Total mortality (Z) estimated by age class size analysis for 
smooth flounder at Pecks Cove, Cumberland Basin, 



p o r t t o n s  of the  upper Bay o f  Pundy (Tab le  2 1 ,  g e n e r a l l y  i n  h a b i t a t s  w t t h  
rcdisced saP l n t t - l e s  ( t i d a l  c r e e k s ) .  E e l s  c a p t u r e d  were mos t ly  smal l  t o  
medium s i z e  g r e e n  e e l s . ,  Nu commercial f i s h e r y  f o r  e e l s  e x i s t s  i n  the upper 
Bay of Fundy bu t  observed abundance a p p e a r s  sufficient to  s u p p o r t  one 
(Dadswelb p e r s *  o b s ) ,  

Mumn~lchogs .&ere seldom e n c o u n t e ~ . e d  d u r i n g  beach sampl lng b u t  "ce y  
are abrindant i n  sa l t -marsh t i d e  p o o l s  throenghuut the  upper Bay of  Pundy 
(Dadswel l ,  p e r s .  o b s , ) .  Bheakney and Bailey-Meyer (1979) c a p t u r e d  335 F.  
h e t c r u c i i t i l s  (52  g )  From one 1 2 - 4 5  r n 2  t i d e  pool f 4 , 1 8  g/m2). i'fummichoe ----- 
o c c ~ ~ r  i n  %he p o o l s  -bn a u s u c i a t l o n  w i t h  s t i c k l e b a c k s  ( 6 ,  - a c u l e a t u s ,  - - G .  
w h e a t l a n d i ,  A p e l t e s  quadracus  and P ~ r n g i t i e l s  pumgdtius)  and htnerican e e l s  - --- -- pp -. 
( A n g u l l l a  -- - r o s t r a t a )  (Bleakney and Bailey-Eleyer 1979) ,  Blealcney and Bai ley-  
Meyer (9979) observed mummfchogs l e a v i n g  t h e  p o o l s  d u r i n g  high t i d e  t o  
f o r a g e  aclong t h e  sa l t -marsh p l a n t s ,  

Brown (1983) has  r e c e n t l y  completed a  s t u d y  on F, h e t e r o c l i t u s  frvm 
salt-maa-sh p o o l s  around the  s o u t h e r n  p a r t  of  Minas ~iast;, We found f o u r  
a g e  c l a s s e s  of mumm8chcsg were p r e s e n t ;  the  O i - 3 1  age g r ~ i l p s .  Young of t h e  
y e a r  c o n s i t u c e d  approx imate ly  70% of c a t c h e s ,  3+ f i s h ,  approx imate ly  5%. 
The popuPa t i an  a r r f v e s  i n  the  t i d e  p o o l s  i n  June  and most ,  e x c e p t  a  few 04- 
f i s h  which o v e r w i n t e r  t h e r e ,  leave I n  October ,  

Food: J u v e n i l e  (Of)  mumichugs  consumed mos t ly  copepod n a u p l i i  
(Brown E983),  A d u l t s  had d e t r i t u s ,  d ia toms ,  v e g e t a t i o n ,  i n s e c t  l a r v a e  and 
Corophium i n  t h e i r  stomachs,  D f e t  varried d u r i a g  t h e  yea r ;  i n  s p r i n g  -- 
d e t r i t u s ,  i n s e c t s  and copepods were most abundant ,  f n  summer, Corophium, 
d e t r i t u s  and i n s e c t s ,  and i n  t h e  f a l l ,  d e t r i t u s  and i n s e c t s .  

Growth: The Von B e r t a l a n f f y  gr~owt9.1 r e l a t i o n s h i  s f o r  male and 
female  mumrnfchogs from Mfnas Basin  were Lt - 88(1-e- 0. 2ft-4- 1. 3 2 ) )  
f males and L t  = 74.5 (1 -e -0a48( t ' 0~60) )  f o r  Females where Lt 
% s  ~ I Z  m1n ( F i g  2 7 )  The weight-Lengt"nelations1iip f o r  males  -was LogGJ = 
3,2O(LogL)-5,54 and f o r  f emales ,  LogW = 3,26(EogL)-5.43 where W = weigh t  
( g )  and L - l e n g t h  (mm) ( B r o w  1983). 

9 ,  Windowpane (Scophthalmus - - aquosus)  

Windowpane were seldom c a p t u r e d  d u r l n g  s e f n i n g  on t i d e  f l a t s  b u t  
barge specimens  (20-40 cm) were o f t e n  caugh t  i n  w e i r s  a t  S c o t s  Bay ( F i g ,  
4 1 ,  F i v e  I s l a n d s  and Bass River  f n  Miaas B a s i n ,  The food o f  Large window- 
pane c a p t u r e d  i n  w e i r s  a t  Bass R i v e r ,  Gobequid Bay i n  August 1921 i n  o r d e r  
of importance  c o n s i s t e d  of Grangon seytenzspfnosa (71% occurence ,  1-20 --- 
specimens p e r  f i s h ) ,  tomcod (40%, l L T E i s h ) ,  smel t  (9%, I / f i s h ) ,  and 
s t r i p e d  b a s s ,  h e r r i n g ,  s i l v e r s i d e s  and mgsids ( a l l  3% and l / f i s h ) ,  Smal l  
windowpane (under  20 cm) e a t  mysids a lmost  e x c l u s i v e l y  (Leim and S c o t t  
1.966 1. 

10,  Other  b e n t h i c  f i s h e s  

Cod, Gadus morhua, were sometimes c a p t u r e d  i n  d r f f t  g i l l n e t s  ( T a b l e  
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F i g .  27 ,  Von B e r t a l a n f f y  growth r e l a t i o n s h i p  f o r  mummichog from Minas 
B a s i n  ( a f t e r  Brown 1983), 



1 0 ) -  A s ~ n a l i  s e t  g l l l . n e t  f i s h e r y  e x i s t e d  around Pecks P o i n t  and the  weir  
f i she rmen  d e s c r i b e d  smal l  r u n s  of  rock cod ( t h e  l o c a l  name) which o c c u r r e d  
I n  MFnas Basin i n  November, God were com~nonly caught  d u r i n g  bottom t r a w l  
rarnpifng f n  S c o t s  Bay (Tab le  6). 

Sea ravens ,  H e m i t r i p t e r a s  -- americanu;, were o f t e n  caugh t  d u r i n g  
1:ottom t r a w l  surveys  i n  Mfnas Basin bu t  were never encoun te red  i n  Cl-tignecto 
Bay (Tab le  6 ) -  During t h e  s u m e r s  o f  1982 and 1983 they  were r e g u l a r l y  
c a p t u r e d  i n  the  weirs a t  F ive  I s l a r ids  and Ecc~nomy P o i n t .  

Ar lan tPc  s t u r g e o n ,  Aefpenser  oxprhynchus,  a r e  common i n  t h e  upper - 
Bay of  Fundy i n  summer, They were o f t e n  c a p t u r e d  I n  d r i f t  g i E P n e t s  ( T a b l e  
10)  and by w e i r s .  Most specimens w e n  were l a r g e  (80-150 cm), and many 
were n o t  a c t u a l l y  handled because t h e y  %ore  o u t  of t h e  g l l l n e t s  b e f o r e  
r e a c h i n g  the  boa t .  They were most abundant i n  t h e  r e g i o n  d u r t n g  J u n e  and 
J u l y  * 

Winter f l o u n d e r ,  Pseudop leuronec tes  amer icanus ,  were seldom common 
i n  t h e  surveys  s f  t h e  t u r b i d  wa te r  r e g i o n s  of  t h e  upper Bay. The o n l y  
l a r g e  c a t c h  was taken w i t h  a  bottom trawl. I n  S c o t s  Bay (Tzible 6 ) .  The 
s p e c i e s  was u s u a l l y  r e p r e s e n t e d  i n  c a t c h e s  o n l y  by j u v e n i l e s .  LeIm (1931)  
r e p o r t e d  w i n t e r  f l o u n d e r  o n l y  modera te ly  common d u r i n g  1919-21 i n  Mlnas 
B a s i n ,  Weirs a r e  h u I l t  t o  specifically c a t c h  t h i s  s p e c i e s  on t h e  Economy 
f l a e s  bu-recent c a t c h e s  a r e  smal l  ( : , i n k l e t t e r ,  p e r s .  comm,), Observed 
c a t c h e s  i n  w e i r s  a t  Upper Economy and Five I s l a n d s  d u r i n g  1482 and 1983 
never  exceeded 20 f l o u n d e r s / t i d e ,  

Leim (1931) r e p o r t s  t h i s  s p e c i e s  e a t s  mainly  amphipods and Frame 
(4982)  conf i rmed amphlpods a s  t h e  main d l e t a r y  i t em,  Risk  and C r a i g  (1976)  
d e s c r i b e d  f l a t f i s h  f e e d i n g  t r a c e s  i n  Minas Basin  i n t e r t i d a l  mud f l a t s  which 
were a e t r i b u t e d  mainly  t o  t h i s  s p e c i e s .  

P e l a g i c  f % s h  

D r i f t  g i l  l n e t s  have been a favored g e a r  i n  t h e  shad and salmon 
f i s h e r i e s  of ehe upper Bay of Ppsrrdy sfrzce 1840 ( P e r l e y  1852, P r i n c e  1912) .  
D r i f t  g i l E n e c  s u r v e y s  were conducted i n  Chignecto  Bay between 1979 and 1982 
(Dadswell  e t  a l e  1983) and i n  Minas Basin  d u r i n g  1982 and 1983. Of 24 f i s h  
s p e c i e s  r ecorded  from commercial and su rvey  g e a r  approx imate ly  18 can be 
c o n s i d e r e d  p e l a g i c  o r  semi-pelagic  (Tab le  1 0 ) -  

Commercial and e x p e r i m e n t a l  n e t s  were s e t  by hand from v e s s e l s  i n  
the t i d a l  s t r eam i n  o r  near  f r o n t a l  zones a t  p o i n t s  d e l e g a t e d  by t i d e  t y p e  
(neap  o r  s p r l n g )  and phase ( r f s i n g  o r  f a l l i n g ) ,  I n  Cumberland Bas in ,  
d r i f t s  g e n e r a l l y  began i n  mid-Basin (o f ;  MfnudLe) and proceeded 1 0  km t o  
the  Pnland ( S a c k v i l l e )  o r  seaward ( J o g g i n s )  ends .  I n l a n d  o r  "high-water" 
d r i f t s  o c c u r r e d  l a r g e l y  over  a r e a s  occupied by t i d e  f l a t s  a t  low t i d e  and 
had mean d e p t h s  of 7-10 m a t  h i g h  w a t e r ,  I n  Gobequid Bay, d r i f t s  g e n e r a l l y  
began o f f  Spencer  Creek a t  o r  n e a r  h igh wa te r  and proceeded 1-5 km i n l a n d  
and f o r  15-20 km seaward t o  Economy P o i n t  ( P i g .  11, S e t s  were wade d u r i n g  
aLI p e r i o d s  o f  d a y l i g h t  o r  d a r k n e s s .  



TABLE 10, Pelagic and benthfc fishes and crustaceans recorded from experimental 
and camercial drift gillnets in Chignecto Ray and Minas Basin in 1852 
and 1979 - 1983, Meshes sizes were 6,2 ,  8 ,0 ,  10.0,  11.2, 12 ,0 ,  12.7 
and 13,7 stretched mesh, 

------------ -- -- 
Catch 

- 

Chignecto Bay Minas Basin ---- 

1979 1980 1981b 1 9 ~ 2 ~  1 9 0 3 ~  Period 
------- -- --- - 
White shark Caccharodon carchartas 1 - - - - - - Summer 

Thresher shark Uopias vubpinus 2 - - - - -- - Summer 

Porbeagle Lamna nasus - - - - Summer -- 2 

Dogfish --- Squalus acaathias 4 1 45 31 107 3 Spr-Summer 

Atlantic sturgeon Acipenser oxyrhynchus 1 1 4 11 8 Spr-Summer 

American shad Aloss  sapidissirua 680 3069 2831 2174 2800 Spr-Summer 

Alewife --- AIosa pseudoharengus 4 15 259 450 1000 Spr-Summer 

Blueback herrlrig Uosa  aestivalis 5 18 32 4 500 Summer 

Atlantic menhaden Brevoortia tyrannus 30 4 8 1 - 400 Summer 

Atlantic Ilerring Clupea harengus 2 1 8 4 2 Spring 

Atlantic salmon Salmo salar -- 5 5 34 132 7 6 82 Sum~ner-Fall 

Arne rican smelt Osmerus mordax 9 5 20 63 30 Spr-Fall 

Atlantic cod Gadus moshua -- 1 0 0 I 0 Fall 

Silver hake - Kerluccius billnearis 364 8 4 1 5 Spr--Summer 

Wh-Lte hake Urophycis tenufs ---- p- 

2 1 2 3 0 Spr-Fall 

Atlantic mckerel Sesmber scombrus - - 1 4 0 Spr-Sumer 

Weakfish Cynoscion regalis 1 - - - 0 Summer 

Tautog Tautoga snitis 3 - - 
-- 1 I 0 Summer 

Striped bass Msrone - saxatills 2 0 6 2 14 Spr-Fall 

B u t t e r f i s h  Peprilus triacanthus 9 7 11 (514 130 Summer 

Lu:npFl sh Cyclopterus - lhumpus 2 0 0 0 0 Fall 

Bluefish Powatomus saltatrlx -- 0 0 1 1 1 Summer - 
Windoqawe Scophthalamus - aquosus -- 3 5 4 5 6 Spr-Fall 

Fourspot flounder Paralichtkys oblongus - - 1 - - 0 Sum~~er 



TABLE 10. CONT'D, 

Catch 

Chignecto Bay Minas Basin 

1979 1980 19812 1982' 1983~ Period 

Lady crab Ovalipes scellatus - - 1 6 10 Spr-Fall 

Toad crab IAbinia emarginata - - - 2 2 1 Summer -- - 

1 Captured in commercial nets 1850-1982. 

Minimum mesh size reduced from 12.0 cm to 6.2 cm. 
3 
Marure specimens were running ripe. 

' L,eirn records butterfish (5) from drift nets, Aug 29-Sept 1, 1921. We captured 

none in 1982, but over a hundred in 1983, 



I ,  Sharks  ( A l o p i a s ,  - Lamna, Carcharodon) 

The appearance  of Large p e l a g i c  s h a r k s  i n  the  upper Bay of  Fundy 
was s u r p r i s i n g ,  During t h e  1979-82 survey i n  Chlgnecto  Bay, two p o r b e a g l e s  
[Lamna n a s u s )  were c a p t u r e d  (Tab le  11)  b u t  impress ive  h o l e s  l e f t  i n  our  -- 
g i l b n e t s  on many o c c a s i o n s  a l l u d e d  to  t h e i r  con t inuous  p resence .  

Three s p e c i e s  o f  l a r g e  p e l a g i c  s h a r k s  have been c a p t u r e d  i n  t h e  
upper  Ray uf  Fundy, Thresher  s h a r k ,  Alop ias  v u l p i n a s ,  were f i r s t  r ecorded  
i n  t h i s  region ~y P e r l e y  (1852) ,  S ince  t h i s  i s  a ve ry  d i s t i n c t i v e  s h a r k  
s p e c i e s ,  i d e n t f f i c a t i o n  i s  l i k e l y  c o r r e c t .  Confirmed r e p o r t s  of  t h r e s h e r s  
I n  t h e  Ray of  Fundy a r e  numerous (Tab le  1 1 ) -  A t l a n t i c  p o r b e a g l e ,  Lamna 
n a s u s ,  i n  the  Bay of Fundy have n o t  been w e l l  documented bu t  i q  r e c e n t  
y e a r s  conf i rmed c a p t u r e s  a r e  c o m o n  (Tab le  1 1 ) -  Two p o r b e a g l e s  were cap- 
t u r e d  d u r i n g  n i g h t  t ime d r i f t s  In Ckignectu  Ray i n  1980,  They were b o t h  
2-2,5 m i n  l e n g t h .  N e i t h e r  specimen c o n t a i n e d  a n y t h i n g  i n  t h e i r  stomachs 
b u t  t hey  may have r e g u r g i t a t e d  whi le  i n  t h e  g i l l n e t s .  rZecords of w h i t e  
s h a r k ,  Carcharodon c a r c h a r l a s ,  a r e  more common f o r  t h e  Bay of Pundy as a  

--* P 

whole bu t  o n l y  one confirmed r e p o r t  i s  from t h e  upper Bay (Case 1968) .  
There  is  one unconfirmed r e p v r t  from a  weir  a t  Advocate d u r i n g  1974,  

Perhaps  one o f  t h e  most interesting a s p e c t s  of  l a r g e  s h a r k  occur -  
r e n c e  %a t h e  Ray of Pundy i s  t h e  t iming of  t h e i r  appearance  a t  v a r i o u s  
p o i n t s  around t h e  Bay. If a l l  l a r g e  sh?rk c a p t u r e  r e c o r d s  ( i n c l u d f n g  
baskdng s h a r k s )  a r e  c o n s i d e r e d  t o g e t h e r  a d i s t i n c t  p a t t e r n  i s  e v i d e n t  
(Table  PI) ,  Records a r e  predominant ly  from the  Digby s h o r e  Ln e a r l y  
s u m e r ,  t h e  upper  Bay la mid-sumer  and the S a i n t  John s h o r e  i n  l a t e  summer 
and f a l l  ( F i g .  2 8 ) .  

Ca tches  of  d o g f i s h  i n  t h e  Ray of Pundy e x h i b i t  a  s i m i l a r  p a t t e r n .  
Dogf i sh  were v e r y  abundant i n  t h e  upper Ray d u r i n g  J u n e  and J u l y  ( c a t c h e s  
of 1004- i n  one 4-hr s e t )  Rut seldom encoun te red  t h e r e a f t e r ,  On t h e  New 
Rrunswick s h o r e  of t h e  lower Bay they  were uncommon b e f o r e  Atrgust b u t  be- 
came abundant clurfng September and October ( F i g .  291, 

These d a t a  s u g g e s t  s h a r k s  m i g r a t e  around t h e  Bay o f  Pundy Bus ing  
summer i n  a  counter-c lockwise  p a t t e r n  s i m i l a r  t o  h e r i c a n  shad (Dadswell  e t  
al, 19831, Whether t h i s  1s i n  r e sponse  t o  a moving food s o u r c e ,  o r  because  
t h e y  u t i l i z e  r e s t d u a l  d r i f t  t r a n s p o r t  t o  f a c i l i t a t e  o r  p rov ide  c l u e s  f o r  
mLgration is  unknom,  The Bay of  Pundy a p p e a r s  t o  be a  n o r t h e r n  t e rminus  
f o r  numerous s h a r k  s p e e f e s  which megrate  from the  Car ibbean o r  c o a s t a l  USA 
t o  A t l a n t i c  Canada (Bigelow and Schroeder  1954,  Casey and S t i l l w e l l  1968) .  

2, American shad (Alosa  s a p i d i s s f m a )  - 

American shad were t h e  most abundan t ,  l a r g e  f i s h  i n  t h e  upper Bay 
of Fundy d u r i n g  s u m e r  (Tab le  101,  S i n g l e  we i r  c a t c h e s  i n  e x c e s s  of 
l00 ,000  shad were r e p o r t e d  b e f o r e  the  t u r n  of t h e  c e n t u r y  ( P r i n c e  1912) and 
t o t a l  commercial c a t c h e s  $n t h t s  r e g i o n  b e f o r e  the  1 9 0 0 ' s  ranged from 1-3 
m i l l i o n  kg /y r  (Lelm 1924, J e f f e r s  1932).  Recent commercial g f l l n e t  c a t c h e s  
a v e r a g e  30-50 s h a d l h r  (Dadswell  e t  a l e  1983) and p r e s e n t  day we i r  c a t c h e s  
sometimes were 500-1000 shad on a  s i n g l e  t i d e  ( F i g ,  3 0 ) -  
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, 
I 

Records 7 

ay of capture 224 29 7 

Records 2 I 

Mean day of capture 242 227 7 
I 

I 
Range days 203 - 3 

I 

a e ~ o r d s  5 

Mean day of capture 193 z27.9 
Mean day of capture 

1 
346 2 2 9 8  Nov 12 Range days 153 - 228 

F i g ,  28. Hypo the t i ca l  migratory r o u t e ,  number of r e c o r d s ,  mean day of 
c a p t u r e  and range of days of c a p t u r e  f o r  l a r g e  sha rks  i n  t h e  Bay 
of Pundy - Gulf of Maine (Table  11)- 



60 r Dogfish 

Bay o f  Fundy (off Wolves IS.) 

40 30 min Bottom Trawl Catches 

O D ' F A J A O D ' F A J  A O D  
1977 1979 1980 

F i g .  29. Ca tches  of d o g f i s h  by month i n  t h e  lower Bay of Fundy ( o f f  
Wolves Is.) and t h e  upper  Bay of Fundy (Minas B a s i n ) .  
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I Weir 

0 i-- 
June T'"r 1 August 

Economy Point 

i I 

Scots Bay 
Weir 

120 192% 
X 
m (Lelm, unpub. data) 
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m 
0 

40  

Jtrno 1 July 1 August 

Pig* 30, Capture  ra te  of shad d u r i n g  June t o  August f row conamerical gill- 
n e t s ,  and weirs i n  Cobequid B a y  1981 and 198.2 and i n  S c o t s  Bay 
1920 and 1922, Zeros i n d i c a t e  f i s h i n g  d a y s  when f e w  o r  no shad 
were captured, 



2" - 
f ordal Catch =283 1 Shad 

r 

1979 
Totel Cetch=680  Shad 6 

Net Mortality = "iBX 

Fig .  3%. Capture r a t e  of shad du r ing  May ts October from experimental  
g i l l n e t s  i n  Cumberland Basin, 1 9 9 9 ,  1980 and 1981, Arrows 
i n d i c a t e  f i s h i n g  days when f e w  o r  no shad were caught .  



40r Age 2-3 

250 300 350. 400  450  500  550 600 

Fork Length (mmf 

F i g .  32, Top: Length-frequency d i s t r i b u t i o n  by age s f  sampled shad from 
Cumberland Basin,  
Bottom: I n d i r e c t  s e l e c t i v i t y  of 21016 m u l t i f i l f m e n t  g i l l n e t s  of 
va r ious  s t r e t c h e d  mesh s i z e  (cm) f o r  shad .  
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\ APPLIED IN BAY OF FUNDV 

Flg,  33, Locality map for recaptures of shad tagged in Cumberland Basin 
and Cobequfd Bay between 1979 and 1982, For tag returns from 
north of the Bay of Fundy see Dadswell e t  a%, (19841 ,  



TAG RETURNS 
Cape Hatteras 

South 

Cape Cod 
South 

Bay of Fundy 

3 2 2 2 
Gulf of 

33% 22% 22% 22% St. Lawrence 

POPULATION DOSCRIIMiNATION 
Gape Hatteras 

St. Lawrence 

June July July Aug. Aug. Sepl. 
1-25 16-31 1-15 16-31 

F i g .  34,  Top: Number of t a g s  (upper  L e f t  c o r n e r )  and pe rcen t  of t o t a l  
r e t u r n s  from a geographic  r eg ion  f o r  weekly o r  monthly p e r i o d s  
tagged i n  Cumberland Basin,  
Bottom: Percent  of t oea1  sample by per iod  from p a r t i c u l a r  gea- 
g r a p h i c  r eg ions  of t h e  e a s t e r n  North h e r i c a n  c o a s t  f o r  shad 
c o l l e c t e d  i n  Cumberland Basin.  Defined u n i v e r s e  from known 
sampled shad popu la t i ons  inc luded  1 4  r i v e r s  from F l o r i d a  t o  
Quebec, 



Cumber land  Basin 1 Y 7 9  r Shubenacadre R i v e r  
I 
P t N. S 

Juiie 

1 Altamaha R i v e r  i%i 

r St .  John's R ~ v e r  

7 9 I 1  1 2  14 1 7  18 20 7  9 1 4  1 2  14  17  1 8  2 0  
Parasite Saecies 

Fig. 35, Relative abundance of eight internal parasites of shad from 
samples taken in June, July, August and September, 1979, in 
Cumberland Basin and from two northern and two southern rivers 
during the 1980 spawning runs. Parasites are: (7) Derogenes 
varicus, ( 9 )  Hemiurus - Pevinseni, (11) Lecithaster spp, (12) 
Genitoeotyle atlantica, (14) Diplostomulum spatheceum, (17) - --- 
Scolex pleuronectts, (18) large pletirocercoid, (20) 
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t~Li~~l~i<l;~~-i<:<~~ :i;id <:;.it, ~ : h ~ i ' ! > i  t f . t > /  t ~ t  ~ i ~ i ~ . ! !  t+i  C!IC> II!>)><>:~ ' $ : t i 7  L I ~ > ~ > ~ > ~ I ~ ~ s  ~ - i ~ L < i i ~ < ~ i !  

i -$ i  irji::i-;j;- : i ! i : i n , y i  i.i<i:r! ; : : i : p l  i i r j ; i p  .lili 'i t :,i"iid i l -y (D;ltl:;ui>; i ,.t- ; I?  , i f?>3 ' j )  .. 
r- / T ,  

>J[ ;%<!  t{> :<~j:;*,dii 51 I ~ . > t - ; + i  iAj-i~<:c:; f i x . + , [ .  : j t - r : i ~ < > c l  ig tit(? l l i ? [ > k > i .  Bzjy c j f  

!'rliid~i <jur.Fr:j: I -? te  Apa- i?  (I.c-~i:r! iq? la ,  Mel.vi:-1 ;$t: ai., ?..~i-ljiiahl, i-Z;ii:2), D i a r i n g  
, a .  

,; ~ i ~ e  , .imii'iat:ur.e , rnat:ri. i ng  ;ii:ii . ; ~ ~ n ~ ) c e a n - -  f ei!rli.ic~iv r , siaaii a r c  l v r ! ~  i r i  Large nilin.- 

i?er"s t i l e  u p p e r  Bay (D;idt;wel 1. 1.2: a! a ?Q83), T h e  cl3ij.r-atitrz~ oF ?:ia~:: [.ran 0: 

~ce,3n-.f,:r?iiL;ajr Fi.st? ~7:i:s FI-ui.: ,J~:nc- hii ;luy,i~:-;t i.!: Pi.; n a s  3as i . i  (Fig, 30 j a:it.l - 7 
t i  t i  O r -  n n r  . I  31:; in ( F  $ 5  5 j ?'he t,ce;an-fsii-?d 1r1g r u n  w;is 
i . c i r n ; j ~ s c ? i i  in n I.arge par?: 3--. , 4-- and ?-yt---o 1.d si:;~i? ( P i p ,  . 12 j , DO t l i  
youitger. 2rt1cl i:! tier si~,t.-! wi-rc. I csr; al,ur?dnnt:, 

TI (31]~!?gl--<)?l ,.; <?'+rfr:i:~L(?:; $.:,+!.~.J'P ( : ~ [ ~ ~ . 1 i # - ~ " - 8 ~ ~ ? < : a f > ( i l r : ~  q:jdt?!.,< c < > r .  c;lgi;ed c j $ ! l  

indica!re:i tj::er a i n i i  i l u r r  :;l:;ri"i :nay oa:cippg C o + w i j i l i ( d  Ijay du~-i:.~t: ~h:~(:h liigil I i C i t ~  
at The i-lelegi~: ol' tiif? r u n  (!:~itiswel.i e t  al., 30!34) ,  T ~ i g  r-i?tiirlis tsiiowrd ?;I-t:irf 
i i i ig r a  tctf a rv r lnd  the Ray u l  Fz~ndy -Ln ;a c c ~ i l r r  ti-1c.i: !.t.rckwi se :na:lriei- , i>ccitr:x- i.i.q: 
o f f  Nova S c o  t i a  i r r  spri .ng,  a?: the head :IF t i l e  Ray dut- i rrg siz:rlner (i>ndswe L L 
et a i ,  198.3) arid :.>ff New iJrunswi.,.:k in the Fa l i  ($:ahriel eir ale ?076, 
Rraclford 1 9 F l  j (Table  12) , Tag retilrrg,:; aric? jsr>p~-~?.attun ilir;c r i r n i ~ i ~ a t t o r z  .; tild-- 
5i.s -it?dicrit:;?rl i : i ~ t ? ~ i $  si~arf repa:ei;iiiat all p i > p u ? . a t i o n u  (-st-arit liz r ~ I . v c r s  v f  
cns tern Nr>r.ti-i Arne r. Pc:a (Dad:;we i i eL al . 1983) , CIf j.0 ? 5r)O sh;i(l ragged arlii 

re.l,?ased -in 32i in ;ps :  a n d  Cumheriarl i l  iiasiint; ti, r i n t e ,  tlrere a r e  32 ( 7 % ; )  tsg I . ; . - -  

turr;s From Cnn;lgii.an inarlne i r~ i . . a t i r ,ns ,  130 (":!) f r i . ) in  coas t a l  U,S,, ?% ( 7 ' )  
From Canad-inn rivers, ar-ril 269 (592 f r ~ m  !J,S, rivers (Pig, 31) .  Yorpllo-- 
tnet r l c  arid mertstic studies ant1 tag retTiii :is iirr!'icated a inrge purtion o f  
!.-he early :;had [:.urn w n s  compuseii of ncirt'i~erql irlsh (river.; n o c t i i  of ;:ape C o d )  
h~.rt t;hr. propor ireon of  popiilat'ions shlf t e d  to su~ithei-rr r i v e  r - s  ;is tlie surnli-iei. 

j)r~gressr?d ( F f f ; ,  '34) (Kelvin C I I P ~ L I ~ ~  d a t a )  '3 to~i ' ;  (i iscri1tl- i . ;~at4on s t u d  i(as 
u s i n g  both u to f .  Lths (Wfll i.arris 19394.) a:~d p a c a s i  lres revealed :: si.inii.ar p;i t-- 
tttrrt ( F i g .  315) (Uilazy 19RO), {Itliei: tagging sturlles ('Sibadyitov 1 9 5 5 )  a1.c;~ 
t r rd iaate  ;I r e  f.:~tir,mship ex! sts heewran S t .  i~awterlce es!ruar:y si~a:l and t l t i i?i( :  

i n  the ui;?per' Ray of Franitly, 

":ar:!y sturfiet; vn sl:ati in t h e  ~zpp;?i, Ray u f  ):~~ri(Iy 31-:2 ;irlturlg l:i~p i n i \ j< , l .  

v , i t > r a ! i s  vi-1 t'r;::; ?;pet i.es ~ c . > r l ~ < ~ ~ . 7 : i i i ?  :-;:3;3i$fi ii?:;; ;rrvf i..ir:vai c?cu [ i j gs .  (T,... i.1, ?82!+) 
i i r i ~ l  f e e d  i rip> ( i c  in  7.924, Wl. l~ Ley "1923) , 

hl~ewife and 1~Lt1ehac.k. herring were arniirzg t l i c  mi.j:;ir cor-xcntji.; fl:;i~r:: i.:;?p-- 

i:c:rci? In tlic ;lpper Ray of TTairdy (Tab1i.s 4, 1.0) hut I let t 11; i %; '.ci.ri>wn n h t ~ i i c  
the Lr b i . i I o g y  i.n this r eg ion ,  'fwo researi.:h [ P W : ~ ~ C  t:-; i ~ i - 1  ~~. i spere ; i i i  we 

l n i t ' i a t e d  F i l  1983, a feedirrg s t u d y  by ! I ,  S",o:~e and G. Dalif~r-rr ,  Aca~'licrc 
17nlversi ty , aiirl  .rc stock coln?-wsiCrion arid irli.gl.;it i o n  sl:ii<?y /9y R. 911 !. 1 f f s c t i l  , >-. ?:as tern i:;irc~ l. lna lJniverp3 d" t v ,  N o r  Ch Care L i n ~  . R, ,Tessop, " i.sher ies arid 
ilcearlu, iia 1.ffa.x: has beeti sttrtiy-Liig ";he i - . c ) r a l ? ~ s  i t i : ,n  i!f t h e  ga:;jieLailnrr s l i - l iwrr ic~) :  

run in the Gaspereau River. 

E x p l o r a t u r y  survey:;, r e p o r t e d  hi?::<:, were r:oi-rdrrc:tetl by !.,r:?irn (1'-)20- 
2?",nd lIadst~el8 (IC)Wi.--83)a Gaispereau wei-e captured o r  ohser.vcc7 Pn both 
weFrs ai-iil gf.ll_neta i.n Mi.i-13:; 3;1~i:.t a.nd C'!?ii?,r~c?c:tr.) Kay frun t'kppi-il to Octviier, 
Catch rates by 6 ,:? cm s t r t ? i c i ~ e f i  meshifri f t  g l l  lrrets r-anged i'rriin 3.13-100 
gasp~~reat~/l~r/l.0O m (Fig. 36). Captui:e rates peak.eil in I a t e  ..iuilc: and tiariy 



Blueback H e r r i n g  

4--. h_- 
June 

I 
i July 1 August 

Fig. 36. Capture rate of gaspereau (alewife and blueback herring) in a 6.2 
crn stretched mesh drift gillnet in Cobequid Bay during 1983. 



.l i l l  y wf t i 1  a :;ai.ond peak l u  rnlri-Aixgt~st. rde i c  catcl~t!s  i.!.i i'xi:c+ss o f  1000 
i:~si 'eri?ata/ r i d e  were o b s e r v e d  i n s i d e  Economy Po Irrt d u r i n g  1.98'3, C i  I. !.r~et. 
;:i'tt.i:hc\~ ig:?rt? 1.00% at.eizrives c!rrl-ing La te  May b u t  t h e  p r o p o r t l r ~ , n  u f  b l u e h a c k  
i-~er-r i rzg Incr.ensed diir-in;: summer, A s i n g l e  s.atnpie talieii by h ,2 cm s t r e  tchei l  
a;c.s!n (lii [ .net  i n  l a t e  .June,  1981, cc ,ns i s ted  of 272 ( 1 6 j  al.ewivcs and 63% 
(449 htuel?ilck. h e r r i n g .  Af.ewives were 2--4--yr-o1.d and l.77-234 mm f o r k  
l e n g t h ,  fILut?hack h e r r i n g  were 2 ,5-yr -o ld  and 165-255 mm FL. The weight -  
l.e!xgth r i - ? l . s t t onsh ips  fr:o>n t h i s  :;ample were LugiJ = 2 - 4 4  1,ogt -- 3.6 ( a l e -  

, $ f  . - < e s )  and  iLctglJ = 2 "98  Logl, -. 4 , 8  (b.Luehacic h e r c i n g j  where 1, -i.s FL 3.n mln 

and W i s  w e  i g h  t. i n  grams.  

Caspercarr ,  Ltke s l?ad,  a r e  c a p a b l e  of f i i  ter. Feeding  i.n I:i.trhid 
w a c ~ :  r s  (,Jan:;sen 1982)- The i ir ;> re sence  i n  t h e s e  reg ion?;  d u r l n g  summer *nay 
he  a:; a r e s p o n s e  t o  optfmiam iiahita.2:. Neves (19381) foiind g a s p e r e a n  were 
loa!;ir after, ca5.1ght hy t r a w l  s u r v e y s  on t h e  S c o t i a n  S h e l f  dur i r rg  suriirner 
wilerea:; t h e y  were m o d e r a t e  1.y cummor-r o v e r  siju tilerm r e g  torrs (inid A t l a ~ z t  ic 
T i g h t )  f r i  fsJ.1. and spr i ! sg ,  L i k e  s h a d ,  the u p p e r  Bay v f  Fundy cou1.d be ;I 

n o r t h e r n  i:rr-ininus of  gaspe rea r l  r n ig ra t fny  alvm-ig t h e  At1a:lti.c c o a s t .  

" I t~~:h ,~ i lc~i  were a r e g i ~ l a r .  component of f-hc pe l ag  i r  f i  sSt ,~sr;cinbl a g e  
e a c h  siin1inec i r t  t h e  uppe r  Bay ( T a b l e  10)  * L a r g e ,  a d u l t  menhaden were most 
cuirmvn i r r  t ~ t c  Tx~ne and thruugll  J u l y .  (',!.Li-i;.T c a t c h e s  o r  5-10/y:- and w e i r -  
(ba tches  oF LS/ t i d e  were u b s ~ r v e d  . T h e s r  mrnitaden wc.re ma ttrr-e c ~ l u t  t s ,  30-40 
cin i n  l e n g t h  and were o f t e n  runn ing  r i p e  d u r i n g  l a t e  J u l y ,  nur i n g  l a t e  
Amgust, 1983 ,  i n  CobeqnJd !jay, Large c a t c h e s  of  j u v e r l i l e  menh~r l en  were rnadc~ 
i t a i l y  w i t h  a  6 .2  cm s t r e t c 5 e d  mesh g i l l n e t ,  These  menhadrn were a b o u t  20 
cm FL, C3rcfies a v e r a g e d  70 menhaden i n  430 m uE n e t  pe r  112-hr s e t .  

Yer~haigcii are E L L  t e r  f e e d e r s  and c a n  u t i i . i z e  1 ) h y t u p l a r ~ k t u n  and 
cietri . t! . ls (73urhii-r and Durhfn 1 9 8 1 ) ,  T h e i r  prcser lce  i n  t 'nese t u r h i d  tzlates I n  
l a c ~ e  num:~ke~-s $23:; u n e x p e c t e d ,  Whether t h e y  r e p i - e s e n t  a s e p a r a  t e  s t u c k  
(1-1rrtr1i.i-ig r i p e  ;.;dl,iits) ur were o n l y  a  rt.>r-thwai-d c?x t ens ion  of U.S .  i..o;;:;ral 
s t u c k s  rtz~:ia i i : ~  t o  be r e s t~ ive :7 ,  

1,efrn (1931)  Lis ts  ! ) e r r i n g  a s  a  v e r y  r~bnriclant . ;pecies  i n  t h e  u p p e r  
Any of  ipundjr and  r e c e n t  suri.7cys by u s  c o ~ ~ f i c i n  this sopinion,  [ , r i m  ( 1931)  
r e p o r t e d  spswnjng he r r i ng  i n  S c o t s  Bay and l a t e r  work i d e n t i f i e d  t h e s e  a s  n 
m , i j ~ r  surnrne~ spawning s t o c k  (KLes and S i n c t a i r  1982, Sin i . ?a ; i~ -  e t  a t ,  
1 9 0 2 )  J u l y  spawntqg h e r r  ille have  been r e p o r t e d  from C h i g t ~ r c t o  Bay (Whj t p  
IY??) and a  'Irnne spawning p d p u l a t i o n  -fro:ri tile P a r r s b o r o  s h o r e  o f  X tnas  
B a s i n  ( P e r l e y  1552,  i), P e t t i s ,  p e r s ,  comm), 

1 , e i m  (1931)  r e p o r t e d  Large numbers of  I+ h e r r i n g  (50-30 mm) f rum a 
weir a t  Rasq R i v e r  and w e  o b s e r v e d  a  s i m ! l a r  o c c u r r e n c e  in  1983 a t  uppct- 
Ecc,ilomy (100-1000 09 and I +  h e r r f n g  i n  w e i r / t i d e ) .  H e r r i n g  of t h i s  s i z e  
&ere  uncornmor-i i n  S c o t s  Ray d u r i n g  Ailgust ( F i g ,  4 )  h u t  were. m o d e r a t e l y  
3hunriant i n  l i l i ~ ~ n s  Chaniwl. and C h i g n e c t o  Bay (Koe lLe r  1 9 7 9 ) .  S u r v e y s  w f e h  .r 
1nic1-water B o r i s  t i - a w l  took  100-1000 06 and li- I . rerr ing/  1/2--11r' tow i n  th,>.;c 



r-r!::f~tns clciriili: Augil:;t a i ~ d  Fehr-iiary (Kocl.ler.- 19733, TAargts spawrif.ng h e r r - i i ~ g  
( 2 ri -- '3 r, pin) w r r t 3  ahtindant  %n S c o t s  iiay ( l u r i n g  Aiij.:r~:;i- ( F i g ,  '4) arid o f f  

Parr.sY>oru i n  May ( P e r  l e y  1852, B r a d f o r d ,  r i n p u h ,  d a t s )  , f i c r r i n g  Larvae were 
zhuni tan t  i n  Minas B a s i n  o f f  Rbvmidon in September  1320 iiilil 1921 (Lei.m 1931) 
a n d  througtnout  sfirras B a s i n  and Cobeqilid Bay i n  Jtaf y 19133 (Rr;idfo-rd , unpub - 
a  ?4arty o f  t h e  l a r v a e  Laicern in Jrs1.y 1983 were i n  t h e  y0l.k s a c  s t a g e .  

6 iie l a i - i t i c  safmon (Salmon s a l a r )  
--" --- 

A t l . a i ~ C L c  salmon p a s s  t l i ruugh tile lsn. ; i r is  f n  tilt? clpjxr Ray o f  P t i r l d ~  
91-i  t h e i r  way t o  spawn i n  .Lt,cai. r i v e r s  (211wi1~srnan 1358, White 1936,  Dornir~ey 
1 3 7 0 a ,  b ,  SenpLe L979), T h l s  r e g i o n  once s u p p o r t e d  a la rge  cuminesciat 
sal.!non f i s h e r y  ( s e e  f:l.sfrerie!; s e c t i o n )  b u t  I t  h a s  nros t iy  d1s: ippeared l o s t  
drle t o  hloc!<.i.ng of s - i ve r s  (Semple 1979, Wildsmi th  1981)  and r e s t r i c t i o n s  
f.:om7nercLal s a l a o n  I . i c e n s c s  The s p o r t s  c a t c h  frr~ln many r i v e r s ,  however,  
re rna i~zs  v fgil  i f i c a n t  and i s  o f  t e n  g r e a t e r  t h a n  t h e  comrnet:.i:.i.al c a t c h  ( T a b l e  
1 3 )  a 

r'li~ ;,: 1 inon i n  t h e  ilpper Bay were  ~ ~ l t a ~ - a e t e r i s i " l i c a l  i y  grl" l s e  ( I +  se;t- 

y e a r  fish Ivrrage w e i g h t  2kg.I  ( T a b l e  1 3 )  (riuntvrrtan 1958,  Dadswe l l ,  
u i ~ y ? l ~ h  * (9at:i). Our d r i f t  gf l l n e t  survey:; took salinon c o n s i s t e n t 1  y  from la  t+ 
T~rl-ic u n t i l  1at.e O c t o b e r ,  La rge  sa lmon (21. sea -yea r  Flsl i )  and l a r g e  g r i  ese  
were p r e s e n e  in J u l y  c a t c h e s  and sma l l  g r i l s e  were abundan t  i n  f a l l  
( O c t o b e r ) .  Y e a r l y  c a t c h e s  wft11 exper i rne ; i ta l  n e t s  var ier !  {ruin 34 t o  132 
salmttn/yr  ( T a b l e  IT)), Tag r e t u r n s  of  salmon r e l e a s e d  by u s  a v e r a g e d  2 - 3 / ' ~ ~  
and a l l  were from e i t l i e r  c o ~ ~ l r n e r c i a l  d r i f t  n e e t e r s  i n  t h e  uppe r  Ray o r  f roll1 

ang 1 e r s  F i s h i n g  l o c a l  spawni lg  r i v e r s  (i4acccan, Shubenacadi t l )  , Tagging  d;lh c.1 
nlso j r i r t i r a t ed  salmon inay remain i n  t h e  s e a  i r ~  t h i s  r e g i o n  FOI- lip t o  ~i 

month (Dadswe l l  e t  a l .  1984)  presumably wi i i le  t h e y  w a t t  f o r  p r o p e r  con- 
r l i r i o r l s  f u r  st  ceatn a s c e n t ,  

This s !>ec i e s  is cuinr:lon FI-I t h e  p e l a g i c  z:,ne o f  t 1 . i ~  t i ~ r h i c l  r e g i u i i s  r - t f  

thi i  I.apyter Ray of Fundy but was nc)t adeqraat.el.y sa~mpled by . )ur  i P r i f t  n e r  
gea- r .  iiiv t - i i rec ted  work has  hcerr done on t h e  s p e c i e s  i r r  tiLs reg<i.on ( e x c e p t  
. In te r t r l .da l  s t l ~ d i e s )  bur  t t  a p p e a r s  t o  he a11 i m p i ~ r t a n  t cocnponrilt i,f tile 
eurnmunity, 

Larva l  s m e l t  were? e ~ t  remely  ahurrilar~t. f n  Miria?; B a s i n  p lan!i tun 
s;ernpl.es ( B r a d f o r d ,  unpuh,  d a t a ) ,  I n  September  t h e s e  Larvae are 23-53 mm 
L c P I . ~ ~ .  TWO l.eilgth raodes were common i r l  w e i r  c a t c h e s  3-7 em and 7-12 e m ,  
p r e sumab ly  I-G arid 21- f i s h  (I,eim 19311 ,  Specimens a s  Long as 27  cin were 
o b s e r v e d  , 

5 ,  S i l v e r  hake  ( M e r l u c c i n s  b i l i n e a r i s )  
.----- ----- 

Specimens  from 15-21) cm were  coirimon i r t  w e i r s  air Bass  ; i i \ rer  arid 
E::onorny P o i n t  t i ~ r o u g h o u t  t h e  :;umrner, The s p e c f e s  was e x t r e m e l y  abundan t  
Cuiribi?rland Ra:<ln dur ing  t h e  summer o f  1979 ( T a b l e  LO). These  15-20 cia 
spec lme i~ . s  e i . t tangled tliemse l.ves by t h e i r  t e e t h  in l a r g e  mesh g i l l n e  t s  





i,ar.cr,:: catches o f  a i i a l . ~  si . i .ver  liak::? 23-51 crzl w e r i '  ~ H ! C C I I  i!i t h e  w e i r .  
- it  Scot..; !Say jrn Septeiniler 1.Y22 ( F i g ,  5). Many o f  t h e s e  fCsh were 1.a 
.spa.~r"~i~g wi l d i .  t - i o r r  

5 ,  1hl.s s p e c i e s  was  n o t  a h a n d a n t  in t h e  t t i r b i d  r e g i o n s  o f  t h e  uppe r  
Ray. Ocr g l l l i - ~ t ? t  s u r v e y s  i n  t h e  tu rh i .d  r e g i o n s  ( S e c c h i  v i s l h i  l i t y  10-7.00 
cin) rai-e1.y ea;)t!rr*ed any  (Tah1.e l.O), On t h e  o t h e r  hand, wt? i r s  w71ich 
c a p t u r e d  fish from t h e  c l e a r  w a t e r  regf-ens ( S c o t s  Bay, Chigneccu  Ray) made 
Large c a t c h z s  i ; f  " t i n k e r " i n e c k e r e l  u f  2.3-33 cii~ i n  Length ( F i g ,  43 (Whi te  
1.932, T,el.rn 1931 3 .  Th-ii:; sug ,ges ted  t h e  ~~~~~~~~~e.! 3voi.deil the  t t r r l s i d  r e g i o n s  
riril-ii~g tlzei r m i g r a t i o n  tbrtiugi-t Che uppe 1. %aye 

TO, S t r i p e d  h a s s  (:orone 2 2 x a t i l 3  s )  

S t r i p e d  b a s s  were i 'or~i ler ly very common i.n Mi.i~as Basiln (2,eim a n d  
S c o t  1.966) arrcli well. lcnvm! i n  Chfgnec to  Bay (Rayne 1930, i\l, Snowden, p e r s .  
cvmrn.). The max-imrrm nurnber we c a p t u r e d  i n  uu r  i-lr-ift g i l l n e t s  i n  one  silrnmei- 

was 14 i n  1983 (Tab1.e iO), h u t  o b s e r v a t i u i ~ s  i.ndicatc:d we w0u i .d  have  
c a p t u r e d  many mitre i f  s e t s  had been  made a l o n g  t h e  s t lore  911 sl.~al.low w ; r t t ? t r ,  

The? spec i . e s  i s  known t o  spawn ii-I the? Shuhenacad fe  R i v e r  (Le t i n  ailit 
S c o t t  1.966, .i:?:;sop and V l t i i a y a s a i  197'4) ,;nrt may spawn i n  o t h e r  r i v e r s  a t  
t h e  liead o f  t h e  Ray, Growth of  l a r v a e  and j u v e u i t e s  i n  t h e  Shuhenacadic? 
X i v e r  is rapi.d (Fig,  3 7 )  and t h e s e  f i s h  a p p e a r  t o  m i g r a t e  i i ~ t o  Cohequid nay 
a t  a l e n g t h  o f  5-11 cm (Leirn 1921), 

Yedium s i z e d  spccjrnerls (17-26 tip) were  p r e s e n t  i n  Cohequid l3ay 
weir:; a t  1971 and 1983 ,  La rge  s p e r i m c n s  (50-100 cm) wore c a u g h t  
c i c c a s i t j n a l l y  I n  our drift. g i l l n e t s  ( T a b l e  1 9 )  and inany of  L h i s  s l z e  were 
o b s e r v e d  i n  S l ~ u h e n a c a d i e  R i v e r  dur i r ig  t h e  s p r i r l g s  of 1979 and 1980 (Plp lv in  
nlid TPadswel 1 ,  ranpr~b, d a t a ) ,  Mcdium s i z e d  and l a r g e  s t r i p e d  1,ass were a1 so 
common i n  Sltuh+naca.lie Lalie dur irrg w l n  t e r  ( 4 1  caxander 1 9 7 5 ,  F le lv in  3 9779)- 
T h i s  l a k e  a p p e a r s  t o  he an  i m p o r t a n t  o v e r ~ f n t e r i n g  s j t - e  f o r  t h e  s p e c i e s  i n  
t h e  uppe r  Bay a f  Fundy r e s t u n ,  P o s s i h l y  b a s s  from r i v e r $  o t h e r  t h a n  t h e  
Shubet~aea t l i t?  occur t h e r e  a l s o .  Two batse, whicir were t agged  w h i l e  spawning  
11s t h e  A n n a p o l i s  R i v e r  d u r i n g  1982 ,  were r ecap t i r r ed  "i t h e  SPru5enacadie 
R i v e r  d t r r fng  tile e a r l y  s p r i n g  vf 1983 ( T a b l r  1 4 )  a Growth o f  b a s s  III t h e  
Shu5enacai i  ie P i v e r  (43.; sinli  i a r  t o  t h a t  r e p o r t e d  f u r  o t h e r  J7t111dy r%ver+.; 
l J e s s o p  and Vi t i l a y a s a i  1 9 7 9 ) .  

'The cnf'i .re q u e s t L o n  o f  o r i g i n  and m i g r a t i o n  of s t r i p e d  b a s s  L:I t h e  
itay i:f F t~ndy  i s  Lntrfguin; :  artd b e g s  s t u d y ,  ~ i ~ c i r l e n t a l .  iraggi-ng by r e -  
s e a l - c h e r s  d~ l r i r ?g  t h e  c o u r s e  of s t u d i e s  i n  t h e  Ray o f  Fundv and t h e  
o c c a s l u n a l  r e c a p t u r e  o f  h a s s  t agged  or, spawr!i.ng grout lds  i.ri t h e  ~ n i t l - A t i a i ~ t i c  
U n i t e d  S t a t e s  s u g g e s t s  many u f  t h e  b a s s  occ .u r r ing  i n  t h e  Ray o f  Pundy and  
41:s upper  r e a c h e s  a r e  n o t  o f  l o c a l  o r i g i n  ( T a b l e  1 4 9 ,  L a r g e  c a t c h e s  o f  
b a s s  i r t  t h e  Ray of FunrSy d u r i n g  t h e  1 9 6 0 ' s  and e a r l y  1 9 7 0 %  (Cadcfy arnd 
C h a n d l e r  i 9 7 6 ) ,  which  c o r r e s p o n d e d  w i t h  peak y e a r - c l a s s  p r o d u c t i o n  o f  b a s s  
i.n Chesapeake  Ray (Koh l . ens t e in  4.981) , a d d s  f u r t h e r  e v i d e n c e  t:o t h i s  p c ~ s s i -  
b i l  t t y .  Al-tl-luilgh t a g  ret :uras  o f  b a s s  spawnlng f n  Bay o f  Fundy t r i b i l t a r f e s  



Striped Bass 

Shubenacadie R i v e r  
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Fig. 37. Growth of young-of-the-year striped bass from Shubenacadie Rive 
in 4979, 
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were seldotn rrorn o u t s i d e  t h e i r  r i v e r  of o r i g i n  (Dadswe?l 1976 and unpub. 
d a t a )  popt i la t ion d i s c r l r n i n a e i o n  s t u d i e s  by FZelvirl (1978) i n d i c a t e d  Ba37 o f  
Fundy spawning p o p u l a t i o n s  were mose c l o s e l y  a k i n  t o  Chesapeake Bay s t o c k s ,  
r ~ r t i l e r  than  t o  t h e  Hudsol~ River f i s h ,  geograph-n'cally a c l o s e r  bu t  l e s s  
migran t  p o p u l a t i o n  (McLaren e t  a l ,  1981) .  

Tiining of t a g g i n g  and r e c a p t u r e  of has.; i n  t h e  Ray 9f Fundy, 
o r i g i n a t i n g  from s o u t h e r n  p o p u l a t i o n s ,  s u g g e s t s  bass  [nay m i g r a t e  around t h e  
Bay d u r i n g  suminer k n  n f a s h i o n  s-4'mflar t o  t h a t  of s h a r k s  and shad a s  a l -  
ready t l i scussed ,  The baqs appeared t o  c o n c c u t r a t e d  a l o n g  t h e  Nova S c o t i a  
s h o r e  from e a r l y -  t o  mid-summer and on t h e  New Brunswick s h o r e  d u r i n g  l a t e  
summer and f a l l  (Tab le  141,  

11. B u t t e r f i s h  ( P e p r i P u s  - t r i a n c a n t h u s )  

Th i s  s p e c i e s  was abundant i n  Cohequid Nay ~ l u r i n g  mid-summer and 
r a r e  t o  common i n  Cumberland Rasin  (Tab le  l o ) ,  Yost specimens were cat)- 
t u r e d  i n  t h e  6 , 2  cm g i lP r , e t  and ranged froin 10-i5 ctn i n l e n g t h .  Ca tches  o f  
t h i s  s i z e  range v a r i e d  from 5-20 b u t t e r f i s h  f : ~  a  l /2 -h r  s e t  d u r i n g  August 
1'953, T,arger i n d i v i d ~ l a l s  were l e s s  cooimon hut  ma ture ,  runnlrlg r i p e  ,-tdults , 
15-25 crn l o n g ,  were c a p t u r e d  i n  Cumberland Basin  d n r i  ng 1981 . The rnarilnt~r~l 
s i z e d  i n d i v i d u a l  c a p t u r e d  was 27 cm l o n g ,  

V i r t u a l l y  n o t h i n g  i s  known aSout t h i s  s p e c i e s  i n  Canada and t h e  
o r i g i n  of t h e  f i s h  i n  t h e  upper Bay can on ly  be guessed a t ,  The s p e c i e s  
s u p p o r t s  1 l a r g e  commercial f i s h e r y  i n  t h e  Gulf of  Maine (T,eiin and Scott-  
1966) and those  o c c u r r i n g  i n  t h e  upper Ray may bc p a r t  of t h i s  s t o c k ,  

2 2. Sou the rn  f i s h e s  

A p e r s i s t e n t  c h a r a c t e r  of t h e  f i s h  c a t c h e s  i n  t h e  upper Bay o f  
Ftindy i s  the  -Incidence of sumrner o c c u r r e n c e  of t y p i c a l l y  s o u t h e r n  f i s h e s  
from t h e  V i r g i n i a n  b iogeograph ic  p rov ince  (Tab le  1 5 ) .  The f a i r l y  r e g u l a r  
occurcence  of e l ements  of t h e  e a s t e r n  Uni ted  S t a t e s  t u r b i d  e s t u a r y  cornmuni- 
t y  c o n t r a s t s  s h a r p l y  w i t h  t h e  i n t e r m i t t e n t  o c c u r r e n c e  of t r o p i c a l ,  Gulf 
S t r e a m f i s h e s  on t h e  A t l a n t i c  c o a s t  of Nova S c o r i a  (Leim and S c o t t  1966) arnd 
s u g g e s t s  a c t i v e  m i g r a t i o n  t o  t h e  Ray of Fundy, P e r s i s t e n c e  of warm w a t e r  
i n  t h e  upper Bay of Fundy ( F i g ,  38) and a n  abundance of prey s p e c i e s  may 
i n f l u e n c e  f i s h e s  such a s  t h e  b l u e f i s h  t o  remain long  enough t o  be c a p t u r e d ,  

I n v e r t e b r a t e s  

Biology of American Lobs te r  i s  p o o r l y  known f o r  t h e  upper Bay of 
Fundy. The f i r s t  d i r e c t e d  s t u d y  f o r  the r e g i o n  is  t h e  work by Campbell 
(1984) .  I n  g e n e r a l  terms t h e  Itpper Ray a p p e a r s  l e s s  impor tan t  i n  t e rms  oL- 
f i s h e r i e s  t h a n  i t  does  a s  a  n u r s e r y ,  F9r whatever  r e a s o n ,  l a r g e  ac lul t  
Lobs te r s  m i g r a t e  i n t o  Chignecto  Bay t o  r e l e a s e  l a r v a l  and e x t r u d e  eggs  
(Campbell 1984) .  The eventual .  f a t e  of t h e s e  l a r v a e  i s  unknown. Tagging o f  
t h e  a d u l t  l o b s t e r s  h a s  r e v e a l e d  t h e y  make e x t e n s i v e  c o a s t a l  m i g r a t i o n s ,  
Some have been c a p t u r e d  a s  Far  s o u t h  a s  Massachuse t t s .  



' 3  i Cricidence o f  s o u t h e r n  f i s h e s  i n  *;he i1pp.r Ray of  Funt'ly dur-i.ng suminer. 

Spec i  r r  C a p t u r e  S i t e  Da te  S o u r c e  

Cynosc i o n  r e g a l i s  ------- --- - Economy P t  . , Minas S e p t  1955 T,ein and  S c o t t  (1966)  
WeaicTi sil B a s i n  

Cumber l a n d  B a s i n  J711y 19'9 Tladswc*f 1 (unpub .  d a t a )  

P o g o n i a s  c r o m i s  H a l l s  Ilarborrr,  N.S. 1947 Blealiney 1963 
~ l a c k d r u r n  

Tau toga  o n i c i s  Tau tog  S c o t s  Bay .--~- 

C r a n b e r r y  Head 13!.Z 
Cumber l a n d  Co . 

Fowler  1915 

Cumberland Bas in  Aug 1981 DadsweLt ( t inpub,  d a t a )  

P r i o n o t u s  c a r o l i n u s  --- M i  n a s  Channel  < J u l y  1951  L e i m  ( n i ~ p u h .  d a t a )  
Nor t h e m  scaarobir7 

P a r a l i c h t h y s  o b l o n g u s  Cumberland B a s i n  J u l y  1981. D R ~ S W C ? ~  1 ( I I J I ~ L I ~ .  d a t a )  
F o u r s p o t  f l o u n d e r  

S p h o e r i d e s  m a c u l a t u s  K i n g s p o r t ,  Minas B a s i n  J u l y  1951 --- -- Leim & Day 1959 
N o r t h e r n  p u f f e r  

Pornatomus sal  t a t r i x  Y i n a s  B a s i n  J u l y  1951 h i m  h S c o t t  1966 
B l u e f i s h  F i v e  I s l a n d s  

Cumber l a n d  Bas i t 1  Ju ly  2 4 ,  1978 Dadswel l  (uripub* d a t a )  

J u j y  1981 Cumberland B a s i n  

B l a c k  Rock, N*S. Aug 1 2 ,  1 9 5 7  1.11. C e n t e r  R e c o r d s ,  
S t .  Andrew? 

F i v e  I s l a n d s ,  ? f inas  Ju ly  23,  1982 Dadswe l l  (unpub.  d a t a )  
B a s i n ,  N,S ,  

S p e n c e r  Ck,, Cobequid J u l y  20, 1983 Dadswe l l  (unpuh,  d a t a )  
say, N,S. 



Bay of Fundy 

Surlace Water Temp OC 

TlROS - N Orbit 9520 

OED00 GMT 18 Aug 1980 

'i 
umberland B a s ~ n  

Bay of Fumdy 

~ u r ~ a c e  water Temp OC 

MQWA - 6 Orbit 6701 

F i g .  3 8 ,  T e m p e r a t u r e  s t r u c t u r e  o f  t h e  u p p e r  Bay o f  Fundy Augus t  and 
O c t o b e r  1980. 



2 , S O  f t--:;he 1. l c l ams  (Mya a r e n a r i a )  --."- p-. 

ScEt.-shel l  c l ams  s u p p o r t  t h e  l a r g c s t  d o l l a r  v a l u e  f i s h e r y  i n  t h e  
upper  Bay of  Ftrndy ( $ 0 - 5  m i l l t o n ,  1 9 8 2 ) ,  Except  f u r  t h e  work by 
Wtthcrspoun (1984)  v e r y  t i t t l e  is  krxuczn a h o u t  t h e  b i o l o g y  of t h e  specie:; i n  
!-he r e g i o n ,  The f i s h e r y  i s  v a l u a b l e  t o  t he  Ray of Fundy r e g j o n  because  i r  
i s  n o t  :iFEected by r o x i c  d j n o f i a g e l l a t e  hloorns and c a n  s u p p l y  t h e  marke t  
~rherl t h e  r e q t  o f  F i s h e r y  is c l o s e d  E O T  t7?is r e a s o n  (Reid  1980) .  

A  lo:^:: t h e  n o r t h  s h o r e  o f  Minas Bas i n  c r ~ v i r o n m e n t n l  concfi t i o n s  have 
hccn f a v u r a h l e  fo r  development  o f  hLghLy p ~ ' o d u c t i v e  clam f l a t s .  I n  o t t ~ e r -  
a r e a s  oF t h e  upper  Ray t b i s  : ;pecies i s  e i t h e r  l s ck ing  o r  e x i s t s  i n  less 
t h a n  corn.nercial q u a n t i  t i e s .  Tack of  so f  t - s h e l P  c l ams  111 many o f  i n t e r  t i d a  1 

a r e a s  o f  t h e  upper  Ray may be caused  by h i g h  sed imen t  l o a d s  i n  t h e  w a t e r ,  
ilizh s e d i l n e n t a t i o n  r a t e s  or e x t e n s i v e  I c e  s c o u r  d u r i n g  w i q t e r  (Rislc e t  a l .  
1 9 7 7 ,  Yeo 1 3 7 5 ) .  

Xany ~r tile f l a t s  have clam,.; w i t h  s low growf-h r a t e s  and show sigrl.; 
o f  s t u n t i n g  (Wi the r spoon  IWR)+  T h j s  r e s o u r c e  may be e x i s t i n g  v e r y  c l o s e  
t o  i t s  I ?rnici_:? o f  b i o l o g i c a l  t o l e r a n c e  arid Pven ~ l l h t l ~  envi i -onmenta t  c h a n g e s  
n ig i l t  c a u s e  t h e  t o s s  of  t h e  f i s h e r y .  

The Mid Ray uf Fundy 

R e s e a r c h  on f i s h e s  i n  t h e  midd le  T)ay of Fundy hcts been l a r g e l y  
Li~nitecl  t o  the e s t u a r i n e  anil anadromvus F i s h e s  i n  t h e  two major  e s t u a r i e s  
o f   his r e g i o n ,  t h e  S a i n t  <Tuhn and Annapo l i s  R i v e r s  ( F i g .  I ) ,  and t o  
s c a l l o p s ,  t h e  r e g i o n ' s  major  f i s h e r y .  'Y'he 71larine F i s h  D i v i s i o n  o f  
F i s h e r i e s  and Oceans condur ts  grocarndfislt and l a r v a l  f i s h  c r u i s e s  i n  t h i s  
L.egion e a c h  y e a r ,  t h e  r e s u l t s  o f  which art-) ~ l s e d  t o  produce  d e s c r i p t i v ~  
r e p o r t s  ( S c o t t  1 9 4 9 ) ,  and p r o v i d e  a  d a t a  b a s e  Eor a s s e s s m e n t  o f  commercial  
F i sh  s t o c k s .  Recen t  wvrk on zoop lank ton  r e l a t i o n s h i p s  i n  t h i s  r eg io i i  re-  
s u l t e d  i n  a  d e s c r i p t i o n  of  l umpf i sh  j u v e n i l e s  ( C y c l o p t e r u s  lumpus) which  
werr a s s o c L a t e d  w i t h  t h e  s u r f a c e  w a t e r s  (Daburn and Gregory  1983)  and 
a s p e c t s  o f  t h e  b i o l o g y  of  a d u l t  lrnmpfish (Gregory  and Daborn ,  i n  p r e s s ) .  
'The pape r  on ltnmpfish j u v e n i l e s  c o n t a i n s  t h e  Eirst d e s c r t p t i o n  uf  t h e i r  
p r e y  p r e f e r e n c e s .  

S c a l l o p s  ( P l a c o p e c t e n  m a g e l l a n i c u s )  

S c a l i o p s  a r e  t h e  rnost v a l u a b l e  ' f i s h e r y  i n  t h e  P l a r i t i ~ n e s .  Tn 1982 
l a n d i n g s  exceeded  $12 m i l l i o n .  One o f  rhe l a r g e s t  and b e s t  known s c a l l o p  
5 e d s  f n  A t l a r l t i c  Canada L i p s  o f f  Digby between 44"3OFN - 45"00fN and 6 5 O 4 0 "  
- 66"30sW ( n i c k i e  1 9 5 5 ) ,  T % i s  bed h a s  been  f i s h e d  s i n c e  t h e  1 9 2 0 ' s  and t h e  
l o n g  term c a t c h  d a t a  a v a i l a b l e  dernunstr:-ites a n  u n d e r l y i n g  r e g u l a r i t y  t u  t h r  
marked f l i l c t u a t i o n s  i n  l a n d i n g s  (Caddy 1979)  ), The c a t c h e s  oscL t Late  w i  t h  ;I 

p e r i o d i c i t y  o f  9  y r  which Caddy (1979)  though t  was Pinked t o  t h e  l u n a r  
a p s i d e s  cyc  re .  Whether s c a l  l o p  r - ec ru i tmen t  taas Lirlked t o  t h i s  c y c l e  
f'hr-oi~glx t e m p e r a t u r e  v a r i a t i o n s ,  t i d a l  c j  r c u l  a t  i o n  o r  unknown et-ivironrnc.ntai 
f a c t o r s ,  c o u l d  n o t  h e  r e s o l v e d .  



The A ~ I - l a p o l i s  EsCuary 

The Annap03 i s  estruriry h,r:; a r t r a c r ~ d  cons l r l e r a i t l e  i n l e r e s t  i n  r-eceitt 

y e s i s  bec;iusc of  t h e  d e c l  i n e  i n  t h e  r i v e r ' ?  striped b a s s  pc>prllat i o n  ( J e s s o p  
and Vit-hayariai  1979)  and the  c o n s t r u c t i o n  uF Canada ' s  f i r s t  t i d a l  hydro-- 
e 1 e c  t r i c  g e n e r a ~ i n g  s t a  t iu i r  c j r i  t h e  e s t u a r y  at. Annapo l i s  Royal  (Douma and 
S t e w s r t  1982 ) , 

'The f i s h  f auna  o I  the r s t u a r y  is dumii latrd by a~tddrornvtla and etiry- 
h a l t n e  ritarine s p e c i e s  and is  d e p a u p e r a t ~  i n  f r e s h w a t e r  s p e c i e s  ( T a b l e  1 6 )  
( J e s s o p  2976,  Daborn e t  a l ,  1 9 7 9 ) -  Lack o f  f r e s h w a t e r  s p e c i e s  p r o b a b l y  lid.; 

zoogeograph ic  reasor ls  s i n c e  t h e  Shuber~acadicr  R i v e r ,  w h f c i ~  i s  c l d s e r  t o  t h e  
s o u r c e  of  Fr-eshwater d i s p e r s a l  r o u r p s ,  h a s  a more d i v e r s e  f r e s h w a t e r  
a s semblage  (Alexande r  1975)  ( T a b l e  1 6 ) .  

Gr-adua t e  s t u d e n t s  of AcadPa U n i v e r s i t y  have* cone  r  i b u t e d  much t o  t h e  
knowledge o f  f i s h  I i f e  h i s t o r i e s  i n  t he  A n n a p o l i s .  l d i i  LLarnsc,n (1974)  and 
N i I l i a m s  (1977)  examined a s p e c t s  of  s t r i p e d  b a s s  b i o l o g y  and O ' N e t l h  ( 1978)  
s t u d i e d  the  l i f e  h i s t o r y  o f  w h i t e  p e r c h  i n  t h e  r i v e r ,  C r e e l  s u r v e y s  and 
biological s t u d i e s  on s t r i p e d  b a s s  i n  t h e  e 9 t u a r y  by t h e  Dep t ,  o f  F i s i t e r i e - <  
and Oceans d u r i n g  t h e  i a sC  10 y r  (Phenney 1973 ,  . Jessup  and Doubleday 1976,  
%Jessup  and V i t h a y a s a i  1979,  J e s s v p  1980) i n d i c a t e  t h i s  p o p u l a t i o n  i s  de- 
c l i n i n g .  S t u d i e s  on r e p r o d u c t i o n  o f  b a s s  i n  t-he r . iuer  showed e g g s  were 
v j a b l e  ( P a r k e r  and Doe 1981,  Wiles 1979) Irut egg p r o d u c t i v n  was e x t r e m e l y  
v a r i a b l - e  (Wf lliams 1 9 7 7 ) -  Angl ing  c a t c h e s  i n  r e c e n t  y e a r s  were tlomirlated 
by l a r g e  ma tu re  f i s h  ( F i g .  3 9 ) ,  Mean age  arzd l e n g t h  o f  b a s s  i n  c r e e l  s u r -  
veys  i n c r e a s e d  from 6 .0  y r  and 56 m i n  I972 t o  l 0 , 9  y r  and 80  cm i n  4978 
(,Jes:;op 1 9 8 0 ) -  What p o r e i o n  of  t h e  a n g l i n g  c a t c h  f'rcmt t h e  r i v e r  was con- 
t r i b u t e d  by b a s s  of  s o u t h e r n  o r i g i n  i s  unknown ( T a b l e  1 4 )  b u t  4 n n a p o l t s  and 
Chesapeake  s t o c l t s  have d e c l i n e d  i n  u n i s ~ n  (Van Winkle et a l .  1979) .  

Annapo l i s  R i v e r  s t r i p e d  b a s s  weigh l e s s  a t  comparable  1eng t h s  t i tan 
S a i n t  J o h n  R i v e r  b a s s  (Wi l l i amson  1974)  b u t  l e n g t l ~  a t  a g e  i s  i d e n t i c a l  
( F i g .  40)  (Dadswe l l  1976,  J e s s o p  1 9 8 0 ) ,  What p r o p o r t i o n  of  t h f s  s i m i l a r i t y  
and d i f f e r e n c e  is due t o  mixing  o f  s o u t h e r n  f i s h  i n  t h e  samples  o f  b o t h  
s t o c k s  i s  unknown and resu3 ts s h o u l d  be viewed w i t h  c a u t i o n ,  

O the r  anadromous f i s h e s  o f  t h e  A n n a p o l t s  have r e c e i v e d  some o r  no 
a t t e n t i o n .  A t l a n t i c  salmon have a l m o s t  cl i s a p p e a r e d  from t h e  s y s  tern s i n c e  
c o n s t r u c t i o n  o f  dams on t h e  main t r i b u t a r y  s t r e a m s  (Wi ldsmi th  1981). I n  
1951 t h e  s p o r t s  c a t c h  o f  salmon from t h e  Annapo l i s  sys t em was 455 f i s h .  Tn 
r e c e n t  y e a r s  i t  h a s  seldom exceeded  1 0  salrnon/yr  (Swetnam and Berna rd  
1 9 8 1 ) .  A t  p c e s e n t  t h e  shad s t o c k  of  t h e  Annapo l i s  R i v e r  i s  l a r g e  (Melv in  
1982 ,  Melvin  e t  a l .  uupub. ?IS) and i t  r a n k s  a:; t h e  ma jo r  s p o r t s  and commer- 
c i a l  f i s h e r y  o n  t h e  r i v e r .  The spawning p o p u l a t i o n  was e s t i m a t e d  a t  be- 
tween 100,000 and 200,000 a d u l t s  and because  o f  t h e  mode of t h e  commercia l  
f i s h e r y  (no  s e l e c t i v e  g e a r  2 l iowed)  i t  a p p r o a c h e s  a  v i r g i n  shad  s t o c k  i n  
n a t u r e .  T t  was thought: t h a t  t h i s  s t o c k  [nay a c t  as a  s e n s e r i v e  m o n i t o r  f o r  
r i d a l  power t u r b i n e  m o r t a l i t y  on  f i s h  s toc lcs  uf t h e  r i v e r  (Me lv in  and 
Dadswelj  1984) .  J e s s o p  (1983)  produced a  v e r y  comple t e  s t u d y  o f  t h e  l i f e  
h i s t o r y  uE t h e  s i l v e r s i d e  p o p u l a t f o n  i n  t h e  Annapo l i s .  H e  c h a r a c t e r i z e d  
t h e  s i l v e r s i d e s  -In t h i s  e s t t r a r y  a s  t y p i c a l  i - - s t r - a t e g i s t s  and s u g g e s t s  t h e y  
c o u l d  :;:tpport a modera te  f i s h e r y ,  



A 1 h F i  she7  captltred by hand seine Erorn c?stuar ies of the Bay of Fundy. 
Data compiled from Lsim (unpub. 1919-1922), Shubenacadie; Jessop 
1976; Uaborn et al, (1979), Annapolis; Corhain (1965), Squires and 
Gorham (1966, 1967) and Dadswell (unpuh.), Saint J~~III; Melvin (PIS 
19761, Passamaquoddy (Waweig, Digdequash and Sam Orr Pond). 
Abundance is A, Abundant (+I00 during study); C, common (10-100); R ,  
r a re  (3 -10); (-) never encountered. 

Species Shubenacadie Annapolis Saint .John 

Petromyzon marinus --- 
Raja erinacea 
Alosa pseudoharengus -- 
Alosa aestivalis - -  
Alosa sapidisslma A(223) A( ? )  R i 3 )  
Clupea harengus -- - R( 3 ) 
Brevoortia tvrannus - - R( 1) - 
Sal.mo salar -- 
Salvefinus fontinalis 
Coregonus clupeaformis 
~smerns mor&x -- 
Esox niger -- 
Catostomus commersonii 
Catostomus catostomus 
~otemigon;~ crysalencas 
Semotilus atromaculatus 
Semotilus corporalis 
Hybopsis plumbea 
Rhinichthvs atratulus 
Notropis eornutus - 
Notropis heferolepis 
Ictalurus nebulosus 
Angullla rostrata -- 
Fundulus diaphanus -- 
Fundulus heteroclitus 
Tautoeolabrus ads~erus 
Morone americana - 
Morone saxitilis 
Le~omis eibbosus 
Perca flavescens 
Menidia menidi";B 
Cyclopterus lumpus 
Urophycis tenuis -- 
Microgadus tomcod 
~ollachius virens 
Syngnathus fuscus 
Pseudopleuronectes americanus 
Liopsetta putnami 
Apeltes quadracus 
Gasterosteus aculeatus 
Gasterosteus wheatlandi 
Pungitius pungitius -- 



-i'ABI.,E 16 . CONT ' D . 

Spc'cies Shubenacad ie  Annapo l i s  S a i n t  John Passamaquoddy 
----- --- --- -- - 

P h o l i s  g u n n e l l u s  -- - 
Hemin te rus  amer i canus  ---- --- 
Myoxocephal us  aertus .- - - 

-- R(6) 
- ---.--- --.---..- pa..--- "---- 



Annapolis Wives - Angled 

Williamson ( 1 9 7 4 )  

- - - -  I 
i - 1 -  

X 
U r 1975 

k n : 203 

,E m i  Jessoo & Bowisleday ( 4 9 7 6 )  

2 4 6 6 10 12 14 16 1 8 t  
Age (Years )  

F i g ,  39. Age s t r u c t u r e  of striped bass from t h e  Annapolis R i v e r  and its 
changes between 1971 and 1975 ,  
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Sa~nt John R. 
n = 177 

ao p Annapolis R. 
I n = 130 
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Age (Years)  

F i g .  40.  Growth of s t r i p e d  b a s s  from t h e  Saint John and Annapolis Rivers - 



Con:,trhclctiion O E  rhe  i-i4aL power s t a t - l o n  Led ~ o  q u e s t i o n s  o f  f  l s h  
passage f a r i l i t i c s ,  marly of trilich were a d d c c s s e d  i n  a  r e p o r t  by Tlartec T,td. 
(Anon. i 9 8 0 a ) .  

The S a i n t  J o h n  E s t u a r y  

The S a f n t  J o h n  R ive r  is  t h e  second l o n g e s t  r P v e r  on the  e a s t  coast-  
of Nor th  America a f t e r  t h e  S a i n t  Lawrence and h a s  a d r a i n a g e  a r e a  of  55 ,000 
sq  ka, I t s  e s t u a r y  forma a  cc>inplex s e r i e s  of i ~ ~ t e r c o n n e c t e d  c h a n n e l s ,  hays  
and laices c o v e r i n g  500 km2 and e x t e n d i n g  i n l a n d  120 km ( T r i t e s  1960) .  The 
estua1.y i s  un ique  f o r  t h i s  r e g i o n  i n  t h a t  t h e  R e v e r s i n g  F a l l s  sill . ,  5 m. he- 
luw mean h igh t l i de  l e v e l  o f  t h e  Bay o f  Fundy, r e s t r i c t s  c i r c u l a t i o n  be tween 
t h e  e s t u a r y  and t h e  Ray and dampens t i d a i  a m p l i t u d e  w i t h f u  t h e  e s t u a r y  
( T r i t e s  ? 9 6 0 ) ,  A s  a  r e s u l t  mean sumner t e m p e r a t u r e s  i n  t h e  e s t u a r y  a v e r a g e  
9°C warmer t h a n  t h e  Ray. T h i s  s e t  o f  c o n d i t f o n s  s e t s  up a  complex a r r ' ay  o f  
h a b e t a t s  l q  t h e  e s t u a r y  r a n z i n g  from f j o r d s  w i t h  pe rmanen t ly  c o l d  and 
s a l i n e  deep  w a t e r  t o  t i d a l  F re shwa te r  lalces ( M e t c a l f e  e t  a l ,  1 9 7 6 ) ,  The 
r e s u L t i n g  f i s h  f a u n a  i s  d i v e r s e ,  r a n g i n g  from o l i g o h a i i n e  r ed  F i sh  ( S a b a s t e s  
mer i t e l l a )  ( S q u i r e s  and Gorham 1'3b6) t h r v u g h  t h e  o n l y  known Canadian  popula3- 
t i o n  o f s h o r  t n o s e  s t u r g e o n  ( A c i p e n s e s  b r e v i r o s t r u m )  ( Dadswel l  1979) t o  a  -- - -- 
d i v e r s e  a s semblage  of warm--and co ld -wa te r  f r e s h w a t e r  s p e c i e s  ( T a b l e  1 6 ) .  
f t s  e s t u a r i n e  f i s h e r i e s  a r e  among t h e  L a r g e s t  and most  v a l u a b l e  i n  t h e  
M a r i t i m e s  (Meth 1972 ,  Dadswe l l ,  i n  p r e s s ) .  

Recent- r e s e a r c h  on F i s h e s  i n  t h e  Sa i r l t  J u h n  e s t u a r y  h a s  been  l a r g e -  
l y  c o n f i n e d  t o  t h e  anadrumoi~s  s p e c i e s :  s t u r g e o n ,  s h a d ,  gaspe rca l l ,  !;almon 
and s t r i p e d  b a s s .  A l though  n o t  lcnowri t o  e x i s t  i n  t h e  S a i n t  .John b e f o r e  
1959 (T,iern arid Day 1959)  subsequen t  r e s e a r c h  h a s  r e v e a l e d  t h e  sho r tnus f3  
s t u r g e o n  p o p u l a t i o n  i n  t h e  r f v e r  i s  one o f  t h e  l a r g e s t  i n  e a s t e r n  Nor th  
American (Dadswe l l  1979,  T a u b e r t  and Dadswel l  1980) .  The s p e c i e s  i s  ana-  
dromous,  spawning i n  t h e  upper  r e a c h e s  o f  t h e  e s t u a r y  i n  s p r i n g  (Anon. 
1 9 8 0 ) ,  f e e d i n g  i n  mid -es tua ry  and w i n t e r i n g  I n  t h e  lower e s t u a r y  o r  iii t h e  
Ray o f  Fundy (Dadswe l l  1 9 7 9 ) -  A t l a n t i c  s t u r g e o n  a l s o  o c c u r  i n  t h e  e s t u a r y  
and supporL a  s m a l l  commercial F i s h e r y  ( s e e  F i s h e r i e s  s e c t i o n )  b u t  t h e i r  
b i o l o g y  i n  t h i s  c i v e r  sys t em is  v i r t u a l l y  unknown, 

The American shad  is  one of t h e  b e t t e r  s t u d i e d  f i s h  from t h e  S a i n t  
J o h n .  The f i s h e r y  f o r  t h i s  s p e c i e s  was l a r g e  i n  t i n e s  p a s t  (200 ,000  - 
400,000 k g / y r )  b u t  d u r i n g  t h e  Last 20 y r  h a s  d e c l i n e d  s i g n i f i c a n t l y ,  p a r t  
o f  t h e  r eason  fur  which may be c o n s t r u c t t o n  o f  i '4actaquac D a m  ( .Jessop 1 9 7 5 ) .  
The d e c l i n e  prompted c o n s i d e r a b l e  s t u d y .  Ca r scadden  and L e g g e t t  (1975)  
d e t e r m i n e d  t h a t  shad  from e a c h  o f  t h e  S a i n t  J o h n  t r i b u t a r y  r i v e r s  were d i s -  
t i n g u i s h a b l e  and had un ique  l f f e  h i s t o r i e s .  Most S a i n t  J o h n  R i v e r  shad  
spawn a t  age  4 u r  5 and a v e r a g e  41 c m  i n  l e n g t h .  Repea t  spawners  are 
abundan t  (76 .5%)  and a v e r a g e  2 .8  s p a w n i n g s / f i s h  ( C a r s c a d d e n  and T>egget 
1 7 5 )  An i n t e r e s t i n g  a s p e c t  of shad  h i o l u g y  on t h e  S a i n t  ,John i s  t h e  
o c c u r r e n c e  o f  a "faf.1 run"  ( G a b r i e l  e t  a l .  1 9 7 6 ) .  The " ' f a l l  run"  was 
t h o u g h t  t o  c o n s i s t  l a r g e l y  of  S a i n t  J o h n  shad  ( G a b r i e l  e t  a i .  1976)  b u t  
r e c e n t  work i n d i c a t e s  t h e  m a j o r i t y  may o r i g i n a t e  from o t h e r  r i v e r s  un t h e  
east  c o a s t  d u r i n g  t h e i r  m i g r a t f o n  o u t  o f  t h e  Bay o f  Pundy ( B r a d f o r d  1981 ,  
Dadswel l , unpub. d a t a )  . 



Gaspe reau ( a l e w i f e s  and k l u e b a c k  he c r  i n g )  b i o l o g y  h a s  been  examined 
by v a r . i o l ~ s  worlcers h ~ l t  most  i n f u r m a t i o n  Is n o t  y e t  a v a i l a b l e  i n  p u b l i s h e d  
for131 (,Sessc;ps, pe r s .  comn,) , Messiah  (1977)  d e s c r i b e d  t h e  p o p u l a t i o n  
s t r u c t u ~ . c  and b i o l o g i c a l  c h a r a c t e r i s t i c s  of  b o t h  a l e w i f e  and b l u e b a c k  
l ~ e r r i n g  from t h e  spawning sun .  9 a d s w e l l  ( i n  p r e s s )  d e s c r i b e d  t h e  f i s h e r y .  

4 t l a n t i c  salmon once s u p p o r t e d  t h e  most v a l u a b l e  f i s h e r y  o f  t h e  
S a i n t  J o h n  R i v e r  b u t  t h i s  f i s h e r y  h a s  s l  nce rlec l i n e d  i n  v a l u e  b e c a u s e  o  F 
r educed  p o p u l a t i o n  and imposed q u o t a s  ( s e e  f  LsherLes  s e c t i o n ) ,  The salmon 
p o p u l a t i o n  h a s  been s e v e r e l y  impacted  by damming and p o l l u t i o n  o f  t h e  r i v e r  
( F i g .  41)  (Dominey 1973)  and a e r i a l  s p r a y i n g  of  i n s e c t i c i d e s  ( E l s o n  1 9 6 7 ) .  
Rugg les  and Watt  (1975)  d e s c r i b e d  t h e  a t t e m p t s  t o  r e v i t a l i z e  t h e  salmon r u n  
b u t  r e s u l t s  !lave n o t  been  e n c o u r a g i n g ,  Yowever, p r e s e n c e  o f  t h e  l ' lactaquac 
Dam and t h e  a s s o c i a t e d  h a t c h e r y  t o  r e p l a c e  salmon p a r r  p r o d u c t i o n  l o s t  i n  
t h e  drvwrling o f  t h e  r i v e r  h a s  r e s u l t e d  i n  c o n s i d e r a b l e  r e s e a r c h  on hydro- 
e l e c t r i c  development  and i t s  e f f e c t  on t h i s  s p e c i e s  (Carey  1'370, Macdonald 
and I Iya t t  1973,  RuggLes 1 9 0 0 ) .  

S t r i p e d  b a s s  r e s e a r c h  on t h e  S a i n t  J o h n  h a s  been  s p o r a d i c .  
Wi l l i amson  (1974)  and Dadswell  (1976)  d e s c r i b e d  g rowth  and p o p u l a t i o n  char- -  
a c t e r i s t i c s  '2nd Melviri (1973)  s t u d i e d  tine rnorphometr ic ,  m e r i s t i c  and pru- 
t e i n  c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n .  T h i s  b a s s  popul a t i o n ,  s i rn i l  au- t o  
t h e  A n n a p o l i s  R i v e r  one ,  a p p e a r s  t o  he  g e n e t i c a l l y  r e l a t e d  t o  Chesapeake 
Bay p o p u l a t i o n s  (Melvin  1 9 7 8 ) .  What p r o p o r t i o r )  o f  a c t u a l  Chesapeake ha:;s 
were  i n  t he  s t u d y  samples  i s  unknown b u t  t h i s  may wel l  have i n f i u e n c e d  
r e s u l  t s .  

The a n g l i n g  c a t c h  o f  b a s s  i n  t h e  S a i n t  J o h n  was h i g h  d u r i n g  t h e  
1 9 6 0 ' s  (O 'Donnel l  1963)  c o i n c i d e n t  w i t h  t h e  peak o f  Chesapeake  F i s h .  I n  
1976 a 28 kg spec imen,  21-yr-old was c a p t u r e d  a t  R e v e r s i n g  F a l l s .  T h i s  was 
p r o b a b l y  a s o u t h e r n  f i s h  s i n c e  l o c a l  s t r i p e d  b a s s  se ldom exceed  20 kg a t  
t h i s  age  (Dadswe l l  1 9 7 6 ) ,  Tag r e t u r n s  a l s o  i n d i c a t e  s o u t h e r n  b a s s  spend  
p a r t  o f  t h e  summer i n  t h e  S a i n t  J o h n  r e g i o n  ( T a b l e  1 4 ) .  S i n c e  1973 t h e r e  
h a s  been a l a c k  o f  younger  age  c l a s s e s  p r e s e n t  i n  t h e  S a i n t  John ( F i g .  4 2 )  
and t h e  p o p u l a t i o n  h a s  d e c l i n e d  t o  low l e v e l s  r e s u l  t f n g  i n  a c l o s u r e  o f  t h p  
cominerci a1 f  i s h e r y .  

The S a i n t  John  e s t u a r y  h a s  one o f  t he  few p o p u l a t i o n s  o f  laire  
w h i t e f i s h  (Coregonus  c l u p e i f o r r n i s )  i n  t h e  P ' lar i t imes ( S c o t t  artd Crossman 

P P  

1 9 7 3 ) .  The p o p u l a t i u n  s i z e  i s  n o t  known b u t  t h e  f i s h  c a n  be s e a s o n a l l y  
abundan t  d u r i n g  spawning and  f e e d i n g  m i g r a t i o n s  (Meth 1972 ,  Dadswel l  
1976) .  Age and growth  c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n  were s i m i l a r  t o  
o t h e r  s t u d i e d  p o p u l a t i o n s  (Dadswel l  1 9 7 6 ) -  

G r a d u a t e  s t u d e n t s  o f  t h e  Univer*; i ty  of  Ncw Erunswick  ( F r e d e r i c t o n )  
have  made numerous s t u d i e s  on p a r a s i t e s  o f  f i s h e s  i n  t h e  e s t u a r y .  A new 
s p e c i e s  o f  s t u r g e o n  p a r a s i t e  ( C a p i l l o s p i r u r a  -- pseudoargumentosa)  was -- 
d e s c r i b e d  (Appy and Dadswell 1978) and i ts  l i f e  c y c l e  d e t e r m i n e d  (Appy and 
Dadswel l  1 9 8 3 ) .  



Commercial  Salmon Landings - Saint John R 

F i g .  4 1 .  Saint John River Atlantic salmon commercial landings between 1982 
and 1981 and the period of first impact by various human 
endeavors. 
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Fig. 4 2 .  P e r c e n t  f requency  of catch-by-age f o r  S a i n t  John River  s t r iped 
bass between 1967 and 1976.  



T h e  Lower Bay u f  Fundy 

The h f ~ L o g y  oF f ~ s h e s  i n  the  lower  Ray of  Fundy i s  perhaps  t h e  m u s t  
s t u d i e d  and b e s t  ir~iorm i n  tlie H a r i t i m e s  (Dabom arrd TILeakriey 1977) .  The 
o u t e r  r eg ion  is  a l s o  the s f t e  of the  m v s t  v a f u a h l e  f i s h e r i e s  i n  the  Ray 
( S c a r r a t t  1974,  6977) ,  Recent f i s h e r i e s  r e s e a r c h  h a s  c o n c e n t r a t e d  on 
g r o u n d f i s h ,  h e r r i n g ,  lobsters, f i s h  physiology and a q u a c u l t u r e ,  c e t a c e a n s ,  
and f i s h  taxonormy, 

N u s t  groundfl"sh r e s e a r c h  i s  conduc"ld by the  Marine F i s h  Divisictn 
of  F i s h e r i e s  and Oceans. S e c e n t  a r e a s  of c o n c e n t r a t f o n  a r e  the  bio- 
c n e r g e t j c s  of cod and haddock. Eacli y e a r ,  annu31 o r  h ia l inual  g r o u n d f i s h  
assessment  c r u i s e s  a c e  conducted a t  s t a n d a r d  s t a t i o n s  i r t  t h e  Bay of  Pundy 
and the  S c o t i a n  S h e l f  (NAFO 4X s u b d i v i s i o n )  ( S c o t t  1976) .  These a r e  l a r g e -  
l y  t o  a s s e s s  s t o c k  s i z e ,  age compos i t ion ,  d i s t r i b t a t t o n  and r e c r u i t m e n t  o f  
the  commerciaLLy e x p l o i t e d  s p e c i e s  of gado ids  and p l e u r o n e c t i d s .  The ex- 
p l o i t a t i o n ,  griawtYi and s t o c k  i d e r t t i f i c a t i o n  o f  cod (Beacham 1982a) ,  haddoclc 
(Reacham 19R2bj9 p o l l o c k  (Bcacham 1 9 8 2 ~ )  and p l a i c e  (Beacham 1982d) have 
been a d d r e s s e d  f o r  s t o c k s  o c c u r r i n g  i n  the  Ray of Fundy and Gulf of  Maine. 
Long-term sampling f o r  g r o u n d f i s h  a t  r e f e r e n c e  l o c a  l i t i e s  on a  f i n e r  t ime 
s c a l e  has  o c c u r r e d  i n  Passanaquoddy Bay and close-by i n  rhe Ray of  Furrdy 
( T y l e r  1971,  1972,  MacdonaZd e t  aL. i n  p r e s s ) .  S u b s i d i a r y  s t u d i e s  of f i s h  
from t h e s e  l o c a l i t i e s  have inc luded  ?he l i f e  h i s t o r i e s  o f  r ed  and w h i t e  
hake (Markle a t  a l ,  1982) ,  d e s c r i p t i o n  of cod p a r a s i t e s  (Appy and Bur t  
1982)  and the  F i s h  l e e c h  fauna of  the  r e g i o n  (Appy and Dadswell 1981) .  

H e r r i n g  i s  one of t h e  most importari t  f i s h e r i e s  i n  the  o u t e r  Day of  
Fuildy and r e s e a r c h  h a s  been conducted o v e r  a  long tirne pe r iod .  I i e r r i n g  
t a g g i n g  s t u d i e s  (McKenzie and TibRo 2961, Stobo 1976)  and j u v e n i l e  h e r r i n g  
s u r v e y s  have been d i r e c t e d  a t  d e t e r m i n i n g  the  nvveinents and s t o c k  r e l a t i o n -  
s h i p s  o f  post-metamosphosis h e r r i n g .  R e s u l t s  i n d i c a t e  the  Ray of Fundy i s  
an impor tan t  f e e d i n g  a r e a  f o r  p r e - r e c r u i t  h e r r i n g  from s t o c k s  o c c u r r i n g  i n  
the  Gulf of ?4aine and Ray of Fundy (Das 1968) .  S i g n i f i c a n t  c o n t r i b u t i o n s  
t o  i n v e r t e b r a t e ,  a s  w e 1 4  a s ,  l a r v a l  h e r r l n g  ecology have been made s i n c e  
the  onse  t of ichkhyopl ankt on s u r v e y s  conducted annrlal l y  d u r i n g  March, 
August and November s i n c e  1969,  V e r t i c a l  o b l i q u e  p l a n k t o n  tows ( p a i r e d  505 
Bongo n e t s )  a r e  conducted a t  116 s t a n d a r d  s t a t i o n s  th roughout  the  Ray of  
Fundy ( n o t  i n c l u d i n g  t h e  i n n e r  p o r t i o n s  of  q i n a s  and Chignecto  Bay). Re- 
s u l t s  i n d i c a t e  d i s c r e t e  a g g r e g a t i o n s  of c t e n o p h o r e s  ( I l e s  1975) chaetog-  
n a t h s  ( I Iur ley  1980) and euphaus lds  (Kulfia e t  a 1 ,  1982) .  The cor lcepts  o f  
the  l a r v a l  t r a n s p o r  t - r e  t e n t  i o n  mechanisms and t h e  s e a s o n a l  and a r e a  d i s  tri- 
b u t i o n  of h e r r i n g  l a r v a e  d e s c r i b e d  by Das (1968) and l les  (1972, 1979) have 
been modi f i ed  r e c e n t l y  t o  accoun t  f o r  t h e  spawning p o p u l a t i o n  i n  the  S c o t s  
Bay a r e a .  Three  d i s c r e t e  r e t e n t t o n  a r e a s  f o r  t h e  l a r v a e  from t h e  spawning 
popu ia thons  of Grand Manan, southwest  Nova S c o t f a  and S c o t s  Ray were iden- 
t i f i e d  (Bradford  1982)- PPiessiak (1975)  d e s c r i b e d  t h e  growth of o t o l i t h s  i n  
young h e r r i n g  from t h e  Bay of Fundy. 

L o b s t e r  r e s e a r c h  h a s  emphasized a q u a c u l t u r e  and phys io logy  (Aiken 
1980, Afken and Waddy 1978) ,  p a r a s i t o l o g y  ( L e s l i e  e t  a l .  1981) and l o b s t e r  
s t o c k  b i o l o g y  and assessment  (Campbell and Duggan l 9 6 0 ) ,  Long d t s t a n c e  
movements of  l o b s t e r  from ehe Bay of  Fundy a long  t h e  United S t a t e s  c o a s t  



were v e r i f i e d  by an e x t e n s i v e  t a g g i n g  program (Campbell 1984).  

F i s h  phys io logy  s t u d i e s  have bceri d i r e c t e d  towards A t l a n t i c  salinoii 
a q u a c u l t u r e  arid have l e a d  t o  t h e  e s t a b l i s h m e n t  of a s m a l l  a q u a c u l t u r e  
i n d u s t r y  i n  t h e  r e g i o n ,  S t u d i e s  have i n c l u d e d  s e l e c t i v e  b r e e d i n g  ( B a i l e y  
e t  a l .  1980, Glebe e t  a l ,  1980) ,  t h e  development of r a p i d  growing p a r r  
( J o h n s t o n  and Saunders 1981, Saunders and Ilenderson :978 ,  Wedemeyer e t  a l .  
1980) and p rocedures  f o r  a q u a c u l t u r e  (Saunders  1983, Saunders e t  a l .  1982 ,  
Saunders e t  a l .  1983, S u t t e r l i n  e t  a l .  1981) ,  

The p h y s i o l o g i c a l  p r o c e s s  of h a t c h i n g  of f i s h  eggs h a s  beer1 
examined w i t h  r e s p e c t  t o  osrnoregulatiori  ( P e t e r s o n  e t  a l .  1980) ,  a c i d  p re -  
c i p i t a t i o n  and low pH ( P e t e r s o n  e t  a l .  1980, P e t e r s o n  and Martin- Robichaud 
1983) and cadmium p o l l u t i o n  ( P e t e r s o n  e t  a l e  1983).  The impact and physio-  
l o g i c a l  e f f e c t  of d i o n o f l a g e l l a t e  t o x i n s  on f i n f i s h  was d e s c r i b e d  and 
d e l i n e a t e d  (White 1977, 1980, 1981, 1982a) and a c o n t i n u i n g  i n t e n s i f i c a t i o n  
of Gonyaulax blooms and s h e l l f i s h  t o x i c i t y  i n  t h e  lower Bay of Fundy de- 
t a i l e d  ( F k i t e  1982b, 1 9 8 2 ~ ) ~  

S ince  t h e  e a r l y  1970 ' s  a group of r e s e a r c h e r s  have been working on 
t h e  t i d a l l y  g e n e r a t e d  ecosystem a t  t h e  mouth of Passamaquoddy Bay and o f f  
B r i e r  I s l a n d  ( F i g .  1 ) .  Because of t h e  c o n c e n t r a t i n g  mechanisms of t i d a l l y  
induced c u r r e n t  f r o n t s ,  the  regior:  i s  impor tan t  f o r  h e r r i n g  (Huntsman 1953,  
Jove l l a r ios  and Gaskin  19831, b i r d s  (Brown e t  a l .  1979, Rraune and Gaskin  
1982a,  1982b) and c e t a c e a n s  (Neave and Wright 1968, Arnold and Gaskin  1972 ,  
Gaskin e t  a l .  1975, Gaskin and Blair 1977, Gaskin and Smith 1979).  Recent  
s t u d i e s  i n d i c a t e  t h e  r e g i o n  s u p p o r t s  a summer n u r s e r y  of A t l a n t i c  r i g h t  
whales (Eubalaena g l a c i a l i s )  and i f  p o p u l a t i o n  e s t i m a t e s  a r e  c o r r e c t ,  h a l f  
t h e  n o r t h  A t l a n t i c  p o p u l a t i o n  of t h i s  s p e c i e s  is  i n  t h e  Gulf of Maine 
r e g i o n  each summer (Kraus and P r e s c o t t  1983, Reeves e t  a l .  1983).  Ml~ch of 
t h i s  work was made more u r g e n t  by t h e  p o s s i b i l i t y  f o r  c o n s t r u c t i o n  of a 
l a r g e  o i l  r e f i n e r y  a t  E a s t p o r t ,  ME and t h e  p o t e n t i a l  f o r  o i l  s p i l l s  and 
t h e i r  env i ronmenta l  impact ( S c a r r a t t  1979) ,  

Flaintenance of t h e  taxonomic r e s e a r c h  c o l l e c t i o n  f o r  t h e  B i o l o g i c a l  
S t a t i o n  became t h e  r e s p o n s i b i l i t y  of t h e  I d e n t i f i c a t i o n  Cen te r  i n  1973. 
S i n c e  then  t h e  i d e n t i f i e d  c o l l e c t i o n  of f i s h e s  h a s  grown t o  o v e r  500 
s p e c i e s .  The c o l l e c t i o n  a l s o  i n c l u d e s  approx imate ly  2000 s p e c i e s  of j n v e r -  
t e b r a t e s .  I n i t i a t i o n  of taxonomic s t u d i e s  has  l e a d  t o  p u b l i c a t i o n s  on 
p o l y c h a e t e s  (Appy e t  aP, 1980) ,  copepods (Roff 1 9 7 8 ) ,  p o l y c h a e t e  l a r v a e  
( L a c a l l i  1980) ,  and l a r v a l  gado ids  (Markle 1982).  

FISHERIES 

F i s h e r i e s  of t h e  Bay of Fundy (NAFO o r  ICNAE1 4X s u b - d i v i s i o n )  h a v e  
been summarized i n  numerous r e p o r t s  d u r i n g  t h e  l a s t  10 y r  (Hare 1977,  
S c a r r a t t  1977, Campbell 1979, I l e s  1979,  Kohler  1979, Peacock 1979) .  
I n t e r e s t  h a s  c e n t e r e d  mainly on t h e  h i g h  volume, h i g h  v a l u e  s p e c i e s  of the 
lower Bay s o  t h e s e  w i l l  be o n l y  b r i e f l y  reviewed h e r e .  F i s h e r i e s  of t h e  
upper  Ray and t h e  e s t u a r i e s  have r e c e i v e d  s c a n t  a t t e n t i o n  and w i l l  be r e -  
viewed i n  more d e t a i l  w i t h  some h i s t o r i c a l  p r o s p e c t i v e ,  Comtnercial 



l a n d i n g s  f o r  tile Bay of Fundy r e g i o n  were recorded  by S t a t i s t i c s  Canada by 
couizty b e f o r e  19/17 aind by S t a t i s t f c a b  D i s t r i c t  a f t e r  1947 ( F i g .  4 3 ) ,  Both 
g e o g r a p h i c  grouping rnetiaods w i l l  be used i n  t h e  f o l l o w i n g  a n a l y s i s ,  

Th t~  rjay of Fundy f i l s t ~ e r i c s  a r e  valir;l"ne, The Iandhngs of a11 in-  
v e r t e h r a t c  s p e c i e s  i n  19131 was approx imate ly  6,000 m e t r i c  t o n s  (MT) v a l u e d  
a t  $44. m i l l t o n  (Tab le  17)- The 1981 marine p l a n t  l a n d i n g s  were 11,000 MT 
v s l u e d  a t  $1 m i l 4  ton  (Tab le  I n > ,  Tlesring l a n d i n g s  over  t h e  l a s t  10 y r  h a v e  
averaged  l10,000 MT vdiacd aL $20 m i  ibiorl ( T l e s  1979) and g r o u n d f i s h  
l a n d i n g s  i n  13G? were '32,000 MT va lued  a t  $14 m i l l t o n  (Tab le  1 9 ) .  Shad,  
sa lmon,  a l ewiFes  arid othcar diadrnmous specl' e s  lant l ings  a v e r a g e  1,500 MT 
(Tab le  20) v a l t ~ e d  a t  appri ixirnately $ 4  mtlbl'on (Dadswel l ,  i n  p r e s s ) .  111 

sum, t h e  annua l  vali te of f i s h e r i e s  ili t h e  Ray 3f Fundy wi t t lout  c o n s i d e r i n g  
secondary  v a l u e s  f o r  t h e  whole Bay of Fundy was es t i ina ted  a t  $92 m i l l i o n  i n  
1978 (Peacock 1919) bu t  was probab ly  c l o s e r  t o  twice  t h a t  i n  1982. It must 
be remembered, however, t h a t  a l l  compiled s t a t i s t i c s  a r e  r e p o r t e d  l a n d i n g s ,  -- 
I n  t h e  c a s e  of mar ine  p l a n e s ,  g r o u n d f i s h  and h e r r i n g  where most o r  a l l  of  
t h e  c a t c h  i s  p rocessed  i n  c e n t r a l  p l a n t s ,  t h e  s t a t i s t i c s  may he approx i -  
m a t e l y  a c c u r a t e ,  For o t h e r  s p e c i e s ,  e s p e c i a l l y  tlaose s o l d  o f f  t h e  b o a t  
d i r e c t l y  t o  t h e  consurner (sa lmon,  l o b s t e r ,  z l a m s ) ,  r e p o r t e d  l a n d i n g s  w i l l  
be l e s s  than  r e a l  Landings,  Consequent ly  real v a l u e  of  t h e  f i s h e r i e s  a r e  
p robab ly  c o n s i d e r a b l y  more than  es t i rnare i l ,  

F i s l ~ e r i e s  $11 the upper Bay of Fnndy h;lve t r a d i t i o n a l l y  beer1 f o r  
anadromous s p e c i e s ,  h e r r i n g ,  clams and l q b s t e r s ,  

Anierican shad 

The shad f i s h e r y  of  t h e  upper Bay of Fundy h a s  e x i s t e d  s i n c e  t h e  
e a r l i e s t  a r r i v a l  of Europeans i n  t h e  r e g i o n ,  TbrPey (11352) i d e n t i f i e d  t h e  
s t a r t  of a  w e i r  f i s h e r y  on t h e  t i d e  f l a t s  by 1950, P r i n c e  (1912) w r i t i n g  
f o r  t h e  Dominion Shad Com~nisston (1908-1910) d ~ s c r f b e d  t h e  abundance of 
shad i n  t h i s  r e g i o n  d u r i n g  t h e  1800 ' s  and t h e  r e l a t i v e  e a s e  w i t h  which 
p r i m i t i v e  a n d / o r  s i m p l e  c a p t u r e  methods ( b r u s h  w e i r s )  cou ld  c a p t u r e  50,000 
- 100,000 shad on a s i n g l e  t i d e ,  Tlne shad f i s l r e r y  was s o  i m p o r t a n t  t o  t h e  
economy of t h e  i n n e r  Bay of Fundy t h a t  a s p e c i a l  a c t  o f  t h e  Nova S c o t i a  
t e g i s l a t u r e  was passed  i n  1840 f o r  i t s  r e g u l a t i o n  ( P e r l e y  1852) ,  A f t e r  
1840 d r i f t  g i l l n e t s  became t h e  major means of c a p t u r i n g  shad and a t  t h e  
same t ime a  l a r g e  e x p o r t  t r a d e  i n  s a l t  shad began w i t h  t h e  e a s t e r n  Uni ted  
S t a t e s  ( P e r l e y  1852) ,  Between 1870 and 1900, annua l  shad l a n d i n g s  f o r  
Minas Basin  and Chignecto  Ray were 1-0-2-0  x 10 kg /y r  ( F i g ,  44) and con- 
st3 t u t e d  two- th i rds  of t o t a l  Canadian shad l a n d i n g s ,  A f t e r  1900,  l a n d i n g s  
d e c l i n e d  d r a s t i c a l l y  as a  r e s u l t  of markedly decreased s h a d  abundance 
( P r i n c e  1912) and have remained a t  l o w  l e v e l s  up t o  t h e  p r e s e n t ,  Although 
abundance has  i n c r e a s e d  s i n c e  1970 (Dadswell  et a l ,  4984) l a n d i n g s  remain 
low because  of reduced e f f o r t  (Tab le  2 0 ) -  

The compara t ive  importance  of shad t o  t h e  f i s h e r i e s  i n  t h e  upper  
Bay when shad were abundant is amply demorrstrated by comparing t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  shad and h e r r i n g  t o  the  t o t a l  f i s h e r y  i n  each  coun ty  around 



F i g .  4 3 .  S t a t i s t i c a l  d i s t r i . c t s  and coun t i e s  b o r d e r i n g  t h e  Bay of Fundy. 
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3 T A R L F  IS .  Arinual commerc i a l  l a n d i n g s  (kg s 10 ) and  l a n d e d  va lues  ( $  x 10 ' )  of 
mar ine plants i n  t h e  Ray of Fundy,  
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Fig. 4 4 .  Annual comaercial landings of shad f o r  Cumberland and Minas 
Basins from 1870-1978, 



t h e  Bay of Fundy d u r i n g  the  p e r i o d  1879-1884 ( F i g .  45) .  H e r r i n g  c o n t r i -  
buted n e a r l y  100% of l a n d i n g s  i n  C h a r l o t t e  Co. and Kings Co. bu t  shad con- 
t r i b u t e d  a  l  like p o r t i o n  i n  C o l c h e s t e r  and Westmorland C o u n t i e s  * Adrni t e d l ~  
t h e  t o t a l  l a n d i n g s  of shad and /o r  a l l  F i sh  i n  the  upper Ray of Fundy was an 
o r d e r  of magnitude l e s s  than the  lower Ray d u r i n g  t h i s  p e r i o d  (Tab le  2 l ) ,  
b u t  when the  r e g i o n s  were compared i n  terms of mean landir rgs  over  10-yr 
p e r i o d s  f o r  the  a r e a  of ocean f r o n t i n g  t h e i r  s h o r e  ( s i m i l a r  t o  the  a n a l y s i s  
by Huntsman 1952) t h e  l a n d i n g s  i n  k g / h e c t a r e  were n o t  a p p r e c i a b l y  d i f f e r e n t  
e x c e p t  f o r  C h a r l o t t e  Co. ( F i g .  4 6 ) .  

I n  t h e  upper Bay of Pundy two methods a r e  used t o  c a p t u r e  shnd,  
d r i f t  g i l l n e t s  w i t h  a  minimum a l l o w a b l e  mesh s i z e  of  12.5 cm s t r e t c h e d  a n d  
i n t e r t i d a l  w e i r s .  Three f i shermen a r e  l i c e n s e d  t o  d r i f t  n e t  f o r  shnd i n  
Minas Basin  and approx imate ly  30 i n  Chignecto  Bay. There a r e  f o u r  l i c e n s e d  
w e i r s  which c a p t u r e  shad i n  Miaas Bas in ,  one a t  F ive  I s l a n d ,  two a t  
Economy P o i n t  and one a t  Walton. There  a r e  no w e i r s  i n  Chignecto  Bay. 

A t  p r e s e n t  the  shad f i s h e r y  of upper Bay of Pundy remains  s m a l l .  
Landings  seldom exceed 50 MT/yr (Tab le  20) .  However, each  y e a r  f o r  the  
p a s t  twenty the  United S t a t e s  h a s  been r e s t o r i n g  more oF t h e i r  r i v e r s  f o r  
p o t e n t i a l  shad spawning and shad s t o c k s  a r e  i n c r e a s i n g  (Legge t t 1976,  
M i l l e r  e t  a l .  1 9 8 2 ) ,  I f  r e s t o r a t i o n  p l a n s  proceed a s  planned shad abund- 
ance  i n  the  upper Bay of  Fundy cou ld  r e a c h  h i s t o r i c a l  l e v e l s .  Even a t  
e x i s t i n g  s t o c k  l e v e l s  c o n s i d e r a b l e  scope f o r  i n c r e a s i n g  the  f i s h e r y  e x i s t s  * 

A t l a n t i c  salmon 

A t l a n t i c  salmon c o n t r i b ~ l t e d  t o  f i s h e r e s  i n  t h e  upper  Ray o f  Furldy 
b o t h  thrcough commercial and s p o r t s  c a t c h e s .  Repor ted  c o ~ n m e r c i a l  Land i n g a  
i n  r e c e n t  y e a r s  have seldom exceeded 4  MT and i n  most c o u n t i e s  s p o r t s  l a n d -  
i n g s  have o f t e n  exceeded commercial l a n d i n g s  (Tab le  1 3 ) .  I n  the  p a s t ,  how- 
e v e r ,  commercial l a n d i n g s  o f t e n  t o t a l e d  100 ~ T / y r  ( F i g .  47) .  Weirs i n  
Kings Co. ( S c o t s  Bay) and the  d r i f t  n e t  f i s h e r y  i n  Cobequid Ray were t h e  
major f i s h e r i e s  ( F i g ,  47) (Huntsman 1958) .  Salmon c a p t u r e d  i n  the  Rings  
Co. f i s h e r y  were from many s o u r c e s ,  even t h o s e  a s  f a r  away a s  t h e  ~ i r i m i c h i  
R ive r  (Saunders  1969,  J e s s o p  1976) .  Ca tches  o s c i l l a t e d  i n  un i son  w i t h  
S a i n t  John River  l a n d i n g s  ( F i g s ,  41,  47)  which s u g g e s t s  a  r e l a t i o n s h i p  
e d t h e r  i n  the  s t o c k s  f i s h e d  o r  some o v e r a l l  env i ronmenta l  c o n t r o l  of s a l ~ n a n  
p r o d u c t i o n  i n  the  Bay of Pundy Basin .  

The upper Bay of Fundy has  some e x c e l l e r i t  salmon r i v e r s .  The  t o t  
2 d r a i n a g e  b a s i n  a r e a  of Xinas  Bas in  i s  4500 km most of w h i c h t s  a c c e s s l h l ~  

t o  salmon ( N a r t i n ,  p e r s .  comm,) compared t o  approx imate ly  11.000 km2 f o r  t h e  
S a i n t  J o h n .  The s p o r t  c a t c h  i n  the  Shuhenacadie River  r a n g e s  hetween 5 0 0  
and 1000 salmon a  y e a r  (Morantz 1 9 7 8 ) ,  

Gaspereau (Alewife  and blueback h e r r i n g )  

Xa jo r  gaspereau  f i s h e r i e s  i n  the  r e g i o n  a r e  s i t u a t e d  on r i v e r s  a n d  
c a p t u r e  f i s h  u s i n g  scoop o r  t r a p  n e t s .  Year ly  l a n d i n g s  from t h e  upper R a y  
ave rage  500 f .~T/yr.  The l a r g e s t  f i s h e r i e s  e x i s t  i n  t h e  Gaspereau River ( S D  
4 1 ) ,  the  Shubenacadie River  (SD 42, 43) and r i v e r s  a t  t h e  head of  





TI\RI,K 2 1 .  1,anrlings of lierrirlg nitd shad  i n  t h e  Bay of  Fundy hetween 1879 ant1 
1884 i n  relation to all f i s h  l a n d i n g s .  

Year Digby Klngs Hants Cumberland Colchester Charlotte Westmorland 

Herring kg x 1000 

Shad kg x 1000 

Total landings (all species) kg x 1000 
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Fig. 46. Productivity of the ocean area fronting the counties of the B a y  
of Fundy for three 10-yr periods between 1879 and 1974. 
Productivity is expressed in kilograms of all fisheries l a n d i r a s s  
(except plants) per hectare of ocean area. 
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Cumheclnnd Ras iq  (SD 2 4 ,  81) ( T a b l e  20), The Cumbex-Land Has ln  f l s h e r y  h a s  
dec i fncc i  i n  r e c e n t  y e a r s  from 50,000 k g / y r  t o  a few thousand kg ( T a b l e  20)  
(Caddy and Chand le r  1976) perhaps  a s  a  r e s u l t  of' c o n t r o l  s t r u c t u r e s  ( t - i d a l  
dams) p l a c e d  on  l o c a l  r i v e r s  f o r  a g r i c u l  t u r a l  development  o f  m a r s h l a n d s .  

Iierrirri: are a n  Inpor t - an t  f i s h e r y  f o r  '<-!rigs Co, i n  tile Cape S p l l t  
r e g i o n .  f)ul.irtg t h e  1880 ' s r e p o r t e d  l a n d i n g s  e q u a l  Led o r  exceeded Digby 
G o .  l a n d i n g s  i n  svme y e a r s  ( T a b l e  21) and r e p r e s e n t e d  more t h a n  50% of  t h e  
Landings  i n  t h i s  r e g i o n  i q  most y e a r s  ( F i g .  4 5 ) ,  P r e v i o u s l y  a l l  h e r r i n g  
were t a k e n  i n  i n t e r t i d a l  w e i r s ,  b u t  s i n c e  1966 a  p u r s e  s e i n e  f l s h e r y  ha:; 
heen  r e s p o n s i b l e  f o r  most  c a t c h e s ,  The p u r s e  s e i n e  c a t c h e s  a r e  l nus t ly  
Landed i n  C h a r l o t t e  Co. ( C .  Dicksun p e r s .  comm,), which obscu red  t h e  c e l a -  
t l v e  i m p o r t a n c e  o f  Xings  Co. t v  t h e  h e r r i n g  f i s h e r y  o f  t h e  Ray u n t i l  a sys -  
t e m  of  r e p o r t i n g  c a t c h e s  on a  c a t c h  l o c a t i o n  b a s i s  w a s  e s r a h l f s h e d  ( I L e s  
4979) .  

4 small g i l l . n e t  f i s h e r y  I n  Minas B a s i n  f o r  a d u l t  spawning h e r r i n g  
o c c u r s  e a c h  s p r i n g  d u r i n g  A p r i l  t o  Y a n e  from t J a l t o n  t o  Par ] -sboro  ( P e r l e y  
1 8 5 2 ,  commercia l  f i s h e r m e n ,  p e r s ,  comm,), The f i s h e r y  b e g i n s  I n s i d e  Minas  
B a s i n  and t h e  l a s t  c a t c h e s  a r e  made i n  t h e  Advocate a r e a .  S i z e  and spawn- 
i n g  L o c a t i o n  o f  t h i s  p o p u l a t i o n  a p p e a r s  unlcnown. 

L o b s t e r s  

CampbeiP (1984)  h a s  d i s c u s s e d  Lhe L o b s t e r  f i s h e r y .  By a l l  s t a n d -  
a r d s  i t  i s  a s m a l l  f f s h e r y  b u t  l a n d i n g s  have  been  i n c r e a s l r l g  i n  r e c e n t  
y e a r s .  The v a l u e  o f  t h e  c a t c h  a t  $5 .50/kg  was 0 . 2 4  m i l l i o n  i n  1982 cvmpar- 
e d  t o  3 . 7 5  m i l l i o n  f o r  t h e  whole Bay of Ftlrrdy. 

S o f t - s h e  11 c l a m s  

The s o f t - s h e l l  clam f i s h e r y  in t h e  uppe r  Bay of Fundy is  s i t u a t e d  
be tween Advocate and Rass  R i v e r  on t h e  n o r t h  s h o r e  o f  Nfnas B a s i n  (SD 2 4 ,  
4 4 ,  4 3 ) .  Land ings  have  i n c r e a s e d  t o  o v e r  500 MT 3n r e c e n t  y e a r s  r e p r e s e n t -  
i n g  a b o u t  30% of Nova S c o t i a  l a n d i n g s  and a b o u t  50% of t h e  Bay o f  Fundy 
l a n d i n g s  (Wi the r spoon  1 9 8 4 ,  Campbell  1 9 7 9 ) -  The v a l u e  o f  C o l c h e s t e r  Co. 
fisheries h a s  i n c r e a s e d  a p p r e c i a b l y  i n  r e c e n t  y e a r s  b e c a u s e  o f  t h e  c lam 
f i s h e r y  and hetween 1965 and 2944  r anked  t h i r d  i n  v a l u e  i n  t h e  Bay of  Fundy 
( $ / h e c t a r e )  because  o f  clam l a n d i n g s  ( F i g ,  4 8 1 ,  

The Mid Day o f  Pundy 

F i s h e r i e s  o f  t h e  m i d d l e  Ray o f  Pundy f n c l u d e  s c a l . l o p s ,  l o b s t e r s ,  
g r o u n d f i s h  and e s t u a r i n e  f i s h e r i e s  f o r  anadromvus s p e c i e s .  

S c a l l o p s  have become t h e  most v a l u a b l e  f i s h e r y  i n  t h e  Y a r i t l n i e s  be- 
c a u s e  o f  t h e  h i g h  p r i c e  o f f e r e d  f o r  t h i s  commodity. Dur ing  4983 p r i c e s  
r o s e  t o  $16/kg,  The major  f i s h e r y  Is s t i l l  Located o f f  n i g b y  b u t  new 
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Fig. 48. ~alue/hectare (dollars) of all fisheries landings (except plan f S )  

for counties fronting the Bay of Fundy during selected lOyr 
periods between 1879 and 1974. 



f i s h c r f e e  a rc  dcvelopfng i n  C h a r l o t t e  C o .  2nd o f f  Grand Manan (Jamicson 
et- a l .  1979). 

S c a l l o p  c a t c h e s  from the  Digby bed have F l u r t u a t e d  between 200 arid 
800 tfl/yr :,1 meats (Caddy 1979) .  P r e s e n t  l a n d i n g s  a r e  h i g h  due t o  a n  
e x c e l l e n t  s p a t  s e t t l e m e n t  in  1974 and 1974 ( F i g .  4 9 )  (Chand le r ,  p e r s *  
comn. ) . 
L o b s t e r s  

The m i d  Bay of Funny s u p p o r t s  a  good Lobs te r  f t s h e c y  b u t  Landings 
a r e  Less than  f o r  the lower Ray, Landings  tend t o  Fluet r ia te  i n  r esponse  t o  
Long term warming and couljng t r e n d s  i n  the  environment ( F i g ,  50) .  

Groundf i  s h  

(See  fo l lowing  s e c t i o n  on lower Bay).  

E s t u a r i n e  f i s h e r i e s  

Because of l e g i s l a t i o n  t o  p r o t e c t  salmon e n a c t e d  b e f o r e  1900,  t h e r e  
a r e  no comlnercial e s t u a r i n e  f i s h e r i e s  i n  the  Annapol is  R iver  a l t h o t ~ g l )  the  
f i s h  p o p u l a t i o n s  t h e r e  a r e  l a r g e  enorlgh t o  s u p p o r t  such a c t i v i k y  (Melvin e t  
a l .  i n  p r e s s ) .  Shad a r e  the  s o l e  s p e c i e s  e x p l o i t e d  commercia l ly  i n  the  
Annapo l i s  Rlver  b u t ,  s i n c e  t h e  f i s h e r y  1s r e s t r i c t e d  t o  the  u s e  of  scoop 
n e t s  two n i g h t s  a week, c a t c h e s  seldom exceed 10,000 k g / y r  (Melvin  e t  al. 
i n  p r e s s ) .  

The major e s t u a r i n e  f i s h e r y  i n  the  r e g i o n  i s  i n  the  S a i n t  J o h n  
R i v e r .  The major s p e c i e s  e x p l o i t e d  i n  preser i t  day o r d e r  of l anded  v a l u e  
a r e  e e l s ,  g a s p e r e a u ,  salmon, shad and s t u r g e o n ,  The s t r i p e d  b a s s  
comrnercial f i s h e r y  was c l o s e d  Fn 1978 hecause  of  low p o p u l a t i o n  l e v e l .  
Annual ly ,  t h e  S a i n t  John  produces  ahou t  60% of the  New Rrunswick c a t c h  v f  
g a s p e r e a u ,  20-3OX of the  e e l s ,  25Y  of  the  shad,  and 5% of  the  salmon. 
V i r t u a l l y  a l l  the  s t u r g e o n  landed i n  the  N a r i t i ~ n e s  come from the  
S a i n t  J o h n ,  

The e e l  f i s h e r y  has  o n l y  been s i g n i f i c a n t  i n  s i z e  s l n c e  1969 ( F i g .  
5 2 )  p a r t i a l l y  i n  r esponse  to  salmon f i she rmen  seek ing  o t h e r  s p e c i e s  because  
of the  salmon c l o s u r e .  Lanrffngs average  abou t  50,000 k g / y r ,  

The gaspereau  f i s h e r y  h a s  t h e  l a r g e s t  l a n d i n g s  of  a l l  s p e c i e s  i n  
t h e  e s t u a r y ,  a v e r a g i n g  2000 ~ T / y r  ( F i g .  5 2 ) ,  Landings  were once concen- 
t r a t e d  i n  t h e  harbour  r e g i o n  (SD 49) bu t  s i n c e  1965 t h e  major l a n d i n g s  have 
been from a  t r a p  n e t  f i s h e r y  i n  the  l a k e - l i k e  p o r t i o n s  of  the e s t u a r y  
(Dadswel l ,  i n  p r e s s ) ,  

A t l a n t i c  salmon were fo rmer ly  the  most v a l u a b l e  F i s h e r y  f o r  t h e  
e s t u a r y  b u t  tmplementa t fon of the  commercial  salmon f  i s h i n g  ban i n  1972 and 
a quo ta  when t h e  season  reopened i n  1981 h a s  r e s t r i c t e d  l a n d i n g s  (F ig .  4 1 ) .  
Salmon c a t c h e s  a r e  s t r o n g l y  i n f l u e n c e d  by wa te r  l e v e l s  on b o t h  a  s h o r t -  and 
long-term b a s i s  (Scarnecch ia  1981, Gee and Radford 1982)  and t h i s  f a c t  i s  
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Fig. 49. Scallop landings in the Bay of Fundy. Nova Scotia offshore 
signify landings from the middle of the Ray of Fundy outside a 
6-mi inshore/offshore dividing line. 
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Lobster Landings - St. John Co 

Fig. 50. Lobster landings for Saint John County, New Brunswick between 
1892 and 1981 in relation to the mean annual sea temperature 
(Prince 5, Head Harbour), During this period effort in terms of 
traps was quite stable. 



Eel Landings 

Fig. 51. Eel landings for the Saint John estuary 1962-1982. 



Gaspereau Landings 

Fig. 52. Gaspereau landings in the Saint John Harbour and estuary 
1947-1982. 



d e r n ~ n s t r a t e d  i n  t h e  S a i n t  .John c a t c h e s .  Water l e v e l s  i n  a g i v e n  summer can 
l e d  t o  good c a t c h e s  by e i t h e r  cvmmercinl o r  spor- ts  Fishel-men and l ead  to 
p r e c e i v e d  l e v e l s  of salmon abundance r e g a r d l e s s  u f  a c t u a l  abundance,  High 
d i s c h a r g e  d u r i n g  August r educes  the  commercial c a t c h  because  salmon move 
upst ream r a p i d l y  b u t  i n c r e a s e s  s p o r t  c a t c h e s  becausr  salmon t ake  w e l l  when 
the  water  i s  hfgh ( F i g .  533, Low summer f lows have t h e  r e v e r s e  e f f e c t  and 
when c o i n c i d e n t  wi th  a  peak i n  the  abundance c y c l e  ( i . e ,  1956) r e s u l t  i n  
l a r g e  commercial  c a t c h e s  ( F i g .  5 3 ) .  Ac tua l  s i z e  of  an  A t l a n t i c  salmon r u n ,  
on the  o t h e r  hand,  a p p e a r s  t o  be most c l o s e l y  r e l a t e d  t o  mean annua l  d i s -  
cha rge  d u r i n g  t h e  p e r i o d  o f  the  OC- y e a r - c l a s s .  Years w i t h  h i g h  average  
d i s c h a r g e  (1958-1963) l e a d  t o  h i g h  salmon abundance and l a n d i n g s  a f t e r  a  
l a g  p e r i o d  of 6  y r  (1964-68) ( P i g ,  549,  

Shad l a n d i n g s  on the  S a i n t  John  have gone through p e r i o d  of  h i g h  
and low abundance i n  roughly  30-yr c y c l e s  ( F i g .  5 5 ) .  The Last  p e r i o d  of 
abundance was 1930-1960 and l a n d i n g s  peaked a t  450 EIT. 

Except  f o r  a  b r i e f  p e r i o d  d u r i n g  t h e  l a t e  1880 ' s  when t h e  v i r g i n  
s t o c k  was f i r s t  f i s h e d  (Rodgers 1936) s t u r g e o n  Landings on the  S a i n t  John  
have seldom exceeded 10,000 kg /y r  ( F i g .  5 6 ) .  Recen t ly  e f f o r t  h a s  i n c r e a s e d  
hecause  of market  demand f o r  t h i s  p roduc t  and Landings a r e  h i g h e r .  

The commercial  f i s h e r y  f o r  s p r i p e d  b a s s  i n  t h e  S a i n t  .John River  was 
c l o s e d  i n  1978 a s  a  r e s u l t  of low p o p u l a t i o n  l e v e l s .  P r e v i o u s  t o  1975 
Landings f l u c t u c a t e d  between 5,000 - 10,000 kg /y r  w i t h  o c c a s i o n a l  peaks of 
50,000 kg ( F i g ,  5 7 ) .  The a c t u a l  o r i g i n  and p r o p o r t i o n  of popu la t ionscon-  
t r l b u t i n g  t o  t h i s  f i s h e r y  i s  unknown. 

The Lower Ray of Fundy 

H e r r i n g ,  g roundf i s l i  and l o b s t e r  a r e  the  Impor tan t  f i s h e r i e s  l n  t h e  
lower  Ray of Fundy, bu t  many s p e c i e s  of p l a n t s  and an imals  a r e  h a r v e s t e d  i n  
t h e  d i v e r s e  f i s h e r i e s  of t h i s  r e g i o n  ( S c a r r a t t  1977,  Campbell 1979).  S i n c e  
t h e s e  f i s h e r i e s  have been amply revfewen a s  r e c e n t l y  a s  1979 ( S c a r r a t t  
1979) we w i l l  o n l y  a t t e m p t  t o  h i g h l i g h t  some of  t h e  more r e c e n t  develop- 
ments.  

H e r r i n g  

S e v e r a l  developments  s i n c e  the  e a r l y  1970 ' s  have f e d  t o  the  in-  
c r e a s e d  v a l u e  and improved management of t h e  recogn ized ,  commercia l ly  
e x p l o i t a b l e  h e r r i n g  s t o c k s  i n  t h e  Gulf of Maine and Ray of Fundy. The 
r e s p o n s i b i l i t y  f o r  a l l o c a t i n g  n a t i o n a l  a h a r c s  of  t h e  t o t a l  a l l o w a b l e  c a t c h  
(TAC)  f o r  e a c h  s t o c k  was assumed by ICNAF -Ln 1972 b u t  4X h e r r i n g  became a 
Canadian domes t i c  f i s h e r y  on e x t e n s i o n  of  j u r i s d i c t i o n  i n  1977 ( I l e s  1 9 7 9 ) .  
Canada, having c o a s t a l  s t a t e  p r e f e r e n c e  ( 4 X  s u b d i v i s i o n )  and the  EaciL- 
i t i e s  t o  c a t c h  and p r o c e s s  the  major p a r t  of t h e  TAC, was a b l e  t o  c a p i t a l -  
i z e  on the  c o l l a p s e  of the  n o r t h e a s t  A t l a n t i c  h e r r i n g  f i s h e r y  and supply  
Europe w i t h  a  m a r k e t a b l e  food p roduc t  he reby  i n c r e a s i n g  bo th  t h e  landed a n d  
p rocessed  v a l u e  of t h e  f i s h  ( I l e s  1979) ,  I n  1976 a  program was i n i t i a t e d  
t o  reduce t h e  p r o p o r t i o n  of a d u l t  f i s h  s u p p l y i n g  the  meal i n d u s t r y  (82% i n  
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F i g .  53. Mean annual and mean August dfscharge of the Saint John River and 
commercial and sports Atlantic salmon catches in the same year 
between 1951 and 1981, 
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Fig. 54. Total Atlantic salmon landings for the Saint John River in rela- 
tion to mean annual discharge lagged 6 yr ( e . g .  high flows 1958- 
1963 result in high landings 1956-1968). 



Fig. 55. Landings of American shad for the Saint John River and harbour 
since 1870. 



Fig.  56, S tu rgeon  l a n d i n g s  f o r  t h e  S a i n t  John e s t u a r y  s i n c e  1880. Fluctu- 
a t i o n  i n  c a t c h e s  s i n c e  1930 i s  l a r g e l y  a r e p r e s e n t a t i o n  of 
f i s h i n g  e f f o r t  r a t h e r  t h a n  s t o c k  s i z e .  



Fig. 57.  Striped bass commercial landings for the Saint John estuary 
1875-1975. 



1 9 7 5 )  a n d  c r e a t e  a inort; v a l u a b l e  food f i s h e r y .  S u b s e q u e ~ t l y ,  p r i c e  r o s e  
from $50-$90/MT t o  between $150-$250/MT (Table  22) ( L l e s  1979) .  A t  t h e  
same t ime a  new system of r e p o r t i n g  arid sampl ing c a t c h e s  on a c a t c h  loca -  
t i o n  b a s i s  r e p l a c e d  t h a t  of r e p o r t i n g  by p o r t  of l a n d i n g ,  which gave a  
p o t e n t i a l  f o r  s u b s t a n t i a l l y  improved bo th  s t a t i s t i c a l  and b i o l o g i c a l  reso- 
l u t i o n  of t h e  s t o c k s  bu t  m i s r c p o r t i n g  of c a t c h  by some f l e e t  s e c t o r s  con- 
t i n u e s  t o  p r e s e n t  s e r i o u s  s t o c k  assessment: problems ( I l e s  1979) .  I n  t h e  
l a s t  few y e a r s  over - the - s ide  s a l e s  t o  f o r e i g n  t r a w l e r - p r o c e s s o r s  h a s  h e l p e d  
m a i n t a i n  a  h igh p r i c e  f o r  landed h e r r i n g .  

Ground f i s h  

1,andings of gr:,untifish frr)~rl t h e  o u t e r  Bay of Fundy peaked d u r i n g  
t h e  mid-1960's c o i n c i d e n t  wi th  succeed ing  y e a r s  of good r e c r u i t m e n t  f o r  
haddock ( C l a r k  e t  a l ,  1982) bu t  then  d e c l i n e d  t o  low l e v e l s  d u r i n g  t h e  
e a r l y  1970 ' s  (Tab le  19)  (Hare 1977) .  Quota r e g u l a t i o n  and i n c i d e n t a l  c a t c h  
l i m i t a t i o n s  have a l lowed t h e  haddock s t o c k  t o  i n c r e a s e  and l a n d i n g s  have 
improved (Tab le  1 9 ) ,  The f i s h e r y  i s  d i v e r s e  and f i s h  a r e  t a k e n  w i t h  marly 
d i f f e r e n t  t y p e s  of g e a r  i n c l u d i n g  l o n g - l i n e ,  g i l l n e t s  and t r a w l s .  

L o b s t e r s  

Good summaries of t h e  f i s h e r y  and Landings a r e  found i n  Campbell 
(1979) and Campbell and Duggan (1981ij .  The l o b s t e r  is  the most v a l u a b l e  
i n v e r t e b r a t e  f i s h e r y  i n  t h e  o u t e r  Bay o f  Fundy r e g i o n  (Campbell 1979) .  
1,andings i n  r e c e n t  y e a r s  have remained s t a b l e  a t  abou t  500 MT. 

Shrimp 

I n  t h e  l a t e  1960 ' s  and e a r l y  1970 ' s  a sh r imp ( P a n d a l u s  b o r e a l i s )  
f i s h e r y  e x i s t e d  i n  t h e  lower  Bay of Fundy, Catches  reached  a  peak of o v e r  
800 YT i n  1970 b u t  s t e a d i i y  d e c r e a s e d  i n  subsequent  y e a r s  and ceased  a l -  
t o g e t h e r  i n  1975 a s  h a r v e s t a b l e  y e a r - c l a s s e s  f a i l e d  t o  m a t e r i a l i z e  (Toews 
1980) ,  

S o f t - s h e l l e d  c lams 

S o f t - s h e l l  clams s u p p o r t  one of t h e  l a r g e r  f i s h e r i e s  i n  t h e  
C h a r l o t t e  Co. r e g i o n ,  Average l a n d i n g s  between 1976-1978 were 343 MT and 
exceeded a l l  o t h e r  i n v e r t e b r a t e  l a n d i n g s ,  This  Eisl.iery i s  j u s t  emerging 
from a  l o n g  p e r i o d  of r e s t r i c t e d  h a r f e s t i n g  because  of  h i g h  p a r a l y t i c  
s h e l l f i s h  t o x i n  l e v e l s  (White 1982b) and Landings s h o u l d  be e x p e c t e d  t o  i n -  
c r e a s e  i n  t h e  nex t  few y e a r s .  

Marine p l a n t s  

Three  marine p l a n t s  d u l s e  (Rhodmenia  p a l m a t a ) ,  I r i s h  moss -- 
(Chondrus -- c r i s p u s )  and rockweek (Ascophyllum nodosuin) a r e  commercia l ly  h a r -  
v e s t e d  i n  t h e  lower Bay of Fundy c o a s t a l  zone. Dulse  h a r v e t i n g  o c c u r s  pre- 
dominant ly  around Grand Manan and t h e  a d j a c e n t  ma in land ,  The h a r v e s t i n g  o f  
I r i s h  moss o c c u r s  i n  sou thwes t  Nova S c o t i a ,  Sharp and Roddick (198%) 
examined c a t c h  and e f f o r t  . t rends f o r  t h e  p e r i o d  1978-1980. Because of t h e  
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r e l a t i v e l y  s t a t i c  and low p r i c e  of  moss, e f f o r t  by f i she rmen  was d i v e r t e d  
t o  more l u c r a t i v e  f i s h e r i e s ,  Rockweek i s  c u r r e n t l y  h a r v e s t e d  commerc ia l ly  
o n l y  i n  souehwescern Nova S c o t i a ,  Sharp (198X) e v a l u a t e d  t h e  methods of 
h a r v e s t  and i t s  e f f e c t s  on s t a n d i n g  c r o p s ,  Marine p l a n t s  i n  many p a r t s  o f  
Lhe Bay of  Fundy r e g i o n  ace an u n e x p l o i t e d  r e s o u r c e  a s  ev idenced  by t h c  
4,55 r n l i l i o n  kg s t a ~ ~ d i r l g  s t o c k  of rockweek 012 tire New Bru~lswick s i d e  of t h e  
Ray of Fundy (Legerc  19733 wh-Lch is  no t  h a r x ~ e s t e d .  Lairding s t a t i s t i c s  f o r  
t h e s e  F i s h e r i e s  a r e  summarized i n  Campbell (1  979) .  
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QUESTIONS AND COm4ENTS 

B. Silvert: Do you see any association between the f i s h  in the Bay and the 
stationary zooplankton concentrations that Graham Daborn was speaking 
about. 

M. Dadswell: We have not been looking at that. However work by Derek PPes 
indicates that herring larvae can be associated with patches of zso- 
plankton, such as Sagitta, 

G ,  Baker: You say all the shad will have to leave the Annapolis River 
through the turbine and I agree with you completely. Why then did the 
Department of Fisheries and Oceans require the Tidal Power Corporation to 
build an expensive f ishway ? 

M. Dadswell: I recommended against it. The consuhtane reports showed the 
greatest number sf fish will go with the. greatest volume of water, We 
shall have to wait and see who is right, Behavioral studies of fish at the 
turbine and fishway are def initely in order, 

Unknown: Do you have a ballpark figure for the net worth of the entire 
shad fishery along eastern Worth America? 



M. Dadswell: That a hard figure to come up with. Reported commercial 
landings in the US in 1980 were only about $2 million. However, the value 
of the sports fishery on the Delaware and Connecticut Rivers, where about 
100,000 fish are angled annually, has been estimated anywhere from 7 to 20 
mfllion dollars. This is greater than the value of the Atlantic salmon 
fishery in the Maritimes provinces, Before 1940, shad was the most 
valuable fin fish fishery on the east coast of the US. 
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ABSTRACT 

This paper presents a brief su1arna.v of the major groups of birds 
which occur in the Bay of Pundy and ?lscusses ecological studies of birds 
undertaken since 1970, Intertidal mudflats, salt marshes and areas of up- 
welling tidal currents near small islands are the major habitats used by 
birds in Fundy. Waterfowl, shorebirds (plovers, sandpipers and phalaropes) 
and seabirds (shearwaters, gulls and terns) are most numerous during autumn 
migration. Many of the studies discussed are recent and in large part re- 
main unpublished. 

Key words: Bay of Pundy, birds, ecological studies, imlgration, intertidal 
regions, invertebrate grey, marine habitats. 

Cetee Qtude prgsente un bref r&sum& des principaux groupes 
d'oiseaux pr6sents dans ka baie de Pundy et sn y examine les 6tudes 6co- 
logiques entregrises sur les oiseaux depuis 1970, Dans la baie de Pundy 
les principaux habitats fr&quent&s par Xes oiseaux englobent les vasisres 
intertidales, les marais sal$s et Ees rggions de remontde dPeau profonde 
dans les eourants de mar& pr&s des petites fles. Les o5seau-x aquatiques, 
les oiseaux de rivage (pluviers, bgcasses et phalaropes) et les oiseaux de 
mer (puffins, mouettes et sternes) sont les plus nombreux pendant la 
migration automnale. Un grand nombre des gtudes exarnln4es sont r4centes et 
en grande parkie in6dites. 

INTRODUCTION 

HistorieaSly, little attention has been given to the Fundy avi- 
fauna. Early pioneer studies on the occurrence of birds in Pundy 
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Fig. 1. The Bay sf Fundy. 



Fig. 2. Habitat types of importance to birds in the Bay of Fundy . 



TABLE l a .  Maximum numbers (single day counts) of waterfowl and coastal 
shorebirds i n  Zones 1-5 (see Fig. 3 )  in the Bay of Fundy, 

Waterfowl ' 
Zone 

a 2 3 4 .s 
- 

Canada Goose 

Brant 4,000 350 50 " 500 500 

Black Duck 1 2 , 5 0 0 ~  1 , 0 0 0 ~  I , 5 5 0 ~  2 2,2505 1 , 0 5 0 ~  

Other dabblers ' <25 <25314 ,5  2 , 2 0 0 ~  loo4 

Divers 5 ! , 3 0 0 ~  500 " 350" 100 3 500 

Sea ducks 8 1 3 , 5 5 0 ~  1 , 2 0 0 ~  2 , 1 0 0 ~  503 3 , 5 5 0 ~  

Shorebirds (July-October) 2 
Zone 

1 2 p 4 

Semipalmated Plover 1,000 4,283 2,788 3,808 

Black-bellied Plover 300 388 1,488 2,543 

Greater Yellowlegs 75 333 454 .59 

Lesser Yellowlegs 50 283 1,356 59 

Knot 26 2 b ,447 I 16 

kdhite-rumped Sandpiper 5 5 646 707 56 l 

Least Sandpiper 702 7,564 3,503 9,945 

Dunlin 6 0 3 5 2,655 388 

Short-billed Dowitcher 422 % ,651 1,405 1,068 

Semipalmated Sandpiper 6,366 25,094 456,355 69,550 

Sanderling 200 1,909 1,450 a ,151 
-- -- --P ' from Pearce and Smith, 1974 

from Morrison, 1978-1979; Elliot, 1977; R, McManus, A , J ,  Erskine, 
P. MacDonald, pers, comm, -- 
Mar-May 
Sep-Nov, 
Dec-Feb, 
Mallard, Pintail, Green-winged Teal, Blue-winged Teal, herican Wigeon 
Ring-necked Duck, Scaup, Goldeneye, B u f f  lehead , Merganser 
Oldsquaw, Eider, Scoter 



F i g .  3 .  Areas  of importance t o  wa te r fowl  i n  t h e  Bay of Fundy, Zones 1-5 
( h a t c h e d )  a r e  adap ted  from P e a r c e  and Smith ( 1 9 7 4 ) .  S t i p p l e d  
a r e a s  i n d i c a t e  a r e a s  of impor tance  mainly t o  b l a c k  ducks.  



I s l a n d ,  N , R ,  Other spec i e s  s f  p e l a g i c  b i r d s  such as  tlte g r e a t e r  shear -  
water ,  Puf f inus  g r a v f s ,  and sooty  shearwater ,  -- P, ----- g r i s e u s ,  are. a l s o  numerous 
a t  t h i s  time p a r t i c u l a r l y  i n  t h e  a r ea s  near  Brier I s l and  (Table  l b ) ,  

and 

The two extreme reaches of t he  Bay of Fundy a r e  of t h e  g r e a t e s t  i m -  
por tance t o  b i r d s ,  The mouth of Pnindy, roughly t4ae arca between B r i e r  
I s l and  and Passamaquoddy Bay on the one hand, and the upper  Bay of Frrndg, 
Chigneeto Bay and Kinas Basin can the  o t h e r ,  suppor t  large numbers of a few,  
e c o l o g i c a l l y  q u i t e  d i f f e r e n t ,  s p e c i e s ,  In  the  former regfon ,  p e l a g i c  
s p e c i e s ,  which r e l y  orn rocky i s l a n d s  t o  breed and c l e a r  miter and. f a s t  
c u r r e n t s  t o  concen t r a t e  food f o r  foraging, dominate whereas in the  r ipper  
reaches, sho reb i rd s  arid waterfowl occupy t h e  mtdd-y i r i t e r t i d a l  zone and s a l t  
marshes, The i n t e r x ~ e n i n g  reg ion  cha rac t e r i zed  b y  s t e e p  sand-stone elif P s  , 
rocky i n t e r t i d a l  h a b i t a t s  and t u r b i d  water is  l i t t l e  rased by b i r d s ,  

I n  t h e  s e c t f o n s  which fo l low we d i s c u s s  those s p e c i e s  o r  groups of 
spec i e s  given s e r i o u s  s tudy  from t h e  e a r l y  1970% t o  t he  present, Slnce 
many of t he se  s t u d i e s  a r e  r e c e n t ,  #e r e l f e d  l a r g e l y  on unpublished informa- 
t i o n  i n  the form of gradua te  t h e s e s ,  government r e p o r t s  and,  where p r o j e c t s  
a r e  not ye t  completed, persona l  c o m ~ u n i c a t i o n s  from t h e  i n v e s t i g a t o r s  in -  
volved, There has been ex t ens ive  work on sho reb i rd s  since 1975 but L i t t l e  
has  been publ ished,  We p re sen t  here  some o f  the p e r t i n e n t  findings, S i n c e  
much of t he  work we review h e r e  Is pre l iminary  it. should be t r e a t e d  a s  such 
by the r eade r ,  

E C O L O G I C a  STUDIES OF BIRDS IN THE BAY OF PUMDY 

The h a b i t a t s  of -ri;"nich we  know t h e  least  i n  terms of t h e i r  u t i l i z a -  
t i o n  by b i r d s  are the  s a l t  marshes, A s  i n d i c a t e d  e a r l i e r ,  relatively l a r g e  
numbers of waterfowl,  dabblEng ducks and geese  in particular forage  on t h e  
s a l t  mrshs  dur ing  spr ing  and f a l l  rm"g.ra"cona, Unfor tuna te ly  no d e t a i l e d  
e c o l o g i c a l  s t u d i e s  have been done on i r ld iv idua l  s p e c i e s  i n  rela"ti6sn t o  
h a b i t a t  use ,  d i e t s ,  energy consumption, f a t  d e p o s i t i o n ,  movements, o r  
inter-and i n t r a s p e c i f i c  r e l a t i o n s h i p s ,  Hence l i t t l e  more can be s a i d  
except  t h a t  rhese a r e a s  may be of cons iderab le  Importance t o  t h e s e  & g r a n t s  
based on numbers a lone ,  Information fs espectally wanting on b ran t  i n  
Passamaquoddy Bay and t h e  Grand Manan Archipelago and on Canada geese  i n  
t h e  John Lusby s a l t  marsh, the  Harvey marsh and t h e  Canard River which a r e  
major s t a g i n g  grounds f o r  grease i n  t h e  Bay of Puady, 

Shorebi rds  

Shorebi rds  a r e  e s p e c i a l l y  p reva l en t  i n  s a l r  m r s h e s  i n  t h e  l a t e  
s u m e r  and f a l l ,  Recent s t u d i e s  on sho reb i rd  migra t ion  and feed ing  eco logy  



TABLE 1b. Maximum numbers (single day counts) of Shearwaters, Phalaropes, 
Bonaparte's Gulls and Common and Arctic Terns in Zones 1 and 5 
(see Pig, 3) in the Bay of Fundy. 

Shearwate rs 1 

Greater Shearwater 

Sooty Shearwater 

Northern Phalarope 

Red Phalarope 

Zone 1 Zone 5 

- 500 (27 Bug, 1969) =lo3 (1 Sept. 1971) 

? - l o2  (1 Sept. 1971) 

Phalaropes 

Zone 1 Zone 5 

-5 x lo5 (21-22 Aug. 1974) =5 x lo3 (31 Aug. 1976) 

? =2 x lo4 (3 Sept. 1972) 

Gulls and Terns 3 

Zone 1 

Bonaparte's Gull 5,000 - 10,000 (August) 

Common and Arctic 1,000 (August) 
Terns 

Estimates obtained from Nova Scotia Bird Society Newsletter were made by 
different land-based observers and are largely subjective, Numbers of 
these species vary greatly between years and species are often difficult 
to separate. Hence, orders of magnitude are most meaningful at present 
to designate relative abundances between zones until aerial surveys or 
other quantitative surveys are undertaken (R.G.B. Brown, pers. comm,), 

Nova Scotia Bird Society Newsletter and R.G.B. Brown (pers. comm.). 

Braune and Gaskin (1982a). 



F i g .  4 .  Areas of impor tance  t o  c o a s t a l  s h o r e b i r d s  ( s a n d p i p e r s  and 
p l o v e r s ) ,  n o r t h e r n  and r e d  p h a l a r o p e s ,  greater and s o o t y  shear 
w a t e r s ,  alcids, B o n a p a r t e q s  g u l l s  and common and Arct ic  t e r n s  in. 
t h e  Bay of Fur..@, Zones 1-5 (ha tched)  a r e  adapted from Pearee 
and Smith ( 1 9 7 4 ) .  The d a r k  a r e a s  s p e c i f y  the s i t e s  u t i l i z e d  by 
sarldpipers and p l o v e r s  and c o n c e n t r a t i o n s  o f  p h a l a r o p e s ,  
P o i n t e r s  i n d i c a t e  specific s i t e s  sf i m p o r t a n c e  wKthin each z o n e  
t o  t h e  species s h o r n ,  



have concent ra ted  p r i s n a r i l y  0x1 mudflat Eoragiasg sites (see below), Grea t e r  
and l e s s e r  yeblowlegs occupy the high marshes Cupper f r i n g e s  of marsh 
f looded mainly on sp r ing  tl.des), The latter species is e s p e c f a l l y  n ~ ~ m e r o u s  
on the  Ram Pasture Salt marsh near Sackville, N , B , ,  and large assemblages 
a r e  thought t o  occur on the D a n i e l ' s  Plats salt marshes i n  U b e r t  County, 
N,B, ( P ,  B ick l in ,  personal observation), However, surveys have never been 
undertaken during the migra tory  per iod  t o  q u a n t i f y  t h e  occurrence of t h e s e  
s p e c i e s  i n  t he se  a r e a s  and thus population estimates are not a v a i l a b l e ,  A 
pre l iminary  unpublished study of the lesser yellowlegs in t h e  Ram Pas tu re  
s a l t  marsh (Hildebrand 1981) i nd i ca t ed  that the b i r d s  d i d  no t  fo rage  i n  
synchrony w i t h  the tidal cycle 'but that their feeding behaviour was more 
c l o s e l y  related t o  t he  d f e l  cycle, The birds fed i n  the  e a r l y  morning and 
l a t e  everling hours and rested at mid-day unlike those shseeb i rds  t,skaich fed 
on the mudflats i n  c l o s e  associati~n w i t A  the ebbing and rising t i d e ,  
HfEdebrand (1981) pos tu l a t ed  t'i:ae t h e  yell.owlegsq feed ing  cyc l e  was r e l a t e d  
t o  the behaviozlrel ac&%v/i%ies o.f macro-invertebrates In s a l t  marsh pools ,  
Since in some areas, particularly i n  Cobequid Bay, high m r s h e s  may no 
longer  be flooded following the construcLion of a proposed t i d a l  ba r r age ,  
h a b i t a t s  of importance t o  yellowlegs m y  be lost, Conversely seaward of a  
t i d a l  bar rage  o ther  high marshes ma-- become f looded d a i l y  owing t o  r i s i n g  
t i d e  l e v e l s ,  A s tudy  OEI t h e  comparat-8ve use of high and low mrs 'hes  by 
sho reb i rd s ,  particularly yellc;wl.egs, would provide a  c l e a r e r  i n d i c a t i o n  of 
the p o t e n t i a l  impact of t i d a l  power develupnients on t he se  h h r d s ,  

Most o f  the birds w l ~ i c h  use the Bay o f  Pundy a r e  d g r a n t s ,  The 
eaetern w l l l e t ,  Catoptrophorus semlpaLmatus, is  not a  common s p e c i e s  i n  

------=---- - ------- 
Fundy but. a few ~airs breed in t h e  S o u t l ~ e ~ = ~ z  Bjght, ivlfnas Basin,  Ransen 
( 1 8 7 8 )  s t u d l e d  the brecdizlg b~ ol ogy and terri&orJ"al behavhsur of f o u r  p a i r s  
at Horton Landing,  the eanly study of t h i s  species to date i n  the  Bay of 
Fund y , 

Since 1976, shorebf rds  feedfng on intertidal f l a t s  have been t h e  
most hr.tensively s t u d i e d  group in the Bay of Pundy, A d f s p r o p o r t i o n a t e  
amount of s tudy has been devoted to the semipalmated sandpiper ,  C a l i d r i s  
pusilla, nm.inly because of i t s  higher nun~e r i ca l  abundance and widespread 
d i s t r i b ~ t i o n  (Elkiot 1977 Bcsates 1980, H i  ckPin 1.98% ) , Furt 'her  s t u d i e s  on 
the  feed ing  ecology of black--bellied plover, s h o r t - b i l l e d  dowitcher ,  
Eimnodromus grfseus-, and least s a ~ ~ d p i p e i  are c u r r e n t l y  i n  p rogress  a t  
Aeadia ~ n i v e i z  A t  p r e s e n t ,  t h e  informetfon a v a i l a b l e  on the  semi- 
palmated sandpfper in Minas Basin includes foraging behavlour ,  energy bud- 
gets  and prey (Carophium --- ----- volutatsr> - predator r e l a t i o n s h i p s  (Boates and 
Smith $979, Bsates 1980) and habitat use (H1ckli.n 1981)- Studies  on r a t e s  
of energy consumption, f a t  deposition and e f f e c t s  of p rey  d e p l e t i o n  i n  
Ghignecto Bay are nat completed (Hick l i i t ,  u n p a ~ b l i s h e d  d a t a ) ,  Peaeb (1981) 
i n v e s t i g a t e d  the  differences In energy consumption between a d u l t  and 
j l ~ v e n i l e  semipalmated p.%over, ----- C a b l d r i s  -- sermaipalmate~e, i n  t h e  Southern Bight ,  
Minas Basin, There has been no work thus far on the less numerous s p e c i e s  
such as red knot ,  ---- C a l i d r i s  -- canutus, --~ dtanlin, C, -.~- alpina, and white-rumped 
sandpipers ,  C, fuseicollis, ------- 



Migration of Shorebirds in the Bay of Fundy 

The southward nsigratiorm of siloarebirds into the Bay of Fundy occurs 
from mid July to mid November, Semipalmated sandptpers are most numerous 
in the latter part of July and the first week of August whereas plovers 
reach peak numbers during mid to late August (Fig, 53, Numbers of least 
sandpipers, short-billed dowitchers innd semipalmated sandpipers peak quick- 
ly within 10-14 days following the arrival of the first flocks in July, 
Sanderlings and dunlins are present minky through October and early 
November, The black-bellied plover is the only species which migrates to 
the Bay of Fundy in spring in substantial numbers (Fig, 51, 

Ablar~dance and Distribution of Invertebrate Food 

The abundance of food available to birds on individual mudflats is 
a major factor in determining which sites are likely to be used by the 
largest number of birds, In 1976-1478 inclusive, the larger flats in 
Chignecto Bay and the Southern Bight were sampled for invertebrates 
(HEcklin et a l e  1980, Hicklin 19811, Yeo9s (1937) study on animal-sediment 
relationships in Cobequid Bay followed a similar sampling regime in that 
portion of the Bay between 1973 and 1976 inclusive, The densities (numbers 
m2) of the main shorebird prey species recovered from these sampling sites 
are shorn in Figs, 6a and be  The amphipod Corophium volutator is by far 
the most numerous species with the average densitieg aetween 90,000-20,000 
me2 in the mid to lower regions of the fiats in Chignecto Bay and the 
Southern Bight, Minas Basin, Corophium is the primary prey of semipalmated 
plover, dowitcher, least and semipalmated sandpipers (Ricklin and Smith 
19791, Consequently, those species are particularly numerous in areas of 
high Corophium density (Pigs, 7a and b), 

Timing of Shorebird Mfgration and the Reproductive 

Cycle of Corophim volutator ---.--- ----- 

The overwintering population of -- Corsphirm volutator releases its 
young in the latter part of May and else younger ca'hort reproduces in late 
July (Peer et al, unpublished data) such tha t  the maximum abundance of this 
amphipod occurs during July and August (Pig, 81, Thus the arrival of birds 
coincides with the period of highest prey abundance, By late July, the 
prey population consis&s of two generations, the wintering population, and 
a younger reproductive cohort which releases Its own progeny during 
August, Hence, this major shorebird prey in the Bay of' Pundy can be con- 
sidered as a renewable food resource maintaining high levels of productiv- 
ity throughout the shorebdrd dgratory period, 

Pat Deposition and Predation Pressure by 'Sagrant Shorebirds 

The population sf shorebirds stopping in the Bay of Pundy to accu- 
mulate fat reserves probably numbers one to two mdPlion birds, Between 
90-95% of total numbers seen each year are represented by the semipalmated 
sandpiper, Each sandpiper requires 13-18 g of fat to accomplish the pre- 
sumed non-stop transoceanic flight from Fundy to the Lesser Antilles and 
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Fig.  5. Migra t ion  of t h e  f i v e  major s p e c i e s  of s h o r e b i r d s  i n  t h e  Ray of 
Fundy between 26 A p r i l  - 26 November. Each bar  r e f e r s  t o  t h e  
average  number of b i r d s  per  5-day p e r i o d  a t  Evangel ine  Beach, 
Dorches te r  Cape and Marys P o l n t  i n  1976-1983. 



F i g .  6a. Average J u l y  (except  where o the rwi se  no ted)  d e n s i t i e s  ) of 
Corophim v o l u t a t o r ,  Heteromastus f i l i f o r m i s ,  Macorna b a l t i c a  and 
l a r g e  po lychae tes  (Nepthys caeca ,  Nere i s  s p p , ,  Glycera  spp.) 
a long  l i n e a r  t r a n s e c t s  i n  Chignecto Bay. 



no, e f a o s  BoosTiNe ne. amlo% ForfaainGt MA-4 

Fig, 6b, Average J u l y  (except  where o therwise  no ted)  d e n s i t i e s  (m-') of 
v o l u t a t o r ,  Weteromastus S i l i f o r m i s ,  Macama b a l t i c e  and 

l a r g e  pa lyehaetes  ( ~ e p h t y s  caeca Nereis spa,, Glycera s p p ,  
" .  - 9  -- 

along linear t r a n s e e t s  i n  Minas Basin and Cobequid Bay, 
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Fig. 7a. Maximum numbers at roosting sites of the semipalmated sandpiper, 
semipalmated plover, black-bellied plover, short-billed 
dowitcher and least sandpiper and densities at foraging sites in 
Chignecto Bay in 1976-1982, Open bars ( s o l i d  and. broken) refer 
to all species combined, 
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Fig .  7b. Haximl~m numbers a t  r o o s t i n g  s i t e s  of semipalmated sandp ipe r ,  
senfpalmated p lover ,  b l ack -be l l i ed  p l o v e r ,  s h o r t - b i l l e d  
dowitcher  and l e a s t  sandpiper  and d e n s i t i e s  a t  fo rag ing  s i t e s  3-rn 
Minas Basin and Cobequid Bay i n  1976-1982. Open b a r s  ( s o l i d  a n d  
broken) r e f e r  t o  a l l  s p e c i e s  combined. 



F i g .  8,  Average d e n s i t i e s  of Corsphium v o l u t a t o r  a t  Mary 's  P o i n t ,  Grande 
Anse and S t a r r s  Poin t  sandbar  d u r i n g  tk; surnmer months. 



t h e  n o r t h e r n  r o a s t  of South America, Of a  sample of 68 semipalmated sand- 
p i p e r s  c o l l e c t e d  on 22-30 J u l y  i n  1980 (50)  and 1981 (18) a t  Uorchcs te r  
Cape, Slraepocly Bay, 73,5% c o n t a i i ~ e d  beLween 9-20 g  of Fat which made up 
between 3,2 and 47 -9% (x = 33,I.X) of f r e s h  body weight (NICICIIY~, u ~ ~ p ~ t b l i s h -  
ed d a t a ) ,  Thus, by l a t e  J u l y ,  many of t h e  birds had s t o r e d  s ~ l f f i c i e n t  
l i p i d  r e s e r v e s  f o r  t h e  m i g r a t o r y  f l l g h t  t o  South h e r i c a .  QbservaeLons of 
colour-marked semipalmated s a n d p i p e r s  i n d i c a t e d  t h a t  t h e  b i r d s  s t a y e d  i n  
t h e  a r e a  10-20 days ( H t c k l i n ,  unpubl ished d a t a ) ,  If  t h e y  a r r i v e d  wi th  tow 
f a t  r e s e r v e s  asrd d e p a r t e d  w i t h  13-18 g of f a t ,  t h e y  w o ~ ~ f d  have d e p o s i t e d  
l I p i d  a t  r a t e s  of 0-65-1,88 g  b i rd - '  day-', The average  d a i l y  i n c r e a s e  Ln 
t h e  mean f r e s h  weigh t s  of semipalmated s a n d p l p e r s  c a p t u r e d  between 20 J u l y  
-- 1 h g u s t  was 1,00 g b i rd - '  daym', These r e s u l t s  a r e  s l i g h t l y  h t g h e c  t h a n  
d a t a  obtairned from o"uervakiorzs of fcaragirng r a t e s  i n  Chignecto  Bay ( T a b l e  
2)  and t h e  Southern Bight  (Boa tes ,  1 9 ~ 9 0 ) ~  

The removal of energy  in t h e  f o m  of f a t  by such a l a r g e  p o p u l a t i o n  
of b i r d s  undoubtedly  e x e r t s  heavy p r e d a t t o n  p r e s s u r e  on t h e  i n v e r t e b r a t e  
p o p u l a t i o n s  i n h a b i t i n g  t h o s e  m u d f l a t s  which a r e  e s p e c i a l l y  favoured  by 
b i r d s ,  Boats  (1980) e s t i m a t e d  t h a t  semipalmated s a n d p l p e r s  i n g e s t e d  9,600- 
21,600 Corophim per  b i r d  p e r  f e e d i n g  p e r i o d  depending on t h e  f e e d i n g  r a t e ,  
t h e  s f z F c l a s s  of prey t a k e n  and t h e  l e n g t h  of t h e  f e e d i n g  g e r t o d  ( s p r i n g ,  
neap o r  mean t l d e s ) ,  

Peach (1981) d e s c r i b e d  t h e  d i e t ,  f o r a g i n g  behav iour  and energy  i n -  
t a k e  of a d u l t  and j u v e n i l e  semipalmated p l o v e r s  a t  t h e  S t a r r s  P o i n t  mudf la t  
i n  Minas Bas in ,  She found t h a t  t h e  amphipod C o r o p h i w  v o l u t a t o r  w a s  t h e  
dominant p rey  t aken  bu t  t h a t  t h e  p o l y c h a e t e  ----- ~ e t e ~ o m a s f u g  f i l i f o y m i s  was 
a l s o  a common prey  i t e m ,  The j u v e n i l e  b i r d s  i n g e s t e d  more p rey  p e r  '"'day- 
l i g h t  f e e d i n g  p e r i o d "  ( t i m e  t h e  xnudflat i s  exposed d u r i n g  d a y l i g h t  h o u r s )  
t h a n  t h e  o l d e r  ones ,  The energy  i n t a k e  of j u v e n i l e s  ranged from 141,5 K J  
b i r d - '  day-' (eqraivalent t o  1,142 worms ai2d 12,211 amphipods) t o  2 5 6 - 4  K J  
bird" '  day-' (2,071 w o r m s  and 22,133 amphipods) on t h e  t i r r fmal  and rnaxi.mal 
d a y l i g h t  feeding  perlocis, r e s p e c t i v e l y ,  The range f o r  a d u l t s  was 5 2 , 4  t o  
150-3 K J  day-' b i rd-" ,  She a t t r i b u t e d  t h e  d i f f e r e n c e s  t o  t h e  g r e a t e r  
energy recqziiremen"kof t h e  inmatures  f o r  growth as w e 1 1  as Eat d e p o s i t i o n ,  
B lack-be l l i ed  p l o v e r  i n  t h e  Southern Bight  feed  rnalnly on g l y c e r a n  worms 
( A ,  Dubohs, p e r s ,  comn, ) whereas s h o r t - b i l l e d  dowitcher and least s a n d p i p e r  
t a k e  l a r g e l y  -- Corophium, With t h e  d a t a  a v a i l a b l e  we have r:omputed rougln 
e s t i m a t e s  of p rey  and energy consumption f o r  each s p e c i e s  d u r i n g  the nligra- 
t o r y  p e r i o d  a t  t h e  S t a r r s  P s f n t  mudf la t  In  Minas Basin  (Tab le  31 ,  These 
v a l u e s  anndoubtedly vary from y e a r  t o  y e a r  depending on t h e  number of b i r d s  
u t f l i z i n g  t h e  a r e a ,  The d a t a  i n d i c a t e  t h a t  t h e  semipalmated s a n d p i p e r  i s  
r e s p o n s i b l e  f o r  removing 74% (1-27 K J  m-2) of t h e  t o t a l  amount of e n e r g y  
t aken  by the f i v e  major s p e c i e s  of s h o r e b i r d s  from t h e  S t a r r s  P o i n t  f l a t  
d u r i n g  m i g r a t i o n ,  S ince  we have a s  y e t  no d a t a  on food consumption of 
j u v e n i l e s  of s p e c i e s  o t h e r  t h a n  the semipalmated p l o v e r ,  t h e  t o t a l  biomass 
o r  energy consumed m y  be h i g h e r  if the younger age  groups  r e q u i r e  more 
energy t h a n  t h e  a d u l t s  as sho-wn by Peach (19811, How much energy  t h e  b f r d s  
r e t u r n  t o  t h e  sys tem through e x c r e t i o n  i s  not yet  known nor  is  in formetdon  
a v a i l a b l e  on t h e  r a t e s  of food i n t a k e  of red  k n o t ,  J u d s a n i a n  godwi t ,  Lirnosa 
h a e m a s t i c a ,  and of t h e  l a t e r  a r r i v i n g  s p e c i e s  salch a s  d u n l i n  and white- 
rumped s a n d p i p e r ,  



TABLE 2 .  Net energy consumption (see Appendix) and grams fat deposited by 
Semipalmated Sandpipers per feeding period at Dorchester Cape 
(Grande Anse flat), Mary's Point, Minudie and Daniel's Flats. 
Maxima and minima were computed using 1 standard deviation on 
either side of the mean. 

Grande Anse Mary's Point Minud ie Daniel's Flats 
27 July 1 August 3 August 3 August 

g fat g fat g fat g Eat 
KJ deposited KJ deposited K J  deposited KJ deposited 

MAX 61.8 1.64 46.7 1.24 36.6 0.97 26.4 0.70 

MIN 4.5 0.12 4.9 0.13 12.1 0.32 -2.3 -0.06 



TABLE 3. Estimates of prey biomass removed and energy assimilated by 
shorebirds at the Starrs Point mudflat during autumn migration. 

Average Total no. Prey Total Energy Energy 
no. of Prey Biomass Assimilated Removed 
Birds ' Taken ( g  dry wt .) by Birds K J ~ - ~  

(KJ12- 

Plover 

Semipalmated 3 1 4 ~  1.69 x lo8 8.08 x lo4 1.87 x lo6 0.05 
Plover 

Short-billed 3005 1 . 1 4 ~ 1 0 ~  1 . 7 8 ~ 1 0 ~  3.79x106 0.11 
Dowitcher 

Least 4,400~ 1 . 4 0 ~ 1 0 ~  3.72~10' 6.95x106 0.19 
Sandpiper 

Semipalmated 25,500~ 1.33 x 10" 3.54 x lo6 4.58 x lo7 1.27 
Sandpiper 

TOTAL 1.49 x 10'' 4.16 x lo6 6.15 x lo7 1.71 

' average number of birds foraging at Starrs Point beginning when at 
least 10% of the peak number of birds is on the site to when 10% remains. 

1 Joule=0.239 calories; assimilation efficiency is assumed to be 80% 
(see Boates, 1980) 

3 August - 18 September 1981; adults onby (Andree Dubois, pers. comm.) 

' 29 July - 4 September 1980; adults = 264, immatures = 50 (Peach, 1981) 

9 July - 3 August 1976 (Hicklin, 1981) 
6 July - 14 September 1981; adults and juveniles combined (Peter 
MacDonald, pers, comm.) 

/ 6 July - 14 September 1981; adults and juveniles combined (Peter 
MacDonald, pers. comm.) 



Pelagic Birds 

Migrant Bonaparte's gulfs, Larus philadelphia, and common and -- 
arctic terns congregate in large numbers in autumn in Passamaquoddy Bay 
(Table lb), Braune and Gaskin (1982 a, h )  studied the foraging ecology of 
these species during the late summer and fall of 1979-9979. Their results 
showed that the birds fed mainly during the ebbing and rising tides when 
tidal currents increased the availability of prey. Bonaparte's gulls fed 
predominantly on euphausiids and insects, and concentrated their feeding 
activfties where these prey were most numerous. The feeding behaviour of 
the birds also changed with changing prey type and density (Braune and 
Gaskin 1982b). These studies support the findings of Brown et al. (1979) 
and Brom (1980) that seabirds in the Power Bay of Fundy are dependent on 
strong tidal streams which result in upwel-Lings and convergences when 
forced to the surface over underwater ledges thus concentrating prey at the 
surface where they are available to birds, 

In spring, large numbers of common eiders breed on many of the 
islands in the Quoddy Region and Grand Manan, Lock (1982) estimated that 
nearly 7,000 pairs of eiders were in the archipelago during the 1982 breed- 
Ing season. It appears that this breeding population winters in 
Passamaquoddy Ray and possibly along the coast of northern Maine although 
there are few banding data to substantiate this belief (Ersklne, pers. 
comm.), The diets, habitat use and energetics of eiders in southwestern 
New Brunswick in summer and winter have not been studied. 

Off Deer Island, N , B . ,  red-necked phalaropes can attain numbers in 
the hundreds of thousands in some years durjng the fall migration (Table 
Ib). The forcing of copepods and euphausiids to the upper surface layers 
by tidal upwellfngs appears to provide a highly abundant and available 
source of food to phalaropes ( R , G e B .  Brown, per§,  coniin,). 

Machias Seal Island 
Machias Seal Island sitesatecf at the mouth of the Bay of Fundy and 

the entrance to the Gulf of Maine contains considerable numbers of breeding 
puffins (800 pairs), razorbills (80 pairs), arctic terns (9,500 pairs) and 
common terns (I00 pairs). NawksPey (1959) and Newell (unpublished data) 
studied the ecology of arctlc terns on Machjas Seal Island, Lfttle is 
known of the foraging ecology of breeding birds on the island. 

Brier Island 
~reater and sooty shearwaters and red phalaropes are numerous in 

fall off Brier Island during migration (Table lb, Fig. 4). Raker (1976) 
studied various aspects of the feeding ecologies of both species of shear- 
waters and found that the euphausifd Meganyctiphanes narvegica and squid 
Illex were major prey species. She found that the predominant biological 
phenomenon affecting the occurrence of P.gravis and Pegriseus in the Brier 

PP 

Island region was surface swarming of M e  norvegica- The physcial and - -  
biotic factors influencing the swarming of euphausifds were water temper- 
ature and tidal currents (Brown et al, 198l), The shearwaters fed mainly 
on the flood tide when currents carried euplxausiids and squid closer to the 
surface, Red phalaropes similarly depended on the tidal currents, particu- 



larly at upwelling and convergences which are marked by areas of calm water 
termed "streaks", Along these streaks collect high densities of copepods, 
amphipods and pteropods upon which the phalaropes presumably feed (Brown 
1980). 

The studies which have been conducted on the pelagic species 
(shearwaters, phalaropes, gulls and terns) congregating in the lower Ray of 
Fundy in spring and fall have one common denominator: strong tidal cur- 
rents and extensive mixing provide abundant prey at the surface, thus mak- 
ing prey available to the large populations of birds at critical times dur- 
ing northward and southward migrations. 

Bald Eagles 

In the Maritime Provinces, the most important wintering area for 
the bald eagle, Haliaeetus feucocephalus, Is the Shubenacadie River which 
flows into Cobequid Bay. Reid (1982) studied their behaviour and feeding 
ecology during the winter months. She recorded peak numbers of 45 to 75 
birds between 1977 and 1982. The tide affects the Shubenacadie river 40 km 
upriver from Cobequid Bay and the stretch most frequented by wintering 
eagles extends 16-21 km from the river mouth. The attraction for the birds 
is the winter spawning run of tomcod, Microgadus tomcod, which is especial- 
ly important for the eagles9 survival during January and February. 

Great Blue Heron 

As part of a national survey of great blue herons, Smith (1980) has 
documented the numbers of heronries throughout the Maritime Provinces. Tn 
1980, 1,260 pairs of herons were present in Nova Scotia in 53 active colon- 
ies and 1,000 pairs were estimated for New Rrunswick in 26 active colon- 
ies. Of those totals, 9 coPofePes occurred adjacent to the Bay of Fundy, 
with a fnaxiraum of 275 pairs or 12% of the Maritime total. The reproductive 
biology and foraging behaviour of great blue herons has been studied on 
Boot Island, Minas Basin (Q~ainney 1979, Quinney and Smith 1980).Ninety- 
eight per cent of the identified prey brought to the nestllngs were 
flounder Liopsetta putnami (Quinney and Smith 1980), 

Other Studies In Progress Or Planned 

Graduate students and faculty at Acadia University are currently 
studying the feeding ecologies of black-bellied plover (Andree Dubois), 
short-billed dowitcher (Peter Smith) and least sandpiper (Peter MacDonalA) 
in the Southern Bight, Minas Basin, 

The Canadian Wildlife Service is planning a detailed study on the 
feeding ecology and bioenergetics of breeding and wintering common eider in 
the Passamaquoddy Bay-Grand Manan region. Preliminary studies are to begin 
early in 1984. 
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ABSTRACT 

An argument is made for development of a holistic simulation model. 
of the Bay of Fundy ecosystem and a simplified example given of the 
analytic approach required, 

Key words: Bay of Fundy, ecosystem analysfs 

On prgsente un argument en faveur  de la mlse au point d'un mod8le 
global de simulation de %'&cosystOme de Pa baie d e  Pundy et un exemple 
sdmplifi6 de la dthode ana ly t l que  B appliquer, 

INTRODUCTION 

The explicit goal of each talk in this Session has been to review 
what is known about the behavior 05 a speeiffc set of variables in the Ray 
of Pundy ecosystem, but the reason for this multidisciplinary day is to 
place this knowledge in a whole ecosgsterii contexL We have seen examples 
of how knowledge of the environment can be incorporated into an understand- 
ing of the dynamics of sets of i .ndividaral  variables, From these examples, 
it seems to me that although there has been no formal ecosystem analysis 
the important determinants of many components i n  the Bay of Pundy ecosystem 
are beginni ag to be well understood, 

These examples may be taken as analogous to a set of independently 
determined mltfple regressions, The behavior of a dependent variable or 
set of variables has been explained, elther mathematically or verbally, in 
terms of its relationship to a set o f  explanatory variables, In this 
sense, the information t ha t  has been presented in chis session may be en- 
visioned as a set of equations describing certain behaviors of the Bay of 
Fundy ecosystem, 

The equatbons are interdependent, If we begin for example, with 
the observation that Corophiurn production i s  a function of local primary 
production (see Peer 1984 in this report) we find, in turn, other depend- 
ences, Primary production in the ripper reaches of Pundy comes from three 
sources (Prouse et  al, 99841 ,  each determined by a separate set of factors 



some of which a r e  comon t o  a l l  t h r e e ,  some i n t e r d e p e n d e n t ,  some a l s o  
d i r e c t l y  i n f l u e n c i n g  ----- Corophiutn p roduc t l  on,  Then lin f a c t ,  a i i a l y s i s  of t h e  
behav ior  of a  g i v e n  dependent v a r i a b l e  i n  response  t o  changes i n  any v a r i -  
a b l e  o t h e r  t h a n  an  independent  d r i v i n g  v a r i a b l e  r e q u i r e s  t h e  s i r m l t a n e o u s  
s o l u t d o n  of a  set of i n t e r d e p e n d e n t  e q u a t i o n s ,  

To make p r e d i c t i o n s  w i t h  a c c e p t a b l y  narrow conf idence  l i m i t s ,  we 
must Learn t o  d e v i s e  and solve s e t s  s f  " e c s 2 o g i c a l  e q u a t i o n s "  t h a t  are 
a p p r o p r i a t e  t o  t h e  p r e d i c t i o n s  b2in.g sought ,  Th i s  is one a s p e c t  of a 
h o l i s t i c  approach t o  ecosystem a n a l y s i s ,  E o X i s t i e  merely means " p e r t a i n i n g  
t o  t h e  whole r a t h e r  t h a n  i t s  p a r t s ' h a n d  h o l i s t f c  ecosystem a n a l y s i s  s e e k s  
f i r s t  t o  de te rmine  the  behav ior  of the whole ecosystem,  on ly  t h e n  t o  i n f e r  
from t h i s  t h e  behavior  of r h e  relevant. corapsnent s a r i a b L e s ,  Th is  i s  i n  
c o n t r a s t  t o  r e c o n s t r u c t i n g  t h e  v a r i o u s  b e h a v i o r s  of t h e  whole sys tem by 
a g g r e g a t i n g  t h e  behav iors  of c e r t a i n  coinponent p a r t s ,  A s  mnany a u t h o r s  have 
argued (e.g. R e r r  1976, Mann 19153 t h i s  l a t t e r  p r o c e s s  i s  n o t  p o s s i b l e ,  i n  
g e n e r a l ,  because t h e  a  p r i o r i  e o n s c r u c t i o n  from i s o l a t e d  components Lacks 
c e r t a i n  pa ramete rs  - t h o s e  "cat  d e f i n e  the i n t e g r a t i v e  f e a t u r e s  of t h e  in -  
t a c t  system, To use t h e  example given by Mann (1935)  knowing the  proper-  
t ies of each and e v e r y  e e l %  of a r a t  w o n 9  t e l l  us very much about  t h e  
r a t  ' s  behav ior ,  

INTEGMTION OF WOLLST AND RLDUCTLONIST ECOLOGI G A L  STUDIES 

Row t h e n  can we use  t h e  ki~owledge t h a t  we have ga ined  about  t h e  
individual components of t h e  Bay o f  Fundy ecosystem t o  produce a  p i c t u r e  of 
t h e  ecosystem t h a t  i n  some u s e f u r  way approximates r e a l i t y ?  I n  answer ,  
f i r s t  it is  n e c e s s a r y  t o  r e a l l z e  tha t  we ~ I I S L  t u r n  t o  some Form of mathe- 
m a t i c a l  r e g r e s e n t a t i o r a  r a t h e r  thaw a p u r e l y  I L n g u i s t t c  one i n  o r d e r  t o  ade- 
q u a t e l y  r e p r e s e n t  t h e  c o m p l e x i t i e s  t h a t  we want  t o  i n c l u d e  i n  our  a n a l y s i s .  
Otherwise we w i l l  soon become bogged dosm i n  v e r b i a g e  wi thou t  hav ing  pro- 
duced m c h  i n  t h e  way of quanttfication cf o u r  knowledge, That i s  one v e r y  
good reason  why w e  shou ld  wanc t o  do ecosybtem model l ing ,  

However, e c o E o g i s t s  o f t e n  s h y  away from l a r g e - s c a l e  ecosystem 
m o d e l l i n g ,  being aware of some h i g h l y  complex models w i t h  hundreds  of s t a t e  
v a r i a b l e s  and i n t e r a c t i o n s  t h a t ,  a f t e r  great e f f o r t  and expense ,  produce a t  
b e s t  an i n d i c a t i o n  of what t h e  mode i le r s  d i d n ' t  know, I would s u g g e s t  t h a t  
though they  a r e  o f t e n  c a l l e d  h o l i s t i c  models,  i n  g e n e r a l  they  do n o t  f i t  
t h e  d e s c r i p t i o n  t h a t  1 have given of a h o l i s t i c    nod el, They really on ly  
r e p r e s e n t  a summation of the dis-integrated subsystems r a t h e r  t h a n  an i n t e -  
g r a t e d  view of t h e  whole system, Tn the  c a s e  of most ecosystem s i m u l a t i o n  
models,  t h e  nasdel lers  car1 be envisioned as being p r e s e n t e d  w i t h  a bag f u l l  
of  j igsaw-puzzle  p i e c e s ,  some of which f i t  o n l y  i m p e r f e c t l y ,  some a r e  
redundan t ,  and s u r e l y  many a r e  missing,  The m o d e l l e r s  have no c l e a r  i d e a  
what t h e  f i n a l  p i c t u r e  w i l l  i".ook l ike. but are expected t o  f i t  t h e  p i e c e s  
t o g e t h e r ,  Th i s  i s  a d t f f i e u l t  t a s k ,  In t h e  c a s e  of a h o l i s t i c  n o d e l ,  t h e  
pieces m y  be i n  a s i m i l a r  s t a t e  but the rn(4dePIers have b e f o r e  them a p ic -  
t u r e ,  a t  l e a s t  i n  o u t l i n e ,  of what the p u z z l e  shou ld  look l i k e  when 
assembled,  Thus poor ly  f i t t i n g  pieces can be f o r c e d  i n ,  redundant  ones 
d i s c a r d e d  and h o l e s  worked around,  Obtatning a f i n a l  p i c t u r e  is  t h e n  a 
much s fmple r  t a s k ,  



I propose that there is a relatively straight-forward way of fitt- 
ing the pieces the Ray of Fundy puzzle together into a sensible picture. 
With present data and perhaps a relatively small but well-directed, addi- 
tional data collection effort, a very useful ecosystem analysis could 
ensue, I wlll outline how I think this can he done, 

A somewhat personal view of the process of concept development 
leading to an ecosystem model is illustrated in Fig, 1. Much of the pro- 
cess has been completed both in the development of perception of how the 
Ray of Fundy works and in the formal analysis, aE least on the left-hand 
side of the figure, The development of our perceptions of Fundy depends, 
of course, upon what we abstract from our experience working on it. For 
most of us, wtiile we work on our individual scientific endeavours (mostly 
on the left of Fig, I), there is a constant feedback along the analytical 
process as well as between our quantitative knowledge on the left-hand side 
of Pigal and our non-quantitative observations and intuitions on the right. 
As I work through my studies on the benthos, for example, the knowledge 
gained is integrated not only into my plans for continued observation and 
experimentation but also into a csnttnually evolving personal definition of 
'The Bay of Fundy", However, as I implied earlles, an adequate simulation 
of the Pundy ecosystem requires quantification, in some sense, not only on 
the left-hand side of Fig. 1 but on the right as well, 

Studies that extend beyond species description, chemical measure- 
ment, or the like usually incorporate the next three steps in the formal 
analysis. That is, observations are analyzed either by statistical or phy- 
sical experiments, hypotheses are generated, and some sort of verbal or 
mathematical model that explains the behavior of the object of study is 
then presented, In the analogous process of whole ecosystem analysis we 
should describe, from synoptic field observation, the behavior of some 
variables that we feel can represent whole system behavior in a holistic 
model. Identification of such variables is not easy. It is very difficult 
to measure, say, production of many species as functions of annual and spa- 
tial environmental changes, so holistic measures of ecosystem behavior 
based on population dynamics of species uslaal1.y are not feasible, For 
similar and other more theoretical reasons (Peters 1977) trophically based 
measures are also difficult to obtain, In the hope of identifying suitable 
holistic variables, some scientists, mostly at the Marine Ecology 
Laboratory, the University of Toronto, and in the U.S,S.R, are pursuing the 
application of ecosystem description based upon an organism-size typology 
rather than species or trophic typologies. This work has developed out of 
extensive observations on pelagic biornass spectra by Sheldon and his co- 
workers (Sheldon and Parsons 1967, Sheldon et al, 1972) with later addi- 
tions of bath pelagic and benthic studies (Schwinghamer 1981, 1983, Sprules 
1980, Harding et al, 1980, Tseytlin 198E), Theoretical work (Kerr 2974, 
Rlatt and Benman 1979, Silvert and Platt 1978, Sheldon et ale 1977, Sprules 
and Noltby 1979, Sprules and KnoecheP 1983, Tseytlin 1982, Schwinghamer 
1981, 1983) indicates that this approach provides a means of describing 
ecosystem structure from which dynamlcal Ilypotheses can be formulated, 
This illustrates that whole ecosystem behavior can be quantified and anal- 
yzed in a process analogous to that applied to more reductionist studies. 
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Fig. 1, A proposal for integration of holistic and reductionist ecologi- 
cal studies for the production of an ecosystem simulation model. 



An example of how some aspects of the dynamics of a whole community 
of organisms over an annual cycle can he represented by biomass spectra is 
shown in Fig, 2 (from Schwinghamer 1983). Notice that the size range is 
from bacteria to macrofauria, that aburadarace in each log size elass is in 
terms of volume per unit area of Sottom and that three groups of organisms 
(bacteria, meiofauna, macrofauna) are well cfefined by their size limits and 
their seemingly independent dynamics. These three grot~ps of organisms, 
plus benthic microalgae, were the variables of interest in an analysis of 
the benthic ecosystem that I undercook (Schwinghamer 1983). 

The next two steps on Lhe right in F i g -  1, holistic analysis and hypo- 
thesis formulatjon, can be done using quasl-statlstical procedures, lumped 
under the rubric of ""causal analysis"*, which provide ways of simultaneously 
solving a set of ecological equations (see Beise 1975 for an introduction 
to the subject of causal analysis), Csersal analysis, by an iterative pro- 
cess, leads to the formulat~on of a most piausi'hle hypothetical network of 
cause-and-effect relatPons among the dependent variables, and between them 
and the most stgniffcant sxplanatory variables. 

A hypothetical structtrral model of the Peck's Cove benthic eco- 
system based on causal analysis is iLXustrated in Fig, 3 (from Schwfnghamer 
1983). Certainly, it is not as complex as a speeies-based model would be 
but for our purpose it is most useful. The dependent variables (labelled 
"endogenous") are the total bioaasses of the four groups of organisms 
identified earlier, The explanatory ('kxogenous") variables are a small 
subset of all the measured environmental variables, They are the ones 
whose direct effects elicited strong statistical responses on the part of 
ehe endogenous variables and whose effects could be explained in some 
mechanistic fashion. The strengths and direci:ions of significant (and 
sensible) relationships are indicated by f i e  "'paths" included in the dia- 
gram, The ""path coefficients" indicate the relative strengths of relation- 
shf ps in this study, The arrows point to the affected variable. The 
statistical "fit" of this model to t he  data was better, In aggregate, than 
any other that was tried. 

Causal ae~aiysis gives us a working I~ypothesis on which to proceed 
with selection of important processes for inclusion into a tlolistic simula- 
tion tnodel, It is important to oea4ize in the present example that a31 of 
the dynamics and interactions observed in the Peck's Cove benthic community 
must be consrrained to prodtsce an aggregate outcome such that the biomass 
spectrum would look like i t  does in Pig. 2. We are then at the level of 
the diesaggregated model (all o f  the process raodels) on the left-hand side 
of Fig, I, and the aggregated model on the right. Back to the puzzle 
analogy, we have the pieces (rhe process models) arrd we have the box cover 
with the picture on It (the biomass spectrum and causal hypotheses), 



F i g .  2 .  F l u c t u a t i o n s  i n  t h e  biomass spectrum of t h e  b e n t h i c  community a r  
Peck ' s  Cove, N-Be over an annual  cycle ,  
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Fig, 3 ,  Hypothetical causal model of biomass fluctuations in the Peck's 
Cove benthic community. The double-headed curves arrows are 
unanalyzed correlations, For further explanation see text, 



Obviously, I have simplified the whole process of ecosystem modell- 
ing in order to make a point, However, 1 do think that a simulation model 
of the Bay of Pundy ecosystem that would provide sensible output could be 
achieved. Recognizing the importance of the feedbacks in the process of 
development, the actual siwdlation modelling must invalve the scientists 
who have brought the analysis to the process model and aggregated model 
stage if tl-~e sirnulacion i s  to be more than just enathematjcally correct. 
The example of the intensive modelling workshops of the group working on 
the Ems-Dollard estuary in fiolland (Rexardij and Basretta 3.982) would be use- 
ful to emulate in this respect, 

It may be t h a t  nore data are required to achieve an effective 
simulation model of the Ray of Pundy, However, the additional time and 
effort would be mfnimtzed and the results maximized S f  quantitative 
holistic analysis were cfeveloped eoncomnritantly with the reductionist 
analysts of particular processes. 
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QUESTIONS AND COMMENTS 

K. Mann: I think I have followed your argument for getting on with the 
modelling of the benthic system. Modelling the entire Bay however requires 
a pelagic component. Do you feel that your recommended approach can be 
realistically extended to the pelagic system to include and integrate the 
numerous surveys done along the axis of the Bay? 

P ,  Schwinghamer: I did not want to complicate things too much by intro- 
ducing compartments. The regular model formulations generally used which 
deal with functions within compartments and flows between compartments can 
use this approach quite effectively, There is no reason why compartments 
can't be coupled functional1.y with functions constrained to operate within 
the whole system as well as within compartments. I don't have any 
illusions about the whole process being very sPmple but I think It is a 
much more useful process than adding more variables and interacttons to 
already complex models. 
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ABSTRACT 

This paper briefly describes some of the engineering details of 
proposed large scale tidal power developments in the upper reaches of the 
Bay of Fundy (Cobequid Bay and Cumberland Basin), Both construction and 
operation aspects are considered, It also contains predictions of changes 
in headpond water elevations. 

Key words: tidal power development, Cobequid Bay, Cumberland Basin, 
engineering design, 

Dans cet article, on d6crit briPvement certains d6tails techniques 
du projet dVam&nagement dPune vaste usine margmotrice dans la partie 
sup6rieure de la baie de Fundy (baie Cobequid et bassin Cumberland). On 
examine 2 la fois les dgtails de construction et dPexploitation, On 
formule aussi quelques prgdictions sur les variations du niveau des eaux 
dans 19aire de retenue, 

PREFACE 

The engineering studies to date have all been of the nature of 
feasibility studies, They have resulted in designs which might well be 
altered due to economic, engineering, marketing or environmental considera- 
tions in any project actually committed for construction. The data pre- 
sented here should therefore be regarded only as indicative of a probable 
range rather than as a set of precise specifications, 

PROJECTS CONSIDERED 

Developments considered economically attractive are: 
Site B9 (Cobequid Bay) 
Sites B9 and A8 (Cobequid Bay and Cumberland Basin) combined 

Site locations are shown in Fig, 1 and the main characteristics of both 
possible developments are given in Table P a  



Fig. 1. Map showing location of possible tidal power development s i t e s .  



TABLE 1. C h a r a c t e r i s t i c s  and c o s t s  ( i n  1981 d o l l a r s )  of p o s s i b l e  t i d a l  
power schemes i n  t h e  upper reaches of the  Bay of Fundy, See 
F ig ,  1 f o r  l o c a t i o n s ,  

SITE: I33 
v --- SITE A8 

398 1. 1981 
New New 

Method Method 

T o t a l  number of powerhouse 
u n i t s  106 128 37 
Number of S lu l ce s  (Shallow) 6 70 -- 
Number of Deep S lu i ce s  4 4 22 -- 
Number of Spare Uni t s  6 8 2 
Rated u n i t  output  M V W  3 8 3 8  3 1 
I n s t a l l e d  CapacEty MW 4028 4864 1147 
N e t  P l an t  Capacity HW 3880 4560 1085 
Net annual energy GWA 13766 14004 3183 
Capaci ty  Fac tor  (%) 35,4 35.1 33.5 
Cost Est imate  ( ~ ~ 1 0  6,  

( a )  To ta l  Di rec t  Cost 3524 4011 1153,2 
(b)  I n d i r e c t  and i n t e r e s t  

p lus  contingency 2493 3019 726.1 
( c )  To ta l  Cap i t a l  Cost 6017 7030 1879.3 

Annual Charge (c)  x -05531 3 3 2 - 8  388 - 8  103.9 
Cost of Energy mills/~m 28,3 27.8 32 -6 



SITE B9 CONSTRUCTION 

Construction facilities are shown in Fig. 2 and barrage plan and 
elevation in Fig. 3. The construction method would use caissons to the 
greatest extent possible, These would be, in varying quantities, turbine 
caissons, deep sluice caissons, shallow sluice caissons, temporary slujce 
cribs, and blind cribs. The barrage (for 128 units) would consist of: 

1200 m access dyke 
24 wharf cribs 
1 closure crib 
6 crib sluices 
12 shallow sluices 
66 powerhouse caissons 
15 shallow sluices 
4 powerhouse caissons 
5 deep sluices 
8 shallow sluices 
10 crib sluices 
6 cribs 

800 m closure dyke 

Method of placement would involve excavating soft sediments, con- 
struction of berms to protect mattress, laying of sand and gravel mattress, 
and caisson placement. Closure dyke would be formed by end dumping on dry- 
ing flats at low tide. The construction schedule is shown in Fig. 4. 

More detailed information on the proposed design of dykes, cribs, 
slices and powerhouse units can be obtained from the Nova Scotia Tidal 
Power Corporation. 

SITE B9 TURBINES 

Choice of type is between bulb and Straflo, which would in any case 
be hydraulically similar. They might. be fixed blade machines with wicket 
gate regulation, double regulated with variable pitch blades, or asynchro- 
nous (variable speed) machines without mechanical regulation. The throat 
diameter would probably be 7.5 m and, if synchronous, the speed would be 
67,92, 69.23, 72, or 75 r.p,m. 

SITE B9 OPERATION 

Feasibility study designs are for single effect operation. Water 
elevations for mean, small and spring tides are shown in Figs. 5 and 6. 
Approximate changes in phase and amplitude of flows through the barrage 
from the start of construction to full operation are shown in Fig. 7. 
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Fig. 2.  Map showing proposed c o n s t r u c t i o n  f a c i l i t i e s  f o r  t h e  B9 p r o j e c t  
a t  Economy Po in r /Cape  Tenny. 



F i g .  3 .  Proposed b a r r a g e  p l a n  and e l eva t ion  f o r  the B9 p r o j e c t .  
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Fig. 4 .  Proposed construction schedule for the B9 project. 



Fig- 5 .  Water elevations for single effect operation on small and -mean 
tides, 



FIGURE 6 - WATER ELEVATIONS, B9  

LARGE TIDE 

~ i g .  6 .  Water elevations for single effedt operation on a large tide. 





TIDAL APSD BATEIYETRIC DATA 

Headpond s t o r a g e  curves  and annual  t i d a l  h i s tograms  f o r  both  s i t e s  
a r e  g iven  i n  Tab les  2 and 3 ,  Mean sea l e v e l  is 8 , P  and 7-83 m above c h a r t  
datum a t  B9 and R 8 ,  r e s p e c ~ i v e l y ,  

New c o n s t r u c t i o n  methods and schedu les  were developed i n  t h e  most 
r e c e n t  f e a s i b t l i t y  s t u d y  wi th  s n e c i f i c  r e f e r e n c e  t o  B 9 ,  No s i m i l a r l y  
d e t a i l e d  work was c a r r i e d  ou t  f o r  A8, N e v e r t h e l e s s ,  i t  can s a f e l y  be 
assumed t h a t  t h e  method d e s c r i b e d  above f o r  B9 would a l s o  be used f o r  A8, 

Because of tlhe r e l a t i v e l y  narrow mouth of Cumberland Bas in ,  cLosure  
requ i rements  a r e  thought  l i k e l y  t o  l i m i t  t h e  number of t u r b i n e s  a t  t h a t  
s i t e  t o  37 ,  with approx imate ly  24 s l u i c e s ,  

The c a i s s o n  t y p e s  and e q u i p m n t  types  would be s i m i l a r  t o  R 9 ,  Tur- 
b i n e s  would probably  be of 7 ,5  m d i a m e t e r ,  but  of somewhat lower r a t e d  head 
and s l i g h t l y  s lower  speed,  

No c o n s t r u c t i o n  schedu le  based on t h e  p r e f e r r e d  method of c o n s t r u c -  
t i o n  i s  a v a i l a b l e ,  



TABLE 2 ,  Reservo i r  s t o r a g e  curves  ( e l e v a t i o n s  above c h a r t  datum) 

S I T E  B9 SITE A 8  

Elevation Area E l e v a t i o n  Area 
(m> (km2> (ID> (km2$ 



TABLE 3 .  Annual  t i d a l  h i s t o g r a m s ,  

S ITE  B9 S I T E  A8 

Range S t a g e  2 Range Stage 2 
(m) His togram (m) H i  s t  ogram 
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ABSTRACT 

P r e d i c t e d  changes i n  p h y s i c a l  oceanography due t o  t h e  i n s t a l l a t i o n  
of  Cidal  power b a r r i e r s  i n  t h e  upper Bay of Fundy a r e  reviewed.  Away from 
the  b a r r i e r  s i t e ,  t h e  changes induced a r e  s m a l l  compared t o  t h e  n a t u r a l  
v a r i a t i o n  I n  tile sys tem,  bu t  i n  many a r e a s  s t i l l  of p o t e n t i a l  s i g n i f i c a n c e .  
Changes i n  t h e  v i c i n i t y  of t h e  b a r r i e r  and i n  t h e  headpond would be more 
d r a m a t i c  and depend on t h e  type and l e v e l  of i n s t a l l a t i o n .  

Key words: t i d a l  power development,  p h y s i c a l  oceanography, Bay of Fundy, 
Gulf of Maine. 

Daas l e  p r g s e n t  a r t i c l e ,  on g t u d i e  l e s  v a r i a t i o n s  pr4vues  d e s  con- 
d i t i o n s  oc6anographiques  phys iques ,  q u ' e n t r a f n e r a  lqam6nagement des  d i ~ u e s  
d P u n c  u s i n e  mar4motrice dans  1% p a r t i e  s u p 4 r i e u r e  de  Pa b a i e  de  Fundy. A 
une c e r t a i n e  d i s t a n c e  du s i t e  de l ' end iguement ,  l e s  v a r i a t i o n s  c r 6 6 s  s e r o n t  
f a i h l e s  par  r a p p o r t  aux v a r i a t i o n s  n a t u r e l l e s  du syst6me, mais peut-&re 
n o t a b l e s  dans  de nombreux s e c t e u r s .  AUK a l e n t o u r s  de  l ' endiguement  e t  dans  
4es  eaux de r e t e n u e ,  l e s  m o d i f i c a t i o n s  r i s q u e n t  d P @ t r e  beaucoup p l u s  impor- 
t a n t e s ,  ee ddpendront  du type  dqem&nagement e t  d e  son n iveau .  

INTRODUCTION 

Although t l d a l  power has  been s t u d i e d  f o r  some t ime,  w i t h  scheines 
c o n s i d e r e d  i n  Passamaquoddy ( s e e  f o r  example IPEB l 9 6 1 ) ,  and i n  t h e  upper 
Bay of Fundy (ATPPB 1969) i t  was not  u n t i l  t h e  s tudy  of t h e  Bay of Fundy 
T i d a l  Power Review Board (BFTPRB 1977) t h a t  wider  i s s u e s  of t h e  env i ron-  
menta l  e f f e c t s  of t h e  schemes i n  t h e  upper Bay were a d d r e s s e d  (Daborn 
1977) -  L t  was a l s o  r e a l i s e d  around t h i s  t ime t h a t  t h e  changes i n  t i d a l  
r e sponse  would be more f a r  r e a c h i n g  than p r e v i o u s l y  ti-ioug'i~t (Heaps and 
Greenberg 1 9 7 4 ) -  

In  t h i s  paper  p o s s i b l e  changes i n  t h e  p h y s i c a l  oceanography of t h e  
Kay of Fundy due t o  t i d a l  h a r r i e r s  a r e  d e s c r i b e d  and compared t h e  n a t u r a l  
v a r i a t i o n  i n  t h e  sys tem.  Th i s  paper upda tes  some of t h e  p r e d i c t i o n s  made 
I n  G a r r e t t  (1977) and Greenberg (1997) -  The changes i n  t i d a l  s e a  l e v e l s ,  



as found in numerical model studies (Greenberg 1 9 7 9 ) ,  are presented and 
some implications of these changes are disci~ssed, 

Changes in the tidal response of sea Level in the Bay of Fundy and 
Gulf of Plaine due to tidal power development have been calculated u s i n g  a 
~~umerical rnodek (Greenberg 197581, These are accounted far in terms of the 
free period and energy characteristics of the system, The barrier loca- 
tions most favored are in upper Ghignecto Bay across Shepody Bay, across 
Cumberland Basin and in Minas Basin at Economy Pt, (Fig, 11, 

Barriers across rhe mouths of Shepody Bay and Cumberland Elasin 
would give rise to very similar changes in tidal regime, The  M2 t ida l .  
amplitude of the sea level elevation (Fig, 2) decreases at the barrier and 
throughout the upper Bay of Fundy, The magnitude of this change dimintshes 
from the head of the Bay changing to an increase in tidal amplitude in the 
lower Bay and throughout the Gulf sf Maine, There seems to he little 
change away from the Gulf along the continental shelf, 

These widespread changes are caused by the shifting of the Free 
periods of the Bay of Fundy and of the combined Fundy-Gulf of Maine sys- 
tems. Resonant amplification occurs aihen a system hs forced near its pre- 
ferred period of oscillation. The Bay of Fundy has a natural period of 
oscillation sf about 9 hrs. (Wao 1958), A barrier which shortens the Bay, 
decreases this period, moving it further away from the forcing tidal period 
of 12.42 hours, which decreases the amplification from the mouth to the 
head of the Bay. The period of the Bay and Gulf combined is about 13 hours 
(Garrett 1972, 19741,  Shortening this period brings it closer to the tidat 
forcing period, thus increasing the reasonant ampkificatlon, in the Bay of 
Fundy these two effects compete causing the tidal sea level decrease which 
dominates at the head of the Bay and the increase which dominates at the 
mouth, 

A barrier in the Minas Basin at Economy Point leads to larger in- 
creases in tidal amplitude throughout the Bay and Gulf (Pig, 3) except Tor 
the area very close to the barrier, The difference in the regimes result- 
ing from these two barrier locations is the result of the reduced transport 
at the Economy Point barrier site being felt domstream near Cape Split 
releasing energy that is dissipated by friction in the natural system, 
Increased capacity would necessitate more or larger turbines and greater 
flow, Consequently, an increase in capacity of the Economy Point barrjer 
decreases further the tide at the barrier because increased flow Leads to 
more energy dissipated by Cape Split, Changes in the capacity of Shepody 
and Cumberland barriers had lirtle effect at the barriers and in all cases 
capacity changes had little effect downstream, Similarly, differences in 
types of generation (see "Headpond Tidal Affects" below) would have compar- 
able effects away from the barrier s l t e ,  
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F i g .  1, The Bay of Fundy and Gulf of Maine 
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P i g .  2 ,  Absolute  and percentage  change i n  t i d a l  ampli tude a long  t h e  c o a s t ,  
due t o  a  b a r r i e r  i n s t a l l e d  a t  t h e  mouth of Shepody Bay. The s o l i d  
l i n e  i s  f o r  t he  New Brunswick and New England c o a s t s ,  the  broken 
l i n e  i s  f o r  t he  Nova S c s t i a n  c o a s t .  
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Fig .  3 ,  Absolute  and percentage  change i n  t i d a l  ampl i tude  a long  t h e  c o a s t ,  
due t o  a  b a r r i e r  i n s t a l l e d  a c r o s s  t he  Minas Basin a t  Economy 
P o i n t .  The s o l i d  l i n e  i s  f o r  t h e  New Brunswick and New England 
c o a s t s ,  t he  broken l i n e  i s  f o r  t h e  Nova Sco t i an  c o a s t ,  



CONFIDENCE IN CALCULATIONS 

E r r o r  l i m i t s  on t h e  changes g iven  i n  F i g s ,  2 and 3 a r e  d i f f  i c u l t ,  
i f  no t  i m p o s s i b l e  t o  d e r i v e ,  Confidence i n  t h e  p r e d i c t i o n s  is  gained 
through an unders tand ing  of t h e  phys ics  i n v o l v e d ,  by n o t i n g  t h e  consistency 
of t h e  n a t u r e  of t h e  change w i t h  o t h e r  r e s e a r c h e r s ,  and by o b t a i n i n g  s i m i -  
l a r  r e s u l t s  w i t h  t h e  p r o g r e s s i v e  r e f i n i n g  of t h e  model, G a r r e t t  and 
Greenberg (1977) and G a r r e t t  and Toulaney (1979) showed t h a t  any e r r o r s  due  
t o  open boundary e f f e c t s  would be rninimal (of o r d e r  1%) f o r  t h e  b a r r i e r  
c a s e s  now under c o n s i d e r a t i o n ,  G a r r e t t  (1974) showed i n  h i s  normal mode 
s t u d y  t h a t  t h e  s h o r t e n i n g  of t h e  Ray of Pundy changed t h e  shape of t h e  
Pundy-Maine o s c i l l a t i o n .  Although h i s  g r i d  was c o a r s e  and t h e  e q u a t i o n s  
were s i m p l i f i e d ,  he p r e d i c t e d  a  r e d u c t i o n  i n  a , n p l i f i c a t i o n  at  t h e  head of 
t h e  Bay and an i n c r e a s e  a t  t h e  mouth and i n  t h e  Gulf a s  i s  sugges ted  i n  
Greenberg (1979) on which t h i s  paper i s  based.  

More r e c e n t l y ,  Duff (1981) has  ob ta ined  s i m i l a r  p a t t e r n s  and per-  
cen tage  changes t o  t h o s e  of Greenberg (1979) u s i n g  a  numer ica l  model t h a t  
t e l e s c o p e d  t o  i n c l u d e  much of t h e  North A t l a n t i c ,  Th i s  a l s o  showed mini- 
m a l  change a l o n g  t h e  edge of t h e  c o n t i n e n t a l  s h e l f  where Greenberg (1979) 
s p e c i f i e d  t i d a l  e l e v a t i o n s  u n a l t e r e d  when b a r r i e r s  were s i m u l a t e d ,  The? 
magndtude of t h e  changes p r e d i c t e d  by Duff d i d  d i f  f e r ,  bu t  C t  i s  thought  
t h a t  t h i s  was due t o  poor c a l i b r a t f o n  of t h e  model, i t  being up t o  30 cm 
o u t  i n  ampl i tude  and up t o  one hour o u t  i n  phase of t h e  t i d e ,  Duff d i d  g e t  
r e s u l t s  d i f f e r e n t  from h i s  f u l l  model when u s i n g  a cut-down c o n t t n e n t a l  
s h e l f  model, u s i n g  i n a p p r o p r i a t e  open boundary c o n d i t i o n s  i n  which c u r r e n t s  
were s p e c i f i e d  n o t  t o  change when b a r r i e r s  were s i m u l a t e d ,  

The Bay of Pundy-Gulf of Maine model r e f e r r e d  t o  h e r e  has  gone 
through a  c o n s i d e r a b l e  development from i t s  f i r s t  t r i a l s  i n  Greenberg 
(1975) ( F i g ,  4)  t o  i t s  p r e s e n t  form (Greenberg 1979,  F i g ,  5 ) -  Th is  has 
l e a d  t o  some r e v i s i o n  i n  t h e  magnitudes of t h e  p r e d i c t e d  changes but  l i t t l e  
d i f f e r e n c e  i n  t h e  p a t t e r n  of t h e  change, Among t h e  s t e p s  i n  t h i s  evolu- 
t i o n ,  some of which a r e  obvious  from t h e  diagrams,  a r e  t h e  f o l l o w i n g :  

The i n c l u s i o n  of t h e  s h a l l o w  a r e a  a t  t h e  head of 
Cobequld Bay. 
The i n c l u s i o n  of a d v e c t i v e  terms i n  f o r m u l a t i o n s  o f  
t h e  e q u a t i o n s  i n  t h e  Minas Ras-in and f l inas  Channel,  
The c r e a t i o n  of a  new, f i n e r  g r i d  f o r  t h e  Mirlas Basirn 
and Minas Ghannel a r e a ,  
R e c a l i b r a t i o n s  c a r r i e d  ou t  a long  w i t h  t h e  above t h r e e  
changes r e s u l t e d  i n  t h e  lowering of t h e  f r i c t l s n  co- 
e f f i c i e n t  from an  u n u s u a l l y  h i g h  h , 4  x t o  w i t h i n  

3 a  normal range at 2 - 1  x  10- , 
The medium s i z e  g r i d  was extended o u t  t o  t h e  mouth of 
t h e  Ray of Fundy, 
The c o a r s e  g r i d  was extended ou t  t o  t h e  edge of t h e  
c o n t i n e n t a l  s h e l f  and t o  t h e  n o r t h e a s t  and southwest  
a long  t h e  s h e l f ,  
V a r i a t i o n s  due t o  map p r o j e c t i o n  and t h e  changes w i t h  
l a t i t u d e  of t h e  CorioLis  parameter  were a l lowed f o r  i n  
t h e  c o a r s e  g r i d .  



F i g ,  4 .  The g r i d  o u t l i n e  of  t h e  e a r l i e s t  v e r s i on  of t h e  Bay of Fundy - 
Gulf of Maine numer i ca l  model ( f rom Greenberg  1 9 7 5 ) .  





8,  An e x t e n s i v e  d a t a  c o l l e c t i o n  program was under taken  
which p e r m i t t e d  a  p r e c i s e  s p e c i f i c a t i o n  of t h e  open 
boundary t i d e s  and very  a c c u r a t e  c a l i b r a t i o n  of t h e  
model. 

C a l c u l a t i o n s  u s i n g  t h e  above mentioned models a l l  gave s i m i l a r  
q u a l i t a t i v e  r e s u l t s ,  but  q u a n t i t a t i v e l y  t h e r e  was an i n c r e a s e  i n  e f f e c t ,  
The t i d e  change a t  Boston,  f o r  example, i n c r e a s e d  p r o g r e s s i v e l y  from s 6% 
r i s e  t o  a  10% r i s e  a s  t h e  more a c c u r a t e  schemes were i n c o r p o r a t e d ,  The 
change i n  t i d e  phase a t  Boston d i f f e r e d  on ly  from a  6 minute  d e l a y  t o  a 4 
minute  d e l a y  i n  t h e  l a t e r  c a l c u l a t i o n s .  

A f u r t h e r  t e s t  was c a r r i e d  ou t  t o  s e e  whether b a r r i e r  e f f e c t s  would 
be p o o r l y  p r e d i c t e d  because of t h e  c o a r s e  r e s o l u t i o n  of t h e  Gulf of Maine 
c o a s t l i n e ,  The d e p t h s  around t h e  c o a s t  of t h e  Gulf were doubled,  and simu- 
l a t i o n s  were run  w i t h  and wi thou t  b a r r i e r s ,  The percen tage  change i n  t i d e s  
due t o  b a r r i e r s  was found t o  be t h e  same a s  p r e d i c t e d  wi th  realistic 
d e p t h s .  It was reasoned t h a t  i f  such g r o s s  e r r o r s  d i d  n o t  a l t e r  t h e  pre- 
d i c t e d  change,  then  more comprehensive mode l l ing  of t h e  Gulf would g ive  
more d e t a i l ,  but  n o t  i n c r e a s e  t h e  accuracy  of t h e  p r e d i c t i o n ,  

BARRIER EFFECTS AND NATURAL VARIABILITY 

The changes i n  M2 t i d e  should be cons idered  i n  c o n j u n c t i o n  w i t h  t h e  
n a t u r a l  v a r i a b i l i t y  of s e a  l e v e l  i n  t h e  system, 

Computer runs  have been made s i m u l a t i n g  t h e  major  t i d a l  c o n s t i -  
t u e n t s  f o r  30 days t o  examine t h e  complete monthly v a r i a t i o n  i n  t i d e s ,  The 
h o u r l y  o u t p u t  from t h e  model was analyzed u s i n g  a  s t a n d a r d  t i d a l  a n a l y s i s  
package and t h e  s imula ted  c o n s t i t u e n t s  were compared f o r  c a s e s  w i t h  and 
wi thou t  b a r r i e r s .  Times and h e i g h t s  of h i g h  and low w a t e r  were a l s o  
i n t e r p o l a t e d .  The r e s u l t s  (e .g ,  Table I ,  Economy P t ,  B a r r i e r )  i n d i c a t e  
t h e  l a r g e s t  change i n  ampl i tude  f o r  t h e  M2 c o n s t i t u e n t ,  Away from t h e  h e a d  
of t h e  Bay, t h e  o t h e r  c o n s t i t u t e n t s  a r e  changed p r i n c i p a l l y  i n  phase ,  Ex- 
c e p t  i n  t h e  immediate v i c i n i t y  of t h e  b a r r i e r ,  t h e r e  were no changes i n  
mean s e a  l e v e l .  The average  of t h e  mean d i f f e r e n c e s  i n  h i g h  and low w a t e r  
a r e  v e r y  c l o s e  t o  t h e  change i n  M2 ampl i tude ,  a l t h o u g h  t h e r e  a r e  
d i f f e r e n c e s  i n  t h e  changes a t  h i g h  and low water, Th is  could  be r e a l  o r  
due t o  i n a c c u r a c i e s  i n  t h e  i n t e r p o l a t i o n  scheme, p a r t i c u l a r l y  n e a r  t h e  
b a r r i e r ,  where t h e  opening and c l o s i n g  of s l u i c e s  and t u r b i n e s  could  d i s -  
p r o p o r t i o n a t e l y  i n f l u e n c e  r e s u l t s ,  Th i s  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n ,  

Changes i n  t i d a l  s e a  l e v e l  e l e v a t i o n s  of a  few c e n t i m e t e r s  might 
t e n d  t o  be camouflaged by s u r f a c e  waves, s torm s u r g e s  and even t h e  n a t u r a l  
t i d a l  v a r i a t i o n ,  It would be t h e  ex t remes ,  s p r i n g  and neap t i d e s ,  t h a t  
would be most n o t i c e a b l e  ( s e e  Fig .  6 ) -  I n  a p e r i o d  of neap t i d e s ,  low 
a r e a s  t h a t  would normal ly  no t  be exposed and h i g h e r  a r e a s  t h a t  would 
normal ly  n o t  be covered f o r  one o r  more t i d a l  c y c l e s ,  would be covered and 
exposed r e s p e c t i v e l y  every  t i d e .  During a  p e r i o d  of s p r i n g  t i d e s ,  a r e a s  
t h a t  would never  be exposed o r  covered by t h e  n a t u r a l  t i d e s  would be in-  
c luded  w i t h i n  t h e  o u t e r  range of t i d a l  v a r i a t i o n ,  



T4IILI.: 1 ,  Difference between model run wlth an Economy Point b8rrie-c and withatlt 
barri~rs, of high and low water heights and times, and of t h c  major 
constituents simulated, 

At Barrier Grinds tone Saint John Bosfron 
------- ----- -- P -- PP - -- 
HW Mean Difference - 53.1 cm - 31.4 min +- 37,4 - 6,2 + 20,9 - 2 - 6  + 12.0 + 0.9 
Standard Deviation 6,8 cm - 2 .7  min 4-7 2,8 1,R 2 - 1  0 ,6  1,4 

IJW Mean Difference + 25.5 cm - 29,3 min - 20-0 - 8,8  - 19,7 - 6 , 5  - 15,8 + 7 , 2  
S tandard  Deviation 9,s cm - 3.0 min 3-3  1,6 2.6 2 -0 1.2 3*4 

1 12 em 143" 12 143" 7 1 129" 10 142" 
Iliff erence - 1 cm 7"  0 - 2" 0 - 1" 0 0" 

K I  15 cm 137" 1 5 129" 1 3 1 2 4 "  12 136" 
Difference - 1 c m -  8" 0 0" - 1 -i- I "  0 0" 

N2 92 cn 336" 8 6 321" 5 8 311" 29 326" 
Difference - 1 cm - 15" 4- 3 - 2" + 2 -- I "  -4- I -+- 3" 

''? ? 553 cm 1" 50: 349" 32  2 340° 150 358 O 

Difference - 29 cm - 16" + 25 - 3" + 19 - 2" + 13 + 3" 

S% 88 c m  46" 8 1 30" 5 1 18" 2 2 31" 
I l i f  ference - I c m -  17" + 4 0" -i- 2 C I "  0 + 6 "  
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Fig .  6 .  The changes  i n  s p r i n g  and neap t i d e  ranges  and s h o r e l i n e  impact  
due t o  an i n c r e a s e  i n  t i d a l  ampl i tude .  Changes a r e  e x a g g e r a t e d  
f o r  c l a r i t y .  



There are marry instances where tncreased tidal amplitudes could 
have an t f f e c r .  Imparcs which could be felt include: 

I ,  Areas sensitive to present high water: those having low beach 
s lope ,  already bothered by stor- surges, salt marshes, or built 
up close to present high water would be most affected. 

2, Shore1 ines sensitive to wave attack would find the waves con- 
sistently hitting higher and lower levels of the beach, but 
diktused over the wider tidal range, 

3, t4arginal. ship passage would he more rfsky for the lower half of 
the tidal cycle but safer during the higher fialf, 

4 ,  The flood risk i n  the lower Sainr John river valley may be more 
severe if higher high waters further retard high runoff in the 
spring. 

TTDAL EFFECTS LN THE HEADPOND 

The largest changes from the present regime, due to the Pnstalla- 
tions o f  a tidal power plant, would be behlnd the barrier, The preferred 
type of installation known as ebb generation, consists of an enclosed re- 
servoir or headpond, which is fif led through sluices on a rising tide and 
drained through turbines on a falling ride generating electricity (Pig, 7). 
Other generation modes have been considered, with two way generation being 
a possibility, but flood generation is uneconomic. The tidal sea Level 
changes in the headpond would be reduced to one half to one third their 
present range rmder any mode. The mean level of the reservoir depends on 
the particular generation mode (Fig. 8), being higher than normal for ebb 
generation, lower for flood generations and only slightly raised for two- 
way generation, The level of installed capacity also has an effect (Table 
21, Greater sluice capacity tends to increase the mean headpond level, and 
higher turbine installation tends to increase headpond range. The mean 
level In ebb generation tends to mimic the variation in high water (Fig. 9) 
due to the higher resistance to flow of turbines compared to sluices. This 
effect is similar to that of Reverslng Falls on the water levels in. the 
lower Saint John River, The mean level in flood generation would tend to 
follow the Low water variation but would vary less in two way generation, 

Two-way generation is the only mode where some power can be had on 
demand for short periods, To achieve this, the demand must be sufficiently 
forecast and in such instances it might be necessary to give up some energy 
to have the basin level optimized at the correct time. For maximurn power 
production, a two way scheme would be generating in an ebb generation mode 
during priods of l o w  tldes and in both directions during medium and high 
tide periods. Both of these factors could lead to a more irregular varia- 
tion in mean reservoir level and in the extent of the intertidal area. 

From the above, we can see that changes in the headpond tidal 
regime will impact the area in two different ways, by changing the mean sea 
level and by cha~~ging the regularity and extent of the intertidal area. 
Factors that could depend on the mean water level include changes in the 
level of, and salt intrusion into, the watertable of the surrounding land, 



KCSERVOIR LEVEL TIDE F A L L I N G  RESERVOIR FALLING RESERVOIR LOWEST RESERVOIR FILLIFIG 

OPERATE TURBINES 

Fig, 7 .  The different stages of operation in an ebb generation power 
scheme relative to tide and reservoir levels. 
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F i g .  8. Reservoir levels for different generation modes. 



'TABLE 2, V a r i a t i o n s  due t o  d i f f e r e n t  i n s t a l l a t i o n  Levels .  Experiments were done w i t h  a11 

e a r l y  v e r s i o n  of t he  model, and b a r r i e r s  o p e r a t i n g  c h a r a c t e r i s t i c s  have 
evo lved ,  s o  exace numbers would d i f f e r ,  but  t r e n d s  should be t h e  same, P r e s e n t  
t h i n k i l ~ g  c a l l s  f o r  even h i g h e r  i n s t a l l a t i o n  l e v e l s .  

Experiment 
1 2 3 4 

----- - 
M2 h p  i n  Front  (cm) 548 538 563 546 

M 2  h p  Behind ( c m )  167 227 94 171 

Mean Level  n i f  f  e r e n c e  
Across B a r r i e r  (cm) 340 

Genera t ion  Time (min, )  364 339 402 3 7 4  

S l u i c e  Time (mine) 222 249 183 2 PO 

Number of Turb ines  70 105 35 70 

Number of S l u i c e s  70 7 0 7  0  100  
------- --- 





and the drainage of aboiteaux, Changes in intertidal area could lead to 
changes l'n erosion, sedimentation and biology, 

OTHER FACTORS 

Changes in tidal currents can be expected in similar magnitudes to 
changes i n  tidal elevations. A relationship has been found connecting the 
strength of the tidal current and the water depth to whether or not an area 
is well mixed or stratified. In an analysis of tidal mixing, Garrett et 
al, (1978) found t h a t  the Great South Channel changed from being marginally 
outside tile critical range for a tidally mixed area, to marginally wlthin 
this range (Fig. 10) when tidal power barriers were simulated. This could 
have implications for water mass exchange through the Channel. The study 
also indicated the headpond area would tend eo stratify in the summer. 
Holloway's (2981) study suggested a significant decrease in salinity in the 
headpond which would tend to increase any tendency to stratification, but 
little effect on salinity was predicted for the area outside of the tidal 
reservoir, 

The placement of a barrier could have a locally significant effect 
on waves, The long channel fetch would be reduced, decreasing the energy 
level 05 the waves downwind from the barrier, Reflections of waves at the 
barrier could cause a Local increase in wave energy. 

Several factors relating to a barrier's installation could affect 
ice conditions. These include: decreased breaking forces on the ice due to 
lower wave activlty, lower salinities, tidal range and tidal currents, 
limited tidal excursion due to the barrier and possibly greater ice forma- 
tion due to decreased mixing, These factors could induce the present large 
quantities of drifting ice to form a more solid ice cover, Whether this 
could lead to complete fast-ice cover in the headpond has not been deter- 
mined, The subject of ice is more completely covered in Cordon and 
Desplanque (1983)- 

CONCLUDING W,PILARKS 

The predicted changes in tidal elevations and tidal currents due to 
the proposed installation of a tidal power dam in the upper Bay of Fuady 
are now fairly well understood, Although, away from the barrier, the 
changes may seem small compared to the natural variation in the system, 
they still could be significant in many areas, Good quantitative analyses 
on how these changes could impact flooding, shipping, mixing etc, have not 
been made, Perhaps estimates should be made on a site specific basis. An 
attempt has been made here to give some qualitatfve ideas on impacts based 
on what i s  quantitatively understood. 
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QUESTIONS AND COMMENTS 

G,  Daborn: You mentioned t h e  p o s s i b i l i t y  of s t r a t i f i c a t i o n  o c c u r i n g  i n  t h e  - 
headponds, Have you p i n p o i n t e d  t h e  l i k e l y  degree  t o  which t h i s  might 
occur?  

D. Greenberg: P e t e  Holliway d i d  h i s  c a l c u l a t i o n  of h o r i z o n t a l .  mixing b a s e d  
on s a l i n i t y  v a l u e s  and he came up w i t h  a va lue  he thought  t h e  new mean 
s a l i n i t y  would be i n  t h e  headpond. Now t h a t  i s  a mean o v e r a l l  average.  I 
an not  s u r e  of t h e  e x a c t  numbers but  i t ' s  a good f o u r  o r  s i x  p a r t s  per 
thousand l e s s  t h a n  what a r e  found t h e r e  now. 1 a m  under t h e  impress ion  lche 
change w i l l  be g r e a t e r  on top  and l e s s  a t  t h e  bottom w i t h i n  t h e  s t r a t i f i e d  
a r e a  a t  Least  d u r i n g  summer, In  t h e  w i n t e r  I a m  s u r e  i t  w i l l  be a l l  w e l l  
;mixed wi th  t h e  e x c e p t i o n  i f  t h e r e  is complete i c e  cover ,  J u s t  m e t e r o l o g y  
should mix i t  up, i f  i t  mixes t h e  Gulf of Maine i t  shou ld  mix a sha l low 
headpond. 

D ,  S c a r r a t t :  One of your comment a r e a s  was e f f e c t s  on water t a b l e s  and 
d r a i n a g e  but  t h e r e  i s  one t h i n g  nobody has  g e t  a d d r e s s e d  and t h a t  i s  t h e r e  - 
are  a number of communities which a r e  dependent on t h e  ocean f o r  sewage 
d i s p o s a l ,  Has anyone begun t o  s t u d y  t h e  munic ipa l  e n g i n e e r i n g  problems 
t h a t  might be c r e a t e d  by a l t e r e d  and perhaps  u n p r e d i c t a b l e  t i d a l  ampli- 
t u d e s  changes? 

D ,  Greenberg: Th is  q u e s t i o n  may be answered by some of t h e  l a t e r  s p e a k e r s ,  
o t h e r w i s e  I know of no one who is  examining such problems. 

D ,  Bray: With regard  t o  waves i n  t h e  a r e a  upst ream of t h e  b a r r a g e  might 
you not  c o n s i d e r  o n l y  t h e  wave h e i g h t  but a l s o  t h e  d u r a t i o n  t h e  waves w L l l  
have t o  e rode  a c e r t a i n  Length of s h o r e l i n e  when t h e  l e v e l  of t h e  r e s e r v o i r  
i s  he ld  c o n s t a n t  f o r  t h r e e  hours?  What a d d f t i o n a l  e f f e c t  w i l l  t h i s  have on 
s e d i m e n t a t i o n ?  



D, - Greenberg:  Yes, t h i s  i s  a new d e p a r t u r e  t h a t  some of t h e  sedimento- 
logf i -k i - -can i look  a t .  There  have been s t u d i e s  done t h a t  do s u g g e s t  how 
t h i n g s  might happen when you dam a  r i v e r  and change t h e  sys tem i n t o  a n o t h e r  
regime a l l  a t  once ,  The i d e a  of changing a  v a r i a b l e  regime, however, h a s  
n o t  been s t u d i e d .  
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ABSTRACT 

The development of large tidal power facilities at the head of the 
Ray of Fundy in Canada presents an unusual combination of potential econo- 
mic benefit and environmental concern to the northeast region of the United 
States. This industrialized region is heavily dependent on imported oil, 
an undesirable situation which could be alleviated in part by the importa- 
tion of tidal energy. Presently, 90% of the potential production of the 
Fundy project is slated for U.S. consurn2tion. Because of the unique con- 
figuration of the Gulf of Maine - Bay of Fundy system, however, the con- 
struction of a tfdal barrage at the head of the Bay of Fundy is predicted 
to result in tidal regime modifications throughout the tidal basin. The 
most marked alterations will be manifested in the western Gulf of Maine on 
the coasts of Massachusetts, New Hampshire and Maine, in the.U.S., where 
the tidal range is predicted to increase by approximately 10% (30 cm) with 
a corresponding increase in tidal current velocities. The diverse environ- 
mental consequences range in direction from very beneficial to extremely 
negative and in magnitude from major to inconsequential. The Bigelow 
Laboratory is undertaking a preliminary study to provide objective informa- 
tion upon which to judge the seaward consequences of Fundy Tidal power 
against the impacts of other methods of electrical generation. Examples of 
inquiry include: loss of terrestrial habitat, storm surge damage, erosion/ 
deposition patterns, climatic changes, patterns of productivity including 
red tide blooms, fishery implications, and estuarine flushing. 

Key words: tidal power, tides, environmental consequences, coastal 
zone, New England, Gulf of Maine, Bay of Fundy 

L1am&nagement dPune usine markmotrice de grande taille $ 
l'embouchure de la baie de Fundy au Canada, cr6e une situation in- 
habituelle, en offrant des bdnkfices kconomiques potentiels, et en crgant 
des problsmes environnementaux pour la rkgion nord-est des Etats-Unis. 

'Contribution No. 8301.1 of the Bigelow Laboratory for Ocean Sciences 



Cette rggion industrialisge est trPs dgpendante des importations de 
pgtrole, situation indgsirable 2 laquelle on pourrait en partie remddier 
par importation dPdnergie mar&otrice, Actuellement, 90% de la production 
potentielle de l'usine mar6motrice que lPon prgvoit dPam4nager dans la baie 
de Fundy est destinge aux consommateurs des Etats-Unis. 

En rafson de la configuration unique du syst3me golfe du Maine -- 
baie de Fundy, on pr6voi.t que la construction d'une using margmotrice 2 
k'entr4c de la Laie de Fundy modifiera le rdgime des marges dans tout le 
bassin, Ees modifications les plus prononcges se manifesteront dans 
l'ouest du golfe du Maine, le long des c6tes du Massachusetts, du New 
Hampshire et du Maine (Etats-Unis), ou' l'on prdvoit que lqamplitude des 
marges augmentera dPenviron 10 2 15% (30 cm), en m&e temps que la vitesse 
des courants de marge, Les diverses cons6quences ~cologiques iront de tr&s 
bgndfiques 2 extrgmement ngfastes, et, du point de vue de leur importance, 
de consid6rables 2 nt5gligeables. Ee laboratoire de Rigelow entreprend une 
etude prgliminaire, pour donner une information objective permettant de 
juger l'incidence sur le littoral de l'usine mar4motrice de Fundy, compara- 
tfvement aux autres mgthodes de production d'dlectricitd. La recherche 
portera sur: les rdductions d%abitat terrestre, les dommages causds par 
les mar6es de tempgte, les cycles dV&rosion et de sgdimentation, les modi- 
fications climatiques, les cycles de productivitd, en particulier lsappari- 
tion des "'marges rouges", les r&percussions sur les pgches, et l'dcoulement 
des eaux des estuaires. 

INTRODUCTION 

The proposed Minas Basin tidal power facility (Bay of Fundy Tidal 
Power Review Board 1977) is unique because of its enormous size and its 
capacity to modify the tidal regime of the Gulf of Maine (Fig. 1). The 
large tidal range presently experienced within the Gulf of Maine-Bay of 
Fundy tidal basin results primarily from a resonance phenomenon in which 
the free period of the tidal basin is only slightly longer than the period 
of the forcing oceanic tide. The construction of a large tidal barrage in 
the upper reaches of the Bay of Fundy will shorten the basin resulting in a 
free period even closer to the forcing tidal period, causing increased 
resonance and an increased tidal range (Greenberg 1984). The magnitude of 
the tidal amplitude alteration (half of the tidal range) varies according 
to location but it has been estimated to be about 15 em, or lo%, in the 
highly developed western Gulf of Maine (Fig. 2). 

In spite of the possibility for environmental modifications over an 
extremely large area, little attention has been given to these potential 
far-field effects. In the United States, the lack of interest, in our 
opinion, exists partly because both the plans for development of Bay of 
Fundy tidal power and its possible impacts are not well known. Skepticism 
concerning construction feasibility has been fueled by a 60 year history of 
tidal power proposals which have never come to fruition. Some. skepticism 
also exists within the scientific community concerning the ability of a Bay 
of Fundy barrage to alter the Gulf of Maine tidal regime, For these rea- 
sons, much of our effort since 1979 has been directed toward public educa- 



F i g .  1. The Gulf of Maine-Bay of Fundy r e g i o n  w i t h  t h e  l o c a t i o n  of t h e  
proposed Minas Bas in  t i d a l  b a r r a g e  i n d i c a t e d .  
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he,ll t h  risks a s s o c i a t e d  with r~ircl  e a r  and i:o,iP- f i r e d  g e n e r a t i o n  of  
e l e r t r i c i  t y ,  t h o  Leadirlg al:ern:at i v e s  t o  t i d a l  p:>wer,  is h i g h  i n  New 
r<rlgI~xnd. We 0c:Lieve t h a t  a f t c r  sotne in:;ii:hf- i s  rlevel oped concer r? ing  t lit. 
r1rj:rce of e i ~ v i  conmental  mod i f i c a t i o n  caused  by t h e  a l t e r e d  t itlal reg i~arb ,  
L id; i l  power m ~ y  be viewed a.; ~ c c - e p t a h l e  r e l a t i v c  to n t l i e r  nic*thods of  genc'r- 
, I :  1 2 g  e l e ~ ~ t r - i ~ f t y  

T h o r o ~ i g h  i n v e s t i g a t i o n  o F  t i le Fdr--Field c f  Fei-Ls is  a1 s o  d i r e r t l y  i i r  

r h e  b e s t  i n t e r e s t  o f  Fundy t id r l l  power development. Ir: w i l  1 hc t l i f f i t ~ i i t  
t o  r a i s e  i t l \ ~ e s  t ment c a p i t a l  i f  environrneni  a l  q u e s t i o r i s  remain unatlswert.d. 
17ost l y  d e l a y s  i n  c o n s t r u c t i  on r o u l d  a l s o  rest11 t i f  e r ~ \ r i r o r ~ i n c n t ~ l  i n t e r v e r ~ -  
t i o i t  d e r r ~ l o p ;  l a t e r  clue t n  a 1 q r i c  o f  i n fo i "~n : i t i on ,  



:111t> li,:l~t ,i.;i, "\<I-ly i s  t h e r e  envi ronner l  t ~ l  corlc.er,i i 11 i ' i ( t  T:niet.tl 
7' < i t  r s !" ~?or\crrit  , i l l r ) l~t  r i l e  f d r - f i e l d  r f  F e c t s  has 3 a r g e l i  hecn plqyetl ,low:1 
t i  I I ;I.IC~I drj;~lflenC s n.;: t h e  cha:igci i n  t~iile.;  is s:lt11 1 on , l r i  a t r en t ty  
! i r ge  t icial r,ingc; rlic ch,inge i s  o n l y  equ iva l e r i ;  t o  a i ;m:rl1 w;~;~,. or1 t,,~' o r  
the. c x i  si in!: h i  311 t idf<fcve l ;  minor s u r s e s  d u ~  t o  a t 7 1 o s p l - t ~ ~  L C  p r , ~ s u r ( ~  
c l i ~ r i ~ ~ : i  a re  l a r g e r  th;in [.hi. pr-I) j e c t e d  t i d a l  range  increr isc . ; ;  anr i ,  s~ t c i ,  
l i  r i l e  c~lr~l11;;t~ w i  l l  h c  l o q t  i n  t h e  noiscl.  

T i t >  c.on:;ider t h a t  Ciic p r e d i c t e d  ~lr~ingc??; i n  t i d a l  r rg ime  , i r e  [ t o t  t i l e  
~ c l i ~ i v a l r r l t  to  !yost random ( - l ~ a ~ ~ g o s ,  as t h o s e  i n d u c e d  by d l s c r c t e  ineteoi-,)'log-- 
1 I s There  w i l l  be ,I permanent  c11:1nge i n  the  t i d a l  hast. npnn w l t f c h  
31 1 o t l i ~ ~ r  I ~ ~ f l a e n c e s  w i l l  f - ~ l l .  Al though t h e  change  may h e  " l o s t  i r r  thc- 
n o i s e "  of s s h o r t - t e r m  r e c o r d ,  t h e r e  wi1.1 he a  s h i f t  i n  t i d a l  b a s e  obser-v- 
:3hle o v e r  l o n g e r  t ime  p e r i o d s .  The p e r c e T t a g e  cRange i n  t i d a l  reg ime w i l l  
hb. larger i n  ri le more deve l  ?pcd ,  w e s t e r n  Gulf of :lain(. t han  i n  t h e  Funtiy 
r c z i c ~ n  ( b i g .  2). 'iJhen one : o n s i d e r s  rhi7 1~11gti1 af c 0 a s t 1  in<& a f f e c t e d ,  i t  
i s  e a s y  t o  v i s ~ : , r l i z e  t h a t  e v c ! ~  a sma l l  c f f c c t  accur ru la te i l  o v e r  5uch a ?ari:cs 
< < r r a  would bt- g r o u n d s  f o r  c o n c e r n .  

I"le p roh l  ems asr-:o(:l i t r r l  w i t h  s 4 i l a 1 I - s c a l e ,  long-fc.rr? s e a  l eve1 r i sc  
i r~ r71:tnj7 pa t  i s  of  t h e  wor ld  de9noilsI r a t P  Chat rvell  sm,11 l c1i~xn);es is7 t i d a l  
mpLit11de c a n  be of r n v i r o n n e r ~ t a l  s i g n i  f i c a n c c .  CJhile t h ~ s c x  c ! ~ ~ i n g e s ,  
rotl,c;hly 3 ~rul pe r  y e a r  i n  New England ,  ar.2 srnall  compared t o  annt la l  vnr ia--  
t f ~ i i s  i n  s e a  l e v e l  [ p e r h a p s  18  cm ( R e t i f i e l d  1 9 R l ) l  i ~ n d  r n r t c o r o l o g i c a l l q  i n  - 
rirlced 1evr.l cliarl:;es, t h r y  a r e  u n i r f i r e c  t i o n a l  a n d  h a v e  hi . ; ior ic .aI  I y re:;i~l r t > t i  

i n  f he l o s s  o f  c o a s t a l  l and  arid strrlcl-itre.; Litrough e r o s i o n  ,1nc1 F l o o d i n ? ,  
'.Jttc>reas t h e  F~rndy p r o p o s a l  w i l l  n o t  change  me,In s e a  l e v e l ,  i t  w i l l  e l e v i t  f -  

t h e  h i g h  t i d e  l i n e  ( e . g .  hi';l-1 mean w a t e r )  which ,  i n  t e rms  o f  c o a s t a l  p lann-  
i n g  anrl rnan,.tgeiac.nt, i s  thra i?f f e c t  i v e  sen - l and  boundary .  IT one call a c c e p t  
I r i ~< l f  t h e r e  ar-o e n v i r o n m c n t n l  p rob l  erns n s soc i a t ec l  w i t h  l ong - t e rm r i s e  i n  st",: 
icvt-1 , it. rn l i s i  be c l e a r  t h a t  t i l t>  p r e t i i c t c t l  r i s e  i1-1 lll'g11 t i d r h  l e v e l  wil  i 
i 7  ,o hdvr  c 1 1 v  i ronmerital consequence.;  a s s o x  i a t e d  w i t h  i t .  

O i l r h  #,f Lhe p r i n c i p l e  d i f  f e r e n c c s  hetu7ce.l t h e  pl~ent>rncr~a or s e a  I c v e  4 
r L s q a  mcl i3i1t1 kncet-i t i d a l  r eg imes  r e s u l t i i l g  from Fundy t i d a l  power develop-  
rwr l r  i ~ ;  t h e  r,ile of  c h a n g ~ ,  The n a t u r a l  cis;. i n  mean s e a  1i.vel i s  e s s e i l t  - 
I , i l  ly i m p e r c e p t i b l e  on n s c ~ l e  of day-to-day o r  y e a r - t o - y e a r  Iiunan ac t  i v -  
i t y .  Geologit .31 and b i o l o g i c 1 1  sys t ems  a r r  a b l e  t o  a d a p t  g r a d t ~ a l l y .  fly 
c r snp ,~ l - iqon ,  tlirz proposed  ? i d a l  range  i n c r e a s e  wil 1 he r e l a t i v e l y .  rap i l l  , i v t r i  

r l ~ , ~ r e f o i - ~  p o r e n t  [ a l l y  more iii s r u p t l v e .  The e f f e c - t  i v e  r i w  irl t h e  '.ind-- 
s r  i i n t r r  fat-r n. ; soc ia ted  w i  t i 1  P u n d j  t i d a l  power development  i s  cc~uiva!  . n t  
t o  50 01- l ? ) r e  y e a r s  oF n a t u r a l  s e a  l e v e l  r i s e .  111 aci i l i t ior l ,  t i ~ ~ r e  a r e  
ph:~norneiln r ~ l , ~ t  e d  t o  t h e  p r e d i c t e d  t i d a l  ret.,ilne chae~ge which w o i ~ l d  n o r  
net-ss~rily ~ - c ~ ; ~ i l t  from s e a  l p v e l  r i s e  a l o n e .  These  i n c l u d e ,  b ~ i t  a r e  riot 

l im i t ec l  t o ,  .? l3wer low t i d p  l e v e l ,  a l a r g e r  i n t e r t i d a l  zonc3, s t r o n g f r  
t icial c u r r e n t s ,  and i n c r e a s e d  e s t u a r i n e  f l n r h i n g .  I t  i s  r l e a r  t h a t  un- 
answeret i  q u e s t i o n s  as t o  t h e  d i r e c t i o n ,  magni turle and s o c  io-ecoilomic s i g n 2  - 
f i c a n c e  o f  t h e  p o s s i b l e  env i ronmer i t a l  a1 t e r a t  iorls w a r r a n t  a major cvalua--  
Lion of t h e  f a r - f i e l d  e f f e c t s  oF Fundy t i d a l  ;?ewer deve lopmen t .  

!Je w i  l l  now b r i e f l y  co i l s - ider  some c?xa~lnipLes of t h e  type:; :,F e n v i  rot-., - 
cnc?rt t a l  g:cinsczrj i.lenccs t h a t  may h12 ~ x p e c t e d  if' t h e  t i d a l  range was increased 



hy 30 cm ;IS p r e d i c t e d  (Greenberg 1979)- Our prirpose i s  t o  delnollstrate t h e  
range of c o a s t a l  h a b i t a t s ,  uses  and f u n c t i o n s  t h a t  might he i n f l u e n c e d  by a 
s m a l l  i n c r e a s e  in  t i d a l  range.  FOP conven ience ,  t h e  d i s c t i s s i o n  has  been 
o rgan ized  i n t o  t h r e e  p a r t s  t o  i n c l u d e  sorne consequetlce of ( I )  h i g h e r  h i g h  
L i d e s ,  ( 7 )  lower low t i d e s  and ( 3 )  changes In  t h e  a b s o l u t e  t i d a l  range.  

One of t h e  most obvious  consequences  of a  h i g h e r  h igh  t i d e  is  t h e  
l o s s  of f e r r e s t r i a l  h a b i t a t .  The l o s s  can be due t o  submergence o r  t o  ero--  
s i o n .  D r ,  Graham Giese  has  developed a  hypsometr ic  c u r v e  f o r  t h e  S t a t e  of 
Maine and was a b l e  t o  e s t i m a t e  t h a t  a  15 cm i n c r e a s e  i n  h i g h  t i d e  l e v e l  
would r e s u l t  i n  t h e  i n u n d a t i o ~ l  of 1680 hec t i t r e s  i n  Flaine which a r e  no t  nor-  
mal ly  floodc-ti, T h i s  i s  e q u i v a l e n t  t o  appros i ina te ly  a  2 .r' m wide s t r i p  
a l o n g  Maine's  6 ,705  km c o a s t l i n e  (Topinka and K o r j e f f  1981).  A t  any g i v e n  
p o i n t ,  o f  c o u r s e ,  ehe width of" t h e  s t r i p  l o s e  t o  submergence would depend 
on l o c a l  topography. 

Using O l d  Orchard Beach, M a i ~ e  a s  an  example,  D r .  Giese  was a b l e  t o  
e s t i m a t e  the  p r o f f l e  r e t r e a t  which would r e s u l t  from a  1 5  cm i n c r e a s e  i n  
h i g h  t i d e  l e v e l ,  Methodology and assumpt ions  used w i l l  br p r e s e n t e d  i n  
d e t a i l  i n  Larsen  e t  a l e  (1984) .  The c a l c ~ ~ l a t i o n  i n d i c a t e s  t h a t  a landward 
r e t r e a t  of t h e  beach f a c e  of  20  rn cou ld  e v e n t u a l l y  he expect ed .  

Loss  of t e r r e s t r i a l  h a b i t a t  and r e t r e a t  of  beach f a c e s ,  t o g e t h e r  
wi th  i n c r e a s e d  s to rm damage should  a  stocm s u r g e  c o i n c i d e  w i t 1 1  t h e  modi f i ed  
h i ~ t l  t i d e ,  a r e  f a i r l y  s p e c t a c u l a r  impac t s  wh?r-h w i l l  d i r e c t l y  a f f e c t  t h e  
v a l u e  of r o n s t a l  p r o p e r t y ,  There  a r e  o t h e r  l e s s  d r a m a t t c  consequences ,  
however, i.j.hich w i l l  s t i l l  have a  s i g n i f i c a n t  economic o r  ; % e s t h e t i c  impact .  
For i n s t a  ~ c e ,  the  s to rm sewer sys tem of p a r t s  of P o r t l a n d ,  P ' I~ine  has  a  very 
low head.  I t  h a s  beer1 p r e d i c t e d  t h a t  t l t i s  head w i l l  n o t  b e  adequa te  a t  ~ h c  
modif ied  ; l igh t i d e  l e v e l  and " s e v e r a l  m i l l i o n  d o l l a r s "  w i l l  have t o  he 
s p e n t  t o  r e t r o f i t  t h e  sys tem,  F:rosion i s  c o n s i d e r e d  t o  be the worst  cu r -  
r e n t  t h r e a t  t o  t h e  a r c h a e o l o g i c a l  s i t e s  of c o a s t a l  Maine. Because of man's 
tendency t o  s e t t l e  on c o a s t s ,  and t h e  n a t u r a l l y  r i s i n g  s e a  l e v e l  over  h a l f  
of Maine's  i d e n t i f i e d  a r c h a e l o g i c a l  s i k e s  a r e  on t h e  c o a s t  m d  w i l l  u l t i -  
mate ly  be f l o o d e d ,  I n  t h e  s h o r t - t e r ~ u ,  Dr. Ar thur  S p i e s s  of t h e  Maine 
H i s t o r i c  P r e s e r v a t i o n  Commission b e l i e v e s  " . , . a  6 i n c h  t i d a l  a m p l i t u d e  in-. 
c r e a s e  wol~lti be a  d i s a s t e r " .  He e s t i m a t e s  a s  marry a s  700 s h e l l  heaps and 
o t h e r  c o a s t a l  s i t e s ,  over  30% of t h o s e  known e x i s t  i n  Maine, would be l o s t  
due t o  t h e  p r e d i c t e d  t i d a l  regime changes ,  T t  would c o s t  ahou t  5 .5  m i l l i o n  
d o l l a r s  to e x c a v a t e  t h e  s i t e s  b e f o r e  b a r r a g e  c o n s t r u c t i o n  (T,arset~ e t  a l .  
1 9 8 4 ) ,  

A 1 cxample of an e a s i l y  overloolted consequence of  ur-iltnown magnitude 
concerns  +he use  of b r i d g e s .  W i l l  t h e  new t i d a l  regime mean sorne f i x e d  
b r i d g e s  i.r9 l l be i m p a s s i b l e  by s m a l l  c r a f t  at h i g h  t i d e ?  Lilcewise, w i l l  tlie 
new t i d a l  regime r e q u i r e  Inore f r e q u e n t  ope l i n g s  of draw b r i d g e s ?  While 
t h e s e  q ~ l e  ; t io i l s  may appear  i n c o n s e q u e n t i a l  r e l a t i v e  t o  major c o n c e r n s ,  they 
could  be vf s i g n i f i c a l l t ,  l o c a l  impac t ,  

A1 t11oug:i rnost a t t e n t i o n  i s  g i v e n  t o  Lhe consequences  O F  h i g h e r  h i g h  
w a t e r ,  Zotrer low w a t e r  w i l l  a l s o  have e f f e c t  s on c o a s t a l  u s e s  a n d  func- 
t i o n s *  ?I:,ny smal l  New Dnglrznd h a r b o u r s  ant7 boat  b a s i n s  a r e  p r e s e n t l y  



1 :  3 r I 1 i f  1 a w i A. I5 c.il ~ - 6 ~ t l i i c  L i , - i i ~  i.1 ~ I P  i i ) ~ ~  t ir!c. l e v e l  
w i  1 i P i ~ r  L : I C \ T  i ,> i j l~ : l (>   boa^ C t - : ~ f  f i r  ;tt  t i ! : i ,~s  o r  low titic. 311ri c . c , t i L t l  r t : c ~ t l i t - i ~  

l gi~-rcac;c.ti ilrcxdging c ) f  h : ~ r h o ~ ? r s  o r  s chedn l  i n g  o r  , ~ c t  i v i t  ir>,; by fic;i1crnlcl,1 ; i i l c i  

;- l e n s u r e  bofirt ' l-4, i inve o h s t ~ r v c ~ d  many p i c h r s  which w i  I 1  I~ , lvc  r o be 
e i i  ended i o rein-ti? usef i l l  ?f !ow t i d e .  A low~xr  low tide c;hrti~ld l l s o  r-~slll 
i i :  d s I ~ o ~ - t - - t ~ r m  i i ~ c r c a s e  I n  t h e  h d r v e s t  or c l ams  and marirlc wcorrns as pt-cbvi-  
s>i ls lv  u i ~ c ? x p l o l t e d  s t o c k s  are exposed .  

Ti?car+\ ~ l i - e  marly r l i vecsp  consequences  , * s s o c i a t r d  w i t h  I he  ahsolutc- .  
c'liail;:e ~ b x p e c !  c r i  i n  i idnL r;t,lgr:, 9 n e  O F  r.hc roost. ottiriou.; i s  Lhar t h e  i n c e r -  
t i r l ~ l  zoni3 wi  i i  be l a r g e r .  T h i s  coul t l  i e n d  to  an e a t e n s i o n  o f  s1 le l lEis t r  
b e d s  and i : l c  I-ia.rse 1nac1-naigal p r o d u c t i v i t y ,  b u t  a l s o  r a i s e 5  q u e s t i o n s  of 
p r i ) p c r t y  b~~i~nclai-ies . The l i)c-ai-ion and t l . ~ i c k r l ~ s s  of  t h e  i n t e r r a c e  betwt.cn 
s a l tw , l t e r .  a n d  o v e r l y i n g  Crc.;ht~;+Ler i t 1  c:oastsL grount lwater  s y s t e n s  i s  i n f 4 u -  
: ~ ~ ? i ~ ~ - c i  hy : i le  t i d a l  c y c l e .  "ut  irlost s i n p l y ,  t h e  depL11 of  ( ' resl- \water  untler .i 

diver1 poini. of  l and  t h i c k e n s  , ~ n t l  t h i n s  ~i t i 1  t h e  t i d c c ,  D r ,  4,i,, Tolm,ln r ? f  

l I IF  i'lariuc> C:e:?logical Survey be1  i e v e s  t h a t  an -increase <;I t i  ( l a1  r a n g e  
c*ocrpl.~\d w i t t -  i l l c r eds  i n g  year-rortnd development  a1 ong t h e  c o a s t  w i l l  r e s u l t  
i n  more s e v e r e  and p e r h a p s  inore w i r i e sp re t~%l  s a l t w a t e r  i t l t rus t iorm problems. 
Fie .; t t e s  " T l ~ r  l o c s l  i zed eronomic  impacl  coi l id  be v e r y  l d r g e .  Snral l t o w n s ,  
a ?  r e < ~ d y  w i  t h  1 i m i  t e d  resoul '  - e s  , would f i n d  c . i  t h c r  rir#ir-sl~orc: pr jpt t r t  les 
weir i d  I - I < I \ I ~  !JcJry t i rni  t e d  v n l i ~ e  b e c a ~ l s c  o f  in , id t? t l i~r tc  wa te r  s u p p l v ,  o r  t i t 4  t_ 

l i r g e  s l i m s  o f  rnoiley would i ~ ~ ~ v e  t o  be  exl,cntli.:l ro  p r o v i d e  I - e s j  3 e n t s  wit ll  
i ~ l h l  i c  wrlrer" (1,arsen e t  a l .  1984).  

O~ie  rc?c;l~lt of tire p r o j e c t e d  a b s o l r l l ~  change  i n  t i r l a l  rntli?;e i s  t i 1  

incrr , isc.  i n  t i ~ c  t i d a l  pr-isr? O F  ~ m b a y m c n t s  :it~il ~ ~ c ; t l l a r i e s .  i,;%~+'ger ~ i ( i a I  
pr i <;rtls t-o(tllc:. illore r a p i d  f us i i ing , t empera t  11:-e dntnptxni ,it; ?nd g r e , ~ t r r  poi - 
I t i !  <jnr- ~ c , s i  ni l a t i o n  c a p a c i t  b 7 ,  a1 1 of  which rriighL be  p c r c e  iveti as b e n ~ f  i -  
c i  1: . 011 r l i i .  r l egac ive  s i d e ,  g l - e a t e r  f l u s i l i n g  c o u l d  r e s l ~ l t  i l l  I-educed 1 , ~  r - -  
vrll re t  i > n t i o n  ,ii~il a l  t ~ r e t l  e s t u a r i n e  z o n a t i o n .  I t  s h o u l d  he n o t e d  t h a t  oarr 
pi-t~Itrnmln~;lry ca l  r,~l;iL i o n s  iril-1 i ca i -e  t h a t  t h e  i n c r e a s e  i n  f l u h h i n g  r a t e  w i l  P 
n o t  be G"-". l?  Derhap.; l o % ,  T h i s  i s  l e s s  t h a n  t h e  change  LIOW e x p e r i e n c e r ?  
o v e ~ -  a s!:r.itig-neap t i d a l  c y i \ l e .  We b e l i e v e ,  i lowever, t h a t  t h e r ~  may be zzrn 
i n L 2 j : ~ a I ~ ~ d  p f f r c - t  o v e r  t ime anit t h a t  even  t h e s e  r e l a t i v e l y  small p h y s i c a l .  
c h a n g e s  c o u l d  c a u s e  iqa jor  bio1o::ical m o d i f i c a t i o n s  in c e r t . ? i n  u n i q u e  s i t u a -  
t ion:;, F o r  ex,lmple, Merryme8.t i n g  Ray, one  O F  t h e  l a r g e s t  t i d a l  f r e s h w a t e  r 
wetland. ;  i n  rlte Un i t ed  S t a r e s ,  i s  p r e s e n t l y  p r o t e c t e d  from Larpe  sal t  w a t e r  
i n t r u s t i - t n s  by I s i l l  a t  i t s  e n t r a n c e ,  T s  a. 10% increase i n  t i d a l  p r i sm 
criough t o  a1 l o w  t h e  s a l t :  wt>#i,p;ii t o  s p i l l  o v e r  t h e  s i l l  a n d  change  t h e  bay 
i ~ u t , )  an o l i g o h a l  i n p  sys t em?  'iuch a chnngc would c e r t a i b ~ l ~  have  :najor 
~ ; i i i ' i o - e ( :~>r~o!n i~  r e p r e c u s s i o n . ; .  i l o r e  d e t a i l e d  s t u d i e s  a r c  :?ceded before. w e  
c;ln r e a l  i s t  iccrl l y  e v a l u a t e  {.he . ; i g n i f i c a n c e  o f  t i d a l  prisi.1 changes .  

The. nhove csacnples i C  p o s s i 5 l e  f a r - f i e l d  e n v i r o n r ; i e ~ ~ t  i l  6- f fec ts  of-  
17~r~lrly tic331 ,>c~wi-~i-  tievelop:nr!lt a r o  take11 froin r e p o r t  t o  t i le  Maine S t a t e  
P l a n n  ini: ? f j  i c e  by L a r s e n  ,r A! . (1984) .  They a re  l imi t ec l  t o  e f f e c t s  
(1 i r e c  l l y  <tsc;oc i a t c d  w i t h  c.l?,jna:i ng t i d a l  I c \ i ~ l s .  Anok-her slri t e  ,F ~ot l ( - (~rrx s 
i s  r t ? ln t :~ i t  :-o ch,tnge.; i.i L i r la l ctll-rent s .  hl though a c o n s i d e r a t i o n  of C i i r  *;* 

; l)tjcerns ic; beyonrl t h e  S C O , i P  1,f t'lis p a p e r ,  they a r e  c o n t ~ i n e d  iri t h e  
? fcr-idtncrt t iorli.t4 r cporL ,  



In t-?~e p ~ c c e d i n g  pages  we have  t i i s c u s s e d  how t h e  p r e d i c t e d  changcs  
i n  t h e  GulF of Maine t i d a l  regime a s s o c i a t e d  w i t h  Fundy t i d n l  power 
development have  l e a d  t o  l e g i t i m a t e  e n v i r o n m e n t a l  c o n c e r n s  i n  n o r t h e r n  New 
f':nglartd. These  c o n c e r n s  a r e  n o t  l i m i t e d  t o  t h e  consequences  of  a  highex- 
mean h i g h  t i d e  l e v e l ,  b u t  a l s o  i n c l u d e  p o t e n t i a l  e f f e c t s  o f  a  l ower  mean 
low t i d e ,  a b s o l u t e  changes  in  t h e  t i d a l  r a n g e  and t i d a l  c u r r e n t  changes .  
Many O F  t h e  e f f e c t s  o f  t h e  p r e d i c t e d  t i d a l  r ange  changes  c a n n o t  a d e q u a t e l y  
be a d d r e s s e d  and q u a n t i f i e d ,  p o i n t i n g  t o  a need f o r  expanded knowledge of 
ofLen complex s y s t e m s .  F u r t h e r  c o l l a b o r a t i v e  s t u d i e s  w i t h i n  many d i s c i -  
p l i n e s  of mar ine  and s o c i a l  s c i e n c e s  a r e  c l e a r l y  needed t o  e v a l u a t e  t h e  
s i g n i f i c a n c e  of  many p o t e n t i a l  e n v i r o n m e n t a l  consequences .  
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The Impact sf a Tidal  Power Project on C l i m a t e  
in ebe Bay of Pundy Region 

W i  l l iam C. Kiclrards 

Atmospheric Environment Servi-ce 
1496 Redford Highway 

Redford,  N.S. R4A 1 E 5  

The ocean and c l i m a t e  a r e  i n t i m a t e l y  r e l a t e d .  Thus a  change of one 
w i l l  impact  the  o t h e r .  P r e d i c t e d  p h y s i c a l  changes t o  t h e  Ray of Fundy - 
G u l f  of Maine sys tem a s  a r e s u l t  of a  t i d a l  power p r o j e c t  w i l l  a f f e c t  ce r -  
t a i n  e lements  of c l i m a t e  bo th  i n s i d e  and o u t s i d e  t h e  b a r r a g e .  The p e r t i n -  
e n t  oceanograph ic  changes a r e  a n  i n c r e a s e  i n  t h e  e x t e n t  of w i n t e r  i c e  
c o v e r ,  i n c r e a s e d  summer wa te r  t e m p e r a t u r e s  ( a s  a  r e s u l t  o l  s t r a t i f i c a t i o n )  
and h i g h e r  t i d a l  c u r r e n t s  i n  t h e  Gulf of Maine. I n s i d e  t h e  b a r r a g e  t h e s e  
p h y s i c a l  changes w i l l  r e s u l t  i n  changes such a s :  c o l d e r  w i n t e r  tempera- 
t u r e s ,  warmer summer t e m p e r a t u r e s ,  lower i n c i d e n c e  of e a r l y  f a l l  f r o s t ,  
dec reased  s t r e n g t h  of s e a b r e e z e s ,  lower  fog  f requency  and reduced snow- 
f l u r r y  a c t i v i t y .  Outs ide  t h e  b a r r a g e  h j g h e r  t i d a l  c u r r e n t  v e l o c i t i e s  w i l l  
exterlrl the  a r e a  of w e l l  mixed ocean between Georges Rank and Nantuciret 
S h o a l s ,  lower ing  s u r f a c e  t empera tu re  ( i n  summer) and i n c r e a s i n g  t h e  proba- 
b i l i t y  of s e a  fog  occur rence .  Secondary e f f e c t s  a r e  a change of wave c l i -  
mate i n  t h e  headpond and an improvement i n  r e g i o n a l  a i r  q u a l i t y .  

Key words :  Fundy t i d a l  power, c l i .mate ,  c l i m a t i c  impact 

1,'ocgan e t  l e  c l i m a t  s o n t  intimernent l i g s .  A i n s i ,  t o u t e  v a r i a t i o n  
de  l ' u n  a  un r e t e n t i s s e m e n t  s u r  l ' a u t r e .  Les v a r i a t i o n s  phys iques  p r 6 d i t e s  
pour l e  sys tsme h a i e  de  Fundy - g o l f e  du Maine, ap rPs  l a  c o n s t r u c t i o r l  d ' u n e  
i l s ine  mar&motr ice ,  i n f l u e r o n t  s u r  c e r t a i n s  e lgments  c l i m a t i q u e s ,  3 l a  f o i s  
3 l 1 i n t 6 r i e u r  e t  2 l 1 e x t 6 r i e u r  de l ' end iguement .  Les v a r i a t i o n s  oc6anogra-  
ph iques  q u i  nous i n t g r e s s e n t  s o n t  l ' a u g m e n t a t i o n  d Y 6 t e n d u e  de  l a  c o u v e r t u r e  
de l g a c e  h i v e r n a l e ,  l ' a c c r o i s s e m e n t  d e s  t emp6ra tu res  e s t i v a l e s  d e s  eaux 
marines  ( d u  f a i t  de l a  s t r a t i f i c a t i o n ) ,  e t  l ' a u g m e n t a t i o n  d e s  c o u r a n t s  de 
mar& dans l e  g o l f e  du Maine. A l ' i n t e r i e u r  de l ' e n d i g u e m e n t ,  c e s  v a r i a -  
t i o n s  phys iques  provoqueront :  l ' a b a i s s e m e n t  d e s  t e m p k r a t u r e s  h i v e r n a l e s ,  
1 ' 616va t ion  d e s  t emp6ra tu res  e s t i v a l e s ,  l a  r k d u c t i o n  de l a  f  r6quence d e s  
g e l & e s  au d4but  de l 'autornne,  l a  d i m i n u t i o n  de l a  f o r c e  cles b r i s e s  de mer, 
l a  d i m i n u t i o n  de l a  f rgquence  des  h r o u i l l a r d s  e t  des  a v e r s e s  de  ne ige .  A 
1 1 e x t 6 r i e u r  de l ' end iguemcnt ,  l e s  p l u s  f o r t s  c o u r a n t s  de mar6e a g r a n d i r o a t  
l a  s u p e r f i c e  des  eaux ocgan iques  f o r t e m e n t  b r a s s g e s  e n t r e  l e  banc Georges 
e t  l e s  hauts- fonds  de Nan tucke t ,  e t  f e r o n t  p a r  cons6quent d iminuer  l e s  
t empgra tu res  de  s u r f a c e  ( e n  g t g ) ,  e t  s a n s  d o u t e  augmenter l a  Ergquence d e s  
b r o u i l - l a r d s  en  mer. Parmi l e s  e f f e t s  s e c o n d a i r e s ,  il y a u r a  changement d t ~  



'rl-ie p r e s e n c e  of a l a rg t l  body of water i n f l u e n c e s  j u s t  s h o u t  e v e r y  
e l e m r n t  .)f t h e  r l i r n a t e  i n  c o a s t a l  a r e a % .  T h i ~ s  i t  s 'ands t o  r e a s o n  t h a t  a n y  
c-harlge.; made t o  t h e  w a t e r  hotly w i l l  have ~ir t  impact  on t h e  c l i rnc l te .  

C o n s t r u c t i o n  o f  a  brirt-age i n  t h e  nay of  Furltiy i s  not e x p e c t e d  t o  
have  a I a r g e  s c a l e  c l i m a t j c  impact  ( G a t e s  alid OfNe iLI  1977) .  However, s u c h  
a p r o j e c t  may have  l i m i t e d  l o c a l  e f f e c t s  sut-.h a s  changes  i n  i c e  c o v e r ,  
w a t e r  t e m p e r a t u r e  and s e a  r eg imes .  T i d a l  power development  a l s o  h a s  s i g n i -  
f i c a n t  imp1 i c a t i o n s  f o r  r e g i o n a l  a i r  q u a l i t y .  

I C E  COVER 

The c o n s t r u c t i o n  of a b a r r a g e  a c r o s s  t h e  Cumberland Bas in  o r  
Cokequit1 R i y  would l i k e l y  i - r c r e a s e  i c e  c o v e r  i n  t h e  b a s i n s  and tfelay t h e  
c l e a r i n g  of  i c e  i n  s p r i n g  (Gordon 1984).  T h i s  i n c r e a s e d  ice  c o v e r  would 
t e n d  t o  lower   inter t e m p e r a t u r e s  i n  t h e  a r e a  s u r r o u n d i n g  t h e  headpond and 
p e r h a p s  d e l a y  t h e  s t a r t  of  t h e  growing s e a s o n .  Both e f f e c t s  have  p o t e n t i a l  
i m p a c t s  on a : ; r icu l ture  i n  t h e  a r e a .  

I n  a d d i t i o n ,  i n c r e a s e d  i c e  c o v e r  would t end  t o  r educe  s n o w f l u r r y  
a c t i v i t y  w h i c h  o c c u r s  on Ice c o a s t s  d u r i n g  w i n t e r  outbl-ealis of a r c t i c  n i r .  
Consequent  r e d u r t  i o n  o f  the s t~owf: i l l  a c c t l m ~ ~ l  r l t ion  i7 t h e s e  c o a s t a l  a r e a s  
would have a d i  s e c t ,  though l i m i t e d ,  jmpact on  l o c a l  hydro logy .  

WATER TEMPERATURE 

Accord ing  t o  G a r r e t t  e t  al, (1973)  s i n g l e  e f f e c t  mode o f  o p e r a t i o n  
of a t i d a l  power scheme would d e c r e a s e  mix in2  i n s i d e  t h e  headpond.  T h i s  
a l o n g  w i t h  t h e  a c c u m u l a t i o n  o f  w a r m  F r e s h  r u n o f f  w a t e r  d i s c h a r g e d  from 
l o c a l  r i v e r s  and streams would c a u s e  t h e  w a t e r  i n s i d e  t h e  headpond t o  
becoine s t r a t i f i e d .  S u r f a c e  w a t e r s  i n  t h e  headpond would t h u s  become warmer 
Irl summer. T h i s  w i l l  a f f e c t  t h e  s e n s i b l e  head t r a n s f e r  and e v a p o r a t i o n  
r a t e s  o v e r  t h e  headpond c a u s i n g  an i n c r e a s e  i n  growing d e g r e e  day t o t a l s  
and p o s s i b l y  a lower  i n c i d e n c e  of  e a r l y  fal.1 f r o s t  n e a r  t h e  headpond.  

The o c c u r r e n c e  of s c a b r e e z e s  and c o i i s t a l  fog  a l o n g  t h e  Fundy s h o r e s  
i s  a f f e c t e d  by t i d a l  b e h a v i * > u r .  Both sea fog  and s e a  b r e e z e s  a r e  caused  by 
c o o l  w a t e r  t e m p e r a t u r e s .  They tend  t o  move i n l a n d  and t o  seaward  i n  
p a r a l l e l  w i t h  t h e  advance  and r e t r e a t  of tile t i d e s .  T h i s  s e c o n d a r y  e f f e c t  
on l o c a l  c o a s t l i n e  c l i m a t e  w i l l  be i n f l u e n c e d  by ariy man-made changes  t o  
t i d a l  r eg imes .  

The i - n c r e a s e  i n  t i d a l  r lmpli tude and c u r r e n t s  r e s i l l t i r t g  from t h e  
c o n s t r u c t i o n  of a b a r r a g e  a t  s i t e s  A 8  o r  B9 (Greenbe rg  1979) w i l l  change  



oceanographic conditions outside the barrier as well as inside. Garrett et 
ale (1978) have shown that higher tidal currents will increase the extent 
of the well-mixed area between George Bank and the Nantucket Shoals. This 
means that the sea surface temperature in these areas would become cooler 
resulting in a higher incidence of fog especially during the summer months. 
No significant changes to the vertical temperature structure and hence cli- 
mate of the remainder of the Bay of Pundy - Gulf of Maine System outside of 
the barriers is anticipated. 

WAVE CLIMATE 

The construction of a barrage across either of the basins will 
block the propagation of sea waves and swell into the upper reaches of the 
Bay of Fundy. This will change the wave climate inside the headpond and 
make it resemble that of an inland lake of similar size. The removal of 
larger waves from the spectrum will result in less shoreline erosion by 
wave action and will also contribute to the stratification effects 
discussed earlier. 

AIR QUALITY 

Construction of a tidal power system in the Bay of Fundy area will 
eliminate the need to build equivalent capacity fossil or nuclear power 
plants. Thus tidal power development has beneficial aspects from an air 
quality viewpoint by reducing the rate of growth of air pollution sources 
in eastern North America. This factor is especially significant in view of 
increasing concerns about the effects of long range air pollution transport 
and acidification of precipftation on soils, lakes, agriculture, and 
forestry in the Atlantic provinces. 
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;IIJISST I O N S  ANI) COMMENTS 

Ct, Gordon: There  has  heen some concern expresstbd o v e r  t h e  p o t e r ~ t i a l  e f f e c f r  
of climate change on a g r i c u l t u r e .  Th i s  h a s  not: been loolced i n t o  i n  d e t a i l  
and should  be. A f t e r  h e a r i n g  what t h e  d a t a  base  i s  l i k e  i s  t h e r e  a 
p o s s i b i l i t y  o f  AES s e t t i n g  an a d d i t i o n a l  s t a t i o n  t o  r e c e i v e  long  term i n -  
f o r m a t i o n  a t  a p l a c e  l i k e  Economy P o i n t  o r  Truro?  T h i s  i s  a d a t a  base  we 
would f i n d  u s e f u l  i n  t h e  f u t u r e ,  

W.  R ichards :  There a r e  a l r e a d y  s e v e r a l  i n  e x i s t e n c e  on t h e  s h o r e s  of t h e  
Bay of Fundy a t  the  p r e s e n t  t ime.  Truro  i s  one.  There  i s  one a t  t h e  
A g r i c u l t u r a l  Co l l ege .  There  a r e  a t  l e a s t  2 and p o s s i b l y  3 i n  t h e  a r e a  pro- 
v i d i n g  a s i g n i f i c a n t  number of long-term c l i m a t e  d a t a  b a s e s  c o n t a i n i n g  re- 
c o r d s  o f  t empera tu re  and p r e c i p i t a t i o n .  I do not  t h i n k  t h e  c l i rna te  d a t a  
b a s e  would be a problem. What is ,  i s  t h e  i n p u t  on t h e  magnitude of  t h e  
changes  i n  t h e  b a s i n ,  such a s  changes i n  wa te r  t empera tu re  and how much 
more i c e  coverage  t h e r e  woulr-f be i n  t h e  a r e a .  That  i s  obv ious ly  going to 
be t h e  d r i v i n g  f o r c e  of any change. I t h i n k  t h i s  is t h e  g r e a t e s t  a r e a  of  
concern  r a t h e r  than what the  c l i m a t e  is Like now. The l a t t e r  is w e l l  de- 
Fined i n  a g r i c l i m a t e  a n a l y s i s .  

D .  Gordon: We have had many problems from t a k i n g  d a t a  from 1 and s i t e s  and  
a p p l y i n g  i t  t o  marine a r e a s .  Ye have seen  a r e a l  d i f f e r e n c e  between t h e  
c l i m a t e  of Moncton and t h a t  of Cumberland Bas in .  When c o n d i t i o n s  a r e  c a l m  
a t  Yoncton t h e  wind can he blowing 20 k n o t s  i n  Cumberland Basin.  Even 
e x t r a p o l a t i n g  a s h o r t  d i s t a n c e  such a s  t h a t  i s  a problem. I t  might be 
l > c n e f i c i a l  t o  have a s t a t i o n  a t  Economy P o i n t ,  which is  a p o t e n t i a l  b a r r a g e  
s i t e ,  and where t h e  c l i m a t e  may be somewhat d i f f e r e n t .  

W. Richards :  Well t h a t ' s  probably  t r u e .  T a g r e e  w i t h  you. But 1: remind - 
you i t  c o s t s  money t o  main ta in  a c l i m a t e  s t a t i o n ,  We would l i k e  t o  have 
them all uver h u t  t h e r e  have t o  be compromises In e v e r y t h i n g .  
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ABSTRACT 

P r e d i ~ ~ t L o n s  on the  sedirnentologic  changes  r e s u l t i n g  Fro111 t h e  
Cobequid Bay ( B ? )  o p t i o n  of t h e  Pundy T i d a l  Power scherne a r e  p r e s e n t e d .  
T h e  c o l ~ e s i v e ,  suspended m a t e r i a l  i s  modelled us ing  t h e  Grecrlherg (1979) 2- 
dirnens i o n a l  r~umer ic  model. The non-cohes Eve bedload i s  expressed  l- 
dimensional  1 y u s i n g  e m p i r i c a l  d e r i v a t i o n s .  R e s u l t s  i n d i c a t e  a  sumn~ert imp, 
n e t  accumula t ion  of mud i n  t h e  p r e s e n t l y  e x i s t i n g  i n t e r t i d a l  r e g i o n s  o f  t h e  

1 
headpond (0.01 - 0.03 m :no-') w i t h  concoini t a n t  i n t e r m i t t a n t  d e p o s i t i o n  
(2000 g nlU2) i n  t h e  s u b t i d a l  r e g i o n s  e i t h e r  s i d e  of t h e  b a r r a g e .  The 
e x t e n t  of d e p o s i t i o n  is  low when compared t o  p r e d i c t i o n s  f o r  t h e  R r i s t o l  
Channel T ida l  Power Schemc dnd ( o r )  compared t o  ear l  i e r  p re r l i c t  ions  made 
u s i r ~ g  s o l i d  f i l l  causeways as anal -ogies .  SedPoad t r a n s p o r t  occrlrs  on ly  
a l o n g  t h e  s h o r e l i n e s  a d j a c e n t  and seaward OF t h e  b a r r a g e .  For a 20% recitrc- 
t i o n  i n  l o c a l  c u r r e n t  v e l o c i t y  t h e r e  w i l l  be an a s s o c i a t e d  r e d u c t i o n  i~ - 
beciloatl t r a n s p o r t  by two o r d e r s  of magnitude t o  10,000 m 3  a  '. T h i s  t r a n s -  
p o r t  mass is c o n s i d e r e d  t o  be a r e a s o n a b l e  pos t -ba r rage  approx imat ion  
a l b e i t  f o r  slimmer c o n d i t i o n s  on ly .  Along t h e  s o u t h  s h o r e  o f  the  Ray, bed- 
l o a d  t r a n s p o r t  may occur  i n  an eas twards  d i r e c t i o n  from Walton Bar towards  
t h e  b a r r a g e  s i t e .  N e i t h e r  t h e  e f f e c t  of headpond s i l t a t i o n  nor  t h a t  of 
hed load  t r a n s p o r t  i s  though t  t o  p r e s e n t  insurmountab le  e r ~ g i u e e r i t ~ g  pro- 
blems,  though some phys ica l  changes t o  the  i n t e r t i d a l .  zone w i l l  r e s u l t .  

Key word.; : s e d i m e n t a t  ion  model l i n g ,  t i d a l  power env i ronmenta l  i m p a c t s  

lisirs cet- a r t i c l e ,  on p r g s e n t e  l e s  j3refdictio1 s cone-rnant 1 e s  v a r i -  
a t  i o n s  shd i rncntologiques  q u ' e n t r a r n e r a i t  I ' o p t t o n  13'5 s u r  t ',~tn&nagernent 
d 'une  us!ne mardmotrice dans l a  b a i e  de  Fundy. 

On a 6 t a b l i  un modkle de  rnatgriaux c o h 6 r e n t s  en s u s p e n s i o n ,  en  
f a i s a n t  a p p e t  au  mode'le nurn6rique bidimensionnel  de  Greenberg (1979) .  On a 
exprim6 de faqon u n i d i m e n s i o n n e l l e  l e  c h a r r i a g e  de  fond non cohe'rent ,  au 
moyen de  d G r i v a t i o n s  ernpir iques ,  Les r g s u l t a t s  i n d i q u e n t  qu ' en  g t k ,  se  
p r o d u i t  une n ~ ~ c u m u l a t i o n  n e t t e  de  houe, dans  l e s  r g g i o n s  i n t e r t i d a l e s  
a c t u e l l e m e n t  ? x i s t a n t e s  de  l a  p e r t i e  amont ( 0 , 0 1  - 0 , 0 3  m mo-l), en m&e 



temps qu'une s d d i m e n t a t i o n  i n t e r m i t t e n t e  ( 2  000 g  mV2) dans les rgg ions  
s u b t i d a l e s ,  de p a r t  e t  d ' a u t r e  de l ' end iguement .  L ' importance de la  s 6 d i -  
menta t lon  e s t  f a i b l e ,  comparativement aux p r 4 v i s i o n s  concernant  l ' u s i n e  
mardmotrice du chena l  de  B r i s t o l ,  e t  aux p r 6 v i s i o n s  p l u s  anc iennes  b a s & e s  
s u r  l ' a n a l o g i e  avec l ' i n s t a l l a t i o n  de chauss6es  e n  rembla i  s o l i d e ,  

Le c h a r r i a g e  de fond a l i e u  l e  long  du l i t t o r a l  seulement  B 
prox imi td  du b a r r a g e  e t  du c 6 t 6  o r i e n t 6  v e r s  l a  mer. Pour une r g d u c t i o n  d e  
20% de la  v i t e s s e  l o c a l e  du c o u r a n t ,  on observe  une r 4 d u c t i o n  c o r r 6 l a t i v e  

3 1 du c h a r r i a g e ,  de deux o r d r e s  de g randeur ,  j u s q u f  2 10 000 m a- . On con-  
sidc"re que ce t r a n s p o r t  en  masse c o n s t i t u e  une approx imat ion  r a i s o n n a b l e  de 
l a  s i t u a t i o n  apre's l a  c o n s t r u c t i o n  du b a r r a g e ,  mais seulement  dans l e s  con- 
d i t i o n s  e s t i v a l e s .  Le l o n g  de l a  r i v e  sud de l a  b a i e ,  l e  c h a r r i a g e  d e  f o n d  
p o u r r a i t  a v o i r  l i e u  dans  une d i r e c t i o n  e s t - o u e s t ,  de l a  f l s c h e  Walton vers 
le  s i t e  du bar rage .  

On juge que n i  l ' envasement  de l a  p o r t i o n  de r e t e n u e ,  n i  l e  
c h a r r i a g e  de fond ne posent  de proble'mes t echn iques  insurmontab les ,  msme s i  
c e r t a i n s  changements a p p a r a i s s e n t  dans l a  zone i n t e r t i d a l e .  

INTRODUCTION 

Two-thlrds of t h e  l a r g e r  c i t i e s  of t h e  world  l i e  on o r  n e a r  t i d a l  
e s t u a r i e s  ( N a t i o n a l  Academy of S c i e n c e s ,  1977). Genera l  o b s e r v a t i o n s  of 
such t i d a l  e s t u a r i e s  show them t o  be r e g i o n s  of a c t i v e  sediment t r a n s p o r t  
p l a y i n g  a  dominant r o l e  i n  t h e  p h y s i c a l ,  b i o l o g i c a l  and chemical  c h a r a c t e r -  
i s t i c s  of t h e s e  r e g i o n s .  Dense p o p u l a t i o n s  can a f f e c t  s e d i m e n t a t i o n  b y  
changing t h e  o r i g i n a l  hydrodynamic regime and ( o r )  t h e  p h y s i c a l  p r o p e r e l l - e s  
of t h e  e s t u a r i n e  wa te r  mass. Given a  t u r b i d  environment ,  i t  i s  t h i s  c h a n g e  
i n  h y d r a u l i c  p r o p e r t i e s  which d i r e c t l y  c o n t r o l s  t h e  d i s t r i b u t i o n  of s e d i -  
ment bo th  i n  suspens ion  and a t  t h e  e s t u a r y  bed. An overview of a numbez  of 
such  t u r b i d  e s t u a r i e s  is  g i v e n  i n  t h e  p roceed ings  of t h e  Symposium o n  the  
Dynamics of Turbid  C o a s t a l  Environments (Gordon and Hours ton 1983). 

I n  t u r b i d  e s t u a r i e s ,  such as t h e  upper  p a r t  of t h e  Ray of Fundy,  
t h e  e x t e n t  of s e d i m e n t a t i o n  which can r e s u l t  from marine  c o n s t r u c t i o n  i s  
wide s p r e a d .  Th is  w a s  demonstra ted by t h e  r e s u l t s  of a s o l i d - f i l l  dyke 
b u i l t  a c r o s s  t h e  E i d e r  River  E s t u a r y  i n  1935 (Caspers ,  H., unpubl ished 
d a t a ) .  S i l t a t i o n  on i t s  seaward s i d e  was s o  s e v e r e  t h a t  a t t e m p t s  t o  d r e d g e  
n a v i g a t i o n  channe l s  25 k i l o m e t r e s  from t h e  dyke f a i l e d .  The dyke was 
e v e n t u a l l y  r e p l a c e d  w i t h  a  permeable s t r u c t u r e  which r e t u r n e d  t h e  e s t u a r y  
t o  i t s  former s t a t e .  S i m i l a r ,  though l e s s  c a t a s t r o p h i c  responses  have b e e n  
measured i n  t h e  Bay of Fundy seaward of t h e  P e t i t c o d i a c  River  Causeway 
(Bray e t  a l .  1982) ,  and seawards  of t h e  Windsor Causeway ( Job  Corps 
Program 1980). 

C o n s t r u c t i o n  and o p e r a t i o n  of t h e  B9 o p t i o n  of t h e  t i d a l  power 
scheme i n  Cobequid Bay w i l l  r e s u l t  i n  a r e d u c t i o n  of t i d a l  energy and a m  
a l t e r a t i o n  i n  t h e  d i s t r i b u t i o n  of f l u i d  s t r e s s e s  b o t h  s p a t i a l l y  and t h r o  l l g h  
t i m e  (Greenberg 1979). Th i s  w i l l  no doubt have a  n e t  e f f e c t  on t h e  
d i s t r i b u t i o n  of sed iments ,  I n t e r p o l a t i o n  o r  i n t e r p r e t a t i o n s  of s e d i m e n t s -  



tion by analogy are not usually valid due to non-linear responses of the 
sediment to flow, Furtherlrlore, results show that physical models cannot 
provide quantitative results on sedimentation and are often qualitatively 
in error (Basco et a4, 1974, p, 160). The only feasible method of impact 
prediction is through numeric simulation. Only in recent years, with the 
development of numerically predfctlve hydraulic models such as that of 
Greenberg ( 4 9 7 9 ) ,  has this been possible. 

BACKGROUND 

Previous Work 

Sedimentation studies in relation to nearshore marine construction 
is an integral part of any environmental impact statement, It is entirely 
contingent on good hydraulic modelling, while being a prerequisite to bio- 
logical and chemical impact evaluations (Pig. I), 

A major problem in the past has been the development of a framework 
or strategy for sedimentation predictions, Kendrick (1972) in part detail- 
ed the necessary data sets and interface criteria needed for the evaluation 
of the Thames Estuary storm surge barrier (Pig, 2). 

Post-barrier flow patterns are determined by reference to tidal 
data and local geometry, thereafter by applying the equations of motion and 
continuity. The post-barrier sedimentation patterns (cohesive sediments in 
this case) are determined by quantifying four sedimentation phases, They 
are: 

1, the critical shear stress for erosion; 
2 ,  the erosion rate; 
3 ,  the limiting shear stress for deposition; and 
4, the settling rate of suspended particles. 

The above, 1-dimensional strategy was expanded upon by the 
Hydraulics Research Station (1980) to include tractive load and the trans- 
port of non-cohesive sediment, This more complex logic structure is shown 
in Pig, 3 and was developed to predict the possible siltation due to a ris- 
ing gate, storm surge barrier proposed for the Western Schelde Estuary, 
Belgium. The study is of particular significance because of the detailed 
flume work carried out on the erosive characteristics of cohesive sedi- 
ments. The work successfully combined laboratory and field results to make 
the appropriate predictions on sedimentation, 

Using an approach similar to that of the fIydraulics Research 
Station the cohesive sediment characteristics of the Minas Basin were eval- 
uated and interfaced to a 2-dimensional tidal model originally developed by 
Greenberg (19791, This numerical, barotropic tidal model produced a good 
simulat~on of the tides and currents of the Bay of Fundy with a spatial 
resolution of 1661 m. The equations of sediment advection were solved in 
an explicit, finite differencing scheme, and a time series of siltation 
predicted, Details of the model set-up and run criteria can be found in 



E. I .S. LOGIC PATH 

DEFINE STRUCTURE HYDRODYNAMICS 

I 

I 

CHEMICAL RESPONSES 

f 

Fig. 1. A proposed logic path for the acquisition of data sets leading 
to an environmental impact statement. 



THAMES BARRIER -SEDIMENT MOVEMENT 

I POST- BARRIER I 
I VELOCITY FIELD I 

POST- BARRIER 1 SEDIMENTATION PATTERN 

Fig .  2. The s t r a t e g y  adopted by Kendrick (1972)  i n  t h e  p r e d i c t i o n  of t he  
s i l t a t i o n  e f f e c t s  of a Thames River  s t o m  surge  b a r r i e r ,  U.K. 



SCHELDE ESTUARY FLOOD GATE STUDY 

7 1 4  SETTLING RATE 

EROSION RATES s l  

Fig. 3. The strategy adopted by the Hydraulics Research Station (1980) 
in the analysis of the movement and accumulation of bed material 
and suspended load resulting from the proposed construction of a 
storm surge barrier on the western Schelde estuary, Belgium. 



Amos and Greenberg (1980) and Greenberg and Amos (1983).  

The bedload t r a n s p o r t  of sand s i z e  m a t e r i a l  has been determined For 
t h e  B9 s i t e  i n  a gene ra l  f a sh ion  only. Presen t  day bedload movement i n  t h e  
s i t e  v i c i n i t y  occurs  only w i th in  t he  northernmost i n t e r t i d a l  zone of the  
Minas Basin. Radio-isotope t r a c e r  s t u d i e s  of t h i s  m a t e r i a l  shows a n e t  

6 3 eastward t r a n s p o r t  of 0.85 X 10 m a-I  (Amos and Long, 1980),  Peak flows 
of about 100 crn s - I  occur  i n  t h i s  region.  

The f i r s t  o rder  mass t r a n s p o r t  ( g s )  of t r a c t i o n  load i s  a power 
f u n c t i o n  of peak v e l o c i t y  ( u )  

The exponent y is  between 5 and 6 (Vanoni 1975) and t h e  p r o p o r t i o n a l i t y  
term (K) i s  complex, but was eva lua ted  by the  t r a c e r  experiment mentioned 
e a r l i e r .  This rudimentary r e l a t i o n s h i p ,  modified from t h e  Einstein-Brown 
method, can g ive  a f i r s t  o rde r  i n d i c a t i o n  of post-barrage bedload t r a n s p o r t  
provided t h a t  a reasonable  e s t ima te  of t he  expected c u r r e n t  v e l o c i t y  d i s -  
t r i b u t i o n  can be made. For p re sen t  purposes a v e l o c i t y  r educ t ion  of 20% 
was assumed t o  be i n  keeping wi th  t he  t i d a l  cu r r en t  model of Greenberg 
(1979) ,  though d e t a i l e d  in format ion  was (not a v a i l a b l e .  

RESULTS 

Cohesive Sediments 

The r e s u l t s  of t h e  numerical s imula t ion  of t he  suspended, cohes ive  
m a t e r i a l  a r e  shown i n  Figs.  4 ,  5 and 6. The model uses  high c r i t i c a l  
s t r e s s  va lues  and low e ros ion  r a t e s  i n  o rde r  t o  r ep re sen t  t h e  most s e v e r e  
cond i t i ons  of sedimentat ion.  The use of t he se  va lues  t o  s imu la t e  e x i s t i n g  
cond i t i ons  produced r e s u l t s  which were c l o s e  t o  t h e  observed d i s t r i b u t i o n  
of sediment ,  both i n  suspension and on t h e  seabed. That i s ,  n e t  accumula- 
t i o n s  occurred i n  Windsor Bay, Scots  Bay, Five I s l a n d s  and Noel Bay. The 
r a t e  of accumulation was equ iva l en t  t o  0.01 m every 3 years  approximately 
corresponding t o  observed accumulation r a t e s .  The model, however, simu- 
l a t e s  summertime condi t ions  only and does not cons ider  waves, i c e  o r  bio- 
l o g i c a l  e f f e c t s .  

The r e s u l t s  of a s i n g l e  phase,  s i n g l e  e f f e c t  t i d a l  power scheme 
show t h a t  sediment depos i t i on  w i l l  be i n t e r m i t t a n t  over t he  t i d a l  cyc le .  
Approximately 0.01 m (corresponding t o  2000 gm-2) of sediment would accumu- 
l a t e  s u b t i d a l l y  every s t i l l - s t a n d  of t h e  t i d e .  This  m a t e r i a l  w i l l  be sub- 
s equen t ly  eroded dur ing  power gene ra t i on  o r  headpond f i l l i n g .  A s  a 
consequence ne t  accumulation of sediment is p red i c t ed  t o  t ake  p l ace  i n  t h e  
p r e s e n t l y  e x i s t i n g  s u b t i d a l  reg ion ,  though a 4 t o  40 f o l d  i n c r e a s e  i n  
i n t e r m i t t a n t  depos i t i on  i s  thought t o  r e s u l t .  Barrage s imu la t i ons  were 

2 made us ing  c r i t i c a l  e ros ion  s t r e s s e s  of 1.28 and 2.56 dynes cm- . The re -  
s u l t s  were no t  s i g n i f i c a n t l y  d i f f e r e n t  i n  e i t h e r  run sugges t ing  t h a t  w i t h i n  
t h e  s u b t i d a l  reg ion  t h e  peak flow v e l o c i t y  i s  the  c o n t r o l l i n g  f a c t o r  on n e t  



I SUSPENDED S E D I M E N T  MODEL 

I ITERATION 0 
0 DAYS 0 HOURS 0.0 MINUTES 

Fig. 4a. The starting condition of the numeric simulation of suspended 
sediment transport and deposition (after Greenberg and Amos 
1983). The mean concentration in suspension is 60 mg L-I.  The 
log bedload term is expressed in units of (1 + mg x 10-I cm-2). 



B 
SUSPEITDED SF01 MENT MODEL 

ITERATION 1680 
3 DAYS 14 HOURS 56.4 Y l N U T E S  .' 

Fig. 4b. The numeric model result of high tide, seven tidal cycles after 
initialization. Net seabed accumulation (shown on the 3-D plot) 
is restricted to presently existing intertidal regions. 



A 
S U S P E N D E D  S E D I M E N T  MODEL 

ITERATION 1740 
3 DAYS 18 HOURS 2.7 MINUTES 

Fig. 5a. The numeric model result of the mid-ebb period of the eighth 
tidal cycle after model initialization. The still stand period 
during barrage closure has resulted in a temporary accumulation 
of material in the headpond. 



SUSPENDED SEDIMENT MODEL 

ITERATI ON 1800 
3 DAYS 21 HOURS 9.0 MINUTES 

Fig. 5b. The numeric model result of the low tide period of the eighth 
tidal cycle after model initialization. Resuspension of bottom 
sediment has taken place as the model simulation enters the power 
generation phase. 



SUSPENDED S E D I M E N T  MODEL 

ITERATION 1860 
4 DAYS 0 HOURS 15.3 MINUTES 

F ig .  6a. The numeric model r e s u l t  du r ing  t h e  mid f l ood  s t a g e  of t h e  
e i g h t h  t i d a l  cyc l e .  Accumulations of s i l t  has  taken  p l a c e  i n  
t h e  headpond reg ion  due t o  ba r r age  c l o s u r e  s h o r t l y  a f t e r  low 
water .  



SUSPENDED SEDIMENT MODEL 

ITERATION 1920 
4 DAYS 3 HOURS 21.6 MINUTES 

F i g .  6b. The numeric model r e s u l t  f o r  high t i d e  of the  e i g h t h  t i d a l  
cyc l e .  Flooding of t h e  headpond has  r e s u l t e d  i n  t h e  p a r t i a l  
e ro s ion  of m a t e r i a l  depos i t ed  du r ing  t h e  e a r l y  f l ood  t i d e .  



s e d i m e n t a t i o n ,  I n  t h e  i n t e r t i d a l  zone,  t h e  r e l a t i o n s h i p  is  more complex 
due t o  s o l a r  h e a t i n g  and b i o l o g i c a l  e f f e c t s ,  

It is  p r e d i c t e d  t h a t  i n  Noel Hay and over  much of t h e  e x i s t i n g  
i n t e r t i d a l  zone,  t h e r e  w i l l  be a n e t  i n c r e a s e  i n  summertime d e p o s i t i o n  by a 
f a c t o r  of 10, Immediately seawards of t h e  b a r r a g e  t h e r e  w i l l  be a c o r r e s -  
ponding i n c r e a s e  i n  i n t e r t i d a l  d e p o s i t i o n  of 60%; i n  Windsor Bay t h i s  in-  
c r e a s e  w i l l  be 10%; whi le  s u r p r i s i n g l y ,  i n  t h e  Avon River  E s t u a r y ,  accumu- 
l a t i o n  r a t e s   ill approximate  t h o s e  of t h e  headpond. 

Seawards of t h e  b a r r a g e  t h e  s u b t i d a l  r e g i o n  w i l l  a l s o  be s u b j e c t  t o  
i n t e r m i t  t a n t  d e p o s i t i o n  (50 g d u r i n g  t h e  extended s t i l l - s t a n d  p e r i o d s ,  
though t o  a l e s s e r  degree  t h a n  i n  t h e  headpond. The g r e a t e s t  d e p o s i t i o n  
w l l l  t a k e  p l a c e  d u r i n g  t h e  h i g h  t i d e  and e a r l y  ebb p e r i o d .  Th is  e f f e c t  
w i l l  probably  d i m i n i s h  q u a d r a t i c a l l y  away from t h e  ba r rage .  

The r e g i o n s  of n e t  accumulat ion seaward of t h e  b a r r a g e  w i l l  gener-  
a l l y  r e f l e c t  t h o s e  of t o d a y ,  though some s u b t i d a l  n e t  accumula t ion  w i l l  
t a k e  p l a c e  i n  Windsor Bay. 

The most s i g n i f i c a n t  changes i n  s e d i m e n t a t i o n  p a t t e r n s  w i l l  be 
l o c a t e d  i n  t h e  headpond reg ion .  Shor t  term ( 3  hour )  i n t e r m i t t e n t  mud depo- 
s i t i o n  and t h e  p robab le  development of a nephe lo id  o r  p s e u d o - p l a s t i c  l a y e r  
may a f f e c t  exchange p r o c e s s e s  between t h e  seabed and w a t e r  column. Th is  
w i l l  be p a r a l l e l e d  by a d e c r e a s e  i n  t u r b i d i t y  i n  t h e  s u r f a c e  wa te r .  Over 
t h e  m a j o r i t y  of t h e  i n t e r t i d a l  zone t h e  n e t  accumulat ion rate w i l l  be be- 
tween 0,01 and 0.03 m mo-". Th i s  r a t e  i s  comparable w i t h  accumula t ion  
r a t e s  measured on t h e  mudfla t  a t  Windsor Causeway and w i l l  l i k e l y  r e s u l t  i n  
sediments  w i t h  high w a t e r  c o n t e n t  and low b e a r i n g  s t r e n g t h ,  Assuming t h a t  

2 50% of t h e  i n t e r t i d a l  a r e a  of Cobequid Ray (186 Ian ) i s  s u b j e c t  t o  a c c r e -  
t i o n  t h e  volume of m a t e r i a l  d e p o s i t e d  p e r  month (summertime) w i l l  be 5 . 6 ~  

6 ?3 6 3 10 m . The r e s i d e n t  suspended volume i n  Minas Basin  i s  30 x 10 m (Amos 
and Greenberg 1980) r e p l e n i s h e d  a n n u a l l y  w i t h  1.6 x 106m3a-10 Within  6 
months, t h e  r e g i o n  would be supp ly  l i m i t e d  and would a c c r e t e  a t  a much 
d imin i shed  r a t e ,  dependent on t h e  supp ly  of s i l t .  The w a t e r  i n  Mfnas Basin  
would be r e l a t i v e l y  c l e a r  a t  t h i s  t ime ,  

Non Cohesive Sediments 

The r e l a t i o n s h i p  between c u r r e n t  speed and bedload t r a n s p o r t  i s  
n o n - l i n e a r  ( S t e l c z e r  1981).  The e f f e c t  of t h i s  n o n l i n e a r i t y  can be demon- 
s t r a t e d  a s  f o l l o w s .  If a 20% d e c r e a s e  i n  peak c u r r e n t  v e l o c i t y  were t o  
occur  i n  t h e  i n t e r t i d a l  v i c i n i t y  of t h e  b a r r a g e ,  t h e n  a n e t  d e c r e a s e  i n  
bedload t r a n s p o r t  of 99% would r e s u l t ,  Such a v e l o c i t y  d e c r e a s e  i s  cons id -  
e r e d  r e a s o n a b l e  f o r  t h e  Economy P o i n t  r eg ion .  The subsequen t  pos t -ba r rage  
bedload t r a n s p o r t  r a t e  would t h e r e f o r e  be 10,000 m 3  which is  indeed 
c o n t r o l l a b l e  by c o n v e n t i o n a l  methods of groyne emplacement. T h i s  t r a n s p o r t  
would c o n t i n u e  t o  t a k e  p l a c e  i n  t h e  i n t e r t i d a l  zone w i t h i n  t h e  complex 
f l o o d  and ebb channelways no t  r e s o l v e d  by t h e  Greenberg model (1979).  
Adopting t h e  concept  of j e t  s t r eam r e t u r n  f low (Bruun 1978) ,  t h e  sand m a r -  
g i n a l  t o  t h e  t u r b i n e  jet s t r e a m  w i l l  c o n t i n u e  t o  move eas tward  towards t h e  
b a r r a g e  s i t e  and accumulate  t o  form an  e l o n g a t e  sand b a r  e x t e n d i n g  westward 



from t h e  ba r rage .  Bedload t r a n s p o r t  is s i t e  dependent and t h e r e f o r e  t h e  
d e t a i l s  of movement depend on t h e  d e t a i l s  of t h e  pos t -ba r rage  f l o w  p a t t e r n s  
i n  t h a t  l o c a t i o n .  Such d e t a i l e d  i n f o r m a t i o n  is  u n a v a i l a b l e  and p r e d i c t i o n s  
a r e  t h e r e f o r e  s p e c u l a t i v e .  

Along t h e  s o u t h  s h o r e  of Minas Basin  t h e  e x i s t i n g  f lows  have an  e b b  
r e s i d u a l  which p r e v e n t s  t h e  eas tward m i g r a t i o n  of sand from Walton Bar. 
The pos r -bar rage  r e s i d u a l  t r a n s p o r t  of sand is l i k e l y  t o  be f l o o d  dominant 
w i t h  t r a n s p o r t  and accumulat ion r a t e s  s i m i l a r  t o  t h o s e  of t h e  n o r t h  s h o r e .  

The n e t  e f f e c t  of t h e  B9 s i te  on t h e  e x t e n s i v e  sand b a r s  of 
Cobequid Bay would be t o  s t a b l i z e  them. The s u i t e  of bedforms p r e s e n t l y  
e x i s t i n g  over  t h e s e  b a r s  ( d e s c r i b e d  by Dalrymple 1977) would l i k e l y  become 
moribund and t h e  t i d a l  f l o o d  and ebb channe l s  would s lowly  degrade.  Bed- 
l o a d  t r a n s p o r t  i n  t h e  headpond would p robab ly  be reduced t o  n e g l i g i b l e  
amounts and a f i n i n g  i n  g r a i n  s i z e  of t h e  s u r f a c e  m a t e r i a l  i s  a n t i c i p a t e d .  

CONCLUSIONS 

A p r e d i c t i o n  of t h e  summertime m o b i l i t y  of suspended,  f i n e - g r a i n e d  
m a t e r i a l  has  been made which, n o t w i t h s t a n d i n g  t h e  model r e s o l u t i o n ,  r e p r e -  
s e n t s  w e l l  t h e  observed ,  e x i s t i n g  c o n d i t i o n s .  However, t h e  p r e d i c t i o n  of 
bedload t r a n s p o r t  made h e r e i n  is  l e s s  r e l i a b l e  due t o  problems of f l o w  pre-  
d i c t i o n  i n  t h e  r e l a t i v e l y  narrow i n t e r t i d a l  a r e a s  where t h i s  t r a n s p o r t  
t a k e s  p l a c e .  These f lows a r e  s u b j e c t  t o  t h e  i n f l u e n c e s  of mutua l ly  e v a s i v e  
f l o o d  and ebb dominant channe l s .  Fur thermore t h e  l o n g  term, s e a s o n a l  
e f f e c t s  on s e d i m e n t a t i o n  i n  g e n e r a l  a r e  p o o r l y  known due t o  t h e  i n f l u e n c e s  
of s t o r m s ,  i c e  and b i o t u r b a t i o n .  

The headpond is  a n t i c i p a t e d  t o  s u f f e r  t h e  g r e a t e s t  e f f e c t s  of bar-  
r age  c o n s t r u c t i o n .  Accumulations of f i n e - g r a i n e d  m a t e r i a l  around t h e  mar- 
g i n s  of t h e  headpond w i l l  t a k e  p l a c e  (0.01-0.03 m mo-l), and an  i n t e r -  
m i t t a n t  nephe lo id  l a y e r  i s  l i k e l y  t o  deve lop  d u r i n g  s t i l l - s t a n d s  of t h e  
t i d e .  S i l t a t i o n  w i l l  be l i m i t e d  i n  l e s s  t h a n  s i x  months of a c t i v e  a c c r e -  
t i o n  due t o  a l i m i t a t i o n  i n  t h e  supp ly  of m a t e r i a l  (assuming summertime 
d e p o s i t i o n  r a t e s ) .  

There  w i l l  be a con t inued  t r a n s p o r t  of sand e a s t w a r d s  from Five  
I s l a n d s  t o  t h e  B9 b a r r a g e  s i t e  a t  Economy P o i n t ,  bu t  a t  a much reduced 
volume from t h a t  which p r e s e n t l y  occurs .  The volume of t r a n s p o r t e d  
m a t e r i a l  can be a d e q u a t e l y  s t a b i l i z e d  by groyne emplacement. The s u p p l y  of 
sand i s  expec ted  t o  c o n t i n u e  a t  p r e s e n t  day r a t e s  due t o  a main ta ined  
c l i f f - l i n e  r e c e s s i o n .  The r e d u c t i o n  i n  t h e  longshore  t r a n s p o r t  of sand  
w i l l  r e s u l t  i n  a build-up of m a t e r i a l  p o t e n t i a l l y  c r e a t i n g  a beach a l o n g  
t h e  Minas Bas in  n o r t h  s h o r e .  This  build-up w i l l  l i k e l y  t a k e  p l a c e  i n  t h e  
r e g i o n  between F ive  I s l a n d s  and Economy P o i n t .  A s i m i l a r  s i t u a t i o n  is  en- 
v i s i o n e d  f o r  t h e  r e g i o n  between Walton Bar and Cape Tenny. 

The seabed benea th  t h e  t u r b i n e  j e t  s t r e a m  i s  composed of c l a y  over -  
l a i n  by a t h i n  l a y e r  of armouring g r a v e l .  Without s u i t a b l e  p r o t e c t i o n ,  
s c o u r i n g  of t h i s  m a t e r i a l  would l i k e l y  r e s u l t ,  s u p p l y i n g  c o n s i d e r a b l e  quan- 



tities of material to the water column. This material would contribute to 
the net sedimentation in the headpond. The predictions made are therefore 
considered conservative. 
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QUESTIONS AMD COPlMENTS 

B.Silvert: You talked about sedimentary factors at work at very low energy 
inside the headpond such as biological or geological. Do you think these 
in anyway could become a limiting factor? 

C. Amos: No, I think they are third order factors. It is my own personal 
feeling that those kind of effects, much like temperature or viscosity 
effects, are much higher order than the framework of sediment transport 
theory will allow you to predict, I think at thl-s stage in our knowledge 
time spent considering that level of effect would be misspent. It would be 
a much better idea to obtain accurate estimates of the lower order effects. 

L. Cammen: If we have a slight increase fn tidal energy in Maine will we 
have a proportional response in bedload transport. 

Ce Amos: It depends at what point on the energy sediment transport curve 
you are. It is an exponential curve. If you are on the lower, flatter 
part of the curve then the change will be small, If you are at currents in 
the range of 120-140 cm see-' a small change in flow velocity has large 
effects. If currents are below threshold, there will be no transport at 
all. I really think it depends on the absolute magnitude of flow not so 
much the relative difference, 

D, Gordon: You compared the Cobequid Bay sediments to Cumberland Basin 
sediments. Cobequid Bay sediments are more sandy, As a result of building 
a barrage and reducing tidal energy is there a chance we would see a 
decrease in the grain size of sediments in Cobequid Bay such that the 
intertidal areas would become more like Cumberland Basin or does a supply 
of fine silt not exist? 



C. Amos: 1 think there is enough of a supply of silt to cover it thinly. 
3 I think 30 million m maximum is the resident volume of suspended material 

which if deposited over the eneire intertidal area of the headpond would 
result in a deposited layer 1/2 m thick, This of course does not account 
for the long term annual supply, The degree of sedimentation depends 
entirely on the operating scheme, There are a suite of potential sediment 
responses. The rate and site of intertidal sedimentation depends on the 
sequence of events and the exposure time. In general, a fining of inter- 
tidal sediment of the B9 headpond is probable, 

D. Scarratt: In your sediment analysis have you confined yourself to the 
upper Bay of Fundy or have you considered sediment transport in the lower, 
higher fisheries productivity area at the mouth? 

C. Amos: The outer Bay is an entirely different problem because you are 
dealing with significant wave effects at the bed during storms. As a re- 
sult, when you evaluate combined wave and current motion at the bed, analy- 
sls becomes extremely diffjcult and errors fncrease proportionally, We 
have some models that look at this aspect which we are presently working 
on, They describe considerable movement of sand size sediment during 
storms. 

D. Scarratt: Then there is a likelihood that sediment movement at the 
mouth of the Bay of Pundy will increase with a new tidal spectrum induced 
by barrage construction? 

C. Amos: Yes. On Georges Bank you are already dealing with currents of 
c which are actively moving sand. 

13, Gordon: In this case, however, you are dealing wfth coarser sediment. 
Any suspension shotald stay near the bottorn rather than rxove to the surface 
and disrupt light penetration, would it not? 

C, Amos: That depends on the degree turbulence. 1 think that during a 
storm it would be transported to the surface. 

D. Scarratt: But there are fisheries, notably scallops, which live on or 
near the bottom and could be effected by am increase in the bottom trans- 
ported sediments. 

6 ,  Amos: Current speeds on Georges Bank are close to suspension levels 
now, If you look at the bed forms on eastern Georges Bank they are high 
energy types (sand waves and tidal ridges). If the current is increased by 
even 20 cm sec-' I would suspect considerable material would be thrown into 
suspension, 

C. Desplanque: From your last slide you indicate the tidal outflow period - 
is considerably longer than the inflow, Do you believe this will have an 
effect on the movement direction of silt contrary to what the model 
describes, 

C, Amos: No, the model is a stepped times series and takes this into 
account , 
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ABSTRACT 

A t i d a l  power p r o j e c t  i n  t h e  upper reaches  of t h e  Bay of Fundy 
would markedly change i c e  c o n d i t i o n s  by reduc ing  t i d a l  energy ,  h igh  w a t e r  
l e v e l s  and i n t e r t i d a l  a r e a s .  Sheet  i c e  coverage i s  expec ted  t o  i n c r e a s e  
w h i l e  t h e  e x t e n t  and e l e v a t i o n  of s h o r e  f a s t  i c e  shou ld  d e c r e a s e ,  e s p e c i a l -  
l y  a l o n g  t i d a l  r i v e r s .  Sediment s c o u r  by d r i f t  ice  shou ld  a l s o  d e c r e a s e .  
I n t e r a c t i o n s  between d r i f t  i c e  and a t i d a l  b a r r a g e  ( i n c l u d i n g  t u r b i n e s  and 
s l u i c e s )  must be c l o s e l y  examined b e f o r e  a f i n a l  d e s i g n  Ps adopted ,  

Key words: i c e ,  Bay of Fundy, Cumberland Bas in ,  Cobequid Bay, t i d a l  power, 
env i ronmenta l  impacts  

L1am6nagement d ' u n e  u s i n e  mar6motrice dans  l a  p a r t i . e  amsnt de  l a  
b a i e  de Fundy m o d i f i e r a i t  fo r tement  l e s  c o n d i t i o n s  g l a e i o l o g i q u e s ,  e n  
re 'duisant  I V n e r g i e  des  rnarQes, l e  n iveau  de I a  hcruce m e r ,  el: I '6tei1cfue d e s  
zones i n t e r t i d a l e s ,  On p r d v o i t  que Pa c o u v e r t u r e  de glace unlforme 
augmentera,  e t  q u f e n  m&me temps, l a  s u p e r f i c i e  e t  3a h a u t e u r  de l a  g l a c e  
c 6 t i G r e  diminueront  s u r t o u t  dans l e s  p a r t i e s  des  c o u r s  d'eau exposges aux 
marees. L ' a f f o u i l l e m e n t  d e s  sddiments  p a r  $a glace de d&r-fve d in i r lue ra  
a u s s i  probablement.  On d o i t  examiner en d g t a i l  l e s  i n t e r a c t i o n s  p o s s i b l e s  
e n t r e  l a  g l a c e  de d 6 r i v e  e t  l a  d igue  de I 7 u s a " n e  mar6motrice ( y  c o ~ n p r i s  l e s  
t u r b i n e s  et les v a n n e s ) ,  a v a n t  d ' a d o p t e r  le  modPle de c o n s t r u c t i o n  f i n a l .  

INTRODUCTION 

A t  t h e  Acadia confe rence  i n  1976 s e v e r a l  s p e a k e r s  addressed  t h e  
t o p i c  of ice (Hodd 1979, Greenberg 1971, and G a r r e t t  1977)-  There  seemed 
t o  a consensus  t h a t  i c e  cover  would i n c r e a s e  i n  the headpond but  few 
d e t a i l e d  p r e d i c t i o n s  were o f f e r e d  because of a l a c k  of lcrlowledge about  pro- 
c e s s e s  c o n t r o l l i n g  i c e  f o r m a t i o n  i n  t h e  upper r e a c h e s  of t h e  Bay of Fundy, 
S ince  t h e n  two f u r t h e r  i c e  s t u d i e s  have been conducted:  Knight and 
Dalrymple (1976) i n  Cobequid Bay and Gordon and  Desplanque (1983) i n  
Cumberland Basin.  The f o l l o w i n g  a r e  some p r e d i c t i o n s  based l a r g e l y  on t h e  
work i n  Cumberland Basin.  These p r e d i c t i o n s  shou ld  be c o n s i d e r e d  v e r y  
t e n t a t i v e  u n t i l  reviewed and confirmed by o t h e r s ,  



There  a r e  b a s i c a l l y  f o u r  t y p e s  of i c e  o c c u r r i n g  fn t h e  upper 
r e a c h e s  of Fundy: 

1 ,  Sheet  i c e  forms a  con t inuous  l a y e r  t h a t  more o r  l e s s  s t a y s  %n p l a c e  -- 
excep t  f o r  v e r t i c a l  movement which can produce f r a c t u r i n g ,  e s p e c i a l l y  
a l o n g  t h e  s h o r e l i n e .  It forms ashere t i d a l  energy i s  l o w ,  

2 .  D r i f t  i c e  forms on t h e  seawate r  s u r f a c e  where etidal Prlergy I s  Ihigh and -- 
remains  as rounded d i s c r e t e  p i e c e s  because  of a lmost  c o n t i n u a l  movement 
i n  t i d a l  c u r r e n t s .  It can s t r a n d  on i n t e r t i d a l  f l a t s .  

3 ,  Shore  f a s t  i c e  forms when d r i f t  i c e  s t r a n d s  a long  t h e  s h o r e l l r ~ e  between 
P 

neap and s p r i n g  high wate r  l e v e l s  and can deve lop  t h i c k  accumulatiorls  
which remain i n  p l a c e  u n t i l  t h e  s p r i n g  thaw. It i s  most pronounced 
a l o n g  t i d a l  r i v e r s  and c o n t r i b u t e s  t o  f l o o d i n g  by r e s t r i c t i n g  cross-"  
s e c t i o n a l  a r e a s ,  

4 .  Frozen c r u s t  forms on t h e  s u r f a c e  of i n t e r t i d a l  sediments  by t h e  down- 
ward f r e e z i n g  of pore  wa te r  and t h e  upward a c c r e t i o n  of precipitation. 

I c e  c o n d i t i o n s  a r e  profoundly i n f l u e n c e d  by t i d a l  p r o p e r t i e s  and 
marked changes a r e  expected i n  t h e  headpond r e g i o n  of a t i d a l  power p r o j e c t  
as a  r e s u l t  of reduced high wate r  l e v e l s ,  t i d a l  energy ,  and i o c e r t i d a l  
a r e a .  

E a r l i e r  p r e d i c t i o n s  t h a t  t h e  a r e a l  e x t e n t  of s h e e t  i c e  coverage  
w i l l  i n c r e a s e  because  of reduced t i d a l  energy seem j u s t - l f f e d  (Greenberg 
1977) .  A t  t h e  p r e s e n t ,  s h e e t  i c e  i s  g e n e r a l l y  r e s t r i c t e d  t o  t h e  upper 
p a r t s  of t i d a l  r i v e r s  but how much f a r t h e r  i t  would extend seaward i s  d i f f -  
i c u l t  t o  p r e d i c t ,  The s t r a t i f i c a t i o n  p r e d i c t e d  by G a r r e t t  e t  a l .  (1978) 
w i l l  a l s o  promote t h e  development of sheer: i c e  by producing Presher  s u r f a c e  
wa te r  and a  f a s t e r  c o o l i n g  r a t e  i n  t h e  f a l l ,  'The exparzded s h e e t  i c e  zoile 
would probably  he h e a v i l y  f r a c t u r e d  from vertical t j d a l  movement, e s p e c i a l -  
l y  a l o n g  t i d a l  r i v e r s ,  and should remain i n  p l a c e  tant i1  s p r i n g  breakup,  
The fo rmat ion  of s h e e t  i c e  would be encouraged by I n t e n t i o n a l l y  ho ld ing  t h e  
headpond wate r  l e v e l  c o n s t a n t  ( a t  a  h igh e l e v a t i o n )  f o r  s e v e r a l  days  i n  
e a r l y  w i n t e r  under t h e  p roper  weather  c o n d i t b o n s ,  Before  t h i s  p r a c t i c e  was 
c o n s i d e r e d ,  however, o t h e r  env i ronmenta l  e f F e c t s  such a s  sediment compac- 
t i o n  must be examined, 

The Annapolis  River  causeway, c o n s t r u c t e d  i n  1960, p r o v i d e s  a use- 
f u l  ana logy ,  Before  c o n s t r u c t i o n ,  t h e  e s t u a l y  was s u b j e c t  t o  c o n s i d e r a b l e  
t i d a l  energy (mean t i d a l  range w a s  7 m) and con ta ined  nioving d r i f t  i c e  d m -  
i n g  t h e  w i n t e r  months. The causeway removed most of t h e  t i d a l  i n f l u e n c e  
and t h e  w a t e r  became f r e s h e r  and s t r a t i f i e d ,  A s  a r e s u l t ,  a  con t inuous  
l a y e r  of s h e e t  i c e  i s  now formed each w i n t e r ,  up t o  60 cm t h i c k  (Sweet,  
1967) ,  which e x t e n d s  r i g h t  $ o m  t o  t h e  causeway, i t :  w i l l  be i n t e r e s t i n g  t o  
s e e  what changes occur  once t h e  p i l o t  t i d a l  power p r o j e c t  f s  i n  o p e r a t i o n  
and t i d a l  energy i n  t h e  b a s i n  i n c r e a s e s .  

The p r e d i c t e d  i n c r e a s e  i n  s h e e t  i c e  coverage i n  t h e  t i d a l  b a s i n  
w i l l  r educe  t h e  open wate r  a r e a  where d r i f t  i c e  can form, Expanded sl lcet-  



i c e  coverage shou ld  a l s o  r e t a r d  d r i f t  i c e  from reach ing  t h e  s h o r e l i n e  and 
forming s h o r e  f a s t  i c e ,  e s p e c i a l l y  i n  t h e  lower p a r t s  of t i d a l  r i v e r s ,  
These changes,  coupled w i t h  t h e  lower h i g h  wate r  Bevels ( 0 , 3 ,  0 , 7 ,  and 
1.0 m f o r  neap,  mean, and s p r i n g  t i d e s ,  r e s p e c t i v e l y ) ,  shou ld  reduce b o t h  
t h e  e x t e n t  and e l e v a t i o n s  of s h o r e  f a s t  i c e  i n  t i d a l  r i v e r s ,  which i n  t u r n  
should d e c r e a s e  t h e  l i k e l i h o o d  and s e v e r i t y  of w $ n t e r  f l o o d i n g  produced by 
d r i f t - i c e  j a m s  i11 r i v e r s ,  I f  t h i s  p red ic t io ia  is  a c c u r a t e ,  i t  c o n s t i t u t e s  a 
p o s i t i v e  impact f o r  t h e  Cobequid Way s i t e  (B9) because of c u r r e n t  s e r i o u s  
f l o o d i n g  i n  t:h@ Salmon River  a t  Truro ,  M,S, Shore East i c e  w i l l  s t i l l  
develop more seaward i n  t h e  headpond where d r i f t  i c e  now dominates  b u t  i t s  
e l e v a t i o n  and v e r t i c a l  e x t e n t  w i l l  be reduced,  

The i n t e r t i d a l  a r e a  of the headpond w 4 1 1  be reduced by about  65% on 
a  mean t i d e ,  T h e r e f o r e ,  much l e s s  i n t e r t i d a l  sediment w i l l  be exposed t o  
s c o u r  by d r i f t  i c e  as t h e  t i d e  r i s e s  and f a l l s ,  The s c o u r i n g  promotes b o t h  
t h e  r e s u s p e n s i o n  of sediment and t h e  m o r t a l i t y  of b e n t h i c  organisms,  espe-  
c i a l l y  Corophium, and any r e d u c t i o n  i n  i t s  magnitude may promote b i o l o g i c a l  
p r o d u c t i v i t y .  

A s u b s t a n t i a l  amount of d r i f t  i c e  can form seaward o f  b o t h  poten-  
t i a l  b a r r a g e  s i t e s  (Cumberland Basin  and Cohequi-d Bay), The presence  of 
d r i f t  i c e  on both  s i d e s  of a  b a r r a g e  p r e s e n t s  s e v e r a l  i n t e r e s t i n g  q u e s t j o n s  
t h a t  e n g i n e e r s  shou ld  c o n s i d e r  when p r e p a r i n g  f i n a l  d e s i g n s ,  For example,  
w i l l  i c e  pass  th rough  t h e  s l u i c e s  and t u r b i n e s ?  i f  s o ,  i s  t h e r e  a poss f -  
b i l i t y  of damage t o  equipment o r  c logg ing?  What w i l l  happen t o  t h e  i c e  
t h a t  w i l l  ac.cumulate on e i t h e r  s i d e  of t h e  b a r r a g e  and could  i t  b u i l d  up t o  
t h e  degree  t h a t  wa te r  f low would be s e r i o u s l y  impeded? 

I n  summary, t h i s  b r i e f  review i d e n t i f i e s  a  nutnber of p o s s i b l e  nega- 
t i v e  and p o s i t i v e  impacts  on i c e  development t h a t  could  r e s u l t  from t i d a l  
power development,  It a l s o  r a i s e s  some q u e s t i o n s  t h a t  shou ld  he c o n s l d e r e d  
by e n g t n e e r s  i n  f i n a l  p ro jec t  desPgn, 
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QUESTIONS aPaD COMMENTS 

K. Mann: With a  b a r r a g e  i n  p l a c e  do you t h i n k  f a s t  i c e  coverage  w i l l  ex- 
t end  over  t h e  e n t i r e  Basin and what w i l l  v a r i a b l e  wa te r  l e v e l s  do t o  t h i s  
i c e ?  

D.  Gordon: I t h i n k  t h e  East  i c e  coverage w i l l  be conf ined  t o  t ? ~ e  i n n e r  
p a r t s  of t h e  Basin and I t  sinould more o r  l e s s  s t a y  i n  p l a c e  and j u s t  d r o p  
when t h e  t i d e  r e c e d e s .  I doubt  i f  f a s t  i c e  coverage would extend seaward 
t o  t h e  b a r r a g e .  There  probably  would s t i l l  be a l a r g e  zone of d r i f t  i c e .  
T h i s  i c e  would move w i t h  t h e  wa te r  and b u l l d  up on t h e  i n s i d e ,  There  might 
be much Inore of a problem wi th  b u i l d  up of d r i f t :  Ece on t he  seavanrd f a c e  of 
t h e  b a r r a g e ,  

K ,  Mann: Do you know whether i c e  forms on t h e  s a l t  ~nars i lcs  and where? 

D ,  Gordon: There  a r e  two t y p e s  of sa l t  marsh, t h e  low marsh which i s  - 
dominated by S p a r t i n a  a l t e r n i f l o r a  and t h e  high marsh composed p r i m a r i l y  of 
S .  p a t e n s  found a t  a h i g h e r  e l e v a t i o n ,  Under p r e s e n t  c o n d i t i o n s  s h o r e  Fast  - 
i c e  b u i l d s  up a t  o r  j u s t  above t h e  %ow martsii zorae and e x t e n d s  orst over  t h e  
low marsh,  Cons iderab le  i c e  b u i l d s  up and a  Barge a r e a  of t h e  zone can be 
ice-covered f o r  a  l a r g e  p o r t i o n  of t h e  w i n t e r ,  I c e  forrnatjeon i n  t h e  hdgh 
marsh i s  l a r g e l y  f r e s h  wate r  I c e  i n  t h e  t i d e  poo ls .  The on ly  t i m e  s e a  i c e  
o c c u r s  on t h e  h i g h  marsh i s  i n  t h o s e  w i n t e r s  when extreme s p r i n g  t i d e s  
o c c u r  t h a t  push t h e  d r i f t  i c e  up on to  t h e  marsh s u r f a c e .  The y e a r  b e f o r e  
las t  when we made our  o b s e r v a t t o n s  we had a  w l n t e r  of small  s p r i n g  t i d e s  
and no s e a  i c e  reached t h e  h i g h  marsh, The h igh  marshes were covered w i t h  
snow and local ly-formed i c e  on t o p  of poo ls .  When s e a  i c e  r e a c h e s  t h e  h i g h  
marsh i t  appears  t o  remain u n t i l  i t  m e l t s  i n  p l a c e ,  

A .  Smith: Do you n o t  t h i n k  t h e  a d d i t i o n a l  sheet i c e  farmed behind a  h a r -  
r a g e  w i l l  b reak  p i e c e s  o f f  i t s  edge and cause  problems such  as f l o o d i n g ,  

D.  Gordon: It i s  a  q u e s t i o n  of how f a r  seaward t h e  zone of f a s t  i c e  w i l l  
ex tend .  C e r t a i t ~ l y  t h e r e  w i l l  be b r e a k i r ~ g  o f f  o f  i t  particularly a t  t h e  
o u t e r  edge bu t  t h e r e  w i l l  probably  s t i l l  be i c e  w a l l s  forming i n  a l l  t i d a l  
r i v e r s .  A more impor tan t  f a c t  i s  t h a t  a  b a r r a g e  would probab-1.y lower t h e  
s p r i n g  h i g h  water  l e v e l  by about  a metes  and even i f  t h e r e  i s  ~o change i n  



f a s t  i c e  coverage i c e  wal l s  w i l l  only bu i ld  t o  n maximurn e l e v a t i o n  of 1 m 
below present  e l eva t ions  and t h a t  a lone would he lp  a l l e v i a t e  ice problems.  
We th ink  the  a d d i t i o n a l  East i c e  coverage ac ros s  the basin s u r f a c e  w i l l  
block d r i f t  i c e  from moving in land .  A t  p resent  t h i s  s t randed  d r i f t  i c e  
causes many of the  f looding  problems, 
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ABSTRACT 

High f u e l  c o s t s ,  p r e d i c t e d  energy s h o r t a g e s  and A t l a n t i c  Canada's  
heavy r e l i a n c e  on imported oil.  f o r  energy p roduc t ion  c o n t r i b u t e  t o  an  i n -  
c r e a s i n g  i n t e r e s t  i n  Fundy t i d a l  power development,  Two economical ly  v i -  
a b l e  s i t e s  - t h e  Cumberland Basin and. Gobequid Bay - have t h e  p o t e n t i a l  of 
producing up t o  6,000 megawatts of e l e c t r i c i t y .  Seaward of t h e  b a r r a g e  no 
s i g n i f i c a n t  e f f e c t s  on f r e s h w a t e r  r e s o u r c e s  a r e  e n v i s i o n e d ,  However, land- 
ward of t h e  b a r r a g e ,  wa te r  s u p p l i e s ,  f l o o d t n g ,  d r a i n a g e  and t i d a l  e s t u a r y  
w a t e r  q u a l i t y  could  be a f f e c t e d .  Many c o a s t a l  water  s u p p l i e s  come from 
p r i v a t e  and munic ipa l  w e l l s  i n  sand and gravel. a q u l f e r s  of dro-med r i v e r  
v a l l e y s  and i n  bedrock a q u i f e r s  of c o a s t a l  lowland a r e a s .  Seasona l  c l i -  
m a t i c  changes ,  p r e c i p i t a t i o n ,  and groundwater wi thdrawal  cause  groundwater 
l e v e l  f l u c t u a t i o n s  i n  t h e s e  a q u i f e r s ,  T i d a l  l o a d i n g  and o f f - l o a d i n g  e l i c i t  
d i u r n a l  f l u c t u a t i o n s  t h a t  a r e  dominant i n  t h e  near  s h o r e  s e c t i o n s  of t h e  
a q u i f e r s .  A long  term r i s e  i n  mean s e a  l e v e l  will i n c r e a s e  t h e  p o t e n t i a l  
f o r  s e a  wa te r  i n t r u s i o n  i n t o  bo th  sand and g r a v e l  a q u i f e r s  a long  r i v e r  
v a l l e y s  and c o a s t a l  bedrock a q u i f e r s ,  Flooding of r i v e r s  h y d r a u l i c a l l y  
i n f l u e n c e d  by t h e  Bay of Pundy o c c u r s  from h i g h  t i d e s ,  winds,  s to rms ,  i c e  
jamming, and sediment d e p o s i t i o n  i n  r i v e r  c h a n n e l s ,  and e s p e c i a l l y  when two 
o r  more of t h e s e  c o i n c i d e ,  C o n s t r u c t i o n  of t h e  b a r r a g e  w i l l  reduce t h e  
e f f e c t s  of h i g h  t i d e s *  w h i l e  i t  may increase i c e  jamming p o t c n c i a l  and 
sediment  bui ld-up,  Raised groundwater l e v e l s  and reduced d r a i n a g e  from 
a b o i t e a u x  may I n c r e a s e  dra i i lage  problems i n  dyked Lands. The new t i d a l  
regime with  a  h l g h e r  mean headpond l eve l  could  d e c r e a s e  dyke s t a b i l i t y .  
Reduced t l d a l  mixing i n  e s t u a r i e s  behind t h e  b a r r a g e  may a c c e l e r a t e  wa te r  
q u a l i t y  d e t e r i o r a t i o n ,  An exlviranmental. assessment  a d d r e s s i n g  t h e s e  i s s u e s  
i s  r e q u i r e d  t o  b e t t e r  d e f i n e  e f f e c t s  of b a r r a g e  c o n s t r u c t i o n  on f r e s h w a t e r  
r e s o u r c e s  i n  t h e  a r e a ,  

Key words: Bay of Fmndy, t f d a l  power, jrides, f r e s h w a t e r ,  groundwater ,  
hydrographs ,  wa te r  s u p p l i e s ,  seawate r  i n t r u s i o n ,  f l o o d i n g ,  
d r a i n a g e ,  t i d a l  e s t u a r y  
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Le colic &lev& du c a r h u f n t ,  l e s  p r 6 v i s i o n s  d g u n e  p 6 n u r i e  6ner-  

g g t i q u e  e t  l e  f a i t  que l e s  prsvdnces  de  I % t l a n l - i q u e  dgpenderrt for ternent  du 
p k t r o l e  impor t4  pour Pear p r o d u c t i o n  d'6nergI.e sone t o u s  d e s  f a c t e u r s  q o i  
c o n t r i b u e n t  2 a c c s s f t r e  l e i n c Q r & t  d9am&nager l a  c e n t r a r e  m a r d n o t r i c e  d e  
Fundy. DEUX s f t e s  e x p l o i t a b l e s ,  s o f t  Ee b a s s i n  dc Cumberland e t  
l 'embouchure de  l a  b a t e  Cobequid, poss8denr  1~ p a t e n t l e l  vou lu  pour  pro- 
d u i r e  j u s q u f 2  6 5800 megawatts d V k l e c t r i c i t 4 .  Du eGtQ mer du b a r r a g e ,  on ne 
p r%vo%t  aucun e f f e t  a p p r 6 c i a b l e  sup Les r c s s o u r c e s  en  eaux douees .  Toute- 
f o i s ,  du c 6 t 6  t e r r e  d~ bal-rage,  l e s  r g s e r v e s  en eau ,  Bes c r u e s ,  l e  dra i r lage  
e t  l a  q u a l i t 4  d e  BPeau dans  l ' e s t u a i r e  2 flea, poarrrcaient & t r e  a f f e c t g s -  
Bon nombre d e s  r g s e r v e s  en eau l e  long d e s  c-6tes p rov iennen t  de  p u i t s  
p r i v g s  e t  munlc ipa~ax,  c r e u s g s  dans  d e s  a q u l f g r e s  de  s a b l e  el- g s a v l e r  f o r d s  
dans  d e s  v a l l g e s  f l u v i a l e s  ennsyhes  e t  dans  d e s  a q u i f P r e s  logkg dans  b e  r o c  
d e s  zones de  b a s s e s - t e r r e s  c 8 t i S r e s .  Les v a r i a t i o n s  c l i r n a t l q u e s  s a i s o n -  
n i e ' r e s ,  l e s  p r 6 c i p i t a t i o n s  e t  l e  r e t r a i t  de  k a  nappe p h ~ 4 a t i q u e  e n t r a i b e n t  
d e s  f l u c t u a t i o n s  du n i v e a u  d e s  eaux s o u t e r r a f n e s  dans  c e s  a q u l f P r e s .  Les  
chargements  e t  d&chargements r&levant de 1~ mar66 e x p l i q u e n t  l e s  f l u c t u a -  
t i o n s  d i u r n e s  quf r s g n e n t  d s n s  l e s  s e c t i o n s  littorales d e s  aquift3"res. Une 
k l 6 v a t i o n  2 long  kerrne du n iveau  moyen de Pa mer f e r a  augmenter Zes p o s s i -  
b i l I t i 6 s  que l ' e a u  de  mer e n v a h i s s c  A l a  f o l s  l e s  a q u i f g r e s  d e  s a b l e  e t  
g r a v l e r  l e  l o n g  d e s  v a P l 6 e s  f l u v l a l e a  e t  % e s  a q u i f 3 r e s  c d t i e r s  qu% s e  s o n t  
l o g 6 s  dans  l e  r o c  p l a c e ,  L 9 t n o n d a t i o n  d e s  r i v i c r e s  q u i  suhisse ixt  
l ' i n f l u e n c e  h y d r a u l i q u e  de  l a  baSe de Fundy se p r o d u l t  2 la  s u i t e  de  F o r t e s  
marges,  de  v e n t s  s o u t e n u s ,  de  temp4t .e~ v i o l e n d e s ,  d9emb$cles e t  du dgpdt  
d e s  sgdiments  dans  l e  l i t  d e s  r i v i s r e ,  e t  p l u s  p a r t i c u l l s r e m e n t  l o r s q u e  
deux ou p l u s i e u r s  de  c e s  a g e n t s  s e  m a n i f e s t e n t  simubtankment. L V r e c t i o n  
du b a r r a g e  r g d u i r a  b i e n  s d r  4es  e f f e t s  Wes f o r t e s  marhes,  mais  e l l e  p o u r r a  
auss f  a e c r o f t r e  l e  p o t e n t f e l  dPemb$cles e t  I ' accumubatfon d e  sdd iments .  Le 
n i v e a u  &'lev& d c  l a  napge p h r h a t i q u e  e t  La diminution du d r a i n a g e  d e s  
a b o i t e a u x  p o u r r a i t  augmenter Les problames de  d r a i ~ a g e  d e s  t e r s e s  3 
l q i n d r i e u r  d e s  d i g u e s ,  Ee rlolavenu rdgiwe des  mardes ,  accsmpagnk d P u n e  
t B t e  dPeau moyenne p l u s  k l e v g e ,  p o u c r a i t  rir3"dukre la s t a b i P i t &  d e s  d i g u e s .  
La r g d u c t i o n  du mglange dG aux mar&es dans  Pes e s t u a i r e s  s l t u d s  d e r r f P r e  le 
b a r r a g e  p o u r r a i t  a e c 8 l h r e r  la d 4 t 4 r i s r a t f o n  de  Ba q u a n l i t g  de  1 8 e a u .  Une 
& v a l u a t i o n  env i ronnementa le ,  abordr-ant ces p o i n t s  c o u t r o v c r s & s ,  est  
m&cessa l re  pour inieux dg te rminer  les effet . ;  de  l a  c o n s t r u c t i o n  du b a r r a g e  
s u r  l e s  v e s s o u r c c s  en  eaux douees  d a n s  c e t t e  ~ & g f o n *  

RISTOKY AND PNTPLODUCTION 

E s c a l a t i n g  world of-1 p r i c e s  and I-iigh energy dcrnands have c r e a t e d  a 
need t o  deve lop  fnd igcneous  energy s o u r c e s ,  A t l a n t i c  Canada" Bay of Ptlndy 
o f f e r s  a  unique o p p o r t u n i t y  t o  h a r n e s s  t l d a i  movements fo r  energy produc- 
t i o n .  Bay of Fundy "rddes have t h e  p o t e n t i a l  t o  supply  h r ~ n d r e d s  of b i l l i o n s  
of k i l o w a t t  hours  of e l e c t r i c i t y  per y e a r ,  With f o r e s i g h t  and thorough  
p l a n n i n g ,  Fundy t ida l .  development could  r e p r e s e n t  a long-term, s e c u r e  and 
non-po l lu t ing  energy s o u r c e  f o r  A t l a n t i c  Canada and i t s  n e i g h b o r s .  

T i d a l  power was utilized i n  Worth America a s  e a r l y  a s  1617 a t  
L e q u i l l e  n e a r  Annapolis Royal,  Nova Scot la .  I n  1919 a  Gansdian e n g i n e e r  
f i r s t  o u t l i n e d  p l a n s  f o r  harnessing t h e  "Lides of the Bay of F~ inby ,  bu t  no 



major  s t u d i e s  v e r e  under taken  i n  t h e  upper  p a r t  of t h e  Bay u n t i l  1944,  
Subsequent s t u d i e s  con t inued  u n t i l  1966 when t h e  Government of Canada and 
t h e  p rov inces  of New B r ~ n s w l c Q ~  and Nova Scotf a initiated a j o i n t  i n v e s t i g a -  
t i o n  t o  de te rmine  t h e  f e a s i b i l i t y  of l a r g e  s c a l e  t i d a l  power development i n  
t h e  Bay of Fundy, The A t l a n c i c  T i d a l  Power Programling Board 1969 r e p o r t  
i d e n t i f i e d  23 p o t e n t i a l  s i t e s  and l e d  t o  t h e  u n d e r t a k i n g  of comprehensive 
f e a s i b i l i t y  s t u d i e s  a t  t h r e e  of t h e  most promising o n e s ,  t h e  mouths of 
Shepody Bay (AS), Cumberland Bas in  ( A 8 1  and Cobequid Bay (B9) (F ig ,  I ) ,  

I n t e r e s t  i n  t h e  energy  p o t e n t i a l  of Fundy t i d e s  i n c r e a s e d  w i t h  t h e  
complet ion of a  small but  u n i q u e l y  des igned 340 k i l o w a t t  t i d a l  power p l a n t  
a t  K i s l a y a  Guba n e a r  Murmansk i n  t h e  U,S,S ,R,  ( B e r n s h t e i n ,  1 9 7 4 ) ,  The ex- 
pe r imenta l  p r o j e c t  a t  K i s l a y a  Guba was t h e  f i r s t  t i d a l  dam t o  be c o n s t r u c t -  
ed from p r e f a b r i c a t e d  f l o a t - i n  powerhouses, v i r t u a l l y  e l i m i n a t i n g  t h e  need 
f o r  l a r g e  and expensl.ve c o f f e r  dams, Moreover, t h e  e x t r a p o l a t i o n ,  by 
French e n g i n e e r s ,  of low power "bulb  g e n e r a t o r "  t echnology  f o r  u s e  i n  h i g h  
power g e n e r a t i o n  equipment enab led  t h e  French t o  s u c c e s s f u l l y  c o n s t r u c t  and 
o p e r a t e  a l a r g e  s c a l e  240 megawatt t i d a l  power p l a n t  i n  t h e  Rance E s t u a r y  
i n  France (Anon, 19671, 

Reassessments  of t h e  t h r e e  proposed Fundy s i t e s ,  t r f g g e r e d  i n  p a r t  
by o i l  p r i c e  i n c r e a s e s ,  were conducted over  t h e  p e r i o d  of 1972 t o  1477,  
T i d a l  power development was found t o  be economica l ly  f e a s i b l e  a t  a l l  t h r e e  
s i t e s  (Hay of Fundy T i d a l  Review Board 19771, 

I n  1984 t h e  Nova S c o t i a  T i d a l  Power C o r p o r a t i o n  w i l l  commission a  
p i l o t  t i d a l  power p r o j e c t  at Annapolis  Roya l ,  N,S, c o n s i s t i n g  of a  s i n g l e  
l a r g e  20 megawatt s t r a f l o  t u r b i n e ,  The development of t h i s  v e r s i o n  of t h e  
s t r a f l o  t u r b i n e  was j o i n t l y  funded by t h e  Governments of Canada and Nova 
S c o t i a ,  The p i l o t  p r o j e c t  w i l l  y i e l d  env t ronmenta l  and o t h e r  t e c h n i c a l  i n -  
fo rmat ion  which w i l l  hopeEul3.y l e a d  t o  f u l l .  s c a l e  t i d a l  power development 
i n  t h e  Day of Fundy, 

I n  t h e  meantime, a  t a s k  f o r c e  of :;enlor Nova S c o t f a  Power Corpora- 
t i o n  and T i d a l  Power Corpora t ion  o f f i c i a l s  have r e l e a s e d  an  updated s t u d y  
of t i d a l  power development,  L t  concludes  t h a t  tidal power i s  most v i a b l e  
a t  Cumberland Basin  (A81 and Cobequid Bay ( B 9 j  ( P i g ,  I )  (Nova S c o t i a  T i d a l  
Power C o r p o r a t i o n  1982) ,  

The purpose  of t h i s  paper  i s  t o  b r i e f l y  summarize a number of 
h y d r o l o g i c  concep t s  t h a t  must be t aken  i n t o  account  whi le  p l a n n i n g  p o s s i b l e  
t i d a l  power developments,  More d e t a i l e d  d i s c u s s i o n  of t h e  h y d r o l o g i c  
a s p e c t s  of Fundy t i d a l  developments is  r e s e r v e d  f o r  a  l a t e r  forum, For ex- 
p l a n a t o r y  purposes ,  Bodd (1977)  o u t l i n e d  s e v e r a l  h y d r o l o g i c  and o t h e r  
env i ronmenta l  c o n s i d e r a t  dons of importance t o  the s u c c e s s f u l  o p e r a t i o n  of 
an e n v i r o n m e n t a l l y  a c c e p t a b l e  t i d a l  power p l a n t ,  Our d i s c u s s i o n  of t h e  
h y d r o l o g i c  e f f e c t s  of Fundy t i d a l  power development w i l l  a t t e m p t  t o  b r i e f l y  
c l a r i f y  some of t h e  concerns  r a i s e d  by Bodd ( 1 9 7 7 1 ,  



CONCEPTUAL FRAMEWORK 

A basin-to-sea gene ra t i ng  schenne w i l l  cause t h e  mean t i d e  l e v e l  i n  
the  headpond t o  r i s e  by n e a r l y  3 m, This s i t u a t i o n  r a i s e s  concerns over 
t h e  environmental impact t o  s u r f a c e  water and groundwater resources  i n  
a r e a s  surrotlnding t h e  headpond, Furthermore, p o t e n t l a l  expansion of t h e  
I n d u s t r i a l  and popula t ion  base could a l s o  p lace  undue p re s su re  on va luab le  
f reshwater  resources  i n  c o a s t a l  a r e a s  immediately seaward of t h e  bar rage .  

PROJECT OUTIJINE: 

Major elements of a t i d a l  power development would i nc lude  a t i d a l  
bar rage ,  a c o n t r o l l e d  t i d a l  ba s in  and a t ransmiss ion  l i n e  t o  an e l e c t r i c a l  
g r i d  system. I n t e r m i t t e n t  power genera t ion  would then occur  by manipula- 
t i o n  of t he  t i d a l  bas in  water  l e v e l s  i n  r e l a t i o n  t o  t he  n a t u r a l  t i d a l  
l e v e l .  Engineer ing d e t a i l s  of t h e  c u r r e n t l y  favored p r o j e c t s  a r e  g iven  by 
Baker (1984) e lsewhere i n  t h i s  r e p o r t ,  The Cunlberland Basin s i t e  (A8)  
(Fig.  1 )  l i e s  on t h e  border between New Brunswfck and Nova Sco t i a .  The 
nea re s t  popula t ion  c e n t e r s  a r e  Moncton, Anherst and S a c k v i l l e ,  The 
Cobequid Bay s i t e  ( B 9 )  i s  l o c a t e d  i n  t h e  upper reaches of Nova S c o t i a P s  
Minas Basin,  Two p o p ~ ~ l a t i o n  c e n t e r s  Truro and I.Jol.fv%lle a r e  i n  c l o s e  
proximity t o  t he  proposed s i t e ,  When completed B9 could d i s p l a c e  t h e  
equ iva l en t  e l e c t r i c a l  gene ra t i ng  capac i ty  of about than seven 630 megawatt 
nuc l ea r  power p l a n t s ,  

NUDROL,OGIC EFFECTS 

With r e spec t  t o  t h e  seaward s i d e  of t h e  bar rage  and assuming a 
smal l  Lncrease i n  t i d a l  ampli tude but no i nc rease  i n  mean scz l e v e l ,  we do 
not  envisage a s i g n i f i c a n t  e f f e c t  on Eresh~water r e sou rces ,  For example, 
should t he  Cobequid Bay s i t e  (B9) be s e l e c t e d ,  a water  l e v e l  i n c r e a s e  of 
0.19 meters  is  expected i n  Sa in t  John Harbour above the  Reversing F a l l s  and 
a n e g l i g i b l e  i nc rease  a t  F rede r i c ton ,  However, major a l t e r a t i o n s  t o  t h e  
hyd rau l i c  regime on the  headpond s i d e  of t h e  t i d a l  bar rage  could a f f e c t  t h e  
f r e s h  water  resources  of c o a s t a l  a r e a s ,  Table I o u t l i n e s  some a s p e c t s  of 
hyd ro log ica l  i n t e r a c t i o n s  tha t  may be expected behind a t i d a l  b a r r i e r ,  

There a r e  t h r e e  major a r e a s  of concern wi th  r e spec t  t o  f r e shwa te r  
r e sou rces :  

(1 )  Water supp l i e s  (domest ic ,  cormercial. and i n d u s t r i a l )  
( 2 )  Seawater i n t r u s i o n  ( t i d a l  r i v e r s )  
( 3 )  Flooding and dra inage  

Water Suppl ies  --- 

With the  excep t t sn  of the  Ci ty  of Msncton, i t s  surrounding a r e a  and 
the  towns of Shubenacadie and Stewiake along the  t i d a l  reaches of t h e  
Shubenacadie and Stewiake R ive r s ,  t he  m j o r i t y  of f reshwater  i s  supp l i ed  by 
p r i v a t e  and municipal wel.Ps developed i n  e i t i ~ e r  shal low sand and g r a v e l  de- 



Table 1. Hydrological  i n t e r a c t i o n s  behind b a r r i e r  ( s i n g l e  e f f e c t  scheme) 
ope ra t ing  phase. 

SURFACE 
WATER 

GROUND 
WATER 

TERRESTRIAL 
ENVIRONMENT 

I N  T I D A L  RIVERS 

INCREASE FLOODING POTENTI INCREASE OR REDUCE SNOW COVER COULD CFFECT 
INFILTRATION TERRESTRIAI. A N I W  

FLOODING SN RIVZRS 
- DELAY DPAINAGE OF 

MARSHLANDS 

.---A 
- RAISED iqATER TABLE COULD - PEDUCSD LAND CAPABILITY 1 

INCREASE SURFACE RUNOFF - STRUCTUIW. INTEGRITY 
- GROUND DISPOSAL AND WATER ! 

--I I 

- 

HODIFIED AFTER HODD, 1 9 7 6  



@ OBSERVATION WELI S 

Fig.  1. T i d a l  bar rage  s l t e s  and obse rva t ion  wel l s  a long the Fundy c o a s t ,  



p o s i t s  found along r i v e r  v a l l e y s  or  i n  bedrock formations a long  the  Fundy 
coas t ,  For example, t h e  t o m  of Wol fv i l l e  has developed a h igh  y i e l d  sur -  
f i c i a l  a q u i f e r  f o r  t h e i r  water supply (F ig ,  21, Tho s e c t i o n s  of s p e c i a l l y  
designed s t a i n l e s s  s t e e l  s c r een ,  measuring 9 m i n  l eng th  and 3 m i n  l e n g t h  
r e s p e c t i v e l y ,  a l low f o r  the  passage of water  from t h e  sand and g r a v e l  water 
bear ing u n i t  i n t o  t he  w e l l  bore ,  Both u n i t s  l i e  a t  an app rec i ab l e  depth 
below mean s e a  l e v e l ,  However, t h e  water  t a b l e  l e v e l  a t  Wol fv i l l e  is above 
mean sea  l e v e l ,  The d i f f e r e n c e  i n  hyd rau l i c  head from t h e  top  of t h e  water  
t a b l e  t o  mean sea  l e v e l  i s  s u f f i c i e n t  t o  overcome t h e  onslaught  of s ea  
water i n t r u s i o n ,  This a q u i f e r  i s  o f t e n  c t t e d  a s  being one of t h e  most pro- 
d u c t i v e ,  both q u a n t i t a t i v e l y  and q u a l i t a t i v e l y ,  i n  Nova S c o t i a ,  

The phenomenon comonly  known a s  s ea  water i n t r u s i o n  i s  cha rac t e r -  
i zed  i n  Fig. 3 ,  The curva ture  of t he  sa l twater - f reshwater  i n t e r f a c e  and 
i t s  depth below ground su r f ace  is  c o n t r o l l e d  by two main f a c t o r s :  t h e  
d e n s i t y  d i f f e r e n c e  between f reshwater  and seawater  and t h e  he igh t  of 
f r e s l ~ w a t e r  above s e a  l e v e l  (o therwise  r e f e r r e d  t o  a s  hyd rau l i c  head) ,  

Freshwater i s  l e s s  dense than seawater  and t h e r e f o r e  tends  t o  
' o v e r r i d e P  o r  f f % o a t '  on top  of t he  denser  seawater  wedge, A rise of one 
metre  of f reshwater  head above s e a  l e v e l  will cause t h e  s a l twa te r - f r e sh -  
water I n t e r f a c e  t o  lower by a f a c t o r  of 40, This s i t u a t i o n  a l s o  works i n  
r eve r se ,  Therefore ,  the  s a l t w a t e r  i n t e r f a c e  w i l l  rise by 40 metres  i f  t h e  
water t a b l e  e l e v a t i o n  i s  lowered by 1 m, More informat ion  on t h e  pheno- 
menon of seawater  i n t r u s i o n  is  a v a i l a b l e  from Todd (1959) and Freeze and 
Cherry (19799, 

The migra t ion  p a t t e r n  of t h e  seawater  i n t e r f a c e  through a confined 
c o a s t a l  a q u i f e r  i s  shown i n  Fig,  4a, Higher tharl normal mean s e a  l e v e l s  
w i l l  push the  seawater  f r o n t  i n  a landward d i r e c t i o n  (F ig ,  4b) thereby  i n -  
c r ea s ing  t h e  r i s k  of contamination t o  f reshwater  r e sou rces ,  

The phys i ca l  p r o p e r t i e s  of water  and e a r t h  m a t e r i a l s  p l ace  neasur-  
ab l e  c o n t r o l s  on a q u i f e r s  a s  they respond t o  e x t e r n a l  f o r c e s .  In  Fig,  5 ,  a 
groundwater "rrydrograph from observa t ion  w e l l  No-1 a t  Wolfv i l le  c l e a r l y  
shows how e x t e r n a l  f a c t o r s  such a s  precipitation ( o r  t he  l ack  of i t )  c a n  
a f f e c t  t he  shape of t h e  hydrograph, F igure  5 a l s o  shows major water  l e v e l  
changes due t o  groundwater withdrawal and recovery,  Moreover, one can a l s o  
observe s i n u s o i d a l  water t a b l e  f l u c t u a t i o n s  r e s l ~ l t i n g  from t i d a l  i n f l u -  
ences ,  

The groundwater hydrograph of Wolfv i l le  obse rva t ion  we l l  No, 3 
shows pronounced water l e v e l  o s c i l l a t i o n s  due t o  t i d a l  i n f luence  (F ig ,  6 ) -  
Although t h i s  observa t ion  wel l  i s  loca t ed  w i th in  100 m of Wolfv i l le  
Harbour, o t h e r  w e l l s  a s  f a r  away as  10 km i n l and  from t h e  coas t  show t i d a l  
e f f e c t s  from PundyPs surges ,  

A t h i r d  groundwater hydrograph ( P i g , 7 ) ,  recorded i n  t h e  amherst  
a r e a  of Cumberland County, shows how a bedrock a q u i f e r  can respond t o  pre- 
c i p i t a t i o n  events  and t i d a l  f o r c e s ,  Aquifer  response t o  groundwater with- 
drawal f o r  usage by t h e  town of h h e r s t  does occur but is  not r e a d i l y  
i d e n t i f i a b l e  from t h i s  hydrograph, Often,  t he  o t h e r  water l e v e l  influexlees 
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Fig. 2 .  Town of Wolfville, Production Well. //I., 



F i g .  3 .  Saltwater-freshwater interface in an unconfined coastal aquifer 
(after Rubbert 1 9 4 0 ) ,  



CONFINED COASTAL ACIUlFER UNDER CONDITIONS 
OF STEADY - STATE SEAWARD FLOW 

surf ace 
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\ F r e s h  water  
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SEAWATER INTWUSIBM DUE TO SEA LEVEL RISE 

Fig. 4. Idealized saltwater-freshwater interface (modified after Freeze 
and Cherry 1979). (a) Confined coastal aquifer under conditions 
of steady-state seaward flow, (b )  Seawater intrusion due to sea 
level rise. 
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F i g .  5 .  Groundwater hydrograph ,  W o l f v i l l e  ijl May-June 1980. 
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SOURCE: M.S. DOE 

F i g .  7, Groundwater hydrograph,  Amherst J u l y  1980. 



dominate  changes  shown i n  a  hydrograph,  e s p e c i a l l y  when t h e  o b s e r v a t i o n  
w e l l  i s  n e a r  t h e  r a d i u s  of i n f l u e n c e  of t h e  c o r e  of d e p r e s s i o n  c r e a t e d  by 
t h e  pumping w e l P ( s ) .  T h i s  w e l l  p e n e t r a t e s  a s a n d s t o n e  conglomerate  a q u i f e r  
i n  t h e  Pennsy lvan ian  sed iments  of t h e  P i c t o u  Group. These sed iments ,  over-  
l a i n  by a  complex of g l a c i a l  s u r f i c i a l  d e p o s i t s ,  d i p  nor thward under  t h e  
head of t h e  Cumberland Basin .  

Grou~ldwater i n  t h e  Truro  a r e a  i s  s t r o n g l y  a f f e c t e d  by r a i n  e v e n t s  
and t i d a l  movements. A r a p i d  wa te r  l e v e l  r i s e  and g r a d u a l  d e c l i n e  over  
t ime  is  shown i n  F i g  8, It c l e a r l y  d e m o n s t r a t e s  a  t i d a l  i n f l u e n c e  on 
T r u r o ' s  groundwater  r e s o u r c e s .  There  a r e  two we l l -de f ined  major a q u i f e r s  
i n  t h e  Truro  a r e a .  The hydrograph shown i n  F ig .  8,  from o b s e r v a t i o n  w e l l  
No. 422 ,  i s  a  r e c o r d  of p i e z o m e t r i c  p r e s s u r e  (head)  changes i n  t h e  T r i a s s i c  
bedrock a q u i f e r .  T h i s  u n i t  c o n s i s t s  mainly  of s a n d s t o n e s  and conglomer- 
a t e s ,  r e F e r r e d  t o  a s  t h e  W o l f v i l l e  Formation (of  t h e  Fundy Group),  and d i p  
northward under t h e  head of Cobequid Bay. 

The d a t a  j u s t  d i s c u s s e d  show s h o r t  term wate r  t a b l e  v a r i a t i o n s .  I n  
compar ison,  F i g ,  9 summarizes long  term w a t e r  l e v e l  d a t a  a t  t h e  same t h r e e  
l o c a t i o n s  ( W o l f v i l l e ,  Truro  and Amherst) .  One h y d r a u l i c  c h a r a c t e r i s t i c  
common t o  t h e  t h r e e  groundwater s u p p l i e s  i s  t h a t  d u r i n g  major pumping 
s t r e s s e s  t h e  p o t e n t i a l  e x i s t s  f o r  s a l t w a t e r  i n t r u s i o n ,  

Sewater  I n t r u s i o n  ( T i d a l  R i v e r s )  

The p o t e n t i a l  f o r  seawate r  i n t r u s i o n  i n  t i d a l  r i v e r s  i n c r e a s e s  w i t h  
a d e c r e a s i n g  f r e s h  wa te r  head i n  r e l a t i o n  t o  mean s e a  l e v e l .  The c o a s t a l  
a r e a s  a long  which s e a  l e v e l s  w i l l  r i s e  f e a t u r e  numerous conf ined  and uncon- 
f i n e d  a q u i f e r s  of v a r y i n g  wa te r  t r a n s m i t t i n g  c a p a c i t i e s  ( t r a n s m i s s i v i t i e s ) .  
The i d e a l i z e d  p o t e n t i a l  e f f e c t  of a  r a i s e d  mean s e a  l e v e l  on sand and 
g r a v e l  a q u i f e r s  i n  t h e  Truro  a r e a  i s  shown i n  F i g .  1 0 ,  The s a l t w a t e r  wedge 
w i l l  t end  t o  m i g r a t e  f u r t h e r  i n l a n d  than  what i s  now normal ly  e x p e c t e d ,  
The Fundy Group, which s u p p l i e s  p a r t  of T r u r o ' s  wa te r  needs ,  i s  an impor- 
t a n t  bedrock a q u i f e r  c o n s i s t i n g  of cong lomera tes ,  s a n d s t o n e s  and s h a l e s  of  
T r i a s s i c  Age ( F i g .  1 1 ) .  The low t o p o g r a p h i c  s e t t i n g  of t h e  Fundy group 
makes i t  more s u s c e p t i b l e  t o  f l o o d i n g  and s a l t  water  i n t r u s i o n  than  o t h e r  
upland bedrock a q u i f e r s .  Hydrogeo log ica l ly  and t o p o g r a p h i c a l l y  s i m i l a r  low 
T r i a s s i c  Age bedrock a q u i f e r s  u n d e r l i e  t h e  C o r n w a l l i s  Va l l ey  whi le  sand- 
s t o n e s  and s h a l e s  of  Pennsylvanian Age supply  t h e  town of Amherst. 

F lood ing  and Dra inage  

S e r i o u s  f l o o d i n g  i n  r i v e r s  h y d r a u l i c a l l y  i n f l u e n c e d  by t h e  Ray of 
Fundy can r e s u l t  from a  number of f a c t o r s  and u s u a l l y  happens when two o r  
more f a c t o r s  c o i n c i d e .  These f a c t o r s  a r e :  

(1) High t i d e s  
( 2 )  Winds and s to rms  
( 3 )  I c e  jamming ( e i t h e r  r a f t i n g  s e a  i c e  and / o r  f r e s h w a t e r  i c e )  
( 4 )  High runof f  r e s u l t i n g  from heavy p r e c i p i t a t i o n  a n d / o r  snow 

m e l t  
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SOURCE: M.5. DOE 

F i g .  8. Groundwater hydrograph ,  Truro ,  !I422 J u n e  1972 .  



Fig. 9. Longterm water l e v e l  changes (Water Resources Data Base) .  



SALTWATER LENS AT 7' 
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SCALE 1.5 crn a 1 krn 
VEFIT. EXAGGERATION 25 X 

Fig. 10. Cross-section AA' showing strata( N.S. Dept. Mines TH 152) and 
schematic of saltwater wedge at current and raised level. 
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(5 )  D e p o s i t i o n  of sediment w i t h i n  r i v e r  c h a n n e l s ,  which a c t s  t o  
reduce a  r i v e r ' s  h y d r a u l i c  c a p a c i t y  (channe l  s e d i m e n t a t i o n  
sometimes t r i g g e r s  i c e  jammingj 

I t  seems a p p a r e n t  t h a t  under t h e  proposed one-way g e n e r a t i o n  
scheme, s p r i n g  t i d e s  would be reduced by 1-1,2 met res  behind t h e  b a r r a g e ,  
depending on f i n a l  s i t e  s e l e c t i o n ,  T h e r e f o r e ,  from a  f l o o d i n g  p e r s p e c t i v e ,  
a  r e d u c t i o n  i n  t h e  upper range of t h e  t i d a l  c y c l e  would r e p r e s e n t  a  s i g n l -  
f  i c a n t  b e n e f i t ,  

There  a r e ,  however, o t h e r  f a c t o r s  which could  s i g n i f i c a n t l y  add t o  
f l o o d i n g  problems. With a d e c r e a s e  i n  t i d a l  a c t i o n ,  mixing energy ,  a de- 
c r e a s e  i n  s a l i n i t y  and t h e  impounding i n f l u e n c e  of t h e  p h y s i c a l  s t r u c t u r e  
i t s e l f ,  t h e r e  e x i s t s  t h e  p o s s i b i l i t y  t h a t  a  s t r o n g e r  more c o n s o l i d a t e d  i c e  
pack may form (Gordon 1984) .  T h i s  s i t u a t i o n  cou ld  i n c r e a s e  t h e  i c e  jamming 
p o t e n t i a l  i n  t h e  e s t u a r i e s  of many r i v e r s ,  n o t a b l y  t h e  Salmon-Nortti R i v e r  
sys tem at  Truro .  On t h e  o t h e r  hand,  i c e  r a f t i n g  w i l l  be rninimized by a 
r e d u c t i o n  i n  t i d a P  a c t i o n  a s  w i l l  t h e  degree  t o  which s e a  i c e  i s  c a r r i e d  
i n l a n d .  T h i s  l a t t e r  phenomena h a s  been a  c o n t r i b u t i n g  f a c t o r  t o  f l o o d i n g  
i n  t h e  Truro  a r e a ,  

Perhaps  one of t h e  most s i g n i E i c a n t  f a c t o r s  a f f e c t i n g  f l o o d i n g  i n  
t i d a l  e s t u a r i e s  i s  t h e  sediment regime (Amos L984), A b u i l d u p  of sediment  
w i l l  no t  on ly  d e c r e a s e  t h e  h y d r a u l i c  c a p a c i t y  of t h e  r i v e r s  bu t  may a l s o  
i n c r e a s e  t h e  occurence  of i c e  jams, 

4n i n c r e a s e  of t h e  mean wa te r  l e v e l s  behind t h e  b a r r a g e  i n  t h e  
o r d e r  of 3-3.5 m may p r e s e n t  d r a l n a g e  problems f o r  dyked Lands. Water 
t a b l e s  w i l l  t end t o  be h i g h e r ,  t h e r e b y  d e c r e a s i n g  t h e  head a v a i l a b l e  f o r  
d r a i n a g e .  The p e r c e n t  of t ime t h a t  t i d e  l e v e l  i s  below a  g iven  a b o i t e a u x  
i n v e r t  e l e v a t i o n  i s  shown i n  P i g ,  1 2 .  A s i n g l e - e f f e c t  scheme is  c o n s i d e r e d  
i n  t h i s  example. Based on t h i s  i n f o r m a t i o n  i t  may be n e c e s s a r y  t o  r e l o c a t e  
a h o i t e a u x  should  t h e i r  o u t l e t s  be below t h e  range of t h e  new t i d a l  regdme, 

The s t r u c t u r a l  s t a b i l i t y  of dykes may a l s o  be a f f e c t e d  by t h e  new 
t i d a l  regime. E x i s t i n g  dykes may e i t h e r  become s a t u r a t e d  and t h e r e b y  l o s e  
t h e i r  s h e a r  s t r e n g t h  o r  they may be s u b j e c t e d  t o  a  more s u b s t a n t i a l  ero-  
s i o n  f o r c e s ,  

Reduced t i d a l  a c t i o n  may r e s u l t  i n  a  d e t e r i o r a t i o n  of wa te r  q u a l i t y  
i n  e s t u a r i e s  behind t h e  b a r r a g e .  Municipal sewage and i n d u s t r i a l  was tes  
normal ly  have h igh  chemical  and biochemical  oxygen demands and a r e  o f t e n  
d i s c h a r g e d  i n t o  r e c e i v i n g  w a t e r s  a f t e r  v a r y i n g  d e g r e e s  of t r e a t m e n t ,  Agri- 
c u l t u r a l  p r a c t i c e s  and o t h e r  non-point s o u r c e s  of p o l l u t i o n  can a l s o  add t o  
t h e  chemical  l o a d s  of r i v e r s  and e s t u a r i e s .  These w a s t e s  a r e  c o n s t a n t l y  
f l u s h e d  by t i d a l  a c t i o n  i n  c o n c e r t  wi th  f r e s h w a t e r  f low.  The p o t e n t i a l  f o r  
contaminant  l e v e l s  t o  i n c r e a s e  i n  sed iments  may a l s o  r e s u l t ,  
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SOURCE: HODD, 1976 

Fig. 12. Indication of the effect of basin elevation on drainage through 
aboiteaw (Hod$ 1977). 



CONCIAUS IONS 

I n  c o n c l u s i o n ,  i t  is  envisaged t h a t  s t u d i e s  w i l l  be r e q u i r e d  t o  
a s s e s s  t h e  change i n  sediment and i c e  regime i n  t h e  t i d a l  e s t u a r i e s  and t o  
a s s e s s  t h e  impact of t h e  p r o j e c t  on t h e  groundwater  regime behind t h e  bar-  
r age .  These l a t t e r  s t u d i e s  would i n v o l v e :  

( 1 )  I lydrogeologic  mapping which can be c a r r i e d  o u t  u s i n g  e x i s t l n g  
g e o l o g i c  and hydrogeo log ic  d a t a  ( w e l l  l o g s ,  g e o l o g i c  maps, 
p r i o r  r e p o r t s  such a s  t h o s e  f o r  t h e  Truro  and Amherst a r e a s ,  
a e r i a l  photography, e t c  .) . 

( 2 )  T e s t  d r i l l i n g  t o  conf i rm a n d / o r  e s t a b l i s h  a d a t a  bank where 
i n s t i f f i c i e n t  i n f o r m a t i o n  on hydrogeology c u r r e n t l y  e x i s t s .  

( 3 )  A review of e x i s t i n g  groundwater  l e v e l  r e c o r d s .  

( 4 )  The i n s t a l l a t t o n  of o b s e r v a t i o n  w e l l s  Eor conduc t ing  pumping 
t e s t s  t o  e s t a b l i s h  t h e  h y d r a u l i c  p r o p e r t i e s  of a q u i f e r s  which 
could  be a f f e c t e d .  

( 5 )  Floni tor ing wa te r  l e v e l  f l u c t u a t i o n s  i n  a q u i f e r s  t h a t  a r e  more 
s e n s i t i v e  t o  changes and prone t o  s a l t w a t e r  i n t r u s i o n .  

( 6 )  Chemical a n a l y s i s  of groundwater  samples t o  e s t a b l i s h  kack- 
ground wa te r  q u a l i t y  and t h e  p r e s e n t  l o c a t i o n  of t h e  s a l t w a t e r  
- f r e s h w a t e r  i n t e r f a c e ,  

T h i s  paper  i s  on ly  a b r i e f  r ev iew of  t h e  most obvious  concerns  
a s s o c i a t e d  w i t h  t i d a l  power developments groundwater  s u p p l i e s  and s u r f a c e  
wa te r  d r a i n a g e ,  T t s  purpose  i s  t o  b r i n g  i n t o  f o c u s  t h e  l e s s  obv ious  pro- 
blems a s s o c i a t e d  w i t h  t h e  "out  of s i g h t  and p o s s i b l y  o u t  of  mind" r e s o u r c e  
of  groundwater ,  It  is  hoped t h a t  t h i s  p r e s e n t a t i o n  w i l l  f o s t e r  a g r e a t e r  
a p p r e c i a t i o n  f o r  t h e  p o s s i b l e  env i ronmenta l  e f f e c t s  from t i d a l  power 
development t o  Ereshwater  systems s u r r o u n d i n g  t h e  Bay of Fundy . 
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Potentgal Effects of  Tidal  Power Development 
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The building of a tidal power barrage in the upper reaches of the 
Bay of Fundy will have a major effect on the chemistry of the water column 
and surface sediments upstream from the barrage. Effects seaward of the 
barrage will be slight although significant changes may occur in the 
immediate vicinity of the barrage, Changes in the chemistry of the water 
column and surface sediments wlll be a direct result of the decreased cur- 
rent speed and turbulent energy behind the barrage. The changes will be 
affected over a period of several years as a balance is re-established in 
the biological community in response to the physical perturbation. 

Key words: tidal power deve9_opmentB environmental impact, Bay of Fundy, 
chetnical oceanography. 

La construction dsurl barrage pour centrale rnar6motrice dans le?; 
appendices nord  du fond d e  Pa baie de Fundy affectera consid6rablement la 
chimle de la colonne dveau et les sgdiments superficiels (au fond de 
l'eau), en amont du barrage. Les effets c6t6 mer du barrage seront m-lni~nes 
bien que des changements appr4ciables puissent se produire aux abords du 
barrage. Les changements intervenus dans la chlmie de la colonne d9eau et 
des sgdiments superficieXs r4sulteront directement de la vitesse actuelle 
r6duite et d e  la moins forte 4nergie turbulente derriPre le barrage. tes 
modifications s'dtaleront sur une pgriode de plusieurs annges, a" mesure 
qu'un certain equilibre se r&tab%lra daas la communaut6 biologique en r6- 
action 3 la perturbation physique, 

'present address : Marine Ecology 1,aboraLory , Bedf ord Institute of 
Oceanography, Dartmouth, N,S. R2Y CIA2 



INTRODUCTION 

The b u j l d i n g  of a  t i d a l  power b a r r a g e  i n  the  upper reacfies of t h e  
Bay of Fundy w i l l  have a  major e f f e c t  on t h e  chezn-fstry of t h e  w a t e r  column 
and s u r f a c e  sed iments  n e a r  t h e  b a r r a g e ,  Seaward of t h e  b a r r a g e ,  e f f e c t s  
w i l l  be n o t i c e a b l e  on ly  i n  t h e  immediate v i c i n i t y  of t h e  b a r r a g e ;  more d i s -  
t a n t  e f f e c t s  w i l l  be m i t i g a t e d  by d i l u t i o n  wLth t h e  l a r g e  volumes of wa te r  
exchanged w i t h  each t i d e ,  I n  t h e  headpond behind t h e  b a r r a g e  t h e r e  w i l l  b e  
major  changes i n  t h e  chemis t ry  of t h e  wa te r  column arad t h e  s u r f a c e  s e d i -  
ments. 

Weaker c u r r e n t s ,  dec reased  t u r b u l e n c e  and t i d a l  range1 behind t h e  
b a r r a g e ,  and t h e  r e s u l t a n t  dec reased  r a t e  of exchange of wa te r  through t h e  
b a r r a g e  w i l l  c a u s e  changes i n  t h e  chemis t ry  of t h e  water  and sed iments .  
The w a t e r s  i n  t h e  headpond w i l l  become c l e a r e r  and l e s s  s a l i n e  and may be- 
come s t r a t i f i e d  v e r t i c a l l y  wi th  r e s p e c t  t o  both  t empera tu re  and s a l i n i t y .  
Some of t h e  c'tlemical changes w i l l  be d i r e c t  r e s ra l t s  of t h e s e  p h y s i c a l  
changes .  For example, lower s a l i n i t y  will a f f e c t  d i s s o l v e d  oxygen s a t u r a -  
t i o n  c o n c e n t r a t i o n s  and v e r t i c a l  s t r a t i f i c a t i o n  of t h e  wa te r  column may 
r e s u l t  t n  t h e  ent rapment  of more s a l i n e  w a t e r s  below t h e  yycnocLtne. Some 
o f  t h e  c o a r s e r  suspended p a r t i c u l a t e  m a t e r i a l  w i l l  s e t t l e  o u t  t h u s  a f f e c t -  
i n g  t h e  g r a i n  s i z e  d i s t r i b u t i o n  of both s u r f a c e  sediments  and suspended 
p a r t i c u l a t e  material, C o n c e n t r a t i o n s  of chemica l s ,  such as n u t r i e n t s  and 
t r a c e  m e t a l s ,  whXch a r e  s t r o n g l y  c o r r e l a t e d  w t t h  g r a i n  s i z e  s f  sed iments  
w i l l  t h e r e b y  be a f f e c t e d  (KePzer e t  a 4 ,  1 9 8 4 ) ,  

The major chemical  changes w i l l  r e s u l t  From complex a d j u s t m e n t s  i n  
t h e  b i o l o g i c a l  community s f - r u c t u r e  a s  it r e a c t s  t o  changes i n  t h e  p h y s i c a l  
and chemical  regime, For example, w h i l e  n u t r i e n t - r i c h  wa te r  from t h e  
r i v e r s  emptying i n t o  t h e  headpond w i l l  have a l o n g e r  r e s i d e n c e  tfme i n  t h e  
a r e a ,  t h e r e  w i l l  a l s o  be g r e a t e r  demand on t h i s  n u t r l e n t  supply  from t h e  
i n c r e a s e d  primary p r o d u c t i o n  i n  t h e  wa te r  column r e s u l t i n g  Irom t h e  g r e a t e r  
l i g h t  p e n e t r a t i o n  and l o n g e r  r e s i d e n c e  t imes  f o r  phy top lank ton  i n  t h e  
euphor ic  zone (Hargrave 1984) .  I n p u t  o f  n u t r i e n t s  from s u r f a c e  and i n t e r -  
t i d a l  sed iments  may d e c r e a s e  due t o  t h e  d e c r e a s e  i n  r e s u s p e n s i o n  of  t h e s e  
sed iments  alld p o s s t b t e  Inc reased  Levels  of primary p r o d u c t i o n  by b e n t h i c  
m j c r o a l g a e  i n  t h e  i n t e r t i d a l  zone,  The r e s u l t a n t  n u t r i e n t  c o n c e n t r a t i o n  
regime wC14 be a  complex f u n c t i o n  oF t h e s e  and o t h e r  f a c t o r s .  

Changes i r r  t h e  c o n c e n t r a t i o n  of d i s s o l v e d  oxygen a r e  e q u a l l y  d i f f i -  
c u l t  t o  p r e d i c t  bu t  s t r a t i f i c a t i o n  of t h e  water  colunnil cou ld  r e s u l t  i n  some 
s i g n i f i c a n t  changes i n  t h e  d i s t r i b u t i o n  of t h i s  v a r i a b l e  i n  t h e  headpond. 
The oxygen-r lch ,  more s a l i n e  w a t e r  may he t rapped helow t h e  p y c n o c l i n e ,  
S u r f a c e  w a t e r s  may remain s a t u r a t e d  wi th  oxygen due t o  a tmospher ic  exchange 
and phy top1 ank ton  p r o d u c t i o n ,  Ilowever t h e  r a t  n  of d e t r i  t a l  ~ n i i t e r i a l  from 
i n c r e a s e d  b i o l o g i c a l  ac t - lv i  t y  i n  t h e  s u r f  a c e  w a t e r s  may c r e a t e  a  s u  Eff c e n t  
i n c r e a s e  Ln oxygen demand t o  cause  a  l a y e r  of oxygen-depleted wa te r  t o  form 
below t h e  p y c n o c l i n e ,  

These changes a r e  s p e c u l a t i o n s  based on our  c u r r e n t  u n d e r s t a n d i n g  
o f  expec ted  p h y s i c a l  environmental  changes  and t h e  f u n c t i o n s  which a r e  i m -  
p o r t a n t  I n  c o n t r o l l i n g  t h e  chernls t ry  of t h e  e x i s t i n g  environment  i n  t h e s e  



a r e a s ,  Much of t h e  chemical  d a t a  c o l l e c t e d  over  t h e  p a s t  few y e a r s  stiLl 
remain t o  be ana lyzed .  More complete a n a l y s i s  of t h i s  d a t a  may cause  some 
changes i n  our  p r e d i c t i o n s  of t h e  r e s u l t s  of b u i l d i n g  a t i d a l  power b a r r a g e  
i n  t h e  upper r e a c h e s  i n  t h e  Bay of Fundy, 
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QUESTIONS AND COmENTS 

6. Daborn: Your s t u d i e s  have shown we can c o n t i n u e  t o  expec t  l a r g e  --- 
q u a n t i t i e s  of n u t r i e n t s  t o  Peach i n t o  t h e  wa te r  column, Were your ex- 
t r a c t i o n s  made w i t h  o r g a n i c  s o l v e n t s ?  

E ,  Hayes: No, --- 
6 .  Daborn: With s e a w a t e r ?  

E ,  Rayes: Yes, a r t i f i c i a l  seawate r .  - 

G *  Daborn: Slow r e l e a s e  i n t o  s a l t  wa te r  b r i n e  of n u t r i e n t s  t o  be ready f o r  -- 
uptake  a s  i o n s ?  

E ,  Hayes: A s  f a r  a s  we know u n l e s s  t h e r e  is  a b u i l d  up of some!thing, 

D, Greenberg: What mediums were used f o r  a n a l y s i s  and what e f f e c t s  w i l l  - 
reduced s a l i n i t y  have? 

E ,  Hayes: We t r i e d  a r t i f i c i a l  s e a w a t e r ,  a p o t a s s i  tun c h l o r i d e  s o l ~ l t i o n  a n d  
d i s t i l l e d  wa te r ,  T do n o t  unders tand what you mean by reduced s a l i n i t y ,  
We probably  should t r y  t h a t  one and i n v e s t i g a t ~  t h e  r e s u l t ,  

D, Cordon: Do you t h i n k  t h e r e  might he a problem of oxygen d e p l e t i o n  i n  --- 
t h e  headpond because of summer s t r a t i f i c a t i o n ?  S t r a t i f i c a t i o n  could  c a u s e  
sediments  t o  s e t t l e  ou t  but  c o n s i d e r a b l e  n u t r i e n t s  would be l e f t  i n  t h e  
wa te r  column Co n o u r i s h  phytoplankton,  I f  t h e  phy top lank ton  s e t t l e s  b e f o r e  
i t  is  grazed  by zooplankton i t  could  i n c r e a s e  t h e  b i o l o g i c a l  oxygen demand 
a t  deeper  l e v e l s  and cause  oxygen d e p l e t i o n ,  

E ,  Hayes: P o s s i b l y ,  
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ABSTRACT 

The use of phytoplankton as indicators gives an idea of differences 
between regions in respect to productivity and movements of water, Clima- 
tic and latitudinal changes are an integral part of the phytoplankton dis- 
tribution, The vernal flowering of the phytoplankton in the Bay of Fundy 
region reflects its particular hydrographical and biological. conditions, 
An increase in the tidal range due to possible construction of a tidal 
power barrage is not expected to bring any significant changes in the 
phytoplankton populations of the outer regions of the Bay of Pundy. 

Key words: phytoplankton, hydrography, tidal power, 

L btl lisatlon des populatio~ls de phy toplancton comme indicateurs 
pourrait donner an aperqu des diffgrences extrgmes qui existent entre les 
r4gions du point de vue de la productivitg et des mouvernents de IQeau. Les 
variations climatfques et latiwudinales sont intimernent li&s d la r6parti- 
tion du phytoplancton. La croissance printaniGre du phytoplancton de  la 
rggion de la baie de Pundy reflste ses conditions hydrographlques et bio- 
logiques particuliGres. Ees liens possibles entre les organismes planc- 
toniques, les conditions tlydrobiologiques et la pOeche font lPobjet de r&- 
flexions. On ne s%ttend pas 3 ce quPune glgvation du marnage par sulte de 
la construction du barrage margmoteur de Fundy apporte de quelconques modi- 
fications aux populations de phytoplancton dans les rdgions pgriphgriques 
de la baie de Fundy, 

INTRODUCTION 

Bigelow (1926) considered the relation of plankton to different 
water masses, The circulation of waters of Passamaquoddy Bay and the Bay 
of Fundy were considered in relation to the movements and decline of herr- 
ing (Huntsman 1953)- Changes in the phytoplankton due to periodic recruit- 
ment of certain floral elements may serve as indicator species and provide 
a clue to the origin and distribution of waters (Subba Rao 1 9 7 6 ) -  



Semina e t  a l e  (1977) d i s c u s s e d  t h e  d i s t r i b u t i o n  of t h e  i n d i c a t o r  
s p e c i e s  of p l a n k t o n i c  a l g a e  i n  t h e  world oceans ,  R u s s e l l  (1935) ,  Naf fner  
(1952) and David (1955) i n d i c a t e d  t h a t  p l a r ~ k t o n  can g i v e  c l u e s  a s  t o  t h e  
o r i g i n  of w a t e r  masses even i n  t h e  absence of marked s a l i - n i t y  d i f f e r e n c e s .  
I n  t h e  E n g l i s h  Channel and t h e  Southern I r i s h  Sea S a g i t t a  --- e l e g a n s  and S. 
s e t o s a  s e r v e  a s  i n d i c a t o r  s p e c i e s  ( R u s s e l l  19351, The major p a t h s  of ;:ye- 
ment of C a l i f o r n i a  c o a s t a l  w a t e r s  and t h e i r  c u r r e n t s  were i d e n t i f i e d  by t h e  
p resence  of dominant d ia tom s p e c i e s  ( A l l e n  1945).  The d i s t r i b u t i o n  of phy- 
t o p l a n k t o n  i s  a f u n c t i o n  of t empera tu re  as mani fes ted  i n  t lnei r  d i v i s i o n  
i n t o  a r c t i c ,  b o r e a l ,  t empera te  o r  t r o p i c a l  t y p e s  (Smayda 19581, The l o n g i -  
t u d i n a l  d i s t r i b u t i o n  of phytoplankton i s  a l s o  r e g u l a t e d  by t empera tu re  
(Braarud 1945, Srnayda 19581, Robinson (19611 and Raymond (1963) observed  
t h a t  d i n o f l a g e l l a t e s  develop i n  r e g i o n s  w i t h  low n u t r i e n t  I -evels .  S a l i n i l l y  
and t empera tu re  c o n t r o l s  abundance and d i s t r i b u t i o n  of dominant phytoplank-  
t e r s  i n  i n s h o r e  wa te r s  l i k e  Malpeque Ray, P r i n c e  Edward I s l a n d  and r h e  
Welsh Dee E s t u a r y ,  U,K, ( S i t a  Devi 1980) ,  There seem t o  be d e f i n i t e  
d i r e c t  r e1a t . ionsh i .p~  between t h e  t i d a l  h e i g h t s  of t h e  i>ec Es tuary  and 
s a l i n i t y  and c h l o r o p h y l l  a  ( S i t a  Devi 1980) i n d i c a t i n g  t h e r e b y  t h e  l n f l u x  
of phytoplankton by t h e  t i d a l  wa te r s .  

The oceanographic  c o n d i t i o n s  of the Bay of Fundy a r e  c l o s e l y  
coupled w i t h  t h e  phytoplankton p o p u l a t i o n s  and t h e i r  s e a s o n a l  and s p a t i a l  
d i s t r i b u t i o n ,  S e l e c t e d  s p e c i e s  of p l ly toplankton could  s e r v e  a s  i n d i c a t o r s  
of wa te r  masses ,  changes ill zooplanlcton and f i s h  eco logy ,  There i s  s i g n i -  
f i c a n t  i n t e r p l a y  between t h e  p e l a g i c  and n e r i t i c  w a t e r  masses,  

The p h y s i c a l  oceanography of t h e  Bay of Purndy has  been reviewed by 
G a r r e t t  (1977) and Greenberg ( 19844a), Recent d a t a  on t h e  taxonomy of Fur-ldy 
phytoplankton a r e  summarized by Prouse  e t  a l ,  (19841, 

IMPACTS 

With t h e  p o s s i b l e  c r e a t i o n  of a  t i d a l  power b a r r a p e  i n  t h e  Ray  O F  
Fundy, i t  is  expected t h a t  t h e  t i d a l  range behind t h e  b a r r a g e  w i l l  be re- 
duced. Th is  w i l l  b r i n g  cor responding  d e c r e a s e s  i n  t h e  t i d a l  mudfla t  a r e a  
and changes i n  t h e  s t r a t i f i c a t i o n  and p r o d u c t i o n  of t h e  wa te r s  and t h e i r  
i c e  cover ,  A d e c r e a s e  i n  t h e  t i d a l  range a t  t h e  b a r r a g e  w i l l  i l l c r e a s e  t-he 
t i d e s  i n  t h e  o u t e r  Bay of Fundy and th roughout  t h e  Gulf of Maine (Greenberg 
1984b),  Th i s  should  no t  b r i n g  i n  any s i g n i f i c a n t  changes i n  t h e  phyto- 
p lank ton  d i v e r s i t y  of t h e  o u t e r  Bay of Fundy and t h e  i n p u t  of phy top lank ion  
from A t l a n t i c  w a t e r s  should  n o t  change, Quan t iLa t ive  e s t i m a t e s  of b a r r a g e  
impacts  on phytoplankton and h e n t h t c  m i c r o a l g a l  p roduc t ion  a r e  made by 
Nargrave (1984) and Gordon (1984) ,  
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QUESTIONS AND COMMENTS 

D. Gordon: I f  t h e r e  is  a suspended sediment r e d u c t i o n  behind t h e  b a r r a g e  
do  you t h i n k  t h e r e  w i l l  be a change i n  t h e  s p e c i e s  composi t ion of t h e  
phy top lank ton  and /o r  an i n c r e a s e  i n  p roduc t ion  and do you t h i n k  blue-green 
a l g a e  may dominate? 

J .  Lakshminarayana:  S p e c i e s  dominance of phy top lank ton  w i l l  l i k e l y  change 
i f  suspended sed iments  d e c r e a s e .  1 a m  no t  s u r e  i f  primary p r o d u c t i v i t y  
w i l l  i n c r e a s e  g r e a t l y .  A t  p r e s e n t ,  however, s p e c i e s  composi t ion i s  poor ly  
known and I am no t  s u r e  i f  blue-green a l g a e  o c c u r r e n c e  w i l l  change,  
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ABSTRACT 

Holding water behind a tidal barrage would increase phytoplankton 
production within the enclosed basin simply by increasing the area of water 
behind the barrier. The average increase in area would be 30% in 
Cumberland Basin. Reduced turbidity would result through stratification 
(by the combined effects of solar heating and freshwater discharge) and 
through reduced turbulence (because of lower levels of tidal energy dissi-- 
pation). Increased light penetration arising from lower turbidity would 
result in higher levels of phytoplankton production assuming no nutrient 
limitations, If light availability is doubled, regression analyses with 
data collected from seasonal measurements show that phytoplankton produc- 
tion would approximately double. Chemosynthetic production (microbial dark 
uptake of carbon dioxide) is positively correlated with suspended partJcu- 
late matter concentration. If turbidity is reduced to half of present day 
levels, regression analysis shows that chemosynthe t fc product ion would be 
reduced by approximately 30%. There is a close linkage between production 
and respiration of organic matter in the water column, This implies that 
whatever changes in photosynthetic or chemosynthetic production occur, the 
organic matter produced will probably be consumed by macro-and micrograzers 
and microbial respiration either in the water column or sediments, 

Key words: phytoplankton production, chemosynthesis, turbidity, 
temperature, tidal barrage effects, Cumberland Basin. 

La rgtention d'eau au moyen dPun barrage inargmoteur aurait pour 
effet de falre augmenter la production de phytoplancton .J 19int&rfeur d'un 
bassin fern4 simplement en augrnentant la supcrfl-cie du plan d "au derrit5re 
le barrage, Cette superficle augmenterait de 70% dans le hassin 
Cumberland. Une turbidXtd rgduite sPensuivralt par suite de la stratifica- 
tion (effets combinds du cha~affage solaire et des apports d'eau douce) et 
par une turbulence rgduite (en raison des bas niveaux de dissipation de 
l'gnergie tidale). Une pdngtration accrue de la lumiSre par suite d e  La 
plus f aible turbiditk donneraft lieu 3 une prod~iction phy tcrplanctonique 
plus &lev&e en supposnnt une quantitg suffisante d'4l6ments nutritifs. 
Lorsque la lumiare disponible est doublge, 19s analyses de rggression 
faites avec des donnges collect4es 2 partir de mesures saisonnikres 



montrent que la production de phytoplancton pourrait doubler, La produc- 
tion chimiosynth&tique (assimilation microbienne non photosynthcZtique d e  
dixoyde de carbone) est corrdl4e positivement avec la concentration des 
particles en suspensione Lorsque la turbidit6 est rgduite 2 la moitf6 des 
niveaux quoitidiens actuels, l'analyse de rt?gresslon rnontre que la produc- 
tion chimiosynth4tique pourrait &re r6duite d%nvirsn 30%, bl exlste donc 
un lien Gtroit entre les phdnom&es de production et de respiration de fa 
matisre organfque dans la masse dPeau. Ceci fmplique que peu importe les 
change~nents qui se produisent dans la production photosyntll4tWe ou 
chfmiosynth&tique, la matisre organique produite sera probablement con- 
sommge par des macro- ou des microbrouteurs et par la respiration micro- 
bienne, soit dans la masse d'eau ou dans les s6diments. 

E F F E C T S  OF INCREASED BASIN AREA AND VOLUME 

k single basin tidal power scheme would increase the average area 
covered by water behind a barrage by impounding water. Areal increase 
would amount to a minimum of +lo% to a maximum of +50% of present areas at 
mid tide conditions (dependent on spring, neap and seasonal tidal effects). 
On the basis of increased area alone, phytoplankton production in the head 
pond would increase by an average of 30%, 

Chemosynthetic production (dark fixation of dissolved carbon 
dioxide by micro-organisms) is directly related to the presence of suspend- 
ed particulate matter in the water column, Since this pathway of organic 
production is independent of light, it occurs throughout the water column, 
Pan increase in average water volume held In the headpond by 30% would lead 
to a corresponding increase in chemosynthetic production if turbidity 
Pevels remained the same. Since this is not likely to occur (discussed 
below), reduced levels of suspended particulate matter will lead to reduced 
chemosynthesis per unit area, However, increased areal coverage of warer 
behind a barrage wlll also lead to higher chemosynthetic production in the 
same proportion as that experienced by phytoplankton, 

There will probably be a net increase in organic matter produced 
behind a barrage through microalgal photosynthesis and bacterial chemosyn- 
thesis on the order of 30 to 50% of present-day levels based simply on the 
increased area and water volume impounded. 

CHANGES I N  SUSPENDED MATTER CONCENTWJIION 

Stratification will be enhanced behind a barrage due to restricted 
water exchange and combined effects of solar heating and freshwater dis- 
charge (Greenberg 19841, Reduced tidal flow will also lower rates of 
resuspension and tidal scouring in intertidal and subtidal regions (Amos 
1984), An exception may occur under a permanent ice cover in winter since 
pumping acthon of Ice where it touches the bottom can resuspend sediment* 
This, however, is likely to be less than arises from the scouring which 
occurs from moving ice floes (Gordon 2984 ) .  Stratification behind a bar- 
rage may also cause higher rates of sedimentatfon due to reduced turbulence 
and mixing in the water column, 



The n e t  r e s u l t  of a l l  of t h e s e  p r o c e s s e s  w i l l  be t o  r educe  t h e  
l e v e l  of suspended m a t e r i a l  i n  wa te r  behPnd a  b a r r a g e .  T h i s  w i l l  enhance 
l i g h t  p e n e t r a t i o n ,  S i n c e  l d g h t  l i m i t a t i o n  ? s  a  c r i t l c a l  f a c t o r  I n  c a u s i n g  
low l e v e l s  of phytoplankton p r o d u c t i o n  i n  t u r b i d  w a t e r s  of t h e  i n n e r  Bay o f  
Pundy (Wargrave e t  a l ,  1983 and Prouse  e t  a l .  1984) ,  i n c r e a s e d  l i g h t  a v a i l -  
a b i l i t y  hecause  of a  deeper  p h o t f c  zone w i l l  r e s u l t  i n  i n c r e a s e d  phyto- 
pl ank ton  product  I o n ,  

CHANGES I N  TEMPEMTURE AND ICE COVER 

S t r a t i f f c a t i o n  behind a b a r r a g e  w i l l  a l s o  r e s u l t  i n  na i n c r e a s e  i n  
t e m p e r a t u r e  of t h e  s u r f a c e  l a y e r ,  p a r t i c u l a r l y  d u r i n g  summer when s o l a r  
h e a t i n g  i s  maximum, P h o t o s y n t h e s i s ,  chemosynthes is  and r e s p i r a t i o n  a r e  
t e m p e r a t u r e  dependent ,  and thus  p o s i t i v e  changes  i n  t e m p e r a t u r e  w i l l  
d i r e c t l y  i n c r e a s e  r a t e s  of t h e s e  p r o c e s s e s .  S t r a t i f i c a t i o n  and reduced 
s a l i n i t y  of  s u r f a c e  wa te r  behind t h e  b a r r a g e  w i l l  p e r a f t  a more complete  
f c e  cover  than  p r e s e n t l y  e x i s t s  d u r i n g  w i n t e r  (Gordon 1984) -  A more co1-1- 
t i n u o u s  I c e  cover  would reduce l i g h t  p e n e t r a t i o n  and the reby  reduce  photo- 
s y n t h e s i s ,  

ZGRESSION ANALUSES TO ASSESS IMPACT OF CHANGES ASSOCIATED 
WITH RARRAGe CONSTRUCTION 

Simple l i n e a r  c o r r e l a t i o n s  i n  a  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  were 
de te rmined  u s i n g  pub l i shed  d a t a  (Nargrave e t  a l e  1983) f o r  lneasurements of 
phy top lank ton  productiora arid u n p ~ l b l i s h e d  o b s e r v a t i o n s  of chemosynthet%c 
p r o d u c t l o n  (Prouse ,  p e r s .  comrn,) 2easured  d u r i n g  h i g h  t i d e  a t  Pecks Cove i n  
t h e  Cumberland Bas in .  

P f ~ y t o p l a n k t o n  productlor\r and chemosyn the t i c  ( d a r k )  carbon a s s i m i j  a- 
t i o n ,  measured a s  t h e  f r a c t i o n  of t o t a l  d a r k  up take  s u s c e p t i b l e  t o  po i s ton-  
i n g  w i t h  a 1% HgC1 s o l u t  ion  (TaguchP and P l a t  t 1 9 7 7 ) ,  were both measured 
in s i t u  throughout  t h r e e  seasons  over  an annua l  pe r iod  ( w l t h  no measure- -- 
merits d u r f n g  w i n t e r  when I c e  cover  p reven ted  s a m p l i n g ) ,  I n t e g r a l  photosyn- 
t h e t i c  p r o d u c t i o n  was c a l c u l a t e d  f o r  t h e  s u r f a c e  l m wate r  l a y e r  which 
r e p r e s e n t e d  t h e  l i m i t  of l i g h t  p e n e t r a t i o n ,  P roduc t ion  was p o s i t i v e l y  
r e l a t e d  t o  i n c i d e n t  r a d i a t i o n ,  t e m p e r a t u r e  and c o n c e n t r a t i o n  of suspended 
c h l o r o p h y l l  and i n v e r s e l y  c o r r e l a t e d  n i  t h  suspended m a t t e r  concen t  r a t  on ,  
The e q u a t i o n ,  

d e s c r i b e d  t h e  d a t a  s e t  with MR2- = 0 * 7 4 ,  n  =: 22.  PJo a t t e m p t  was made t o  
c o n s i d e r  non- l inea r  c o r r e l a t i o n s  between v a r i a b l e s  because of a high  d e g r e e  
of covarliance between independer~ t  v a r i a b l e s .  L i g h t  and t emperd tu re  were 
p o s i t f v e l y  c o r r e l a t e d  ( r = M , 4  ) a s  were c h l o r o p h y l l  a  and p a r t i c u l a t e  
m a t t e r  suspernded i n  t h e  wa te r  ( r = Jr0,35, ), 



Chemosynt'hetic p r o d ~ l c t i o n  was not  r e l a t e d  t o  l i g h t  o r  c h l o r o p h y l l  a  
c o n c e n t r a t i o n ,  bu t  p o s i t i v e  c o r r e l a t i o n s  e x i s t e d  w i t h  t e m p e r a t u r e  and sus -  
pended p a r t i c u l a t e  c o n c e n t r a t f o n s ,  The e q u a t i o n ,  

d e s c r i b e d  t h e  d a t a  s e t  w i t h  MR2 = 0 , 6 4 ,  n - 1 2 ,  

These two e q u a t i o n s  were used t o  c a l c u l a t e  t h e  e f f e c t  thac changes  
i n  l i g h t ,  tetxlperature, c h l o r o p h y l l  and suspended m a t t e r  c o n c e n t r a t i o n  ex- 
p e c t e d  from b a r r a g e  c o x ~ s t r u c t i o n  would l ~ a v e  on r a t e s  of phy topbankton 
p h o t o s y n t h e s i s  and m i c r o b i a l  chemosynthes is .  It i s  assumed t h a t  c o r r e l a -  
t i o n s  &tween v a r i a b l e s  would be sims".lar b e f o r e  a.nd a f t e r  b a r r a g e  c o n s t r u c -  
t i o n .  The Before  columns i1a Tab les  4 and 2 'alst t h e  i l ldependent v a r i a b l e s  
w i t h  observed a v e r a g e  v a l u e s  t y p i c a l  of e x i s t f n g  s u m e r  cond i t io r r s  i n  
Cumberland Bas in ,  The A f t e r  columns l i s t  an assumed cor respond ing  v a l u e  of  
each  v a r i a b l e  which might e x i s t  a f t e r  b a r r a g e  c o n s t r u c t i o n .  Values  of phy- 
t o p l a n k t o n  p r o d u c t i o n  and m i c r o b i a l  chemosynthes is  a r e  c a d c u l a t e d  from t h e  
two e q u a t i o n s  g i v e n  above,  

S i n c e  l i g h t  p e n e t r a t i o n  f n t o  t h e  s u r f a c e  w a t e r s  of Cumberland Basin  
i s  l i m i t e d  by h igh  t u r b i d i t y  t o  che upper 1 rn Layer (Hargravc e t  a l e  19831, 
t o t a l  pho tosyn the t  PC p roduc t ion  by phytoplankton i n  t h e  Basin Is  simply a  

6 2 m u l t i p l e  of  wa te r  s u r f a c e  a r e a ,  A mean mld- t ide  v a l u e  of 79-6 x 10 m 
(Prouse  e t  a l .  1984) was used t o  c o n v e r t  a v e r a g e  hour ly  v a l u e s  d e r i v e d  from 
Equat lon 1 t o  Basin-wide t o t a l  . va . l i~es ,  S u b s t i t t a t i o n  of ave rage  sumxner 
v a l u e s  f o r  l n c f d e n t  r a d i a t i o n ,  t e m p e r a t u r e ,  suspended c h l o r o p h y l l  and par-  

6 t i c u l a t e  m a t t e r  y i e l d e d  a  e s t l n l a t e  of 708 x 10 g  I: h-' f o r  phytopla i lk ton 
p r o d u c t i o n  (Tab le  I ) ,  R e c a l c u l a t i o n  of  t h i s  e s t i m a t e  on t h e  b a s i s  of re- 
d~aced t u r h f d l t y  I .evels  (by 50%) and r e s u l t a i a t  i n c r e a s e d  l i g h t  a u a i l a b h l i t y  
(dotrbled) wi th  s l i g h t  i n c r e a s e  i n  t e m p e r a t r ~ r e  ( d u e  t o  s t r a t i f i c a t i o n  and 
s o l a r  h e a t i n g )  and reduced concentration of suspended ch lo rophyPl ,  y i e l d e d  
a v a l u e  55% h i g h e r  than  t h e  f i r s t  e s t i m a t e ,  The I n c r e a s e  Is due p r i m a r i l y  
t o  i n c r e a s e d  i n c i d e n t  r a d i a t i o n  which was the s i n g l e  most Impor tan t  v a r i -  
a b l e  i n  t h e  m u l t i p l e  r e g r e s s i o n  (It2 = 0 , 4 9 ) ,  

S i m i l a r  ca%cul .a t%ons f o r  t+xpected changes i n  r a t e s  c2f chemosyrat'rte- 
t i c  p roduc t ion  showed t h a t  a  d e c r e a s e  (approx imate ly  37%) would occur  a r i se -  
i n g  from reduced concera t ra t i ans  of suspended p a r t i c u l a t e  m a t t e r  ( T a b l e  21, 
T o t a l  p r o d u c t i o n  f o r  Cumberland Basin by t h i s  p r o c e s s  must be based on 
-vc~lurne r a t h e r  than  a r e a  because cheraosyathes is  o c c u r s  th roughout  t h e  w a t e r  
column and i s  independent  of i n c i d e n t  r a d i a t i o n ,  Water volume e s t i m a t e d  a t  
IIWW and LLW was used t o  d e r i v e  an  average  v a l u e  t o  c a l c u l a t e  an  c s t i m a c e  of  
cl~emosyr~tt let lcs p r o d u c t i o n  f o r  t h e  e n t i r e  Basi.n, T h i s  valise exceeds  photo- 
s y i r t h e t i c  prodtmction Elve-f of d when t o t a l  producizfori vaflres a r e  compared 
(Tab le  21 ,  Whlle assumed v a l u e s  f o r  independent  v a r i a b l e s  a f t e r  b a r r a g e  
c o n s t r u c t i o n  i n c r e a s e  p h o t o s y n t h e t i c  p r o d u c t i o n ,  t h i s  i s  o f f s e t  by a l a r g e r  
c a l c u l a t e d  d e c r e a s e  i n  chemosynarhetic p roduc t ion .  The n e t  r e s u l t  by t h e s e  
c a l c u l a t i o r ~ s  would be a  24.X d e c r e a s e  i n  o r g a n i c  m a t t e r  s y n t h e s i s  by t h e  
combined p r o c e s s e s  of  p h o t o s y n t h e s f s  and chemosyntl tesis  (Table  3 ) ,  



TABLE 1, Calculation of estimates of phytoplankton photosynthetic pru- 
duction during sunnier at Pecks Cove, Cumberland Basin, using 
two sets of input values for independent variables, See text 
for description of equation 11sed to calculate production rates. 
Production for the entire Basin is estimated using the present 

2 mid-tide water area of 79,6  km . 

Varf able Before Af ter 

~ i g h t  (cal m-2 h-') 44 
0 Temperature ( C) 3.4 

Chlorophyll a (mg I-LI-~) I 7  
SPN (g L-I) 0 * 4  

Phytoplankton production 
(mg c m-3 h-I) 8.9 
Phjrtoplankton product1 on (entire Basin) 708 
(g  C x l o 6  h-I)  

(55% increase) 



TABLE 2. Calculation of estimates of chemosynthetic production (bio- 
logical dark uptake of dissolved carbon dioxide) in the 
water column during summer at Pecks Cove, Cumberland Basin, 
using two sets of input values for independent variables. See 
text for description of equation used to calculate production 
rates. Production for the entire Basin is estimated using the 

9 3 present mid tide water volume of 0.81 x 10 m . 

Variable Before After - 
SPM (g L-l) 0.4 0.2 
Temperature 14 16 
Chemosynthetic 3.8 2.4 
production (mg C m-3 h-I) 
Chemosynthetic production (entire Basin) 
g C  x lo6 h-I 3078 1944 

(37% decrease) 



TABLE 3. Summary of photosynthetic and chemosynthetic production For the 
average mid tide water area and volume of Cumberland Basin calcu- 
lated as described in Tables 1 and 2. All values as gC x lo6 
h-I. 

Source of 
Production Before After 

Photosynthetic 708 PO98 

Chemosynthetic 3078 1944 

Total 3786 3042 
(20% decrease) 



CONCLUSIONS 

Comparison of estimates calculated by substitution of values for 
independent variables into regression equations cannot be used too 
rigorously to test for impact effects, Limited data were used to derive 
the relationships, with no observations made during periods of ice cover. 
While production by photosyrithesis is low because of reduced solar radi- 
atton in winter, suspended particulate matter concentrations are likely to 
be high due to ice scouring and resuspension, Considerable detrjtal input 
from eroded Spartina vegetation could also enhance the organic quality of 
suspended particulate debris. 

It 1s also not likely that relations between variables derived 
during pre-barrage observations will remain unchanged after closure of the 
basin. Shif ts in species composition of phytoplankton, changes in detrf tal 
input from intertidal areas, and altered canditions of stratification and 
turbulence are all either possible or likely to occur with barrage con- 
struction, These changes could or would alter relations between photo- 
synthesis and light and between chemosynthesis and suspended particulate 
matter concentrations. 

Despite these limitations, the calculations do show that light and 
suspended matter concentrations are critdcal variables in determining 
levels of microalgal photosynthesis and microbial chernosynthesis in turbid 
regions of the inner Bay of Fundy, Post-barrage observations could be 
carried out to quantify these relationships at ').ocations inside and outsride 
a barrage site, The calculations also demorlstrate that chemosynthesis con- 
tributes more to the synthesis of organic matter in these waters than does 
photosynthesis (Table 3 ) ,  This observation has not been recognized in 
earlier studies which were designed primarily to determine photosynthetic 
production (Wargrave et ale 1983 and Prouse et al. 1 9 8 4 ) -  

The estimawd decrease in organi c matter produced by chernosynthes 2 s 
if barrage construction results in decreased turbidity in Cumberland Basim 
(Tables 2 and 3) refers only to production in the water column, It is 
lPkely that deposited material settled from the water column would continole 
to serve as a substrate for microbial chemosynttiesis in the sediments of 
the headpond, Although rates may not be similar because of diffusion- 
limited transport of carbon dioxide in sediment pore water, assessment of 
the impacts of barrage construction on the production by photosynthesis a n d  
chernosynthesf.~ would have to include measurements in both the water column 
and sediments. It is characteristic of turbid environments that resuspen- 
sion blurs the distinction between pelagic and benthic phases. Measure- 
ments in both environmental compartments are necessary to fully describe 
changes in rates of organic matter synthesis and consumption, 

Amos, C.L. 1984 ,  The sedimentation effect of tidal power development i n  
the Minas Basin, Bay of Fundy, I n  this report, 
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QUESTIONS AND COMMENTS 

D ,  Greenberg:  Wow w i l l  you be a b l e  t o  o b t a i n  o b s e r v a t i o n s  i n  t h e  w i n t e r ?  

B. Bargrave:  I do n o t  know, We cannot  r each  t h e  s i t e  now nor  l e a v e  
i n s t r u m e n t s  i n  p l a c e  because  of i c e ,  

M e  Dadswell :  What i s  your  w i n t e r  p e r i o d ?  

B e  Hargrave:  January  and February ,  - - 
M, Dadswell.: Do you have December measurements? 

B.  Napgrave: No, We a t t empted  t o  c o l l e c t  d a t a  by i n c l o s i n g  wa te r  i n  l i g h t  
s a t u r a t i o r b o x e s  bu t  we cannot  u s e  them because  t h e  wa te r  c l e a r e d  d u r i n g  
t h e  exper iment ,  The d a t a  were not  comparable t o  t h a t  c o l l e c t e d  i n  s i t u .  -- 

M, Dadswell :  I f  you were a b l e  t o  c a t c h  an i c e  f r e e  p e r i o d  i t  would be 
p o s s i b l e  i n  l a t e  December? 

B e  Hargrave:  Yes, but  we would Like t o  sample each week d u r i n g  t h e  w i n t e r ,  
T h i s  i s  t h e  d i f f i c u l t y  , 

Unknown: Do you t h i n k  s t r a t i f i c a t i o n  w i l l  i n c r e a s e  t h e  l i k e l i h o o d  of oxy- 
gen d e p l e t i o n  i n  t h e  lower p a r t  of t h e  water  column a f t e r  t h e  b a r r a g e  i s  
b u i l d  e s p e c i a l l y  i f  primary productivity i n c r e a s e s ?  



B ,  Bargrave: I do no t  t h i n k  s t r a t i f i c a t i o n  would be enough. Nor do I 
t h i n k  primary p roduc t ion  would be inhanced enough f o r  t h a t  t o  occur .  The 
f l .ushing,  remember, is i n  t h e  lower p a r t  of t h e  wa te r  co2umn so  t h a t  on 
every tklal  exchange t h e  lower wa te r  mass is  going t o  move i n  and ou t  and 
i t  w i l l  be h i g h l y  oxygenated from p a s s i n g  through t h e  b a r r a g e ,  I do n o t  
b e l i e v e  t h e  enhancement of phytoplankton primary p roduc t ion  wor~ld be s u f f i -  
c i e n t  t o  lower t h e  oxygen n e a r l y  a s  much a s  has  been d e s c r i b e d  i n  t h e  
A~rnapolf  s River  f o r  example, 

D. Ereenberg: Did you make your  c a l c u l a t i o n s  on t h e  b a s i s  of whether t h e r e  -- 
would be i c e  cover  i n  t h e  w i n t e r  and whether SPM l e v e l s  i n c r e a s e d  o r  
d e c r e a s e d ?  

IS, Hargrave: I made t h e  c a l c u l a t i o n  on t h e  b a s i s  t h a t  t h e  SPM would i n -  
c r e a s e  d u r i n g  w i n t e r ,  The i d e a  was t h a t  you would have t rapped  t h e  
sediment- la iden wate r  under t h e  i c e  and t h e  m a t e r i a l  would move back and 
f o r t h  keeping suspended c o n c e n t r a t i o n s  h igh  o r  h i g h e r  than  a t  p r e s e n t .  
Ilowever i f  shorebound i c e  and permanent i c e  cover  behind t h e  b a r r a g e  re- 
duces  scour  and resuspens ion  then one would have t o  assume SPM would be 
lower ,  

D, Greenberg: X t h i n k  SPM would be lower ,  

B ,  Halegrave: Well t h e n ,  i f  you assume SPEl would be lower i n  t h e  w i n t e r  t h e  
chemosynthgt ic  p roduc t ion  would be l e s s  than now. That p roduc t ion  i s  
p r o p o r t l  o n a l  t o  SPM l e v e l s ,  

C, DespPanque: DonQ t you t h i n k  t h a t  even i f  i c e  cover  is  permanent i t s  
movement i n  t h e  i n t e r t i d a l  zone would c r e a t e  suspended sed iments?  It would 
a c t  Like a be l lows .  

B ,  Hargrave: It i s  very p o s s i b l e .  --- 
L ,  Cammen: What d i d  you c o n s i d e r  t h e  e u p h o t i c  zone t o  be? Did you j u s t  -- 
look  a t  t h e  e u p h o t i c  zone? 

B ,  Hargrave: The e u p h o t i c  zone I n  our  d a t a  is  t h e  upper meter .  I n  --- 
doubl ing  t h e  Light  I would i n f e r  t h a t  i s  per  s q u a r e  meter i n s t a n t  r a d i -  
a t i o n ,  

W ,  Prouse:  W i l l  da rk  f i x a t i o n  be i n f l u e n c e d  by SPM l e v e l s ?  -- 
B e  Bargrave:  Yes, i t  would be p ropor t io r ra l  t o  whatever t h e  change i n  eon- - 
c e n t r a t i o n  i s .  The i d e a  is  t h a t  d a r k  f i x a t i o n  o c c u r s  throughout  t h e  e n t i r e  
wa te r  column, 1 b e l i e v e  l e v e l s  of f i x a t i o n  a r e  h i g h e r  i n  Cumberland Basin 
than i n  Gobequid Bay, 
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P r e d i c t i o n  of t h e  impact of t i d a l  power development on m i c r o b i a l  
p o p u l a t i o n s  i s  d i f f i c u l t  due t o  our  l a c k  of b a s e l i n e  i n f o r m a t i o n ,  I n s i d e  
t h e  b a r r a g e ,  i t  seems l i k e l y  t h a t  t h e r e  would be a  s h i f t  of  b a c t e r i a l  abun- 
dance and a c t i v i t y  from s u r f a c e  t o  deeper  wa te r s .  B a c t e r i a l  p o p u l a t i o n s  i n  
t h e  sed iments  shou ld  tend t o  i n c r e a s e  i n  a r e a s  of sediment d e p o s i t i o n  and 
d e c r e a s e  i n  a r e a s  of e r o s i o n ,  O u t s i d e  t h e  b a r r a g e ,  changes i n  m i c r o b i a l  
p o p u l a t i o n s  and a c t i v i t y  w i l l  r e f l e c t  t h e  i n c r e a s e d  t i d a l  range t h a t  h a s  
been p r e d i c t e d  f o r  t h e  New Engla~ld  c o a s t ,  However, i t  f s  n o t  p o s s i b l e  a t  
t h i s  t ime t o  a s s e s s  t h e  s i g n i f i c a n c e  of t h e s e  changes.  

Key words: microbes ,  b a c t e r i a ,  h e t e r o t r o p h i c  a c t i v i t y ,  t i d a l  power, Bay o f  
Fundy, Gulf of Za ine ,  

11 e s t  d i f f i c i l e  de p r g v o i r  I ' i n c i d e n c e  de  l'am&nagement d P u n e  
u s i n e  mar6motrice s u r  l e s  p o p u l a t t o n s  mic rob iennes ,  en  r a i s o n  du manque 
d '%nformat ion  de  base ,  I1 semble q u P d  1 8 i n t & r i e u r  de l ' endfguement ,  I l  y  
a u r a f t  probablement un changement de  l B a b o n d a n c e  e t  de I % a c i v i t $  d e s  
b a c t d r f e s ,  e n t r e  l a  s u r f a c e  e t  4es eaux profondes ,  Dans l e s  s&diments ,  l e s  
p o p u l a t i o n s  b a c t g r i e n n e s  t e n d r a i e n t  a" augrnenter dans  l e s  zones d e  s&dimen- 
t a t i o n ,  e t  t3 deminuer dans  f e s  zones  d t Q r o s % o n .  A 1 ° e x t & r i e u r  de  
l ' end iguement ,  l e s  changements d e s  p o p u l a t i o n s  e t  de  %%ct iv f tc?  miero- 
b iennes  r e f l k t e r o n t  %'augmentat ion de  lsampXitude des  mar4es p r g d i t e  pour 
l a  c d t e  de l a  Nouvel le-Angleterre ,  Cependant,  pour l - n s t a n t ,  il e s t  i m -  
p o s s i b l e  d ' d v a l u e r  l D % m p o r t a n c e  de  e e s  changements, 

Assessment of t h e  e f f e c t s  of t i d a l  power development on microbes i s  
n e c e s s a r i l y  l e s s  p r e c i s e  than t h a t  f o r  many o t h e r  a r e a s  of concern s i n c e  
o u r  b a s e l i n e  i n f o r m a t i o n  i s  q u i t e  I l m i t e d .  Tn p r e p a r i n g  t h i s  b r i e f  survey 
of p o s s i b l e  impacts  1 have drawn mainly on one year"  survey of both  plank- 
t o n i c  b a c t e r i a  i n  t h e  Bay and b a c t e r i a  i n  a  Cumberland Basin mudf la t  sys tem 
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(Cammen 1 9 8 4 ) ,  I n  p a r t i c u l a r ,  specu la t i on  on t h e  e f f e c t s  o u t s i d e  t h e  bar- 
rage must be viewed wi th  cau t ion ;  n e v e r t h e l e s s ,  i t  i s  i n s t r u c t i v e  to con- 
s i d e r  pos s ib l e  a r ea s  of concern, 

I N S I D E  THE BARRAGE 

B a c t e r i a l  popula t ions  i n  t h e  water  column of t h e  upper reaches of 
t h e  Bay of Pundy appear t o  be c o n t r o l l e d  t o  a  l a r g e  e x t e n t  by t h e  amount of 
sznspended p a r t i c u l a t e  mat"cr (SPPI) i n  t h e  water ,  This r e l a t i o n s h i p  in-  
volves  not  only t he  abundance of baeLeria  but a l s o  t h e i r  o v e r a l l  a c t i v i t y .  
Since one of t h e  p red i c t ed  e f f e c t s  of t h e  bar rage  is  t h a t  t he  s u r f a c e  
waters  w i l l  tend t o  be c l ea red  of sediment (Amos 1984)  h e t e r o t r o p h i c  a c t i v -  
i t y  w i l l  probably decrease  near  t h e  s u r f a c e ,  To some e x t e n t ,  t h i s  dec rease  
may be o f f s e t  by an i n c r e a s e  i n  a v a i l a b l e  n u t r i e n t s  due t o  i nc reased  phyto- 
plankton productfon (Hargrave 3 9 8 4 ) ,  but based on d a t a  f o r  t h e  Bay as a  
whole i t  appears  t h a t  t h e  r educ t ion  i n  SPM w i l l  be t h e  dominatjng f a c t o r ,  
A t  t he  same time SPM is  being reduced i n  t h e  s u r f a c e  waters  of t h e  head- 
pond, i t  w i l l  be i nc reas ing  I n  t h e  deeper l a y e r s  of water  wi th  a  consequent 
i nc rease  i n  both b a c t e r i a l  abundance and h e t e r o t r o p h i c  a c t i v i t y ,  The ne t  
r e s u l t  may be t h a t  t h e r e  w i l l  be a  t r a n s f e r  of he te rocrophic  a c t i v i t y  from 
su r f ace  water  t o  deeper wa te r ,  but t h a t  i n t e g r a t e d  over t h e  e n t i r e  water  
column t h e r e  w l l l  be l i t t l e  measurable change i n  b a c t e r i a l  popula t ions  o r  
he t e ro t roph ic  a c t i v i t y ,  The r e d i s t r i b u t i o n  of b a c t e r i a  i n  t he  water  column 
might be significant, however, t o  organisms f eed ing  on SPM and the  accom- 
panying microbes and l i m i t e d  t o  e i t h e r  s u r f a c e  or  deeper water ,  

I n t e r t i d a l  bac t e r i a l .  abundance w i l l  decrease  wi th  t h e  decrease  i n  
i n t e r t i d a l  a r e a ,  but it  i s  d i f f i c u l t  t o  p r e d i c t  whether a c t i v i t y  per  u n i t  
a r e a  w l l l  change. Sub t ida l  b a c t e r i a  might be expected t o  r e f l e c t  t he  re- 
d i s t r i b u t i o n  of sediment i n  t h e  headpond wi th  popula t ions  i n c r e a s i n g  i n  
a r e a s  of depos i t i on  and dec reas ing  i n  a r e a s  of e ros ion ,  

OUTSIDE TWE BARRBGE 

Impacts o u t s i d e  t he  barrage rnay be l e s s  apparent  and c e r t a i n l y  l e s s  
p r e d i c t a b l e  than those  i n s i d e  t h e  bar rage  bu t ,  due t o  t h e  p o t e n t i a l l y  l a r g e  
a r e a  a f f e c t e d ,  they need t o  be considered.  Most of t he se  impacts r e s u l t  
from t h e  p red i c t ed  i n c r e a s e  i n  t i d a l  range of up t o  30 em a long  t h e  nor th-  
e r n  New England coas t  (Greenberg 9979) ,  This Inc rease  i n  t i d a l  range w i l l  
have two e f f e c t s :  1) an i n c r e a s e  i n  t h e  a r e a  of t h e  i n t e r t i d a l  zone and 2 )  
an i nc rease  i n  t h e  amount of water  moving wi th  each t i d a l  exchange r e s u l t -  
i ng  i n  g r e a t e r  f h ~ s h i n g  of c o a s t a l  e s t u a r i e s  and g r e a t e r  t i d a l  c u r r e n t  
v e l o c i t y ,  What is not  a t  a l l  c e r t a i n  i s  t h e  nrr2gnltude and r e l a t i v e  import-  
ance of t he se  changes, We can,  however, d e a l  wi th  t h e i r  e f f e c t  on micro- 
b i a l  a c t i v i t y  q u a l i t a t i v e l y ,  

An i n c r e a s e  i n  i n t e r t i d a l  a r e a  w i l l  have t h e  obvious impact of in- 
c r ea s ing  mic rob ia l  product ion i n  e s t u a r i n e  a r e a s  and t h i s  i nc reased  produc- 
t i o n  w i l l  "s a v a i l a b l e  t o  e s t u a r i n e  consurner organisms, The change w i l l  be 
maximal i n  shal low e s t u a r i e s  a l r eady  bordered by mudf la t s ,  but may be mini- 



ma1 in many of the relatively steep-walled Maine estuaries. Tn addition, 
increased intertidal production of macro-and microalgae will provide more 
organic material to the heterotrophic microbes, 

Increased tidal flushing of estuaries may result in both higher 
estuarine production and an increase in export of this production to off- 
shore areas* Production may increase both due to the increased supply of 
nutrients resulting from greater tidal exchange and due to a decrease in 
the turbidity of the water, The decrease in turbidity might also decrease 
the amount of suspended bacteria, Taken together, the effect of increased 
production within the estuaries and decreased microbial activity in the 
water column would have the result of increasing the amount of organic 
material available for export and the increased flushing rate would tend to 
increase the percentage of available aaterial that actually was exported. 
If more organic material were exported to the Gulf of Maine shelf and 
available to benthic microbes, benthic production might be expected to in- 
crease as well as nutrient regeneration which might even have a positive 
effect on pelagic production. 

What is missing from these coments is a quantitative assessment of 
the relative impact of L-hese changes* One possible way to examine this 
question is to compare estuarine production with production in the Gulf of 
MaPne proper. Using a value of 290 g C m"2 for annual phytoplankton pro- 
duction in the Gulf of Maine (O%eilly and Busch 1983) and an area of G x 
104krn2, total Gulf of Maine production is about 1.7 x 1010 $g C y- I .  
Esturine production is Maine has been estimated as 1,5 x 10 kg C y- I  
(U,S, Fish and 'Wildlife Service, E980), but the estimate does not include 
benthic microalgae or subtidal macrophytes which together may raise the 
values by an order of magnitude QJ, Topinka, personal csmmtmication). Even 
allowing for the fact that the Maine coast may account for only about half 
the coastline bordering the Gulf sf Maine the estimated estuarine pro- 
duction will be on the order of 1.5 x lo8'-  1 x lo9 kg C y-' or about an 
order of nragnitude less than Gulf of Malne phytoplanton production, How- 
ever, if we consider only nearshore regions, estuarine production may be 
more important and potential changes in the degree of export of this pro- 
duction more significant to the microbial community o f  the shelf as well 
as, by implication, the shelf ecosystem, 
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QUESTIONS AND COmEMTS 

D. Gordon: Odumb d e t r i t a l  work i n d i c a t e s  t h e r e  i s  a  p o i n t  when f l u s h i n g  
i n c r e a s e s  t i d a l  s a l t  marsh p rod~nc t ion .  Colrld i n c r e a s e d  f l u s h i n g  a long  t h e  
c o a s t  o u t s i d e  t h e  b a r r a g e  i n c r e a s e  d e t r i t a l  p roduc t ion  mechanisms t h e r e ?  

L .  Cammen: There  a r e  two e f f e c t s .  One i s  inc reased  p roduc t ion  and t h e  
o t h e r  3.s t r a n s f e r  of t h e  p roduc t ion  seaward,  Both e f f e c t s  work t o g e t h e r  i n  
t h e  same d i r e c t i o n  and would i n c r e a s e  d e t r i t a l  supply  t o  t h e  c o a s t a l  s h e l f  
w a t e r s  

D, Gordon: I f  t i d a l  range i n c r e a s e s  t o o  f a r  w i l l  It have n e g a t i v e  
e f f e c t s ?  

L ,  Camen: X d o n ' t  t h i n k  t h e r e  would be l i m f t i n g  e f f e c t s  i n  e i t h e r  d i r e c -  
t i o n .  Some e s t u a r i e s  a long  the  Maine c o a s t  a r e  s t r a t i f i e d  o r  c l o s e  t o  i t .  
They would become wore p r o d u c t i v e  i f  mixing i n c r e a s e d  w i t h  i n c r e a s i n g  t i d a l  
ampl i tude*  With i n c r e a s e d  t i d a l  range macroalgal  p roduc t ion  shou ld  
i n c r e a s e  because  i t  is a  f u n c t i o n  of i n t e r t i d a l  zone. Both t h i s  s o u r c e  and 
s a l t  marshes would supply t h e  d e t r i t u s  food c h a i n ,  

B e  Hargrave: Every th ing  we know about t h e  Gulf of Maine i n d i c a t e s  i t  i s  a n  
open sys tem dominated by f low througf-1 t h e  Nor theas t  Channel.  F o r g e t t i n g  
p roduc t ion  on Georges Bank, do you have any in format ion  t h a t  j u s t r l f i e s  t h e  
assumption t h a t  e s t u a r i n e  i n p u t  t o  t h e  system is  s u b s t a n t i a l  i n  co~npar i son  
t o  i n  s i t u  p r o d u c t i o n ?  -- 
L ,  Cammen: I do n o t  have s u p p o r t i n g  d a t a ,  But o t h e r  r e s e a r c h e r s  a r e  Eind- 
i n g  t h a t  as you move northward up t h e  Maine c o a s t ,  macroa lga l  p roduc t ton  
becomes s u b s t a n t i a l  i n  comparison t o  p roduc t ion  i n  t h e  upper 100 m of t h e  
open water  column. Anecdotal  evidence i n d j c a t e s  t h e r e  Is macroalgal  con- 
r r i b n t i s n  t o  t h e  d e t r l t u s  supply  i n  t h i s  r e g i o n ,  bu t  we do not  have hard  
and f a s t  i n f o r m a t i o n  about  how much organf  c  prodtaction Erorn t h e  i n t e r t i d a l  
zone moves o u t  t o  t h e  s h e l f ,  
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B e n t h i c  pr imary p r o d u c t i o n  w i l l  d e c r e a s e  i n  t h e  headpond of a  
s i n g l e  e f f e c t  t i d a l  power p r o j e c t  because  of reduced i n t e r t i d a l  a r e a  and 
exposure  t ime.  The d e c r e a s e s  a r e  c u r r e n t l y  e s t i m a t e d  t o  be 65% and 30%, 
r e s p e c t i v e l y ,  f o r  b e n t h i c  m i c r o f l o r a  and s a l t  marshes.  These l o s s e s  could  
be made up i f  phy top lank ton  p r o d u c t i o n  i n c r e a s e d  by 168% i n  Cumberland 
Bas in  and by 46% i n  Cobequid Bay, Even though t h e  a f f e c t e d  a r e a  i s  t h r e e  
t imes  a s  l a r g e ,  t h e  impacts  of t h e  Cobequid Ray (B9) p r o j e c t  a r e  l e s s  be- 
c a u s e  of t h e  much lower i n t e r t i d a l  pr imary p r o d u c t i o n  i n  t h i s  r e g i o n .  

Key words : b e n t h i c  pr imary p r o d u c t i o n ,  m j  e r o a l g a e ,  sa l t  marslles, phyto- 
p lank ton ,  Ray of Fundy, Cumberland Bas in ,  Cobequid Bay, t i d a l  
power, env i ronmenta l  impac t s  

La p r o d u c t i o n  ben th ique  p r i m a i r e  d iminuera  dans 3ies eaux d'arnont 
d 'une  u s i n e  margmotrice A' e f f e t  s imple ,  e n  s a i s o n  de  l a  r g d u c t i o n  d l & t e n d u e  
de  l a  zone i n t e r t i d a l e  e t  de  l a  d i m i n u t i o n  de l a  durge  d P e x p o s i t i o n .  On 
e s t i m e  q u 9 a c t u e l l e m e n t ,  c e s  d i lo inu t ions  s e r o n t  de 65% 3 30% respect ivemcrl t  
pour l a  m i c r o f l o r e  ben th ique  e t  Ees mara i s  s a l a n t s .  Ces p e r t e s  p o u r r a i e n t  
e t r e  compens&es, s i  l a  p roduc t ion  de  phy top lanc ton  auginenta i t  de 168% dans  
l e  b a s s i n  Cumberland e t  de 46% dans l a  b a i e  Gobequid. Bien que l a  r g g i o n  
touchde s o l t  t r o i s  f o i s  p l u s  v a s t e ,  l e s  cons&quences du p r o j e t  d'amtinage- 
rnent de  l a  b a i e  Cobequid (B9) s e r o n t  moias pronone4es3 l a  p r o d u c t i o n  
p r i m a i r e  i n t e r t i d a l e  6 t a n t  beaucoup p l u s  mndeste dans  c e t t e  r4g ion .  

T h i s  paper  i s  based upon t h e  p r o j e c t e d  o p e r a t i o n s 1  wa te r  e l e v a t i o n s  
f o r  t h e  Cobequid Bay (B9) s i t e  provided by t h e  Nova S c o t i a  T i d a l  Power Cor- 
p o r a t i o n  (Baker 1984) and p roduc t ion  e s t i m a t e s  developed by Prouse  e t  a l .  
(1984) .  It f o c u s e s  on expected changes i n  t h e  headpond r e g i o n  of a  s i n g l e  
e f f e c t  p r o j e c t  once i t  i s  o p e r a t i o n a l ,  P o s s i b l e  changes d u r i n g  c o n s t r u c -  
t i o n  and seaward cf a  b a r r a g e  a r e  not  c o n s i d e r e d .  The p r e d i c t i o n s  o f f e r e d  
a r e  p r e l i m i n a r y  and r e q u i r e  pee r  review and f u r t h e r  r e f inement  b e f o r e  belrig 
accep ted  a s  h i g h l y  p robab le .  



BENTHIC MICROAL CAE 

All that could be said in 1976 was that benthic microalgal produc- 
tion would probably decrease behind a tidal barrage because of reduced in- 
tertidal area. Data on productivity rates were not available so nothing 
could be said about the magnitude of the decrease. 

Benthic microalgae, principally diatoms, are ubiquitous in inter- 
tidal sediments, which constitute over half the total area of Cumberland 
Basin and Cobequid Bay (Table 1). Intertidal area in Cobequid Ray is about 
three times that of Cumberland Basin and the sediments contain a greater 
proportion of sand. 

The gross annual primary production of benthic diatoms has been 
measured over a two-year period by Hargrave et al. (i983) at two sites: 
Anthony Park in Cobequid Ray and Pecks Cove in Cumberland Basln. There is 
a strong seasonal cycle with maximum daily productivity rates generally 
occurring during the summer months. Because of the very turbid nature of 
the water, no production occurs when the flats are flooded. There is also 
evidence that production is greater at higher elevations where exposure is 
longer. Using the relationship between annual average chlorophyll concen- 
tration in surface sediment and annual production observed at these two 
sites, Prouse et al. (1984) estimate the annual benthic microalgal produc- 
tion in various parts of the Bay of Fundy from sediment chlorophyll data 
gathered as part of regional surveys conducted by helicopter. The mean 
estimates for Cumberland Basin (A$) and Cobequid Bay (B9) are 38 and 14 g C 

-2  - m y l ,  respectively (Table 2). 

As discussed by Prouse et ax. (l984), light availability appears to 
be the most important environmental factor limiting primary production by 
benthic microalgae in the upper reaches of the Bay of Fundy. Other secon- 
dary factors include temperature, grazing, nutrlent availability, and 
perhaps physical stress. It is assumed, however, that the major factor 
afEecting benthic microalgal production will he changes in the average 
intertidal area and duration of exposure. 

Changes in exposure are estimated by integrating areas above the 
water surface before and after project construction using the tidal curves 
provided by the Nova Scotia Tidal Power Corporation (Baker 1984). Assuming 
an upper mudlsandflat limit of 5 m above mean sea level (MSL)(based on 
observations in Cumberland Basin) and a constant slope in the intertidal 
zone, these measurements indicate that the exposed mudlsandflat area will 
be reduced by 54, 65, and 90% for neap, mean, and spring tides, respective- 
ly* 

Despite the much greater mud/sandflat area in Cobequid Bay at pre- 
sent (Table I), estimates of total annual production are very similar for 
the two regions because of greater production per square metre in Cumber- 
land Basin (Table 2). Reducing these figures by 6 5 % ,  the loss of exposed 
mudlsandflat area for a mean tide yields estimates of annual benthic diatom 
production after a project is built. The absolute loss t s  about the same 
for both projects but on a square metre basis is less for Cobequid Bay 
(Table 2). Therefore the Cobequid Bay project ( 8 9 )  may cause less impact. 
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I t  is gene ra l l y  agreed t h a t  phytoplankton product ion i n the head- 
pond w i l l  i n c r e a s e  due t o  increased  l i g h t  p e n e t r a t i o n  (because of reduced 
suspended sediment load)  and water a r ea  (Nargrave 1884). Using the  t o t a l  
annual  phytoplankton product ion e s t ima te s  der ived  by Prouse e t  a l .  (1984) ,  
t h e  p ro j ec t ed  l o s s e s  of ben th i c  microa lga l  product ion could be made up i f  
phytoplankton product ion inc reased  by 125% i n  t h e  Cumberland Basin and 44% 
i n  Cobequid Bay (Table 3 ) .  

The above c a l c u l a t i o n s  only cons ider  changes i n  i n t e r t i d a l  mud/ 
s a n d f l a t  exposure. Other f a c t o r s  could reduce diatom product ion  f u r t h e r ,  
such a s  a  prolonged i c e  season which should t r u n c a t e  t h e  p re sen t  growing 
season a t  both ends and c l i m a t i c  changes reducing l i g h t  a v a i l a b i l i t y  ( i n -  
c reased  cloud cover or  fog ,  e t c . ) .  On t h e  o t h e r  hand, product ion l o s s e s  
could be less i f  diatoms grow f a s t e r  under l e s s  phys i ca l  stress and warmer 
temperatures  and i f  enough suspended sediment s e t t l e s  ou t  of the  water  t o  
a l low photosynthes i s  on submerged a r ea s .  

SALT MARSHES 

Concern was expressed about impacts on s a l t  marshes i n  1976 b u t  
aga in  no q u a n t i t a t i v e  d a t a  were a v a i l a b l e .  It was recognized t h a t  lower 
h igh  water l e v e l s  would reduce t h e  f looding  of high marsh a r e a s  and a l l ow  a  
seaward movement of t e r r e s t r i a l  vege ta t ion .  There was a l s o  s p e c u l a t i o n  
t h a t  t h e  lower marsh l i m i t  might move i n  a  seaward d i r e c t i o n ,  producing no 
n e t  change o r  perhaps even an i n c r e a s e  i n  sa l tmarsh  a r ea .  

A s  d i scussed  by Prouse e t  a l .  (1984),  Fundy sa l tmarshes  a r e  s h a r p l y  
d iv ided  i n t o  two ca t ego r i e s :  h igh  marsh, dominated by Spa r t i na  pa tens  and 
low marsh, composed almost e x c l u s i v e l y  Spa r t i na  a l t e r n i f l o r a .  Sal tmarsh 
a r e a  i s  much l e s s  i n  Cobequid Bay while  t h e  r e l a t i v e  amount of high marsh 
is about t h e  same i n  both reg ions  (55 t o  61%) (Table  1). 

Three recent  p r o d u c t i v i t y  s t u d i e s  of Fundy marshes (Morantz 1976, 
Smith et a l .  1980, and Gordon e t  a l .  i n  p repa ra t i on ) ,  reviewed by Prouse e t  
a l .  (1984),  y i e l d  very s i m i l a r  f i g u r e s  f o r  t he  ne t  annual  above-ground pro- 
duc t ion  averaging about 215 g C m-2 y-l (Table 2 ) .  It is c l e a r  t h a t  e leva-  
t i o n  p lays  a  key r o l e  i n  c o n t r o l l i n g  p roduc t iv i t y .  High marsh product ion 
i s  g e n e r a l l y  l e s s  than low marsh, presumably because of n u t r i e n t  l i m i t a t i o n  
caused i n  p a r t  by i n f r equen t  f looding .  Low marsh product ion is g r e a t e s t  
near  i t s  upper l i m i t  and drops l i n e a r l y  with decreas ing  e l e v a t i o n ,  presum- 
ab ly  because of i n c r e a s i n g  phys i ca l  s t r e s s  from d a i l y  f looding .  Fac to r s  
prevent ing  low marsh from extending  f a r t h e r  out onto t h e  mudflats  a r e  not  
c l e a r l y  known but phys i ca l  s t r e s s  from f looding  and win t e r  i c e  a r e  suspec t -  
ed t o  be important .  

Changes i n  high water  l e v e l s ,  p r ed i c t ed  t o  drop by 0.3, 0.7, and 
1.0 m f o r  neap, mean, and s p r i n g  t i d e s ,  r e s p e c t i v e l y ,  w i l l  have a major i m -  
pac t  on s a l t  marshes i n  t h e  headpond reg ion  of a  t i d a l  power p ro j ec t .  The 
most pronounced changes w i l l  occur on t h e  high marsh a r ea s .  T ida l  f l ood ing  
w i l l  become very r a r e ,  r e s u l t i n g  i n  a major s h i f t  i n  s p e c i e s  composition 
toward upland p l a n t s  a s  p red i c t ed  by Pearce and Smith ( 1  973) and observed 
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by Beef t ink  (1979) i n  t h e  d e l t a  a r e a  of the Netherlands.  It is pos tu l a t ed  
t h a t  t h e  landward edge of t h e  sa l tmarsh  zone w i l l  move seaward t o  near  t h e  
p re sen t  ou t e r  l i m i t  of high marsh. Since high marsh is thought t o  expor t  
l i t t l e  of i t s  product ion,  t h i s  major change may not  have a s i g n i f i c a n t  
impact on t h e  product ion of t h e  headpond es tuary .  The upper l i m i t  of low 
marsh w i l l  presumably move down about 0.7 m. It is  p o s t u l a t e d  t h a t  s ed i -  
ment depos i t i on  w i l l  occur  j u s t  above MHW and develop a l i m i t e d  a r e a  of new 
high marsh. 

I n  1976, o t h e r s  specu la t ed  t h a t  t he  lower l i m i t  of low marsh may 
move seaward but t h i s  now seems un l ike ly .  Due t o  ho ld ing  back water fo; 
power product ion ,  t he  exposure t i m e  of t he  low marsh zone a t  any e l e v a t i o n  
w i l l  be s u b s t a n t i a l l y  reduced, averaging about 30%. This  means l e s s  l i g h t  
and more phys i ca l  s t r e s s  f o r  low marsh vege ta t ion .  Therefore  i t  is  postu- 
l a t e d  t h a t  low marsh product ion w i l l  drop by about 30% and t h a t  t h e r e  may 
even be a landward displacement  of t h e  lower l i m i t  of low marsh, reducing 
i t s  a r e a  and product ion s t i l l  f u r t h e r .  

Because of t h e  much smaller sa l tmarsh  a r e a  i n  Cobequid Ray (Table  
l ) ,  t he  es t imated  t o t a l  annual  product ion is  much less a s  wel l  (Table  2 ) .  
Reducing these  e s t ima te s  by 30%, t h e  es t imated  l o s s  of low marsh exposure 
t i m e ,  y i e l d s  e s t ima te s  of annual  low marsh product ion a f t e r  t he  p r o j e c t  i s  
b u i l t  (Table 2 ) .  Despi te  i t s  much g r e a t e r  s i z e ,  t h e  l o s s  is much l e s s  i n  
Cobequid Bay (B9) and amounts t o  on ly  0.3 g C m2 y-l. The B9 s i te ,  the re -  
f o r e ,  i s  much more s u i t a b l e  because of i ts  lesser impact on s a l tmar sh  pro- 
duc t ion .  The p ro j ec t ed  s a l tmar sh  product ion l o s s e s  can be made up i f  phy- 
top lankton  product ion i n c r e a s e s  by 42% i n  Cumberland Basin and by 3% i n  
Cobequid Bay (Table  3).  

It is p red i c t ed  wi th  a high degree of c e r t a i n t y  t h a t  primary pro- 
duc t ion  of ben th i c  microalgae and sa l tmarshes  w i l l  d ec rease  i n  t h e  headpnnd 
reg ion  of a s i n g l e  e f f e c t  t i d a l  power p ro j ec t .  This  p r e l imina ry  a n a l y s i s  
sugges ts  t h a t  t he  decreases  a r e  on the  order  of 65% and 30%, r e s p e c t i v e l y .  
Summing these  l o s s e s ,  it  appears  t h a t  they could be made up i f  phytoplank- 
ton product ion increased  by 168% i n  t he  Cumberland Basin and by 46% i n  
Cobequid Bay (Table 3 ) .  Even cons ider ing  i t s  l a r g e r  s i z e ,  che impacts of 
t he  proposed Cobequid Bay (B9) p r o j e c t  appear t o  be l e s s .  Although t o t a l  
primary product ion i n  t he  headpond may not decrease  because of t he  expected 
surge  i n  phytoplankton product ion ,  t h e r e  w i l l  be major s h i f t s  i n  the  r e l a -  
t i v e  abundance of consumer organisms a s  a g r e a t e r  percentage of t h e  produc- 
t i o n  i s  suppl ied  by phytoplankton. 
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QUESTIONS AND COFZYENTS 

M. Dadswell: I f  construction of a barrage causes increased water ternpera- 
tures and decreased tidal energy inside the barrage is it possible that 
saltmarsh production will increase? 

D. Gordon: Our calculations indicate this is not likely because of the 
overall decreased areal covet- of the saltmarsh community. 

D. Greenberg: Building the W9 site in Cobequid Bay will lncrease the tidal 
amplitude in Cumberland Basin. Will this cause any decrease in the snl t -  
marsh production in Cumberland Basin? 

D. Gordon: The high marsh would be flooded more frequently which might 
lead to a slight increase in its production due to greater availability of 
nutrients. Assuming there is no limitation of sediment the increase in 
high water level will be followed by sediment deposition. A situation of 
increased production of the high marsh could occur at first because of in- 
creased nutrient supply then production would probably decline after sedi- 
ment build-up occurs over a period of several years. 



K. Mann: What f a c t o r s  now dec ide  t h e  lower l i m i t  of t h e  S p a r t i n a  a l t e r n i -  
f l o r a  low marsh? 

D.  Gordon: The l i m i t  of t h e  low marsh v a r i e s  depending on where you go i n  
Cumberland Basin.  A l a r g e  number of our  t r a n s e c t s  ended where they had 
been t r u n c a t e d  by e r o s i o n ,  which seemed t o  be t h e  major l i m i t i n g  f a c t o r  on 
t h e  seaward e x t e n t  of t h e  sal t  marsh. I n  Peck ' s  Cove i t  was i n t e r e s t j n g  
t h a t  t h e  e r o s i o n  a c t i v i t y  was f u r t h e r  seaward and t h e r e  was no change i n  
t h e  i n t e r t i d a l  s l o p e ,  bu t  t h e r e  was a  n a t u r a l  lower l imi t !  of S p a r t i n a .  A l -  
though we found t h e  rhizomes under t h e  mud f u r t h e r  seaward t h e  never  
o c c u r r e d  above ground. I t  appears  t h a t  i n  C~~mberlarld Basin  i c e  o r  t u r h i d -  
i t y  r e s t r i c t s  t h e  lower l i m i t ,  I n  o t h e r  a r e a s  of North America S p a r t i n a  
does  extend down t h e  i n t e r t i d a l  zone t o  below mean s e a l e v e l .  

Unknown: How do you compare t h e  e f f e c t  on s a l t m a r s h e s  of b a r r a g e  
c o n s t r u c t i o n  i n  e i t h e r  Cumberland Basin  o r  Cobequid Bay? . 

D.  Gordon: I t h i n k  t h e  main v a l u e  of t h e  c a l c u l a t i o n s  we d i d  is  t h a t  t h e  
n e g a t i v e  impacts  on s a l t m a r s h e s  appear  t o  be much g r e a t e r  f n  Cumberland 
Basin  then they  a r e  i n  Cobequid Bay. 
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ABSTRACT 

The new tidal regime imposed on the upper part of Cobequid Bay by 
the proposed power development (B9) would cause over 95% of the productive 
Macoma baltica area to be permanently lost to the subtidal zone. A new 
subtidal benthic community will no doubt replace Macoma and this new com- 
munity may establish over the much larger area of the present lower inter- 
tidal and subtidal in which benthic macrofauna are presently absent. 
An even greater proportion of the Corophium-producing mudflat would be lost 
under the new tidal regime but this might be compensated to some extent by 
production on areas of suitable substrate that are be deposited as a result 
of the new water levels. 

Key words - Corophium volutator, Macoma baltica, secondary production, 
Cobequid Bay, tidal power 

Le nouveau rkgime de marges qu'imposerait 3 la partie supkrieurc de 
la haie Cobequid l1am6nagement propos6 d'une centrale martfmotrice (B9), 
provoquerait A plus de 95% la perte dkfinitive de la zone productrice con- 
tenant Macoma baltica. aui deviendrait une zone subtidale. Une nouvelle , A 

communaut6 benthique subtidale remplacerait sans aucun doute Macoma, et 
cette nouvelle communaut4 pourrait sl&tablir dans la zone heaucoup plus 
vaste que constituent les zones intertidale inf6rieure et subtidale 
actuelles, dont la macrofaune benthique est actuellement absente. 

Le nouveau rdgime de marges ferait perdre une proportion encore 
plus grande de la slikke (23) 04 vit Corophium, mais dans une certaine 
mesure, cette perte serait compensge par l'apparition de ce dernier dans 
tout secteur 03 se formerait un substrat favorable, par suite de 
l'ktablissement des nouveaux niveaux d'eau. 

INTRODUCTION 

The production of Corophium volutator I n  Cobequid Bay was estimated 
by applying a P/B (production/biomass) ratio of 1.6 (Peer 1984) to the July 
biomass data of five intertidal transects from Yeo (1978). Production of 
Wacoma baltica was estimated by applying a variable P/B ratio (Peer 1 9 8 4 ) ,  



based on mean aniinal size, to data on mean annual biomass from the same 
source. Along each of the transect profiles, Macoma and Corophium biomass 
was sampled from 8-12 equally spaced points. Surveyed profiles of each of 
the transects were made, Prom this information it was possible to estimate 
how the production of Corophium and Macoma was distributed along each tran- 
sect and how it was related to water level. 

Changes in water elevations resulting from a barrage were obtained 
from Baker (1984). Thc amount of intertidal production that would be lost 
to the subtidal due to permanent submergence was estimated and is shown on 
Table I. 

Under the predicted tidal regime the most productive part of the 
intertidal area would be permanently submerged and become subtidal and n 
different benthic community would establish. Any such new community so 
formed would not necessarily be any less productive than the existing 
intertidal community. 

The present high production of Macoma probably represents a concen- 
p- 

tration of nutrients in small areas within the coves at the lower end of 
Cobequid Ray. This can be contrasted to the large areas of shifting sand 
in the central and upper parts of Cobequid Bay where large organisms are 
absent. Under the proposed tidal power regime the current-stressed inter- 
tidal area in the middle to upper regions of Cobequid Bay would probably 
attain a similar benthic community to the other submerged formerly produc- 
tive intertidal areas. 

The amphipod Corophium volutator is found throughout the upper Bay 
of Fundy wherever suitable substrate is encounterec?i* As well as serving as 
a good food source for fish, it is the chief prey of the shore birds that 
visit the area late in the summer (Hicklin and Smith 1984), 

The average unit production of Corophium is related to the average -- 
total unit production of the whole water body (Peer 1984). At present thr 
average unlt primary production of Cobequid Bay is quite low, being about 
half that of Cumberfand Basin (Prouse et al. 1984). On that basis, if the 
assumption is made that under the new tidal regime the average unit primary 
product Lon will increase, then the unit production of Corophium can be ex- 
pected to increase, The area of producing rntldflat will, however, be sub- 
stanttally less although not to the extent suggested by Table 1 as new 
areas of suitable mudflat will form in response to a new tidal elevations. 
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.E 1. Present estimated intertidal produc ti-rtn of Corophium and Macoma 
and that portion which occurs above the proposed low water 
elevation of a tidal power development. Data from Yeo (1977). 

Total present Present production 
intertidal above proposed 

Organism Transec t production low water 
-. 

Corophium 
Sterling Brook 
Salter Fiead 
Kings Creek 
Anthony Park 
East Noel 

East Noel 1.74 
Kings Creek 3.55 
Mungo Brook 4.35 
Anthony Park 8.14 
Sterling Brook 9.16 
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QUESTIONS m COPlMENTS 

Unknown: Is there a particular region of the mudflats in terms of eleva- -- 
tion where Corophium production is greatest. 

D .  Peer: No, it appears to be spotty with no particular trend. It often 
depends on how the birds are feeding. If they have fed heavily on an ar+a 
the remaining population of Corophium can often have very high rates of 
production afterwards. 

Unknown: Wow was your calculation of the production loss of Corophium to n ---- 
tidal barrage made. 

D e  Peer: The calculation was made completely on the basis OF existlng b i o -  --- 
mass that would be lost to the subtidal applying n constant P / B  ratio, 
This Zs the best we can do unless one can predict the populatiox~ dynamics 
afterwards. 

B. Wildish: What proportion of the entire Corophium production area hel~lnd ---- 
the B9 site wfll be lost to the birds? fs it significant? 

D ,  Peer: One could if one wished take the transect profiles and do the -- 
calculations. We did not do it. The loss may be significant but it is 
difficult to calculate because of the variance of Corophium populations in 
Cobequid Bay is so extreme. Also to do the calculation properly one needs  
to know whether new mudflats will form and what their area and - Corophium 
production will be like, 

M. Dadswell: Do you think that subtidal benthic production will Increase 
beh i i d  a barrage? 

D .  Peer: Yes, undoubtedly. There is little or nothing there l~ow, -- 

Unknown: What determines the present lower Limit of the intertidal com- -- 
munity in Cobequid Bay? Will ft change with flooding? 



D, Peer :  The lower end of t h e  i n t e r t i d a l  i l i s t r i b u t i o n  of an imals  I n  ------ 
Cobequid Ray i s  determined by s u b s t r a t e  type  and t h e  f a c t  t h a t  t h e  s n n d f l n t  
a r e a s  present a r e  s o  u n s t a b l e .  1 am s u r e  the  submecged a r e a  r ~ i l l  become a 
d i f f e r e n t  type  of s u b t i d a l  community. We do no t  know what it. w i l l  be. 
T i d a l  e n e r g i e s  w i l l  be g r e a t l y  d e c r e a s e d  so  s u b s t r a t e  w i l l  change.  The 
a r e a  is  now sand o r  ha rd  paclced g r a v e l  ant1 t h e r e  Is very  l i t t l e  macrofaun,? 
t11ere ae a l l .  Once you f l o o d  i t  a veneer  of f i n e  sediment  s h o ~ ~ l d  form and 
a s u b t i d a l  community would develop.  

I,, Cammcn: Rave you c a l c u l a t e d  ttre pos t -ba r rage  i n t e r t i d a l  t o t a l  prodtlc- 
t i o n  t o c o m p a r e  t o  t h e  p r e s e n t ?  

D ,  P e e r :  No, I haven'  t ,  'I took it a s  i t  is- 1 do no t  thi.nk i.t would be -- 
worth do lng  because  you w o u l d  have t o  con tour  the  new s h o r e l i n e  t o  do I t  
p r o p e r l y .  
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ABSTRACT 

Thc l o b s t e r  f i s h e r y  i n  t h e  upper r eaches  of t h e  Bay of Fundy is  low 
i n  p r o d u c t i v i t y  and c o n s i s t s  of l e s s  then  10% of t h e  t o t a l  l o b s t e r  Landings 
and f i she rmen  of' e h ~  whole Bay a f  Pundy. The m a j o r i t y  of commercial s i z e  
l o b s t e r s  caught  a r e  l a r g e  (95 rnrn c a r a p a c e  l e n g t h )  and mature .  Evidence 
from s i z e  f requency  d i s t r i b u t i o n s  and cag r e l e a s e - r e c a p t u r e  exper iments  
d n d i c a t e d  t h a t  l m a f u r e  l o b s t e r s  (60-94 mm c a r a p a c e  l e n g t h )  had a 1:1 sex  
r a t 1 0  and t h e  m a j o r i t y  d i d  not  genera l . ly  rnove g r e a t e r  than  18.5 km. I n  
c o n t r a s t ,  s ex  r a t i o s  changed s e a s o n a l l y  f o r  mature  l o b s t e r s .  There  was a 
preponderance of males i n  t r a p s  d u r i n g  t h e  w i n t e r ,  whi le  more females ,  
e s p e c i a l l y  o v i g e r o u s  ones ,  were  caught  d u r i n g  s u m e r  (August ) .  The t a g g i n g  
d a t a  i n d i c a t e d  t h a t  mature  females  moved a g r e a t e r  mean ALstance (87.9 km) 
t h a n  mnales (43.2 km) and sugges ted  a s e a s o n a l  i n s h o r e  sha l low and o f f s i lo re  
deep w a t e r  movement, Cbignecto  Bay i s  occupied by many l a r g e  mature  Female 
l o b s l e r s  d u r t n g  s u m e r  montlls tha t  mol t ,  e x t r u d e  new eggs ,  o r  h a t c h  t h e i r  
o l d  eggs a s  p e l a g f c  l a r v a e ,  The proposed t i d a l  dam, i f  p laced  i n  e i t h e r  
Cobequid Ray o r  Cumberland Bas in ,  would probably  have an i n s i g n i f i c a n t  
e f i e c t .  on t h e  l o c a l  l o b s t e r  f i s h e r y  and b i o l o g y ,  

Key w ~ r d s :  l o b s t e r ,  Womarus amer icanus ,  t agg ing ,  movements, f i s h e r v ,  .------- - ---- 
l a n d i n g s ,  t i d a l  b a r r a g e  e f k e c t s .  

Dans l a  p a r t i e  anent de  l a  fmie de ii'undy, La ptSche du homard e s t  
c a r d c t & r i s $ e  par  une f a l b P e  p r o d u c t i v t t d ,  avcc  molns de  10% du t o t a l  d e s  
c a p t u r e s ;  d s a u t r e  p a r t ,  l e s  p6cheurs  r e p r g s e n t e n t  moins de  10% du cont ing-  
e n t  de  19enscmbPe de  l a  b a i e  de  Fundy* L a  m a j o r i t 6  d e s  homards de t a i l i l e  
convenant a" l a  ve:i%e s o n t  grarlds ( l o n g e u r  de l a  c a r a p a c e  > 95 mm) e t  par- 
venus h m a t u r i ~ b ,  L a  d i s t r i b u t i o n  de  f rgquence  d e s  t a i l l & ,  e t  l e s  exp6r i -  
ences  c o n s i s t a n r  3 l i b g r e r  e t  r e c a t t u r e r  d e s  animaux marqugs, o n t  i n d i q u d  
que %es  p o p u l a t i o n s  de  tlorrrards jtave"niles ( longueur  de  l a  c a r a p a c e  60-94 ~ i u n )  
compor ta ien t  cnn nonnbre &ga l  de  mgles e t  de f e m e l l e s ,  e t  ne s e  d d p l a ~ a i e n t  
ggngralement pas de  p l u s  de  E8,5 km, P a r  c o n t r e ,  dans  l e  c a s  d e s  homards 
a d u l t e s ,  le r a p p o r t  m$les/Pemelles varCe de  f a ~ o n  s a i s o n n i s r e .  On a 
obse rv4  une pr4pond6rance des  m$les dans  Les p i s g e s  pendant l P h i v e r ,  e t  de 
i e m e l l e s ,  en m a j o r i t 4  g r a v i d e s ,  pendant L V t S  ( a o b t ) .  Les donnges f o u r n i e s  
psr i e  narqnage o n t  i n d i q u g  que l e s  f e m e l l e s  "matures"  s e  d g y l a ~ a i e n t  s u r  



une d i s t a n c e  moyenne p l u s  grande (87,9  kin) que l e s  msles  (43 ,2  km) , et sug- 
gOrent qu 'ont  l i e u  des  mouvements s a i s o n n i e r s  de % ' e a u  A f a i b l e  p r o f o n d e i ~ r  
p r8s  du r i v a g e ,  e t  3 grande profondeur  au l a r g e ,  La b a i e  Chignecto  con- 
t i e n t  de v a s t e s  p o p u l a t i o n s  de f e m e l l e s  matures de grande t a i l l e  pendant 
l f 6 t & ,  6poque .3 1.aqueIle o n t  l i e u  l a  mue, l a  p roduc t ion  de nouve l les  
p o n t e s ,  ou l Y c l o s i o n  des  oeufs  avec  a p p a r i t i o n  de l a r v e s  p g l a g i q u e s ,  

S i  l ' o n  c o n s t r u i t  l ' u s i n e  m a d m o t r i c e  propos6e dans l a  b a i e  
Cobequid ou l e  b a s s i n  Cumberland, on n ' o b s e r v e r a  probablement que des  
e f f e t s  minimes s u r  l a  psche e t  l a  b i o l o g i e  des  p o p u l a t i o n s  1 o c a l . e ~  d e  
homards , 

INTRODUCTION 

Apart  from some g e n e r a l  f i s h e r i e s  s t a t i s t i c s  (Campbell 1979, 
S c a r r a t t  1977, Wilder e t  a l e  19741, l i t t l e  p u b l i s h e d  i n f o r m a t i o n  is a v a i l -  
a b l e  on t h e  f i s h e r y  and b io logy  of t h e  l o b s t e r  Homarus americanus  H. Mil-ne- 
Edwards (Decap0da:Nephropidae) i n  t h e  upper r e a c h e s  of t h e  Bay of Fundy, 
The purpose of t h i s  paper  i s  t o  p r e s e n t  and d i s c u s s  d a t a  on t h e  l o b s t e r  
f i s h e r y  f o r  p a r t  of L o b s t e r  D i s t r i c t  3 (from S t a t i s t i c a l  D i s t r i c t s  24,  
40-79) ( F i g ,  1 )  and on l o b s t e r  p o p u l a t i o n  s i z e  and s e x  s t r u c t u r e s  and move- 
ments of tagged l o b s t e r s  o b t a i n e d  from a s t u d y  a r e a  o f f  Alma i n  Chignecto  
Bay ( F i g ,  21, Although t h i s  s t u d y  was n o t  s p e c i f i c a l l y  des igned  t o  d e t e r -  
mine t h e  impact of t i d a l  power s t r u c t u r e s  on l o b s t e r s ,  t h e  r e s u l t s  a r e  used 
t o  c o n s i d e r  t h e  p o s s i b l e  e f f e c t s  on t h e  l o b s t e r  f i s h e r y  shou ld  a  t i d a l  daru 
be p laced  i n  e i t h e r  Cobequid Bay o r  Cumberband Basin  (Daborn 1977). 

The s t u d y  is l i m i t e d  t o  l o b s t e r s  of a  s i z e  range v u l n e r a b l e  t o  com- 
m e r c i a l  f i s h i n g  g e a r ,  which i n c l u d e s  s u b a d u l t  and a d u l t  l o b s t e r s ,  L i t t l e  
i n f o r m a t i o n  Is a v a i l a b l e  on t h e  ecology of j u v e n i l e  b e n t h i c  and l a r v a l  
p e l a g i c  s t a g e s  of - H, a n e r i c a n u s  i n  t h i s  a r e a .  

MATERIALS AND METNODS 

S t a t i s t i c a l  i n f o r m a t i o n  on annual  l o b s t e r  l a n d i n g s  and t h e  number 
of l i c e n c e d  l o b s t e r  f i s h i n g  b o a t s  were o b t a i n e d  from S t a t i s t i c s  Canada, 
H a l i f a x ,  and from l o c a l  f i s h e r i e s  o f f i c e r s ,  About 60 l o b s t e r  t r a p s  were 
randomly chosen from A l m a  d u r i n g  September 1980 and measured f o r  s i z e  
( l e n g t h ,  width ,  and h e i g h t ) ,  l a t h  spac ing  and e n t r a n c e  r i n g  d iamete r  (hoop 
s i z e ) .  

At-sea sampl ing of l o b s t e r s  caught i n  commercial l o b s t e r  f i s h i n g  
b o a t s  was conducted from r e p r e s e n t a t i v e  p o r t s  (Alma, H a l l s  Rarboiar and 
Canada Creek) i n  L o b s t e r  D i s t r i c t  3 d u r i n g  Elay 1979-November 1980 ( F i g .  2 ) .  
A l o b s t e r  f i s h i n g  boa t  from Alma was a l s o  c h a r t e r e d  t o  t a g  l o b s t e r s  August- 
September 1979 and 1980, At-sea sampling inc luded  r e c o r d i n g  t h e  number o f  
t r a p  h a u l s ,  ca rapace  l e n g t h  i n  m i l l i m e t e r s ,  and s e x  of s u b l e g a l  ( " s h o r t s " )  
o v i g e r o l ~ s  females  and cornznercial s i z e  l o b s t e r s .  The c a r a p a c e  l e n g t h  ( C L )  
was measured from t h e  i n n e r  base  of t h e  eye s o c k e t  t o  t h e  d o r s a l  p o s t e r i o r  
margin of t h e  ca rapace  a l o n g  t h e  mid- l ine  w i t h  v e r n i e r  c a l i p e r s ,  The 



Fig. 1. Counties, statistical districts and lobster districts (dotted 
lines) for southern New Brunswaick and Nova Scotia. 



F i g .  2 .  Upper r e a c h e s  of t h e  Bay of Fundy. Shaded a r e a  shows t h e  A l m a  
s t u d y  a r e a .  



developmental stage of lobster eggs, classed as new eggs (no embryo visi- 
ble) and old eggs (well developed embryo visible), were recorded for each 
ovigerous ("berried") female. 

During August-September 1979 and 1980, 2831 and 1970, respectively, 
lobsters were tagged with sphyrion spaghetti tags (Scarratt and Elson 1965) 
in the Alma area to determine growth and movement. A reward of $3.00 was 
offered for tags returned with accurate recapture location and depth infor- 
mation. An additional $2.00 was offered to fishermen for allowing each 
tagged lobster to be measured. Data on tag returns collected up to 
September 30, 1982 are used in this study. An analysis of variance program 
(Kim and Kohout 1975) was used to compare the distance travelled by imma- 
ture, mature male, and female tagged lobsters after loglO (x + 1) trans- 
formation to normalize the data. Water temperatures at 10-20 m depth were 
obtained with continuous recording submersible thermographs (Model 5180, 
Peabody Ryan, Kirkland, WA, U.S.A.). 

RESULTS AND DISCUSSION 

LOBSTER FISHERY 

Regulations 

Lobster fishing in Lobster District 3 is regulated in a number of 
ways. The fishing season is split into two pertods, October 15-December 31 
of one year and March 1- July 31 of the next year. Fishing seasons were 
designed, in part, to protect lobsters while mating, extruding eggs and 
molting, to assist in marketing, and to reduce exploitation rates. The 
number of licences issued are restricted and the number of traps (300 traps 
per class A fishermen and 90 traps per class B fishermen) are limited. Egg 
bearing ('berried') females are protected and a minimum size limft of 3 
3/16 in. (81 mm) CL is in effect. 

Fishing methods and gear 
The fishing vessels now used are generally Cape Island style boats - 

of 10-14 m length constructed of wood or fiberglass. Some class B fisher- 
men use skiffs or dories 4.6-6.1 m long. Hydraulic trap haulers, depth 
sounders, radar, and improved boat design have allowed fishermen to travel 
faster, further and fish more efficiently than fishermen prior to ten years 
ago. Practically all commercial traps are made of oak and laminated ply- 
wood or spruce. Some fishermen are experimenting with vinyl-coated wire 
traps. Traps from Alma are usually half-cylindrical in shape with three 
bows, 92-216 cm long, about 71 cm wide, and 38 cm high, each with an 
entrance ring (wire or wood) 15-22 cm in diameter (about 10-15% have 
entrances made only of knitted twine) and laths spaced about 3.3 cm apart. 
Lobster traps are set singly, each with a buoy. Trap ballast is made of 
cement or flat rocks. Bait depends on whatever is locally available at low 
cost, but usually consists of salted fresh or frozen herring or mackerel. 
The boats dock in high-water harbours and usually have 1.5 h before and 
after each high tide to go in and out of ports. The extreme tidal ampli- 
tude in this area allows the traps to be hauled only during slack water 



periods; the strong tidal currents usually submerge the buoys from sight of 
the fishermen. Recently caught lobsters are usually kept alive in floa~ing 
wooden crates up to a week by the fishermen prior to selling the lobsters 
to travelling commercial dealer-buyers. About a third of the lobster catcll 
is sold privately to tourists and local residents- 

Catch and effort 

The upper reaches of the Bay of Fundy constituted less than 10% of 
the total lobster vessel licences and lobster landings in the Bay of ~ u n d y *  
The value of the catch at $5.50 kg-' was ca, $0,24 million compared to 
ca.$3.75 million for the whole of the Bay of Fundy. The area has tradi- 
tionally been a low production lobster fishery compared to the rest of t;he 
Bay of Puridy (Pig, 3). 

The number of licenced lobster fishermen residing in or near towns 
close to the proposed tidal power dams are six for Alma, two for waterside, 
three for Woodpoint, four for Joggins, three for Apple River, seven for 
Advocate Harbour, one for Port Greville, four for Parrsboro, and four f o r  
Five Islands (Pig* 21, Three licenced lobster fishermen at Wood Point 
would be affected above the proposed tidal barrages in either Cobequid Bay 
or Cumberland Basin. As few lobsters are caught, lobster fishermen do not 
consider it economical to set traps beyond Economy Point into Cobequid Bay 
beyond Grindstone Island into Shepody Bay and Cape Maringouin (IJard point) 
into Cumberland Basin* Most of these fishernien set lobster traps in Minas 
Basin (and Greville Bay) and Chignicto Bay, 

Size  Composition - 

Typically there is a high proportion o f  large !.obsters caught (60% 
over 100 mm CL for Alma area) in the upper reaches of the Ray of Fundy 
(Pig. 4 ,  5), In the more productive areas of the Ray of Fundy ( e . g ,  in 
Lobster District 2 at Seal cove, &and Manan) 95% of the commercial s i z e d  
lobsters caught are within. the 80-100 mm CL range (A. Campbell, unpuhl , 
data, Wilder 1960), 

LOBSTER BIOLOGY 

Most of the following discussion on lobster biology is based on a 
study of lobsters in the Alraa area of Chignecto Bay conducted during 1 3 7 9 -  
80. Similar phenomena concerning lobsters probably occur in the Advocate 
Harbour to Parrsboro area, This paper does not discuss every aspect of 
lobster biology; detailed reviews of lobster biology can be found in C o b %  
and Phillips (19801, 

Seasonal Changes 

During July-October of 1979-80 water tetmperatures at lo-20m d e p t  h 
were in the 13-15 G range, whereas during tile winter months (January-Apr 3-1) 
temperatures were in the fl,5-4.5 C range. 



TABLE I .  Lobs te r  l a n d i n g s  and t o t a l  l o b s t e r  l i c e n c e s  i n  t h e  upper and 
lower reaches  o f  t h e  Bay of Fundy d u r i n g  1980.  N.B. = New 
Brunswick and N,S, = Nova S c o t i a ,  

Bay of Fundy Landings L o b s t e r  v e s s e l  l i c e n c e s  
kg x 1000 % of T o t a l  Number % of T o t a l  

U D D ~ ~  r e a c h e s  

S t a t .  D i s t r i c t  40 8.7 
4 1  2.4 
42  0.0 
4 3  6.2 
44 6.6 
24 7.5 
79  13.0 
8 1 0 .0 

T o t a l  44.4 6.5 4 7 9.4 
--- ---- 

Lower r e a c h e s  -- 

N.B. s i d e 1  392.7 57.6 334 G6.7 

N.S. s i d e  2 245 .0 120 23.9 
- 

T o t a l  Bay o f  Fundy 682.1 1 0 0 , l  50 1 100.0 

' S t a t i s t i c a l  D i s t r i c t s  4 8 ,  4 9 ,  5 0 ,  5 1 ,  5 2 ,  53 .  
S t a t i s t i c a l  D i s t r i c t s  35, 3 7 ,  38, 39.  



Bay of Fundy Lobster Landings 

Fig. 3. Annual lobster landings for the Bay of Fundy, 1947-81. A = lower 
reaches, New Brunswick side (Statistical Districts 48, 49, 50, 51, 
52, 53); B=lower reaches, Nova Scotia side (Statistical Districts 
35, 37, 38, 39); C-upper reaches (Statistical Districts 40, 41, 
43, 44, 24, 79). 
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Fig. 4. Size frequency distributions expressed as percentage of total num- 
bers of at-sea trap-caught lobsters at beginning of - fishing season 
October 1979 for Alma area and Halls Harbour area. X = mean 
carapace length: SE = standard error of mean; N = tot% number of 
lobsters measured. 
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Sex r a t i o  of immature l o b s t e r s  (60-94 mm CL) caught i n  t r a p s  was 
gene ra l l y  1:1, f l u c t u a t i n g  between 40-60%. Phys io logica l  ma tu r i t y  (50%) 
f o r  male and female l o b s t e r s  was es t imated  a t  ca. 95 mm CL using the  gonad 
examination technique of Aiken and Waddy (1980). When examining the  i n c i -  
dence of mature l o b s t e r s  (95 mm CL) t h e r e  was a  preponderance of male 
l o b s t e r s  dur ing  the  November-December and May-July f i s h i n g  per iods  (Fig.5 , 
6) .  I n  c o n t r a s t ,  dur ing August 1989-80, more females ,  e s p e c i a l l y  b e r r i e d  
females ,  were found i n  t r a p s  than males (Fig.  5 ,6) .  

The mean CL mature males f l u c t u a t e d  between 105 and 118 mm through- 
ou t  1979-80, whereas t h e  mean CL of mature females showed d e f i n i t e  t r ends  
from a low of 95 mm dur ing  win te r  t o  e a r l y  summer i n c r e a s i n g  s t e a d i l y  t o  
over 110 mm i n  August-September before  d e c l i n i n g  aga in  (Fig.  6).  

I nc reases  i n  male and female l o b s t e r s  per  t r a p  haul  during t h e  sum- 
mer months (Fig.  6)  were probably caused by a  number of f a c t o r s ,  such a s  
increased  densit-y of mature male l o b s t e r s  which due t o  movement i n t o  t he  
a r e a  and increased  water  temperature  which increased  t h e  c a t c h a b i l i t y  of 
l o b s t e r s  (McLeese and Wilder 1958) during t h e  summer. Also, t h e r e  was an 
apparent  i n c r e a s e  i n  b e r r i e d  females because of t he  over lap  of females 
ca r ry ing  old and new eggs (Fig.  6D). Lobster  females incuba te  eggs on 
t h e i r  pleopods f o r  about 9-12 mo (Perk ins  1971). During J u l y  and August 
p e l a g i c  l a rvae  ha tch  from the  eggs while  d i f f e r e n t  females with mature 
ova r i e s  w i l l  have extruded new eggs by l a t e  August (Fig.  6D). Mature 
females normally undergo a  2 y r  matura t ion  cyc l e ,  i .e .  a  female can ex t rude  
eggs i n  a l t e r n a t e  years  (Aiken and Waddy 1980). 

Movement 

Between 75 and 80% of immature tagged l o b s t e r s  were recaptured  
wi th in  18.5 km of r e l e a s e ,  wheras 17.7% of mature males and 44.7% of mature 
females were recaptured  g r e a t e r  than 92.6 km from the  r e l e a s e  s i t e  (Table  
2) .  Immature male and female tagged l o b s t e r s  (60-94 mm CL) moved a  mean of 
19.3 km and 13.5km r e s p e c t i v e l y  (no d i f f e r e n c e  between means, p>0.05) 
(Table  2) .  I n  c o n t r a s t ,  t h e r e  were s i g n i f i c a n t  (p<0.001) d i f f e r e n c e s  i n  
mean d i s t ance  moved between mature and immature tagged l o b s t e r s ,  wi th  
mature females moving f u r t h e r  (87.9 km) than na tu re  males (43.2 km) ( ~ a b l - e  
2).  

Tagged l o b s t e r s  t h a t  moved (50 km were recaptured i n  t he  d i r e c t i o n  
of S t .  Mart ins ,  Advocate Harbour, and up Chignecto Bay a s  f a r  a s  Joggins  
(Fig.  7) .  No l o b s t e r s  were recaptured  i n  Cumberland Basin. 

Tagged l o b s t e r s  moving > 50 km were recaptured  along the  c o a s t l i n e s  
of Nova Sco t i a ,  New Brunswick, Maine, and a s  f a r  as  Cape Cod (Fig.8).  The 
d i r e c t i o n  of t r a v e l  was g e n e r a l l y  west and south  f o r  those l o b s t e r s  moving 
long d i s t ances .  The f u r t h e s t  d i s t ance  moved was 590 km f o r  a  131 mrn CL 
male ( a t  r e l e a s e )  and 578 km f o r  a  113 mm CL female ( a t  r e l e a s e )  both of 
which were recaptured  i n  t h e  Cape Cod a r e a  about 2 y r  a f t e r  r e l ea se .  

Evidence f o r  l o b s t e r s  moving long d i s t a n c e s  0 1 0 0  km) and season- 
a l l y  inshore-offshore (shal low and deep waters )  i n  t he  Gulf of Maine and on 
Georges Bank has been shown ( c f .  reviews by Krouse 1980, Stasko 1980). 
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Fig. 6. Two-week means for mature (95 mm CL) lobsters (A) carapace length 
means, (B) number per trap haul, (C) sex ratio or percentage of 
total mature lobsters, (D) percentage egg stage of total berried 
females sampled from the Alma area, 1979-80. 



TABLE 2. Summary of movements of tagged l o b s t e r s  r e l ea sed  of f  Alma. New 
Brunswick, during August-September 1979-80, l nc lud i ag  r ecap tu re s  
up t o  September 30, 1981. Lobs te rs  grouped i n t o  phys io log i ca l ly  
immature (60-94 mm CL) and mature 0 9 5  nnn CL) a t  r e l e a s e ,  

D e t a i l s  
Percent  of t o t a l  l o b s t e r  r e c a p t u r e s  - 

Ma1 e Female 
Immature Mature Immature Mature 

Distance moved from (km) 

To ta l  % Recaptured 14.6 14.6 16.9 11.0 
To ta l  Number r e l ea sed  577 1737 409 2078 
Mean dis tance(km) t r a v e l l e d  19,3 l 43.2 1 3 . 5 ~  8 7 . 9  
Max. d i s t a n c e  (km) t r a v e l l e d  168.8 590.1 171.1 577.6 

' Means followd by the  same l e t t e r  i n  row a r c  s i m i l a r  (p >0.05) o t h e r  n e a i ~ s  
nor followed by same l e t t e r  i n  same row a r e  s i g n i f i c a n t l y  d i f f e r e n t  froin 
each o the r  ( p  <0.001). 



Fig .  7 .  Map showing number of recaptured  tagged l o b s t e r s  moving <SO km 
from r e l e a s e .  C i r c l e s  and shading i n d i c a t e  d i r e c t i o n  moved i n  30 
degree  u n i t s  (of t r u e  n o r t h )  expressed a s  percentages  of t o t a l  
r ecap tu re s .  



Fig. 8. Map of release and recapture points with straight-line distances 
travelled for all tagged lobsters recaptured >50 km from the Alma 
study area, 1979-81. 



Addi t iona l  evidence of tagged l o b s t e r s  moving up the  Bay of Fundy 
is shown from a s i m i l a r  tagging s tudy conducted a t  Chance Harbour and S t .  
Mart ins  during 1979-80 (Fig.  9)  (A. Campbell, unpubl. d a t a ) .  

Mature l o b s t e r s  i n  t he  Bay of Fundy probably move from deep waters  
(<60 m) t o  shal low water dur ing  summer months t o  t ake  advantage of t h e  warm 
shal low water (up t o  15 C) f o r  molt ing and reproduct ion .  Indeed t h e  Alma 
a r e a  seems t o  be an important  a r e a  amongst o t h e r  shal low waters  i n  t h e  Bay 
of Fundy (A.  Campbell, unpubl d a t a )  f o r  l a r g e ,  mature females t o  come t o  
dur ing  the  summer months t o  ha tch  w e l l  developed eggs,  molt (Wilder 1953) ,  
mate,  and ex t rude  new eggs. Thus Chignecto Bay may be an important  a r e a ,  
among o t h e r s  i n  t h e  Bay of Fundy, f o r  l a r v a l  recru i tment  downstream. Water 
c u r r e n t s  on t h e  New Brunswick s i d e  tend t o  f l u s h  ou t  of t he  Ray of Fundy 
(Bumpus and Lauzie r  1965). Where t h e  free-swimming p e l a g i c  l a r v a e  eventu-  
a l l y  s e t t l e  a s  ben th i c  j u v e n i l e s  i s  a mat te r  of specu la t i on  a t  p r e sen t  a s  
few l a r v a e  have been found i n  plankton tows (Wilder 1960, S tasko ,  pers .  
comrn.) i n  t h e  Bay of Fundy. The l a r v a e  may be swept wi th  t h e  s u r f a c e  cur- 
r e n t s  a long the  Gulf of Maine c o a s t l i n e  (Bumpus and Lauzie r  1965) o r  caught  
i n  eddies  i n  bays on t h e  Maine and New Brunswick coas t  o r  t h e  southern  
coas t  of Grand Manan o r ,  i n  some y e a r s ,  remain w i t h i n  t h e  Ray of Fundy i n  a 
c losed  c i r c u l a t i n g  water  system (Dickie  1955). 

IMPACT OF TIDAL BARRAGES ON LOBSTERS 

From r e s u l t s  of t h i s  paper t h e  fo l lowing  deduct ions  can be made 
concerning t i d a l  bar rages  and l o b s t e r s  i n  t he  upper reaches of t h e  Bay of 
Fundy. The proposed t i d a l  ba r r ages ,  i f  placed i n  e i t h e r  Cobequid Bay (B9) 
o r  Cumberland Basin (A8), would probably have an i n s i g n i f i c a n t  e f f e c t  on 
t h e  l o b s t e r  f i s h e r y  i n  t he  l o c a l  a rea .  Few l o b s t e r s  a r e  caught i n  t h e s e  
two bays; only t h r e e  l o b s t e r  fishermen (only  r e c e n t l y  l i c enced )  a r e  s t a -  
t ioned a t  Wood Poin t  above t h e  proposed bar rage  l o c a t i o n  i n  Cumberland 
Basin,  and t h e r e  a r e  no l o b s t e r  fishermen s t a t i o n e d  i n  towns i n  Cobequid 
Bay (V. N u t t a l l ,  pers .  corn.) .  There were no f ishermen i n  S t a t i s t i c a l  
D i s t r i c t s  42 and 81 during 1980 (Table  1 ,  Fig.  1). The ma jo r i t y  of l o b s t e r s  
caught i n  S t a t i s t i c a l  D i s t r i c t  43 a r e  from t h e  Plinas Basin t o  Advocate 
Harbour with t h e  f o u r  l i c enced  fishermen from Five I s l a n d s  f i s h i n g  w e l l  
o u t s i d e  Cobequid Bay. D e t a i l s  of l o b s t e r  l andings  by towns with t h e s e  lob- 
ster d i s t r i c t s  a r e  no t  a v a i l a b l e .  The probable  reason  f o r  t h e  low number 
of l o b s t e r s  is t h e  low s a l i n i t y  and the  extreme s i l t a t i o n  and muddy sub- 
t r a t e  i n  Cobequid Bay and Cumberland Basin (Daborn 1977) which the  l o b s t e r s  
may avoid (Cobb 1968, Cooper and Uzmann 1980, P o t t l e  and Elner  1982). I c e  
scour ing  during win t e r  i n  t he se  a r e a s  (Gordon and Desplanque 1983) may a l s o  
be a f a c t o r  causing seve re  l o b s t e r  m o r t a l i t y  reducing l o b s t e r  d e n s i t i e s .  
Whether t he  t i d a l  bar rage  would a f f e c t  water t empera tures ,  s i l t a t i o n ,  and 
s a l i n i t y  s u f f i c i e n t l y  below the  barrage i n  t h e  open Bay of Fundy t o  a f f e c t  
l o b s t e r s  is  a t  p r e sen t  unknown. 

Although t h e  upper reaches of t he  Bay of Fundy a r e  lower l o b s t e r  
p r o d u c t i v i t y  a r ea s  compared t o  t h e  r e s t  of t h e  Bay of Fundy, t h e  Chignecto 
Bay a r e a ,  as  a r e  o t h e r  a r e a s  i n  t he  Bay of Fundy, may be important  b i o l o g i -  
c a l l y  as  a source of l a r v a l  recrui tment  f o r  o t h e r  a r e a s  downstream, 



F i g .  9. Map of r e l e a s e  and r e c a p t u r e  p o i n t s  w i t h  s t r a i g h t - l i n e  d i s t a n c e s  
t r a v e l l e d  f o r  tagged l o b s t e r s  moving up t h e  Bay of Fundy from 
Chance Harbour and S t .  M a r t i n s ,  1999-81 ( a f t e r  A .  Campbell ,  
unpubl.  d a t a ) .  



A t i d a l  b a r r a g e  would probably  no t  have a  major e f f e c t  on t h e  l o c a l  
l o b s t e r  f i s h e r i e s  i n  t h e  upper reaches  of t h e  Bay of Fundy. One can o n l y  
s p e c u l a t e  on t h e  e f f e c t  of a t i d a l  b a r r a g e  on l o b s t e r s  f u r t h e r  dowr~strearn 
on a  l a r g e  s c a l e .  Ana lys i s  of l o b s t e r  l a n d i n g  t r e n d s  and l o b s t e r  movements 
i n d i c a t e  t h a t  t h e r e  is  probably  one l o b s t e r  s t o c k  i n  t h e  Bay of Fundy in -  
c l u d i n g  t h e  Gulf of Maine (Campbell and Mohn 1982).  I f  wa te r  t e m p e r a t u r e s  
and v e l o c i t i e s  o r  t i d a l  ampl i tudes  do change as a  r e s u l t  of a  t i d a l  bar-  
r a g e ,  a s  sugges ted  by Greenberg (1984) ,  t h e n  l o b s t e r  p o p u l a t i o n s  cou ld  be 
a f f e c t e d .  Changes i n  c u r r e n t  v e l o c i t y  o r  p a t t e r n s  may change l a r v a l  re- 
c r u i t m e n t  p a t t e r n s  which a r e  a t  p r e s e n t  poor ly  known. Water t e m p e r a t u r e  
change would a f f e c t  l o b s t e r  development a t  a l l  s t a g e s  (Aiken 19801, ca tch-  
a b i l i t y  (McLeese and Wilder 1958) ,  and l a n d i n g s  (Dow 1978, Flowers and 
S a i l a  1972). The degree  t o  which t h e  t i d a l  b a r r a g e  induced p e r t u r b a t i o n s  
would have over  s e a s o n a l  and long  term tempera tu re  t r e n d s  a f f e c t i n g  
l o b s t e r s  i s  unknown. 
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QUESTIONS AND COPIMENTS 

K .  Mann: Looking a t  t h e  s l i d e  wi th  r e s p e c t s  t o  t empera tu re  and onshore- 
o f f s h o r e  movements I wonder how t h e  H a l i f a x  l o b s t e r  f i shermen c a t c h  any- 
t h i n g  a t  a l l  i f  t h e  l o b s t e r s  move t o  deeper  water  d u r i n g  t h e i r  w i n t e r  
l o b s t e r  season  o r  does t h i s  noc app ly  t o  o t h e r  a r e a s ?  

A .  Campbell: Lobs te r  movements a long  t h e  e a s t e r n  s h o r e  of Nova S c o t i a  a r e  
poor ly  s t u d i e d .  Work by Wilder i n  t h i s  r e g i o n  d u r i n g  t h e  1960 ' s  showed no 
l a r g e  s c a l e  movements. However i t  depends on where you a r e .  To reach  deep 
wate r  i n  t h e  Alma a r e a  of t h e  Bay of Fundy a  l o b s t e r  would have t o  move a 
l a r g e  d i s t a n c e  but a long  t h e  e a s t  c o a s t  of Nova S c o t i a  on ly  a  few km of 
movement would a l l o w  t h e  l o b s t e r  t o  change t h e  environment.  

K.  Mann: What about downstream e f f e c t s  of t h e  t i d a l  b a r r a g e s .  S i n c e  tht?r-e -- 
i s  good ev idence  t h e  Canso Causeway caused r e c r u i t m e n t  f a i l u r e  do you t h i n k  
a  t i d a l  dam a t  t h e  head of t h e  Ray of Fundy could  c a u s e  a s i m i l a r  e f f e c t .  

A .  Campbell: T do no t  t h i n k  t h e  s i t u a t i o n  is  analogous.  The e a s t e r n  Nova - 
S c o t i a  sysTem i s  q u i t e  d i f f e r e n t ,  I n  ternis of Cumberland Basin  no t  t:lat 
many l o b s t e r s  seem t o  go i n  t h e r e  o r  i n t o  Cohequid Bay. The m a j o r i t y  of 



the large lobsters only need to go into shallow water in the Rlma area to 
obtain warm temperatures for development of their eggs or to moult. There 
do not seem to be any similar problems with tile tidal barrages unless they 
change the environment: or the ecology in areas outside of them. 
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ABSTRACT 

A s o f t - s h e l l  clam survey  was conducted a l o n g  t h e  n o r t h  s h o r e  of t h e  
Minas Basin  d u r i n g  t h e  summer of 1982. Areas ,  d e n s i t i e s ,  f r equency  d i s t r i -  
b u t i o n  of a l l  s i z e  c l a s s e s  and abundances of market s i z e  clams (> 42 mm) 
were c a l c u l a t e d .  S h e l l  samples were c o l l e c t e d  f o r  ag ing  p u r p o s e s ~  Informa- 
t i o n  on t h e  p a s t  h i s t o r y  and p r e s e n t  s t a t u s  of t h e  f i s h e r y  was g a t h e r e d .  
Of t h e  e s t i m a t e d  446 ha  a v a i l a b l e  f o r  commercial clam d i g g i n g ,  142 were 
surveyed.  D e n s i t i e s  of p r e - r e c r u i t s  (36-41 mm) were h i g h ,  w i t h  r e l a t i v e l y  
s m a l l  numbers of 0-16 mm and _2 49 mm s i z e  c l a s s e s .  Growth r a t e s  and 
a s y m p t o t i c  l e n g t h  were low compared t o  o t h e r  a r e a s  i n  t h e  Mart t imes  and 
a l o n g  t h e  A t l a n t i c  seaboard.  Occurrences  of s t u n t i n g  were common. Abun- 
dances  of commercial s i z e  clams were cons idered  moderate and e x p l o i t a t i o n  
r a t e s  were not  ex t remely  high.  At t h e  t ime of t h e  s u r v e y ,  an e s t i m a t e d  
67,114 b u s h e l s  of market s i z e  c lams,  worth  1.3 m i l l i o n  d o l l a r s ,  were a v a i l -  
a b l e  f o r  h a r v e s t .  Seventeen p e r c e n t  of t h i s  r e s o u r c e  was t o  tlie e a s t  oi- 
Economy P o i n t ,  Impacts of t h e  proposed t i d a l  power b a r r a g e  on t h e  clam 
p o p u l a t i o n  a r e  cons idered  i n  l i g h t  of t h e  p o t e n t i a l  e f f e c t s  on: t h e  a v a i l -  
a b i l i t y  of t h e  r e s o u r c e  t o  t h e  f i s h e r y ,  q u a l i t y  and q u a n t i t y  of food 
s u p p l y ,  e s t a b l i s h m e n t  of j u v e n i l e s ,  m o r t a l i t i e s  of a d u l t s  and p o t e n t i a l  in-  
c r e a s e  i n  con tamina t ion ,  The v a l u e  of t h e  r e s o u r c e  t o  t h e  p r o v i n c e  and 
l o c a l l y ,  a s  w e l l  as i t s  f r a g i l i t y ,  a r e  documented. Wise management f o r  
l o n g  term v i a b i l f t y  is  recommended, 

Key words: env i ronmenta l  eco logy ,  f i s h e r y ,  i n v e r t e b r a t e s ,  Minas B a s i n ,  
s h e l l f i s h ,  s h o f t - s h e l l  clam, t i d a l  power. 

Un i n v e n t a i r e  des  myes a 6t6 men6 l e  long  de l a  c 6 t e  nord du b a s s i n  
des  Mines au c.ours de l V 4 t 4  1982. On a s l o r s  c a l c u l 6  l e s  s u p e r f i c i e s ,  l e s  
d e n s i t d s ,  l a  r g p a r t i t i o n  des  f rdquences  de t o u t e s  l e s  c l a s s e s  de  t a i l l e s  
a i n s i  que l 'abondance des  myes a s s e z  g r o s s e s  pour l a  mise en march6 (> 42 
mrn). Des 6 c h a n t i l l o n s  de c o q u i l l e s  on t  6 t d  p r 6 l e v 6 s  pour f i n s  de  d 6 t e r -  

P r e s e n t  a d d r e s s  : Department of Biology,  Dalhousie  U n i v e r s i t y ,  H a l i f a x ,  
N.S, B3W 451 



m i n a t i o n  d 'gge.  Des renseignements  one 6 t d  r d u n i s  conaernan t  l e s  antgc6-  
d e n t s  et  l V 6 t a t  a c t u e l  de  l a  pgche, D e s  1 446 h a  q u i  se preterit 2 l a  
c u e i l l e t t e  des  myes commerciales,  142 on t  f a i t  l ' o b j e t  de re lev&.  La 
d e n s i t 4  des  p r6- rec rues  de  36-41 mm 6 t a i t  6 l e v 6 e ,  l e  nombre de myes Gtan t  
r e l a t i v e m e n t  p e t i t  dans  l e s  c l a s s e s  de t a i l l e  0-16 mm e t  > 49 m. Les 
v i t e s s e s  de c r o i s s a n c e  e t  l e s  longueurs  asympto t iques  ~ t a i e n t  f a i b l e s  com- 
parat ivement  aux a u t r e s  s e c t e u r s  des  Mari t imes  et du l i t t o r a l  a t l a n t i q u e .  
Les cas  de c r o i s s a n c e  in te r rompue  6 t a i e n t  f r e q u e n t s .  L9abondance d e s  myes 
de t a i l l e  commerciale a  & t 4  considt5rde comme modt5r6e9 les t a u x  d ' e x p l o i t a -  
t i o n  n 1 6 t a i e n t  d ' a i l l e u r s  pas  t e l l e m e n t  &lev&.  Au moment de L ' i n v e n t a i r e ,  
l e s  q u a n t i t d s  p r & t e s  3 r 6 c o l t e r  6 t a i e n t  e s t i m d e s  i3 67 114 b o i s s e a u x  de  myes 
de t a i l l e  s u f f i s a n t e  pour les march6s, d 'une  v a l e u r  de 1 , 3  m i l l i o n  de  
d o l l a r s .  De c e t t e  q u a n t i t 6 ,  17% se t r o u v a i t  I ' e s t  de l a  p o i n t e  Economy. 
Les rt5percussions du b a r r a g e  mar&moteur e n v i s a g e ,  s u r  l a  p o p u l a t i o n  d e  
myes, s o n t  cons id6rdes  en f o n c t i o n  des  e f f e t s  p o t e n t i e l s  s u r :  l ' a c c e s s i -  
b i l i t 6  aux r e s s o u r c e s  pour l e s  pe^cheurs, l a  q u a l i t 6  et l a  q u a n t i t 6  d e s  r6-  
s e r v e s  a l i m e n t a i r e s ,  l ' 4 t a b l i s s e m e n t  des  j u v 6 n i l e s ,  l a  m o r t a l i t 6  des  
a d u l t e s  e t  f s a c c r o i s s e m e n t  p o t e n t i e l  de l a  con tamina t ion .  La v a l e u r  de  
c e t t e  r e s s o u r c e  pour l a  p rov ince  e t  l a  r d g i o n  immddiate,  de m&me que s a  
vu lngrab l  l i t&, f o n t  l ' o b j e t  de commentaires e t  de  donnees. L ' au teur  re-  
commande f ina lement  d ' a d o p t e r  des  p r i n c i p e s  de s a i n e  g e s t i o n ,  c e l l e - c i  
pouvant a s s u r e r  l a  v i a b i l i t 6  l o i n t a i n e .  

I INTRODIJCT I O N  
I 

The Nova S c o t i a  T i d a l  Power Corpora t ion  h a s  chosen Economy P o i n t  t o  
Cape Tenny a t  t h e  mouth of Cobequid Bay ( B 9 )  a s  t h e  most p r e f e r r e d  s f t e  f o r  
c o n s t r u c t i o r t  of a  t i d a l  power b a r r a g e  (F ig .1 ) .  I n  response  t o  concerns  f o r  
l o n g  term v i a b i l i t y  of t h e  commercial clam f i s h e r y  a long  t h e  n o r t h  s h o r e  of 
t h e  Minae Bas in ,  t h e  Nova S c o t i a  Department of F i s h e r i e s  conducted a  s u r v e y  
of t h e  r e s o u r c e  d u r i n g  the summer of 1982, T h i s  paper  p r e s e n t s  a  summary 
of t h e  r e s u l t s  and t h e  p o s s i b l e  env i ronmenta l  impacts  of t h e  proposed 
b a r r a g e  on t h e  commercial clam r e s o u r c e  i n  t h e  a r e a .  

METHODS 

Transec t  l i n e - q u a d r a t  su rvey  t e c h n i q u e s ,  s i m i l a r  t o  those  used by 
t h e  a u t h o r  i n  t h e  summer of 1981 (Witherspoon 1982) ,  were i n c o r p o r a t e d .  

2 Q u a d r a t s  were 0,09 m and 20 cm deep. T r a n s e c t  l i n e s  were 30 m a p a r t  
p a r a l l e l  t o ,  and 50 m a p a r t  p e r p e n d i c u l a r  t o ,  t h e  s h o r e ,  Cl.ams were s o r t e d  
from t h e  samples by hand, 

Areas ,  d e n s i t i e s  ( b u s h e l s  ha- ' )* and s i z e  f requency  d i s t r i b u t i o n s  
of j u v e n i l e  (> 35 mm) ,  p r e r e c r u i t  (36-41 mw), and market (> 42 mm) s i z e  
clams were c a l c u l a t e d  f o r  t h o s e  a r e a s  surveyecl. Methods were i d e n t i c a l  t o  
t h o s e  employed i n  t h e  1981 survey  (Witherspoon 1982). Areas of commerci.al 
clam f l a t s  no t  surveyed were e s t i m a t e d  by pacing.  R e p r e s e n t a t i v e  d e n s i . t i e s  
were a p p l i e d  t o  t h e s e  f l a t s  s o  t h a t  t o t a l  s t a n d i n g  s t o c k s  ( b l ~ s h e l s )  f o r  t h e  
whole r e s o u r c e  could  be computed, 
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Four teen  samples of clams, each numbering from 100-200 i n d i v i d u a l s  
of a  wide s i z e  range ,  were c o l l e c t e d  from s e v e r a l  commercial f l a t s  f o r  
aging.  D i s t a n c e  between annua l  r i n g s  were measured and Von R e r t a l a n f f y  
growth paramete rs  co~nputed,  Methods a r e  d e s c r i b e d  i n  Witherspoon (1982) .  

In format ion  on t h e  p a s t  h i s t o r y  and p r e s e n t  s t a t u s  of t h e  f i s h e r y  
were r e l a t e d  t o  t h e  a u t h o r  through c o n v e r s a t i o n s  w i t h  f i shermen ,  p r o c e s s o r -  
buyers ,  f i s h e r i e s  o f f i c e r s ,  and l o c a l  r e s i d e n t s .  Catches  p e r  u n i t  e f f o r t  
(numbers of 2-gallon buckets  dug per  hour )  f o r  1982 were c a l c u l a t e d  from 
f i shermen  j n t e r v i e w s ,  

L i t e r a t u r e  reviews and d i s c u s s i o n s  were c a r r i e d  o u t  w l ~ i e h  r e l a t e d  
t o  impacts  of s i m i l a r  p e r t u r b a n c e s  on commercial clam f i s h e r i e s  i n  o t h e r  
a r e a s  of t h e  Mari t imes ,  

The I n d u s t r y  --- 

RESULTS 

The Minas Basin  clam f i s h e r y  began i n  t h e  e a r l y  1940 's .  I n  1946, 
accord ing  t o  F i s h e r i e s  and Oceans s t a t i s t i c s ,  a peak of 916 MT of clams was 
h a r v e s t e d  (F ig .2 ) .  A s  t h e  bu lk  of v i r g i n  s t o c k s  was removed, l a n d i n g s  de- 
c l i n e d  and remained a t  lower l e v e l s  f o r  t h e  1950's  and 1960%s. 

G r e a t e r  demand and h i g h e r  p r i c e s  r e s u l t  a p r o p o r t i o n a l  in--  
c r e a s e  i n  clams being dug throughout  t h e  1970 's  l a t i v e  t o  t h e  Nova 
S c o t i a  clam f i s h e r y ,  t h e  l a n d i n g s  from t h e  Minas Basin  have i n c r e a s e d  s i n c e  
t h e  beg inn ing  of t h e  1970 's  ( F i g ,  3 ) .  They now r e p r e s e n t  about 30% of t h e  
e n t i r e  Nova S c o t i a n  r e s o u r c e .  In 1982, l a n d i n g s  of 680 MT of clams worth  
0 , 5  m i l l i o n  d o l l a r s  were recorded  f o r  D i s t r i c t  43 up t o  t h e  end of 
November, Th i s  is  t h e  h i g h e s t  Landing f i g u r e  s i n c e  1946 (Fj-g. 2 . ) .  

I n  1981, t h e  clam f i s h e r y  topped I n  d o l l a r  v a l u e  such h i g h e r  pro- 
f i l e  f i s h e r i e s  a s  s q u i d ,  gaspereau ,  and salmon f o r  t h e  Province of Nova 
S c o t i a .  L o c a l l y ,  67% of t h e  t o t a l  v a l u e  of a l l  f i s h  s p e c i e s  r e p o r t e d  f o r  
t h e  same y e a r  w a s  s o f t - s h e l l  clams. One hundred and t e n  f u l l  t ime l i c e n c e d  
f i shermen  p l u s  numerous p a r t  t i m e r s  and s t u d e n t s  were d i g g i n g  i n  1982. 
There were t h r e e  p r o c e s s o r s  i n  t h e  a r e a  who employed 27 people  t o  shuck and 
s h i p  clams l i v e  t o  New Brunswick and U.S, markets .  The i n d u s t r y  i s  l a r g e l y  
unmechanized and t h e r e f o r e  r e q u i r e s  low c a p i t a l  inves tment .  Fishermen u s e  
hacks ,  b u c k e t s ,  and wheeled g i g s  t o  d i g  and h a u l  i n  t h e i r  c a t c h .  

The Survey 

One hundred and for ty- two h e c t a r e s  were surveyed (Tab le  l ) ,  approx-- 
i m a t e l y  orte-third of t h e  t o t a l  commercial clam f l a t s  ('Table 2 ) .  S t a n d i n g  
s t o c k s  of market s i z e  clams (> 42 mm) were e s t i m a t e d  t o  be 67,114 b u s h e l s  
( b  ,812 KC) having a  market vayue of 1.3 m i l l i o n  d o l l a r s  i n  1982. To d a t e  
o n l y  38% of t h i s  p o t e n t i a l  r e s o u r c e  is  h a r v e s t e d .  

Seventeen p e r c e n t  of t h e  e s t i m a t e d  s t a n d i n g  s t o c k s  was l o c a t e d  i n  
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TABLE 1. Areas surveyed, number of a r e a s ,  number of s t a t i o n s ,  and number 
of clams measured f o r  t h e  three l o c a t i o n s  along t h e  no r th  shore  
of the  Minas Basin. 

Number of Number of Number of 
Loca t ion  Area (ha)  a r e a s  s t a t i o n s  clams 

Bass River F l a t s  80 5 598 4,871 

Economy P l a t s  4 7 5 31 5 2,007 

Five  I s l a n d s  F l a t s  15 1 120 2,727 

T o t a l  142  I1 1033 9,665 



TABLE 2 .  Estimated t o t a l  acreage and p o t e n t i a l  bushel product ion 0 4 2  rnm) 

of s o f t - s h e l l  clams of both surveyed and non-surveyed a r e a s  a long  
the  nor th  shore of t h e  Minas Basin,  Ray of Fundy, 1982. The a r e a  
of clam f l a t s  a t  Advocate Harbour was es t imated  by pacing. 

Percentage (%) 
of l o c a t i o n  

Locat ion Area (ha)  surveyed Bushels 

Eas t  of Economy P t .  

Bass River F l a t s  85 

West of Economy P t .  

Economy F l a t s  130 3 6 18,345.3 

Flve I s l a n d s  F l a t s  138 11 17,575 "9  

Advocate Harbour 93 0 19,621.1 

Total. 361 17 55,542.3 

Overa l l  To ta l  446 32 67,113.9 
- - 



Cobequid Bay ( e a s t  of Economy P o i n t ) ,  Approximately one q u a r t e r  of t h e  
1982 h a r v e s t  was t aken  on t h i s  s i d e  of t h e  p o i n t ,  P r e s e n t l y ,  t h e  l a r g e s t  
and most p r o d u c t i v e  f l a t  of t h e  17 commercial f l a t s  u t i l i z e d  by t h e  f i s h e r y  
i s  found i n  Cobequid Ray, 

Abundances of market s i z e  clams ( T a b l e  3) a r e  cons idered  moderate 
i n  r e l a t i o n  t o  o t h e r  commercially f i s h e d  a r e a s  i n  t h e  Mari t imes  (Rober t  
1981; Witherspoon 1982) ,  The p r e r e c r u i t  s i z e  c l a s s  (36-41 mm) had t h e  
h i g h e s t  numbers of c lams,  w i t h  44% of t h e  p o p u l a t i o n  concent  r a t e d  between 
36 and 48 m ( P i g ,  4 ) -  There were r e l a t i v e l y  low d e n s i t i e s  i n  s i z e  c l a s s e s  
0-16 m and > 4 9 m ,  - 

The g r e a t  range i n  v a l u e s  of t h e  voa B e r t a l a n f f y  growth p a r a m e t e r s ,  
k and L,, a r e  i l l u s t r a t e d  i n  F i g ,  5,  Length at  i n f i n i t y  (L,) v a r i e d  
froin a  minimum 56 mm t o  a  maximum of 99 mm, Half of t h e  a g i n g  samples had 
L, l e s s  t h a t  70 m ,  i n d i c a t i n g  s t u n t i n g  of clams, U s u a l l y ,  s t u n t e d  clams 
grow l i t t l e  p a s t  45-50 m i n  l e n g t h ,  Growth r a t e s  (k) were s low compared 
t o  o t h e r  a r e a s  i n  t h e  Mari t imes  (Rober t  1979; Rober t  1981; Witherspoon 
1982) and a l o n g  t h e  A t l a n t i c  seaboard (Brousseau 1979).  Th i s  was l i k e l y  a 
f u n c t i o n  of t h e  s h o r t  growing season  from May t o  September (Newcoabe 19351, 
s u b s t r a t e  t y p e ,  food a v a i l a b i l i t y ,  and crowding (Witherspoon,  i n  p repara -  
t i o n ) ,  

Reproduct ion i n  t h e  s o f t - s h e l l  clam i s  s i z e  r a t h e r  t h a n  age depen- 
d e n t ,  and u s u a l l y  commences around 40 nnn (Brousseau ,  1978).  Th i s  l e n g t h  i s  
reached somewhere between t h e  ages  of 5 and 8 y e a r s  on t h e  n o r t h  s h o r e  of 
t h e  Minas Basin .  

S t a t u s  of t h e  F i s b e r v  

The f i s h e r y  appears  t o  be r e l a t i v e l y  h e a l t h y  a t  p r e s e n t ,  based on 
t h e  d e n s f - t i e s  and p r o p o r t i o n s  of clams i n  t h e  p r e r e c r u i t  and market s i z e  
c l a s s e s .  However, abundances ( f rom c a t c h  p e r  u n i t  e f f o r t  d a t a )  a r e  Lower 
now than  t h e y  were i n  t h e  p a s t ,  and numbers of d i g g e r s  h i g h e r  (Witherspoon,  
i n  p r e p a r a t i o n ) ,  Market demand and s u b s e q u e n t l y  h a r v e s t  of s t eamer  clams 
(40-50 mm) has i n c r e a s e d  i n  t h e  l a s t  t h r e e  y e a r s  and is  l i k e l y  t o  con t inue .  
O v e r f i s h i n g  of clams i n  t h i s  s i z e  range can be d e t r i m e n t a l  t o  t h e  f u t u r e  
v i a b i l i t y  of t h i s  i n d u s t r y ,  Slow growth r a t e s  and s t u n t i n g  cause  clams t o  
accumulate  between 40 and 50 mm, I f  a l a r g e  p r o p o r t i o n  of t h e s e  an lmals  i s  
removed, i t  may t a k e  seven y e a r s  b e f o r e  clams would a g a i n  he a v a i l a b l e  f o r  
d i g g i n g ,  S u c c e s s f u l  p r o d u c t i o n  of j u v e n i l e s  would l i k e l y  be a f f e c t e d  i f  
t h e  numbers of b reed ing  a d u l t s  (above 40 mm) were decreased  s i g n i f i c a n t l y .  
J u v e n i l e  d e n s i t i e s ,  p r e s e n t l y  low, a r e  known t o  be h i g h l y  v a r i a b l e  from one 
y e a r  t o  t h e  n e x t  (Brousseau 2978; Witherspoon 1982) .  Yeo (1978) p o s t u l a t e s  
t h a t  w i n t e r  s to rms  and i c e  cover  can cause  sudden changes i n  d i s t r i b u t i o n  
o f  sedlbments, t h e r e b y  relnoving o r  smot'nc.ring young clams which a r e  pos i -  
t i o n e d  c l o s e  t o  t h e  sediment s u r f a c e ,  



TABLE 3 .  Estimated bushels ha-' of prerecruits and markets surveyed for 
individual locations and all locations combined on the north shore 
of the Minas Basin. 

Bass River Flats Economy Flats Five Island Flats All locations 
Group (bu ha-') (bu has1) (bu ha'') (bu ha") 

Prerecruits 
36-48 rnm 27 20 9 2 3 

Markets 
>49 m - 10 

Prerecruits 
36-41 mm 15 

Markets , 
>42 mm - 22 3 0 12 2 3 



0-16 17-22 23-29 30-35 36-41 42-48 49-54 55-60 61-67 68-73 74+ 
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Fig. 4. Size frequency distribution of the surveyed soft-chell clam popu- 
lation along the north shore of the Minas Basis, 1982. 
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Fig. 5. Length-at-age curves for slow (Site 12),  medium stunted (Site I), 
and fast (Site 7) growing soft-shell clams on the north shore of 
the Minas Basin, 1982. 



Without es tab l i shment  of a  s i z e  l l m i t ,  t h e  long term success  of the  
f i s h e r y  cannot be assured ,  p a r t i c u l a r l y  i f  ha rves t i ng  e f f o r t  cont inues  t o  
i nc rease  and l a r g e r  propor t ions  of steamer clams a r e  taken. 

Impacts of T i d a l  Power . , 

Imposed on t h e  presen t  s i t u a t i o n  i s  the  concern f o r  t h e  impact of 
t he  proposed t i d a l  bar rage  on the  resource ,  The o p e r a t i o n a l  mode chosen 
w i l l  have d i f f e r e n t  e f f e c t s  on t he  clam popula t ion .  Since i t  i s  most l i k e -  
l y  t h a t  s i n g l e  e f f e c t  ebb genera t ion  w i l l  be employed, only t he  p o t e n t i a l  
consequences of t h i s  mode of ope ra t i on  on t h e  resource  w i l l  be considered.  

Cobequid Bay (17% of market s i z e  s t and ing  s t o c k s )  

Commercially dug clams a r e  concent ra ted  from the  middle t o  t he  
upper p a r t  of t h e  i n t e r t i d a l  zone, With bar rage  cons t ruc t ion ,  t h e r e  i s  a  
p ro j ec t ed  65% reduc t ion  i n  t h e  s i z e  of t h e  i n t e r t i d a l  zone f o r  a  mean t i d e  
(Baker 1984), Clams i n  t h e  lower t o  middle p a r t  of t h e  o r i g i n a l  i n t e r t i d a l  
zone w i l l  be permanently f looded ,  and w i l l  no longer  be a v a i l a b l e  t o  t h e  
commercial f i s h e r y .  Some clams found i n  t h e  upper most p a r t  of t h e  i n t e r -  
t i d a l  zone w i l l  no t  be covered by the  t i d e  and t h e r e f o r e  w i l l  d i e .  The i r  
c o n t r i b u t i o n  t o  t he  breeding popula t ion  w i l l  be l o s t ,  

Under normal p r o j e c t  operctioxi,  Amos (1984) cons iders  t h e r e  w i l l  R e  
i n t e r m i t t e n t  depos i t i on  of sediments and subsequent e ros ion ,  Should depo- 
sits p e r s i s t  longer  than  10 h because of a l t e r e d  p r o j e c t  f u n c t i o n ,  consol i -  
d a t i o n  w i l l  occur ,  Accumulations g r e a t e r  than 6 cm of f i n e  t o  mediumgrain 
sediments can r e s u l t  i n  high m o r t a l i t i e s  of clams, due t o  l o s s  of a b i l i t y  
t o  burrow upwards (Turk and Risk 1981),  Fine g r a i n  s u b s t r a t e s  a r e  a l s o  
known t o  cause dea ths  through clogging of f i l t e r  feed ing  processes  
(Newcombe 1935), A s  w e l l ,  t he  f l u i d - l i k e  na tu re  of s i l t y  bottoms makes 
them u n s u i t a b l e  f o r  j u v e n i l e  es tab l i shment  (Yeo 1978). 

S p e c i f i c  examples of decreased p r o d u c t i v i t y  and s i z e  of clam f l a t s ,  
a s  a  r e s u l t  of b a r r i e r s  and/or increased  sed imenta t ion  r a t e s ,  have been re- 
ported i n  t h e  l i t e r a t u r e ,  A survey a t  Eel  River Cove, New Brunswick, i n  
1978 (Robert 1979) revea led  t h a t  only I ha of commercial f l a t s  remained of 
t he  16 ha p re sen t  p r i o r  t o  cons t ruc t ion  of a  dam. This change was a t t r i -  
buted t o  lowered juven i l e  s u r v i v a l  and conversion of clam f l a t s  t o  s a l t  
marsh, both a  r e s u l t  of increased  s i l t a t i o n .  A s i m i l a r  occurence has  been 
repor ted  by Sco t t  (1380) and Witherspoon (1982) i n  Chezzetcook Harbour 
a long t h e  Eas t e rn  Shore of Nova Sco t i a .  Nearby Cole Harbor had a  t h r i v i n g  
clam f i s h e r y  i n  t h e  e a r l y  1950's. Excavation of sand and g r a v e l  around 
1952, f o r  cons t ruc t ion  of t h e  Angus L. MacDonald br idge  i n  Ha l i f ax ,  brought 
about a  p a r t i a l  blockage a t  t h e  en t rance  t o  Cole Harbour. Subsequent 
r educ t ion  i n  f l u s h i n g  r a t e s  caused the  f l a t s  t o  be f looded and d e p o s i t i o n  
of sediment t o  occur.  Local r e s i d e n t s  r epo r t ed  t he  f l a t s  were "white wi th  
dead s h e l l s "  (Eaton, persona l  communication). There were a t tempts  t o  b u l l -  
doze a new en t r ance  t o  t he  harbour.  However, t h e  clam f i s h e r y  has never 
recovered,  and t h e r e  i s  only r e c r e a t i o n a l  d igg ing  today. 



Incidents of clam n~ortalities caused by accumulation of fine grain 
sedfments have been reported by Medcof (1953) at Sissiboo Rfver (1951-52) 
and Yeo (1978) at Walton in the Minas Basin (1975-76). 

The preferred food type of the soft-shell clam in the Bay of Fundy 
is benthic diatoms (Newcombe 1935). These grow at low tide in the 
intertidal zone of the Minas Basin (Yeo 1978 and Hargrave et. al. 1983). 
Lowered diatom production is hypothesized, with reduction in the extent of 
the intertidal zone (Gordon 1984). Increased clarity of the waters in 
Cobequid Bay should cause greater phytoplankton productivity (Nargrave 
1984). It is difficult to speculate whether this food type can replace 
lost diatom biomass in quality and quantity. There may be additional in- 
direct effects on primary producttvity. Greater fog and cloud cover would 
reduce light intensity. Less prolific saltmarsh and endemic bacterial pop- 
ulations could bring about lowered nutrient availability. Both light and 
nutrients limit algal growth (Bargrave et al. 1983). 

More abundant and persistant ice cover will likely bring about in- 
creased erosion of the projected smaller intertidal zone where the clam 
population wfll be concentrated. Juveniles burrowed near the surface and 
adults found in shallow substrates will be more susceptible to erosion than 
more deeply burrowed clams. 

Faecal bacteria coccentrations may increase due to dfminished tidal 
currents in Cobequid Bay. In 1982, high concentrations of these organisms 
brought about the closure of some clam flats during the months of July and 
August 

Reid (1980) has suggested that, if environmental conditions were 
favorable, paralytic shellfish poisoning, presently a problem at the 
entrance to the Bay of Fundy could spread into Cobequid Bay. 

Flooding, mortalities, and contamination problems will remove clams 
from the commercial flshery. Altered t:idal cycle timing and changes in 
sediment type and distribution may further reduce the economic viability of 
the industry in Cobequid Bay, Slow growth rates coupled with potentially 
lower reproductive success could lessen the ability of clam stocks to main- 
tain densities and total abundances of clams comparable to pre-barrage 
conditions. 

Seaward of Cobequid Bay (83% of market size standing stocks) 

Greater tidal amplitudes predicted seaward of the barrage will 
increase the size of the present intertidal zone. There may be some expan- 
sion of clam populations both higher and lower in this zone, which could in 
turn cause some improvement in overall productivity. However, this 
improvement may be offset by less favorable conditions for establishment of 
juveniles. Greater tidal velocities and increased erosion-deposition 
caused by higher tides will discourage larval settlement and survival. 

If loss of the Cobequid Bay resource is substantial, the remainder 
of clam stocks on the seaward side of the barrage will likely be subject to 



heavier fishing pressure. This, in combination with lack of management and 
the present economic conditions, puts the future survival of the industry 
I n  question, 

SUMMARY 

The soft-shell clam industry on the north shore of the Minas Basin 
comprises a substantial portion of the total Nova Scotia clam fishery and 
contributes significantly to the local economy. Although covering exten- 
sive areas of intertidal flats, it is a species highly susceptible to 
natural, fishing and man-induced environmental mortalities, and therefore 
to dramatic population changes. The long term prospertity of this valuable 
and fragile resource is dependent on our commitment to the wise management 
and protection of the soft-shell clam industry in the Minas Basin. 
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Q U E S T I O N S  AN) COMMENTS 

Me Dadswell: Do you have data on subtidal occurrence of soft-shell clams 
in Minas Basin? 

N, Witherspoon: Very few occur below low tide. Densities at the low tide 
limit drop off completely to almost none. 

M. Dadswell: What causes this? 

N. Witherspoon: I think it is controlled by the tolerances of - Mya and the 
high dynamics of the lower intertidal there. In some places - Mya occurs 
below low tide but it is generally insicle protected estuaries along eastern 
Nova Scotia and in the Gulf of St. Lawrence. 



M .  Dadswell: If a barrage was built do you think there c 
 commercially viable subtidal population of Mya like in C 

N. Witherspoon: Perhaps, but extremely unlikely. Subtidal c 
there are very different from what it would be like behind a ba 
Gobequid Ray. 

D ,  Wildish: Are there presently in Minas Basin any populations 
affected by PSP? It seems the problem is not bad there. 

N O  Witherspoon: The closest the PSP problem comes to Minas Basin is in 
clams along the Digby shore. But the PSP problem has moved up the Atlantic 
coast during the last 100 years. A change in the hydrographic regime could 
create proper conditions for it to develop. 

Unknown: What is the health of the Mya fishery in Minas Basin like at - 
present? 

N. Witherspoon: Relatively healthy at this time. 

Unknown: Your slides showed a lack of younger year classes and you implied 
recruitment has been poor of late? 

Ne Witherspoon: Perhaps I should have said variable recruitment. 
Depending on the year, particular environmental conditions and where spot 
settlement occurs recruitment can be variable from one year to the next. 
Work on the eastern shore of Nova Scotia has demonstrated there are quite 
obvious fluctuations in year class strengths of clams. 

Unknown: Because of the variable growth rates of soft-shell clams don't 
you think loss of year cl-asses in Minas Basin will be compensated for? 

N. Witherspoon: Possibly, but I do think recruitment is a real problem 3-n 
the Minas Basin area. 

Unknown: When are soft shellklams In Minas Basin mature? 

N. Witherspoon: Growth rates are variable and that effects maturity. 
Maturity usually occurs between 6 and 9 years of age. 

D.  Searratt: Do you have any idea how much of the soft shell clam resource 
would be lost if the B9 barrage was built? 

N *  Witherspoon: It would be possible to calculate but I have not done L i z e  
Our data were gathered on a height related basis and we could look at w h a t  
would be lost due to flooding and calculate the loss to the fishery. 1 
feel we would lose a substantial part of the resource on the Truro side of 
the B9 barrage anyway. An estimate could be made but any final answer w i l l  
depend on the type of power generating system used and the amount of 
sedimentation. 

Unknown: You say substantial loses, how large? 



N. Witherspoon: I can't really say. I think serious. The Bass River flat - 
has been fished heavily for the last 2 or 3 years and it has been a big 
producer for that area. I think the local. fishermen would really feel the 
loss of that flat. 

Unknown: Are there any factors you can see which lead to the variable -- 
growth rates of clams in Minas Basin? What causes the stunting? 

N, Witherspoon: It seems the clams that grow the largest are located at 
the mouths of estuaries. I do not know whether this is a food or sediment 
related phenomena. I think sediment type plays a large role because most 
of the stunted clams were found in heavy gravel sediments. Clams that con- 
tinue to increase in size were in sandy, softer substrates, also these were 
in less dense concentrations. I am sure density also controls growth 
rates. 

R. RulPffson: What effect will the barrage have on clam flats on the ocean 
v- 

side of the barrage and do you see these effects reaching as far as the New 
England coast ? 

M. Witherspoon: I have thought quite a bit about what may happen on the 
ocean side of the barrage. The only thing I can really see is the possi- 
bility of a greater erosional effect, In terms of the New England coast 1 
would not really want to make any predictions. 

Unknown: Can clams adjust to sedimentation or are they always smothered? 

R, Witherspoon: Risk and his co-workers found that the effects of sedimen- 
tation depend largely on the sediment type in which the clam is living. 
First of all as clams become older their ability to burrow is reduced be- 
cause the volume of the body in relation to the foot increases. Secondly 
it was found in coarser sediments there was a certain amount of ability to 
burrow upwards and adjust to the rate of sedimentation but in finer sedi- 
ments the upward burrowing ability seems to decline due to the increased 
water content of this type of sediment. Also sedimentation itself can 
cause a decline in the animalsP ability to filter food and lead to 
debilatation, 

A. Campbell: When was the large storm that people mentioned earlier? Did 
it have any observable effects on the cl-ams? What effects the clams most- 
do you think, long term or point events. 

N. Witherspoon: I believe the Ground Bog Day storm was in 1976. I have no 
real data on that storm but clam fishermen reported numerous times how 
heavy storms would wipe out complete clam beds. They also relate how in 
certain years clams would be in certain areas and not others, and then vice 
versa, and how sediment type on the flat would change between years and 
even between seasons. The entire sediment situation in Minas Basin is very 
dynamic and always changing. Clams appear to be opportunists in a sense, 
If they are successful in being on the right sediment when they settle then 
that is where they stay. They are wholly dependent on where they drift and 
what the sediment is like. So their life cycle is very rlsky. 



Unknown: Clams a r e  a h igh ly  s a l e a b l e  item. I n  your experience what pro- 
po r t i on  of t he  ca t ch  is  no t  r epo r t ed?  Do the  landing  s t a t i s t i c s  r epo r t  t h e  
whole s t o r y ?  

N. Witherspoon: It is d i f f i c u l t  t o  t e l l .  The l o c a l  f i s h e r y  o f f i c e r s  say 
about 10% of t h e  clams a r e  so ld  without r epo r t i ng .  I t h i n k  it is  probably 
h igher .  Also t h e  r e c r e a t i o n a l  f i s h e r y  does not  have t o  r e p o r t  i t s  Landings 
and we have had r e p o r t s  of up t o  100 r e c r e a t i o n a l  fishermen on a clam f l a t  
i n  one day. 
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ABSTRACT 

Migratory waterfowl, shorebirds, seabirds, and wintering bald 
eagles constitute the bird populations most likely to be affected by tidal 
power developments in the Bay of Fundy. The loss of salt marshes following 
changes in tidal range on either side of a tidal barrage may result in 
movements of waterfowl away from traditional feeding areas to other sites. 
Sandpipers (Scolopacidae) and plovers (Charadriidae) may he more severely 
affected in a number of ways. Those birds which would normally feed in the 
proposed headpond area (Cobequid Bay) would be displaced to other sites 
owing to the loss of the lower half of the existing intertidal zone which 
would remain permanently subtidal following barrage construction. Dis- 
placed birds would most likely be forced into the Southern Bight of Minas 
Basin where much larger numbers already forage during the autumn migration. 
The resulting increase in densities there may reduce the birds' ingestion 
and fat deposition rates as a result of increased competition. Further- 
mcre, increased siltation in Minas Basin if a barrage were constructed 
might reduce prey abundance in the Southern Bight thus reducing birds' 
ability to deposit sufficient energy reserves for continuous migration to 
South America. 

Shearwaters (Procellariidae), phalaropes (sub-family Phalaro- 
podinae) and gulls and terns (Laridae) in Passamaquoddy Bay and off Brier 
Island near the mouth of the Bay of Fundy depend on tidal upwellings to 
concentrate prey near the water surface. Reductions in the velocity of 
tidal currents may affect these upwellirlgs and thus the birds' ability to 
obtain food. Wintering bald eagles in the Shubenacadie River inay suffer 
losses or displacement if construction of a tidal power barrage results I n  
the river being frozen during January and February, thus eliminating access 
to the winter run of tomcod, Microgadus tomcid, the major winter food of 
eagles along the river. 

Key words: waterfowl, shorebirds, seabirds, bald eagles, Minas Basin, 
Cobequid Bay, Shubenacadie River. 



Les oiseaux aquatiques migrateurs, oiseaux du littoral, oiseaux 
marins et po~ulations hivernantes de l'aigle 4 t6te blanche Haliaeetus * .  ., 
leucocephalus sont les populations d'oiseaux que touchera probablement le 
plus la mise en place d'une usine mar6motrice dans la baie de Fundy. La 
disparition des marais salants rdsultant des modifications de l'amplitude 
des marges de part et d'autre de la digue de l'usine mardmotrice, pourrait 
chasser les oiseaux aquatiques de leurs aires traditionnelles d'alimenta- 
tion, Les bgcasseaux (ScoPopacidae) et les pluviers (Charadriidae) pour- 
raient &re plus sdrieusement touch&, et de plusieurs fa~ons. Ces 
oiseaux, qui normalement trouvent leur nourriture dans la partie amont de 
l'endiguement propos6 (baie Cobequid), rechercheraient d'autres sites, en 
raison de la perte de la moiti4 infkrieure de la zone intertidale actuelle, 
qui deviendrait dkfinitivement subtidale apres la construction du barrage. 
Les oiseaux ainsi chassgs devront sans doute s'installer dans la baie sud 
du bassin des Plines, ddja' frgquentge par des populations heaucoup plus nom- 
breuses pendant la migration d'automne. L'augmentation rdsultante de la 
densit4 de peuplement pourrait r4duire la quantitg de nourriture inggr4e 
par ces oiseaux, et provoquer une diminution de leur poids (une moindre ac- 
cumulation de graisses), &ant donnd qu'ils devront en plus grand nombre 
aller en qu&e de nourriture. De plus, si l'on construit un barrage, 
l'envasement accru du bassin des Mines risque, dans la baie sud, de re'duire 
l'abondance des proies que peuvent capturer ces oiseaux, donc d'empgcher 
ceux-ci d'accumuler suffisamment de rdserves 4nerg6 
leur migration continue vers 1'Amkrique du Sud. 

Les puffins (Procellariidae), les phalaropes (sous-fami o - 
podinae), ainsi que les goglands et sternes (Laridae) qui viven 
haie Passamaquoddy et au large de l'fle Brier, prss de l'embouchure de la 
baie de Fundy, trouvent au moment de la remontge des eaux froides avec le 
flux (upwellings) une grande concentration de nourriture, prOs de la sur- 
face de l'eau. La rkduction de la vitesse des courants de made pourrait 
diminuer ll"upwelling", et par conskquent la capacit4 des oiseaux 2 trouver 
leur nourriture. 

Les populations de l'aigle 3 t&te blanche hivernant dans le secteur 
de la rivisre Shubenacadie risquent de diminuer or d'etre chassges, si la 
construction d'une centrale provoque l'englacement du cours d'eau en 
janvier et fgvrier, et par suite emp4cher 11arriv4e printaniBre de la 
petite morue Microgadus tomcod, qui est le principal aliment de l'aigle 
pendant l'hiver. 

INTRODUCTION 

In search for independence from fossil fuels governments in recent 
years have turned a favourable eye towards tidal power developments as a 
potential source of power generation. Especially in the past decade, seri- 
ous attention has been given to the possibility of such developments in the 
Ray of Fundy (Fig. 1; Daborn, 1977), the Severn estuary and other areas in 
Britain (see Prater 1981 for summaries of various engineering schemes pro- 
posed in the U.K.). 



Fig .  1 The Bay of Fundy and l o c a t i o n  of proposed t i d a l  bar rage .  



Birds make up part of the conspicuous fauna of coastal bays and 
estuaries, These include waterfowl (Anseriformes), gulfs and shorebirds 
(Charadriiformes), alcids (Charadriiformes) and other seabirds (Procel- 
larfiformes), In order to judge the impacts of man-made developments on 
the populations, detailed studies are required to understand the relation- 
ships between various avian species and their habitats within marine and 
estuarine environments. Information is needed on 1) population levels of 
breeding, migrating and wintering species, 2) temporal and spatial distri- 
bution of each species, 3) food supply and the ecological requirements of 
major prey species, 4 )  feeding characteristics of birds and their inter- 
and intrdspecifie relationships, 5) effects of environmental variables and 
6 )  mortality factors affecting populations. In Britain, many such studies 
have been undertaken independently of tidal power developments over a 
period of years and more recently as an integral part of environmental 
studies to measure the possible impacts of development on the estuarine 
avifauna (see Prater 1978, 1981). At the first workshop on the potential 
environmental implications of tidal developments in the Ray of Fundy in 
1976 (Babom 1977) the participants quickly became aware of the paucity of 
informatfon on the ecology and dynamics of the Fundy system. This was 
especiall-y true for the ornithologists who were keenly aware of the scarc- 
ity of information on avian populations in the Ray of Fundy and on the 
species' ecological requirements (IIughson 1977). Since 1976, research 
efforts have concentrated on studies of the feeding ecology of migrant 
shorebirds and seabirds. Much of the information gathered is as yet unpub- 
lished and many of the required studies either have not been undertaken or 
are not yet completed. Hence, to provide some basis for impact assessment 
we have to rely in large part on the findings of long-term studies in the 
U,K. and Europe, 

In this paper, we examine the possible impacts of tidal power 
developments on birds, but emphasis is given to species which occur I n  the 
upper Bay of Fundy. There, shorebirds, numerically most important, are the 
focal group, but seabirds, colonial breeding birds, waterfowl and bald 
eagles are also considered. 

Fundy is an internationally important staging area for migratory 
shorebirds where individuals of 22 species occur during late summer and 
fall. There, the birds deposit fat for migratory flight to Central and 
South American wintering grounds. For those species which concentrate 
their foraging activities on intertidal mudflats, the food utilized for the 
formation of fat consists largely of polychaetes and the burrowing amphipod 
Corophium volutator (Hicklin and Smith 2979). From mid-July to October 
sandpipers and plovers, which altogether probably number several millions, 
feed on marshes and mudflats when these are exposed and gather along open 
beaches to roost during high tides. By far the most numerous species is 
the semipalmated sandpiper, Calidris pusilla, which forms large flocks in 
Chignecto Bay and Minas ~ a s i m i d  Bay in the latter part of July and 
early August (Fig, 2). 



Fig. 2. Numbers of s h o r e b i r d s  in the Bay of Fundy based on a e r i a l  s u r v e y ,  
29 J u l y ,  1976. 
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Irrespective of such changes, further effects can be predicted with 
regard to the displacement of birds to sites outside of Cobequid Bay. 
These effects are based on the premise that shorebird foraging dispersion 
is related to prey density and availability. This premise is based on our 
own studies in the Bay of Fundy (Boates 1980, Hicklin 1981, Hicklin and 
Smith 1984) and those of Zwartz (1980) in Holland and of Goss-Custard 
(1970, 1977a) in Britain. Furthermore, Zwartz (1980) has shown that, above 
critical densities of prey, foraging success is dependent on bird density. 
Hence, a number of interrelationships result. Displaced birds from one 
area would produce concomitant increases in bird density in other sites, 
thus depressing foraging efficency in response to decreased prey abundance 
and greater competition and interaction. For instance, in the Wash, the 
feeding rate of red knots, Caladris canutus, decreased by 20% owing to a 
rise in frequency of aggressive encounters over food with increasing bird 
densities (Goss-Custard 1977b). Lowered foraging efficency of the birds in 
Fundy would presumably reduce daily rates of fat deposition and thus re- 
quire birds to remain longer in the area to achieve the level of fat 
reserves needed for the migration over the Atlantic Ocean to South America. 
All these effects are complicated by the arrival of additional birds 
(immatures and later migrants) and by loss of potential prey taken by Eish 
(Gilmurray 1980). These interrelated effects could lead to decreased fat 
levels. Although mortality by starvation would not be expected in the Bay 
of Fundy, some mortality could occur during the long transoceanic flight to 
the wintering sites. 

In such a situation, the question arises whether birds would stay 
in Fundy or move to other foraging areas outside the Ray. In British 
wintering studies, many birds did not move in hard weather and perished 
(see Prater 1978). Along the Atlantic seaboard of North America, many 
areas in the northeast (the Gulf of St. Lawrence, the 14aritime Provinces 
and coastal New England) are used extensively by migrant shorebirds al- 
though total numbers are much less than those found in the Bay of Fundy. 
Work by McNeil and Cadikux (1972) and McNeil and Burton (1973) in the 
Magdalen Islands, Gulf of St. Lawrence, has shown that many migrant shore- 
birds which forage there during migration accumulate enough fat to reach 
the West Indies and the northern eoast of South America, a distance of 3200 
km. However, they also indicated that on average, the fat reserves of 
semipalmated sandpipers and other species could only provide sufficient 
energy for migration of about 2400 km. Hence, although many birds could 
undertake a non-stop flight from Magdalen Islands to the wintering grounds, 
"others would need to get fatter somewhere farther south in Nova Scotia or 
the New England states before undertaking an over-sea flight" (McNeil and 
Cadieux 1972). Reports of banded and marked birds dispersing from the 
Magdalens showed that of those subsequently seen in North America 62% 
occurred in the Bay of Fundy (McNeil and Burton 1973; computed from Table 
Vf). Moreover, some semipalmated sandpipers recently handed and colour 
marked in Lubec, Maine, were seen in the upper Ray of Fundy during the same 
summer they were captured (T.A. May, pers. comm. and P.W. Hicklin, un- 
published data). Those results suggest that these areas outside the Bay of 
Fundy cannot support large numbers of birds for the times required to put 
on necessary fat levels, and this further emphasizes the international 
importance of Fundy as a major staging area for North American shorebirds 
durlng the southward migration, 



I f  the foraging grounds were indeed affected by tidal power 
developments as we have described and birds had to disperse to other areas, 
an important question remains. Where can the displaced birds move to in 
order to ensure successful migration further south? One obvious answer is 
that birds might adopt a coastal route along the United States to Florida 
and the West Indies, It remains uncertain whether sufficient habitat is 
available to support this large a population for few areas south of Massa- 
chusetts presently sustain notable concentrations of shorebirds in autumn. 

Many smzll nearshore islands in the Marttime Provinces support 
small numbers of shorebirds in the fall. There are about 1400 such islands 
in Nova Scotia and perhaps these could absorb greater numbers of birds, 
thus helping to maintain the overseas migratory route. Unfortunately, 
little is known regarding the amounts of suitable and productive habitats 
available to shorebirds on these islands or on the numbers and species of 
migrants which might utilize them. 

Some key questions have to be examined. How "traditional" are 
staging areas and migration patterns? How flexible are the responses of 
migrant shorebirds toward loss of habitat and changes in ahundances oE 
prey? 

Taking into consideration the points outlined, we present two 
scenarios which we feel might result foLlowing the construction of a tidal. 
barrage across the Minas Basin-Cobequid Bay system. 

Increased use of areas near the headpond by migrant shorebirds following 
barrage construction 

If substantial numbers of shorebirds were displaced from Cobequid 
Bay there is the possibility that the nearest foraging site, the Southern 
Bight of Minas Basin, could support more birds. However, the information 
presently available on the foraging distributions of birds in the Southern 
Bight suggests that the better foraging flats are presently saturated with 
the maximum number of birds they can support, at least during peak migra- 
tion, The Starrs Point Flat which is the most productive area for shore- 
birds in the Minas Basin presently supports more birds and higher densities 
than surrounding mudflats (Boates 1980, Hicklin 1981). Nearby flats which 
in area are equal to or larger than the Starrs Point Flat, but which con- 
tain low densities of Corophium volutator, support densities of birds which 
are about 5% of the densities of foraging birds found at Starrs Point 
(Hicklin and Smith 1979, Hicklin 1981). Birds feeding on the less produc- 
tive mudflats may have been displaced from the better foraging areas or 
indeed by high bird densities at Starrs Point. In these cases, the 
possibility that the Southern Bight can support.substantially more birds is 
remote. 

Increased use of the Southern Biaht bv shorebirds in relation to changing 
sedimentarv Datterns on the seaward side of a barrage 

If large expanses of mudflat were lost in Cobequid Bay (as pre- 
dicted) following tidal power development and serious disruptions of the 



existing flats in Minas Basin developed, we believe that substantial reduc- 
tions in the numbers of shorebirds would occur. In the Teesmouth estuary 
In Brltain, the numbers of five species of wintering shorebirds declined 
substantially following reclamation developments (Prater 1978). If tidal 
power developments in the Bay of Fundy were to reduce invertebrate produc- 
tion significantly, such effects would be especially pronounced for Later 
migrants and particularly immature birds because of lower prey abundance 
resulting from predation by earlier immigrants, espeeially adults, and per- 
haps by fish. The extent of mortality or displacement outside of Fundy 
cannot be predicted until some idea of the degree of possible change to the 
foraging areas is known, Presumably, some new equilibrium between bird 
numbers and the carrping capacity of the intertidal areas would be attained 
fn the long term at a lower population size. Bowever, here there is a 
problem, Because of the size of the Bay of Pundy and the scarcity of pro- 
fessional and volunteer observers to monitor regularly the numbers of birds 
at roosting and feeding areas, assessment of the posslble change in num- 
bers, if any, will be difficult, Because of the large numbers of some 
species, such as the semipalmated sandpiper, only broad estimates of num- 
bers can be obtained and these can vary greatly between observers. Hence, 
unless reductions are substantial, the degree or occurrences of change will 
be difficult to ascertain. 

Although attention is most often focused upon the most abundant 
species, the least numerous may be,ibore affected. For example, recent work 
on the ;biquitous but less abundant least sandpiper, Calidris minutilla, 
suggests that it may be competitively excluded from the better foraging and 

- - - - 

roosting areas by the slightly larger semipalmated sandpiper (P. MacDonald, 
pers, corn,), Therefore, under periods of environmental change and stress, 
the least sandpiper may experience the greater loss. 

WATERFOWL 

Pearce and Smith (1974) briefly examined the potential influences 
on waterfowl of port and tidal power developments in the Bay of Fundy. 
Their discussion was based on ground and aerial surveys conducted in 1966- 
1973. Except for breeding colonies of common eiders, Somateria mollissima, 
in southwestern New Brunswick and a few pairs of black ducks, Anas - 
rubripes, breeding in the higher marshes, most of the ducks and geese which 
utilize the Bay of Fundy are migrants. Dabbling ducks and Canada geese 
occupy the saltmarshes of the upper Bay of Fundy and the possible loss of 
these habitats was the chief concern of Pearce and Smith (1974). Since its 
publication, no systematic research has been conducted on waterfowl popula- 
tions in the Bay of Fundy and little can be added other than that some dis- 
tributional change might be predicted, No major deleterious changes at the 
population level are expected, 

COLONIAL BREEDING BIRDS 

Colonies of great blue herons, Ardea herodias, and double crested -- --- 
cormorants, Phalacrocorax auritus, in the Bay of Fundy are small compared 



to the number and sizes of colonies elsewhere in the Maritimes. One not- 
able exception is a colony of double crested cormorants on Manawagonish 
Island (2080 pairs). Any effects of tidal power developments are most 
likely to operate through changes in fish prey. Herring gulls, Larus 
argentatus, and great black backed gulls, Larus marinus, breed on numerous 
offshore islands in Fundy. It is doubtful that these would be affected by 
tidal power developments at all. The puffins, Fratercula arctica, razor- 
bills, Alca torda, and arctic terns, Sterna paradisaea, which nest on -- 
Machias Seal Island should not suffer any loss of breeding habitats. Since 
they probably feed outside the Bay of Fundy, presumably in the Gulf of 
Maine, it is difficult to envision any detrimental effects. 

SIiEARWATERS AND PHALAROPES 

Large numbers of greater shearwaters, Puffinus gravis, and red 
phalaropes, Phalaropus fulicarius, congregate off Brier Island in the late 
summer and fall. Each species may occur there in numbers exceeding 20,000. 
red-necked phalaropes, Phalaropus lobatus, are even more abundant in fall -- 
near Deer Island in Passamaquoddy Bay. These birds forage on copeods and 
euphausiids in areas of upwelling tidal currents. It remains to be seen if 
these currents and food availability will be affected by barrage construc- 
tion in the upper Bay of Fundy, If indeed current velocities are changed 
so that amphipods and copepods are no longer "pumped" up into the surficial 
layers, the loss of the food resource might force these migrants elsewhete- 

BALD EAGLES 

The Subenacadie River, which lies inside the proposed headpond i n  
Cobequid Bay, is the most important known natural wintering area in Nova 
Scotia for bald eagles (Reid 1982). Maximum numbers recorded in the 
winters 1977-1982 ranged between 45 and 75 birds. Most are presumed to be 
of Nova Scotia origin but some may originate from Newfoundland and 
Labrador. 

In winter, about 13-58% of the eagles known to be in Nova Scotia 
are observed along the river. The main attraction for these birds is the - 
winter spawning run of tomcod, Microgadus tomcod, which also serves as an. 
important food for 500-600 common mergansers, Mergus merganser. 

The tides affect the Shubenaciaie River up to 40 km above the 
mouth. The stretch of river most frequented by wintering eagles is 15-20 
km from the mouth, Under the existing tidal regime this portion of the 
river presently remains relatively open in most winters. Since the river 
lies in the headpond area of the proposed tidal dam, it would very likely 
freeze completely in winter, thus eliminating this important wintering a r e a  
for bald eagles and common mergansers. In addition, the tomcod run is 
likely to be affected by tidal changes. Can the eagles, displaced from 
this wintering area after barrage construction be supported elsewhere i n  
coastal and inland Nova Scotia? Probably not all would survive, as some 
mortality may be expected there or upon movement down the seaboard. 



Wintering sites which currently share smaller numbers of eagles may be able 
to support additional birds, but little is known of the carrying capacity 
of any OF these areas, 

GENERAL CONCLUSIONS 

Although we know much more about the ecology and behaviour of some 
birds utilizing Pundy than we did in 1976, especially about shorebirds, 
seabirds and to some extent eagles, we are not much farther ahead with 
respect to assessing impacts. Many "ifs" and "buts" remain. We requFre 
more detailed information on the abundance, distribution and habitat use of 
many of the species we have discussed, Of the migrant sandpipers and plov- 
ers, much study has been devoted to the semipalmated sandpiper with less 
emphasis on other less abundant species. Fortunately, such studies are 
presently underway. Until more is known of engineering design and related 
changes i n  physical environment, a statement concerning impacts of Fundy 
tidal power on birds cannot be more precise than that made at present. 
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QUESTIONS AND COMMENTS 

D. Gordon: Your projection of the decline in btrd populations and tide 
flat area agrees closely with our findings on changes in primary and 
secondary production. Rut do you think there will be a decline in bird 
populations if the barrage is built or will they just move to new areas? 

P.  Hicklin: My point is the length of time it takes the flats to readjust 
to the new tidal regime and resume maximum Corophium production levels. 
Throughout that period the birds will have difficulties and populations 
might decline or crash. 

D, Gordon: Yes, but after a crash for 5 years or so, when the tide flats 
recover, will not the birds? 

P. Hicklin: Perhaps but I think there is an element of risk. 

Unknown: I assume in the past few years there has been some annual varf- 
ation in the production and availability of Corophium. Has this ever m a n i -  
fested itself in the birds? 

P ,  Hicklin: 1 never felt that this was really noticeable except one time 
after there had been a severe storm at Mary's Point the birds became very 
aggressive and this may have been in response to unavailability of food- 
Ln terms of your original question abundances of birds and benthos seems to 
have been uniformly high. 
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ABSTRACT 

Neomysis americana and Mysis stenolepis exist in large numbers in -- 
the Cumberland Basin and are an important food source for fish such as 
shad. A tidal barrage might have the consequence of reducing the available 
food for mysids in the form of Spartina detritus while increasing predation 
by resident fish populations as a result of lowered turbidity. 

Key words: Heomysis americana, Mysis stenolopis, detritus, Cumberland 
Basin, turbidity, predation, 

Neomysis americana et Mysis stenolepis sont trPs nombreuses dans le 
bassin Cumberland, et constituent une importante source alimentaire pour 
les poissons tels que l'alose. L'amgnagement d'une usine margmotrice 
aurait peut-&re pour const?quence de rgduire la quantitd de nourriture que 
trouvent les Mysidds sous forme de restes de Spartina, et en m&e temps 
dbugmenter leur taux de prgdation par les populations de poissons locales, 
en raison de la moins grande turbidit6 des eaux. 

INTRODUCTION 

For the past two years, the distribution and abundance of mysid 
shrimp, an important food source for fish, have been studied in the Cumber- 
land Basin. Two species were present, Neomysis americana and -- Mysis steno- 
lepis, and large numbers were found, especially in July and Au ust when 3 juveniles appeared. Concentrations of up to 1000 juveniles m- (N. 
americana) existed in some localities during this time. Their distributton 
appeared associated with the large amount of Spartina-derived detritus 
which is exported from the extensive Cumberland Basin marshes and moved 
back and forth in the Cumberland Basin by oscillating tidal currents. It 
ts possible that mysids are feeding on this material. There was some in- 
dication that adult mysids avoid surface water during daylight even in the 
turbid water. 

A possible consequence of a tidal barrage might be a reduction in 
the food source for mysids if saltmarsh production does decrease as pre- 
dicted (Gordon 1984). Increased phytoplankton production might compensate 



for this (Hargrave 1984). Of greater significance would be decreased 
turbidity resulting in increased predation especially for the juveniles 
which tend to be more LLght tolerent and occur higher in the water column* 
Although fewer predators such as shad might enter the Basin because of the 
barrage, local resident fish populations might increase behind the barrage 
at the expense of mysids. The barrage might also interfere with any import 
or export of mysids from the Basin. It is felt that any temperature and 
salinity changes would only affect the local distribution of mysids. 

REFERENCES 
Gordon, D,C. J r .  1984. Predictions of the impacts of tidal power 

development on intertidal primary production in the headpond 
region. In this volume. 

Hargrave, B.T. 1984. Barrage effects on phytoplankton production and 
chemosynthesis in Cumberland Basin. In this volume. 

QUESTIONS AND COMMENTS 

G, Daborn: Are there many fish which may feed on mysids, other than shad, 
and do you think they will be affected? 

N. Prouse: Virtually every fish feeds on them both on the bottom and in 
the water column. No, they will probably just go where the mysids are. 

D, Scarratt: I am uncertain why you said if there might be as much as a 
30% reduction in the availability of detritus why this would not affect the 
mysid populations? 

N. Prouse: These estimates are largely guesswork. It seems there is so 
much detritus now that the existing populations are not food-limited. We 
are not sure the mysids are actually feeding on this detritus and it should 
be looked at. Even with a reduction in detritus there should still be a 
large population of mysids in these areas. 
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ABSTRACT 

Study of zooplankton populations in inner reaches of the Bay of 
Fundy, particularly in Minas and Cumberland Basins, has indicated that the 
zooplankton association is of limited diversity and highly contagious dis- 
tribution, All species are common estuarine ones that are either omnivor- 
ous or carnivorous and are utilized primarily by larval and early Juvenile 
stages of fish. With increasing size some fish switch to feeding on ben- 
thic prey which is seen as a reflection of the relatively greater abundance 
and/or productivity of the benthos in completely mixed waters, Construc- 
tion at the B9 site will reduce vertical mixing in some portions of the 
headpond and consequently decrease SPM levels and increase light penetra- 
tion. Increased phytoplankton production will compensate in part for de- 
creased production of benthic algae and provide a more varied food supply 
for zooplankton. Some increase in diversity, but not necessarily in abun- 
dance or production of zooplankton, is indicated as the detritus-based 
estuarine forms are augmented by algivorous species. Visual predation by 
zooplankton and fish is presently restricted by high turbidity. With de- 
creased SPM levels some new predators should extend into Cobequid Bey for 
feeding. Decreased tidal scour in many areas will allow development of a 
mixed deposit- and suspension-feeding benthos with indirect effects on the 
zooplankton. Competition for suspended food will probably limit increases 
in abundance of zooplankton within the headpond. A definite potential for 
aquaculture development is indicated. 

Key words: zooplankton, juvenile fish, turbulence, stratification, 
diversity, productivity, suspended sediments. 

Lq4tude de populations de zooplancton dans les appendices 
rentrantes de la baie de Fundy, particulisrement dans les bassins des Mines 
et de Cumberland, a rdvdld que l'association du zooplancton a une diversit6 
lfmitge et une rdpartition fortement contagieuse. Toutes les espe'ces sont 



courantes dans les estuaires et elles sont soit omnivores ou carnivores; 
elPes servent surtout au poisson 3 l'dtat larvaire ou nouvellement 
juv6nfle. A mesure que leur taille augmente, certains poissons coinmencent 
2 se nourrir de proies benthiques, ce qui est considgr6 come un reflet de 
19abondance ou de la productivit4 relativement sup4rieures du benthos en 
eaux entisrement mglang4es. Les travaux de construction au site B9 rk- 
duiront le mdlange vertical dans certaines portions du bassin de chute, ce 
qui abaissera les niveaux du SPM tout en accroissant la pkngtration de la 
lumi3re. T4a production accrue de phytoplancton compensera en partie la 
baisse de production des algues benthiques, tout en fournissant une alimen- 
tation plus vari&e au zooplancton. On a constat6 une certaine hausse de la 
diversit&, mais pas ndcessairement de l'abondance ou de la production du 

; qooplancton, puisque les formes estuariennes reposant sur les dktritus sont 
augmentges par des espdces algivores. La prgdation par le zooplancton et 
le poisson est actuellement emp6ch4e par une forte turbidit4 qui rend la 
visibilitd mauvaise. Avec la baisse des niveaux du SPM, certains nouveaux 
prgdateurs devraient s'avancer dans la baie Cobequid pour s'alimenter. La 
diminution de ltaffouillement tidal dans de nombreux secteurs favorisera la 
formation d'un benthos B alimentation mixte d6pdt-suspension, avec effets 
indirects sur le zooplancton. La comp6tition pour les aliments en sus- 
pension limitera probablement l'augmentation quantitative du zooplancton 2 
lVint6rieur du bassin de chute. Un potentiel assur4 de d6veloppement de 
l'aquaculture a 4t4 constatg. 

INTRODUCTION 

At the present time, information on species compositions and bio- 
logical interactions in the water column of Cobequid Bay, east of the Econ- 
omy Point-Cape Tenny line, is extremely sparse. Jermolajev (1958) reported 
on a few zooplankton collections in this area and others were obtained at 
an anchor station in August 1979 as part of the series of cruises of 
C.S.S. Dawson (Daborn 1984). Much more information is available for other 
areas, however, notably for Cumberland Basin, Shepody Bay and the Southern 
Bight of Minas Basin. To the extent that dynamic processes are similar in 
Cobequid Bay to those in physically comparable regions elsewhere, some ten- 
tative predictions can be made regarding the impact of the proposed B9 bar- 
rage at the mouth of Cobequid Bay. 

Studies of zooplankton populations in the inner reaches of the Bay 
of Fundy system have indicated that zooplankton associations are of limited 
diversity and highly contagious distribution. Most of the species are com- 
mon estuarine ones that are omnivorous and capable of subsisting upon non- 
living particulate matter and its associated microflora. A few common spe- 
cies are carnivorous, depending upon physical contact with prey for suc- 
cessful capture. In the most turbid localities such as Cumberland Basin 
and the Cornwallis Estuary, visual predators are uncommon or completely 
absent. 

Similarly, knowledge of the ichthyofauna of the more turbid areas 
is fragmentary. Although less than 50 species of fish have previously been 
recorded from the Minas Basin (Bromley 1979) more recent work suggests that 



there may be more and it is equally apparent that utilization of Cobequid 
Bay and other portions of the system by juvenile alosids and other migra- 
tory specfes is very extensive (Dadswell et al. 1984). The zooplankton 
association is utilized by larval and early juvenile stages of fish (Imrie 
and Daborn 1981, Gilmurray and Daborn 1981). With increasing size however, 
fish often switch to feeding mainly on benthic organisms, particularly 
vagile species, an apparent reflection of the much greater prod~lction of 
the benthos than the plankton in these turbid macrotidal estuaries. In 
Minas Basin and Cumberland Basin at least, benthic animals represent a far 
greater and perhaps more acceptable food supply. Although the benthos of 
Cobequid Ray appears to be somewhat less productive than either Cumberland 
Basin or the Southern Bight of Minas Basin, existing data do indicate ex- 
tensive utilization of the benthos in that area by migrant and resident 
juvenile fish. 

IMPACT OF THE PROPOSED BARRAGE 

The major conclusion of our studies in recent years is that the 
turbid inner regions of the Bay of Fundy system are examples of extreme 
physical stress. High suspended particulate matter (SMP) levels are a re- 
sult of turbulent mixing associated with large tidal range and strong cur- 
rents. Consequently, any modification of physical conditions is expected 
to produce extensive changes in biological processes. 

Construction of the B9 barrage from Economy Point to Cape Tenny, 
and subsequent operation of the power station in an ebb-generation regime, 
will moderate considerably the extensive vertical turbulence now prevailing 
in Cobequid Bay. Much of the present-day energy of the flooding tide will 
be dissipated against the barrage itself and in raising the reservoir 
level. Consequently, it is expected that SPM levels in the upper portion 
of the headpond water column will be considerably lower and the euphotic 
zone much greater than the present. There may be some Stratification at 
the surface as presently occurs in the Annapolis headpond (Daborn et al. 
1982). However, the annual freshwater input to Cobequid Ray is very small 
relative to the tidal prism and hence the surface low salinity layer may be 
shallow and stratification readily broken down by wind action. On the sea- 
ward side of the barrage the tidal range is expected to be slightly reduced 
and hence the euphotic zone marginally increased. 

Within the headpond, increased light penetration, coupled with an 
adequate (if not abundant) nutrient supply (Keizer 1984) should allow much 
greater phytoplankton production, particularly in the presently more turbid 
peripheral portions of Cobequid Bay (Hargrave 1984). Increased pelagic 
primary production, based on small flagellates and dinoflagellates, should 
allow an increase in zooplankton diversity as algivorous species common in 
the outer Bay of Fundy (cf. Fish and Johnson 1937, Roff 1983) will also be 
able to survive. Since the dominant zooplankton species present in 
Cobequid Bay are common omnivorous estuarine ones (Daborn 1984), none 
should be eliminated from the headpond by the changed conditions although - - 

the relative abundance of some (e.g. Eurytemora herdmani and Acartia tonsa) 
may well change. Similarly, some predatory zooplankters, such as Tortanus 
discaudatus and Oithona sirnilis, will become more prevalent and abundant. 



In all likelihood, the increased diversity of the zooplankton asso- 
ciation will be accompanied by a decrease in annual secondary productivity, 
despite the rise in primary production. Although nutrients are presently 
abundant, increased utilization will eventually lead to a nutrient-limited 
regime, exacerbated by a decrease in remineralization rates as the inter- 
tidal zone and tidal resuspension will be much reduced. Furthermore, the 
zooplankton presently exhibits an inverse relationship between light pene- 
tration and biomass. Minimum biomass and (presumably) production of 
zooplankton is found in Minas Basin and Chignecto Bay where SPM levels are 
less than 50 mg L-I (Daborn 1984). In contrast, maximum biomass values are 
found in the most turbid waters such as Cumberland Rasin and the Cornwallis 

1 Estuary where SPM levels often exceed 1 g L- . BIomass values, however, 
are not in themselves measures of production and only in the Cornwallis 
Estuary is the relationship between biomass and production close to being 
established. In most regions the highly contagious distributions of zoo- 
plankton species make even estimates of mean abundance impossible, 

In Minas Basin, on the seaward side of the barrage, the increased 
euphotic zone will have little direct effect on zooplankton production and 
diversity. Secondary effects, however, may well be observed, particularly 
during the first few years following commencement of construction. Changed 
patterns of water movement and current velocity will undoubtedly result in 
new patterns of sediment deposition. Some present intertidal areas will be 
subject to greater current scour, whereas others will experience new depo- 
sition. Consequently there will be extensive changes in the relative abun- 
dance of benthic organisms, many of which have planktonic larvae. At 
certain times of the year, and particularly over productive mudflats, the 
holoplankton is overwhelmed by very large numbers of meroplanktonic forms 
such as trochophore and veliger larvae. It is probable that during and for 
some years after the constructive phase notable variations will occur from 
year to year in release of plankton larvae. This will make generalizations 
about the abundance, biomass and production of zooplankton virtually 
impossible. At present many of these meroplanktonic forms are cropped by 
predatory zooplankters such- as Labidocera aesrtiva and Weomysis americana; 
in the latter instance, predation on such forms may compensate for the 
expected decrease in non-living particulate food derived from 
intertidal and supratidal areas. 

Effects on the zooplankton-fish interaction are predictable in very 
general terms. Present research indicates that most fish species utilizing 
the Minas Basin-Cobequid Bay system as larvae subsist upon the zooplankton, 
particularly Eurytemora hermani, but subsequently switch to benthic forms. 
Within the headpond, we would expect that planktivorous forms such as 
Menfdia menidia, Gasterosteus aculeatus, Clupea harengus, Alosa aestivalis 
and A. psuedoharengus will persist as planktivores as long as planktonic 
f oodTs available. Benthic feeders such as Liopsetta putnami, Pseudo- 
pleuronectes americana and Microgadus tomcod will presumably continue to 
utilize the benthos, although the size of the intertidal resource will be 
reduced by the reduction of the intertidal zone. Post-construction con- 
ditions should favor more planktonic feeding both because of increased 
light levels (allowing visual feeding) and because a greater proportion of 
available primary production in the headpond will be intercepted within the 
upper portion of the water column. 



For some species, at least, the probable decline of larger zoo- 
plankters, such as the mysids, associated with increased light penetration 
and decreased detritus food may well be a significant change. In particu- 
lar, the American shad, Alosa sapidissima, feeds largely by straining large 
zooplankters such as Neomysis from the extremely turbid areas such as 
Cumberland Basin (Dadswell et al. 1984) and may not find such suitable con- 
ditions behind the barrage. 

CODA 

As indicated above, some general statements regarding the effects 
of the B9 proposal on zooplankton, young fish and zooplankton-fish Inter- 
actions can be made. It seems certain that direct effects of the barrage 
will be of a small scale and may well be positive in many respects. In- 
creased primary production in the headpond will probably be accompanied by 
greater planktonic diversity and utilization by young fish. The general 
trend will be toward the light-based estuarine pelagic community that is 
more commonly encountered elsewhere and away from the strongly stressed 
regime of the present. Although not an accurate or adequate paradigm, 
studies of the Arznapolis Estuary have proved instructive (Redden et al. 
1984). 

It should also be noted that increases in phytoplankton production 
might well offer opportunities for aquaculture within the headpond that 
would compensate in part for some of the losses of intertidal production 
that are anticipated. At present Cobequid Bay appears to be free of para" 
lytic shellfish poisoning that affects soft-shelled clam and mussel beds En 
the outer Bay of Fundy. Although the winter conditions may prove 
difficult, a raft-type culture of mussels (for example) might be feasible 
in the headpond. , 
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QUESTIONS AND COMMENTS 

Unknown: What do you think causes the great abundance of Corophium in fish 
s tornachs? 

G. Daborn: It is probably due to the abundance of Corophium on tidal flats 
and turbulence caused by wave action and the rising tide. 

M. Dadswell: Most amphipods become pelagic or semi-pelagic when they are 
adult. If stomach contents were examined closely for the quality of 
Corophium it may be that most are adults that had been swimming actively in 
the water column. 



G. Daborn: We have examined the sex ratio of the Corophium in guts but we 
didn't see any predominance of males or females. 

Unknown: Do you think if food became a limiting factor under new con- -- 
ditions that the benthos could compete with zooplankton for it? 

6. Daborn: The reality I see is that in shallow water the capacity for 
benthos to strain water is infinitely greater than zooplankton. If there 
is a limitation on food and its utilization from time to time, I see no 
season why the benthos would not be very effective in competing with zoo- 
plankton. 

D. Gordon: Do you have any feeling concerning whether Cobequid Bay will 
?urn out to be low as far as zooplankton production is concerned when com- 
pared to other parts of the upper Bay of Fundy. 

G. Daborn: I believe it depends on the availability of primary production. 
Zooplankton can use either primary production or detritus particles from 
primary production for feeding. In the Cornwallis River system where SPM 
concentrations are up to 5 g L-I ,  a small animal can filter a large amount 
of particles but I do not think they can depend on non-living particles to 
survive and grow. I find it difficult to say that Cobequid Bay will be 
any less productive than other parts of the upper Bay of Fundy. I think in 
Minas Basin and the Southern Bight abundances appear to be lower than other 
areas, perhaps Cobequid Bay is similar. 

J. Lakshminarayana: Do you think inside the Annapolis Basin headpond you 
will have greater diversity in the stratified regions? 

6. Daborn: In general, the relationship between diversity and distance in- 
side the headpond ,is straightforward and dominated by salinity. However 
this relationship is complicated by the fact that if you have a stony or 
gravelly substrate diversity of benthos tends to be higher. So wherever 
that is situated in relation to the causeway it will change the pattern. 

J. Lakshminarayana: What about diversity or faunal differences on the in- 
side and outside of the Annapolis Causeway? 

G. Daborn: You are comparing the upstream side of the Causeway to the 
downstream side? Well, of course, the degree of scouring downstream is 
much greater than on the upstream side of the Causeway. The downstream 
side empties out fairly completely at low tide and current velocities are 
high. This adds a physical stress there which is considerably greater than 
above the Causeway. The causeway doesn't act as a barrier to fauna and 
there is considerable vertical mixing there. Stratification is mostly 
broken down within 1/2 km of the Causeway. There is enough turbulence to 
keep it mixed. 
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ABSTRACT 

Results of physico-chemical and biological studies in the Annapolis 
Estuary are reviewed with reference to possible environmental effects of 
the Annapolis Tidal Power Station. Tidal barrage construction in 1960 
transformed a vertically homogenous type of estuary into a highly stratf- 
fled salt wedge estuary with a reduced tidal range. Stratification is 
highly stable in the lower river and variable in the headpond where stabfl- 
ity of stratification depends on a number of interacting factors, notably 
wind strength and river discharge. Annapolis Basin seaward of the barrage 
remains a partially mixed body. Above the barrage biological production d-s 
moderate to high in the summer due to reduced mixing, warm surface waters9 
low levels of SPM and adequate light and food requirements. Zooplankton. 
densities are highest in the surface layers in the lower river and lowest 
in the mixed waters of the Basin. Above the barrage predation by larval 
and juvenile fish results in patchy zooplankton distribution. A strong 
meroplanktonic component is present in Basin waters as a result of vertical 
mixing and suggests a decrease in the relative importance of the zooplank- 
ton and a corresp~nding increase in the role of the benthos. Diverslty a n d  
abundance of benthic invertebrates is greatest in the coarse sediments 
found on both sides of the barrage and along the shore. An obvious conse- 
quence of turbine operation will be the destabilization of stratificatisfl 
in the headpond. The possible biophysical consequences of modifying the 
pattern and degree of mixing are discussed. 

Key words: phytoplankton, zooplankton, benthos, stratified estuary, 
juvenile and larval fish, Annapolis Basin. 

Present Address: Department of Biology, Trent University, peterborough, 
Ontario 





formed from a  v e r t i c a l l y  homogenous type  of e s t u a r y  i n t o  a  h i g h l y  s t r a t i -  
f i e d  s a l t  wedge e s t u a r y  w i t h  a  seduced t i d a l  range,  

No environmental  impact s t u d i e s  were a p p a r e n t l y  conducted b e f o r e  
t h e  o r i g i n a l  c o n s t r u c t i o n  of t h e  ba r rage .  Subsequen t ly ,  examinat ion of 
c r e e l  census  d a t a  c o l l e c t e d  s i n c e  1973 sugges ted  t h a t  t h e  Annapolis  K t v e r g s  
s t r i p e d  bass  (Norone s a x a t i l i s )  p o p u l a t i o n  was i n  d e c l i n e  ( J e s s o p  1980). 
Th i s  prompted a  s e r i e s  of s t u d i e s  d e a l i n g  w i t h  t h e  r e c r u i t m e n t  of s t r i p e d  
bass  (Will iamson 1974, J e s s o p  and V i t h a y a s a i  1979, J e s s o p  and Doubleday 
1976, Wil l iams 1978, J e s s o p  1980, Parker  and Doe 1981) and more g e n e r a l l y  
w i t h  p h y s i c a l  and b i o l o g i c a l  f e a t u r e s  of t h e  e s t u a r y  (Mennon 1974, J e s s o p  
1976, Boates  1977, Daborn e t  a l e  1.979 a ,  b ,  ), Notably o m i t t e d  were s u r -  
veys  of t h e  benthos  and p lank ton  c o m u n i t i e s .  

The p r e s e n t  e c o l o g i c a l  s t u d i e s  (Daborn e t  a l .  1982) were i n i t i a t e d  
i n  o r d e r  t o  compensate f o r  obvious  omiss ions  and t o  p r o v i d e  a  more compl-e- 
h e n s i v e  account  of p re -opera t ing  cond i t io i l s  i n  t h e  headpond and lower 
r i v e r .  Although no t  a good paradigm, t h e  Annapolis  T i d a l  Power Project .  
does  p rov ide  an o p p o r t u n i t y  t o  i n v e s t i g a t e  some a s p e c t s  of t u r b i n e  opera- 
t i o n  and i t s  env i ronmenta l  impact t h a t  a r e  r e v e l a n t  t o  t h e  much l a r g e r  
development p r e s e n t l y  under c o n s i d e r a t i o n .  

P h y s i c a l  and Chemical F e a t u r e s  

Sampling was c a r r i e d  o u t  i n  i n t e r v a l s  of two t o  t h r e e  weeks between 
12 May and 22 September, 1981 and t h e r e a f t e r  once p e r  month i n  Oc tober ,  
November, March and A p r i l .  E igh teen  s t a t i o n s ,  l o c a t e d  between AlPains  
Creek and Pr6  Rond, were s e l e c t e d  as sampling sites ( F i g .  1). 

For  most of t h e  y e a r ,  t h e  headpond and lower r i v e r  a r e  s t r a t i f i e d  
w i t h  more o r  l e s s  s t e e p  pynoc l ines  a t  a dep th  of 2-4 m. I n  c o n t r a s t ,  t h e  
Annapolis  Basin  seaward of t h e  ba r rage  is p a r t i a l l y  &xed w i t h  o n l y  a 
moderate i n c r e a s e  i n  s a l i n i t y  and d e c r e a s e  i n  t e m p e r a t u r e  w i t h  d e p t h ,  The 
s t a b i l i t y  of s t r a t i f i c a t i o n  i s  v a r i a b l e  and depends on a  number of i n t e r -  
a c t i n g  f a c t o r s ,  n o t a b l y  r i v e r  d i s c h a r g e  and wind s t r e n g t h .  During p e r i o d s  
of low r i v e r  f low,  t h e  r e l a t i v e  importance of t i d a l  i n f l u x  i s  i n c r e a s e d  and 
r e s u l t s  i n  a g r e a t e r  degree  of mixing i n  t h e  a r e a  immediate ly  above t h e  
b a r r a g e ,  S t rong  w e s t e r l y  winds a l s o  cause  t h e  breakdown of s t r a t i f i c a t i o n  
but  t h e s e  e f f e c t s  a r e  r e s t r i c t e d  t o  t h e  headpond r e g i o n  and u s u a l l y  p e r s i s t  
o n l y  f o r  a  couple  of days b e f o r e  s t r a t i f i c a t i o n  ii r e e s t a b l i s h e d ,  

A s  a  consequence of s t r a t i f i c a t i o n  i n  t h e  headpond and lower 
r i v e r ,  mid-summer h e a t i n g  of s u r f a c e  w a t e r s  produces h i g h e r  s u r f a c e  temper- 
a t u r e s  than  found i n  t h e  Basin.  These warmer s u r f a c e  w a t e r s  w i t h  seduced 

1 mixing,  low l e v e l s  of SPM ((21 mg L' ), g r e a t e r  t h a n  70% O 2  s a t u r a t i o n  a t  
a l l  d e p t h s  and a p h o t i c  zone of about  5 m p rov ide  c o n d i t i o n s  h i g h l y  favor -  
a b l e  f o r  phytoplankton p r o d u c t i o n ,  Chlorophyl l  a  d a t a  a l s o  i n d i c a t e  abund- 
a n t  growth w i t h  moderate t o  h i g h  p r o d u c t i o n  i n  t h e  summer. 



Fig. 1. Water and plankton sampling stations in the Annapolis Estuary, 
1982-82. 



Phytoplankton and Zooplankton Surveys 

Plankton samples were taken concurrently with water samples at the 
18 stations indicated in Fig.1. Phytoplankton collections were restricted 
to the headpond Stations 1-6. 

The surface low salinity layer in the headpond receives adequate 
light and nutrients and consequently harbours a dense phytoplankton associ- 
atlon at times. Eighteen taxa have been recorded, all marine and estu- 
arine in distribution and dominated by diatoms. 

Zooplankton samples in the estuary reveal a diverse and complex 
population dominated largely by copepods.- Regional variation is evident in 
the composition, distribution and abundance of zooplankton. For the most 
part, zooplankton densities on the Basin side are less than those above the 
barrage. Highest numbers of plankters are found at those stations (14 and 
15) located farthest upriver where stratification is highly stable. Basin 
collections are often dominated by benthic larval forms that are only weak-  
ly represented in the headpond and even less so upriver. This pattern 
appears to be related to the regional variation in the degree of mixing, 
In the lower river, where stratification is highly stable, the greatest 
densities of zooplankton are found concentrated in the upper few metres- 
In contrast, strong vertical mixing in Basin waters results in less strati- 
fied water and lower plankton densities. A strong meroplanktonic component 
below the barrage also indicated a decrease in the relative importance of 
the zooplankton in the Basin and a corresponding increase in the role of 
the benthos. 

Fish predation by schools of larval and juvenile fish also appears 
to have a direct effect on the zooplankton population in the headpond and 
lower river. Here, zooplankton densities are patchy in comparison to much 
more uniform densities found in Basin waters. 

Benthic Survey 

Benthic samples were taken at 146 sites located above and below r?;he 
barrage during the first week of June 1981 (Fig. 2). Sample sites were 
chosen on a stratified random basis to avoid local bias while emphasizing 
the headpond region where changes are anticipated as a result of turbine 
operation. 

The benthic fauna of the Annapolis Estuary reveals a highly diverse 
and complex community. Strong regional differences are indicated in sed2- 
ment type and species composition, distribution and abundance. Substrate 
type and distance away from the barrage are believed to be major factors 
affecting both diversity and abundance of benthic invertebrates. The nu=- 
ber of taxa and their densities are markedly higher in the Basin and m i x e d  
portion of lower headpond where the bottom has been scoured and consists 
mostly of coarse sands, gravel and rock. Upstream, the substrate gives w a y  
to progressively finer sediments consisting mostly of brown and grey m u d s  
which support fewer benthic animals. Numbers are lowest in the very deep, 
areas of the headpond where reduced black mud predominates. The greatest 



Fig. 2 .  Benthic sampling stations and bathymetry of the Annapolis Estuary, 
1981. 



diversity and abundance is consistently found at near shore stations in the 
lower headpond and Basin. 

DISCUSSION 

The present studies have demonstrated that the physico-chemical and 
biological features of the Annapolis Estuary are strongly influenced by the 
degree of water column mixing and stability of stratification. With an 
increase i.n turbulence and subsequent mixing due to turbine operation, one 
may expect considerable effects. 

One of the most obvious consequences of greater mixing will be to 
destabilize stratification in the headpond so that it is more easily broken 
down. With a greater influx of saline water from the Annapolis Basin and 
increased turbulence, surface-to-bottom salinity differences in the lower 
headpond will be diminished. The effect is expected to extend for about 1 
km upstream from the dam. Farther upriver, however, stratification should 
be more pronounced as bottom water salinities reach slightly higher levels. 
Greater mixing in the headpond should maintain higher levels of dissolved 
oxygen. At the same time, an increase in turbulence will be associated 
with reduced surface temperature. 

The biological consequences of greater mixing above the barrage may 
be diverse. Present data indicate that reduced mixing, as a result of im- 
poundment, provides highly favorable conditions for plankton production. 
An increase in mixing and subsequent lower summer surface temperatures may 
reduce phytoplankton production. Benthic suspension feeders may also come 
into competition with the zooplankters due to an increase in the availa- 
bility of phytoplankton for grazing. As a result of competition in the 
mixed headpond waters, levels of both phytoplankton standing crop and zoo- 
plankton production may be reduced. At the expense of the zooplankton, one 
might then expect to see an increase in the diversity and abundance of 
benthic fauna in the lower headpond, and, as the intertidal zone above the 
barrage will'be increased, one should also expect an increase in the al- 
ready high densities of near-shore benthic invertebrates. 

Ecological studies in the Annapolis Estuary will be continued in 
order to test the strength of the above prediction. Although the Annapolis 
project is a very poor paradigm for the proposed tidal power developments 
in Cobequid Bay or Cumberland Basin, many aspects of turbine operation and 
its environmental impact may be relevant. It is hoped that the accumulated 
knowledge and experience of these studies will make possible more refined 
and reliable predictions of the biophysical consequences in modifying the 
pattern and degree of vertical mixing in future large scale developments, 
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QUESTIONS AND COMMENTS 

Unknown: Do you have any idea of the difference between zooplankton pro- 
duction in the Annapolis Basin and the headpond behind the causeway? 

A. Redden: Only in terms of abundance of zooplanktors in surface and 
bottom water in comparison to the density of the benthic fauna. It appears 
to be quite obvious that there are a large number of barnacle and other 
benthic larvae in the Basin and a surprisingly low number of obligate zoo- 
plankton in relation to the amount of available nutrients. The light pen%e- 
tration in the Basin is much greater than in the headpond. We would expect 
phytoplankton production to be high there as well. 
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ABSTRACT 

A spawning run of approximately 100,000 American shad was present 
in the Annapolis River during both 1981 and 1982. The population was 
dominated by old, repeat spawners with a slow growth rate. Potential 
mutilation rate of 50-cm shad, estimated using the Von Raben relationship, 
was 9% for a single passage through the deslgned STRAFLO low-head turbine. 
Future adjustment of the shad population to turbine mortality should pro- 
vide a sensitive monitor for the effect of turbine operation on other fish 
populations in the river. 

Key words: population dynamics, natural mortality, turbine mutilation 
rate, low-head turbine, Bay of Fundy, STAFLO, fish passage. 

Une population de frai d'environ 100 000 aloses savoureuses ktait 
prgsente dans la riviPre Annapolis au cours des anndes 1981 et 1982. Cette 
population 4tait domin4e par des poissons dl$ge avanc4 et 2 faible taux de 
croissance, qui n'en 4taient pas 2 leur premier frai. 

Le taux de mutilation potentielle des aloses de 50 cm, estimg a' 
l'aide du rapport de Von Raben, a 6td de 9% pour un seul passage dans la 
turbine 3 faible hauteur de chute ddsignge STRAFLO. Les adjustements 
futurs de la population d'aloses 2 la mortalit4 due aux turbines devraient 
fournir un mode de contrsle sensible de l'effet du fonctionnement des tur- 
bines sur d'autres populations de poissons dans la riviPre. 



INTRODUCTION 

Construction of the powerhouse for a single STRAPLO turbine in the 
causeway at Annapolis Royal, Nova Scotia, is complete and the turbine on- 
site. Installation began during the winter of 1982-83 and power generation 
is scheduled to begin in 1984. During the spring of both 1981 and 1982 we 
conducted baseline surveys on the spawning run of American shad, Alosa 
sapidissima (Wilson 1811), returning to the Annapolis River. This popu- 
lation should prove a sensitive, natural monitor for estimating the impact 
of turbine operation on the local fish populations. 

The Annapolis spawning population of shad is large (estimated 1981: 
100,000-150,000; 1982: 80,000-100,000), dominated by older fish (mean age 
males = 4.4 y; females = 4.7 y) and has a high portion of repeat spawners 
(over 75%) (Melvin 1982). The condition factor of adults from the weight- 
length relationship was poor (males = 2.95; females = 2.53), expressing the 
multiple spawning nature of the population (up to 7 repeats) and growth 
rate was slow (K for males = 0.23; for females = 0.21) (Fig. 1). Instan- 
taneous total mortality (Z) of the adult spawners was 0.43. Since the 
catch from both local sport and commercial fisheries was small (est. 10,000 
shad), total mortality probably approximates the instantaneous natural 
mortality (M) for this population. Fecundity is low but similar to other 
northern populations (Fig. 2). Distance recaptures of tagged shad from 
this population indicates it participates in the shad migration around the 
Bay of Fundy in summer (Dadswell et al. 1983) and then migrates offshore to 
overwinter from the Nova Scotia shelf to Virginia (Dadswell and Melvin un- 
publ. data). 

The Annapolis River has the only large shad population in eastern 
North America not commercially fished by selective gear and is unique in 
this respect. Commercial and sport fisheries are confined to relatively 
inefficient and non-selective methods such as scoops and hook and line. 
Shad are moderately large (adult length 40-60 cm) and adults will traverse 
the turbine only once or twice a year during up or downstream migration, 
depending on the mode for filling the headpond (sluicing through gates 
and/or turbine; Anon. 1980). Accordingly, change or similarity in the 
population structure between pre-operation (1981-82) and for some time 
period after operation (6-8 years for turbine mortality of adults to effect 
recruitment) should give a measure of turbine-related impact. 

IMPACTS 

A scenario of possible population changes that could be caused by 
various levels of turbine mortality is presented in Table 1. Calculated 
mutilation rate using the Von Raben (1957) relationship indicates a 50-cm 
shad would be hit an expected 9% of the time during passage through a 
turbine with specifications of the STRAFLO being installed at Annapolis 
Royal (Dadswell 1984, Douma and Stewart 1981). Since mortality rates 
approximate 50% of expected mutilation rate (Ruggles 1980), mortality is 
expected to range from 5-10% of each spawning run. If this estimate proves 
valid, the shad population in the Annapolis River should undergo little 



Growth of Annapolis River Shad 
6 0  I- ? 

2 = 0.35 
fl 

50 - 
-0.23 ( 1 + 0 . 7 0  ) 

) 

2 ° 0 .43  

% MATURE % REPEAT 
Age M F M F 

4 58 42 76 72 

5 96 8 4  
6 100 100 

Fig. 1. Growth and population parameters of spawning American shad from 
the Annapolis River. 



Body Length (mm) 

Fig. 2. Fecundity of American shad from the Annapolis River, N 
compared to other shad populations of eastern North 
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change from present conditions as a result of tidal power generation at 
Annapolis Royal, Xf a change Is expressed, it could be used for modelling 
turbine mortality of larger fish and/or those that traverse the turbines 
numerous times in one year (striped bass, Atlantic sturgeon). 
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QUESTIONS AND COMMENTS 

D. Greenberg: Will the sgawnlng area of shad in the Annapolis River be 
affected by the increased upriver penetration of saline water under the new 
tidal barrage regime? 

6. Melvin: No, they spawn above the present or future possible extent of 
tidal influence, largely above Bridgetown. Spawning occurs all the way to 
the headwaters at Aylesford, 



Unknown: Is the Annapof is the on1.y river in Nova Scotia wlth a shad popu- 
la t ion? 

G, Melvin: No, the Shubenacadie River has an excellent population of shad --- 
as well as striped bass. 

G ,  Brown: Do you believe that the growth rate of the shad population will 
increase if turbine mortality reduce the population? 

6 ,  Melvln: No. Generally if you remove the olders slower growing fish, 
faster growing younger fish will dominate the population. The result of 
this will be that population parameters will change since the proportion of 
younger fish is changed, Because proportionally more young adults would be 
in the spawning run the general population growth rate K will increase, 
Individual fish may not grow faster but the general population growth rate 
will increase. We honestly do not know if there will be turbine rnortallty 
of the shad but it is a possibility and this is one parameter that can be 
easily checked, 

G. Brown: Do you think there will be an increase In the fecundity sf 
Annapol"ls River shad if the population is impacted to a great enough 
degree? 

G. Melvin: It seems reasonable. BPalogical systems will attempt to 
reorganize themselves if they are being detrimentally effected, One way 
fish- populations adjust to ahditional mortality of adults is to increase 
fecundity. Another way is to spawn at a younger mean ages 

Unknown: Can you be sure in which direction population characteristics - 
will change? 

G. Melvin: We can't be. All the mentioned changes are just possibilitf ef; a 

Perhaps only small fish will be able to pass the turbine, Turbine 
mortality of fish is directly related to length. 

R e  Ruliffson: In the southestem US, the growth rate of shad is greater 
and age of maturity is less. Did you see much difference between the 
Annapolis and these populations? 

6. Melvin: Yes, in a number of ways. Southern shad populations have v e r y  
few repeat spawners. The Annapolis has many. In the south all shad are 
mature at age 5, in the Annapolis they do not all mature until age 6 .  T h e  
mean age of population maturity in the Saint John's River, Florida is 3 - 2 3  
years and for the Annapolis River it is 4 - 7  years, 
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ABSTRACT 

The general factors influencing fish mortality as a result of 
passage through a turbine are reviewed, Recent studies have indicated 
mechanical injury within turbines is highly correlated with fish size and 
turbine size. Fish passage through large tidal generating units is llkely 
to result in minimal fish mortality during periods of the tidal cycle when 
turbines are operating near peak efficiency. Significant mortality may be 
associated with turbine operation at maximum heads because of unfavourable 
inlet hydraulic conditions. Suggestions for further study are made. 

Key words: mortality, STRAFLO turbine, Francis turbine, Kaplan turhine, 
fish Length, tidal power, environmental impact, fish passage 

R E s ~ E  

L'auteur s'est penchg sur les facteurs gcSn6rau.x qui influent sur la 
mortalit6 du poisson par suite de son passage dans une turbine. Des gtudes 
r4centes ont indiqug que les blessures m&caniques subies B lsint&rieur des 
turbines sont fortement corr&lat%ves de la taille des poissons et des tur- 
birles. Le passage du poisson dams une grande centrale motrice est 
suceptible d%ntraoiner une mortalitd minimale au cours de certaines 
pgriodes du cycle tidal lorsque les turbines sont en service 2 leur quasl 
capaeitg. Une mortalitd apprgciable pourrait dgcouler du fonctionnement 
des turbines B des hauteurs de chute maximales en raison de mauvaises con- 
ditions hydraullques dsentri$e, Des suggestions sont faites pour 
lPapprofondissement de l-tude, 

INTRODUCTION 

Fish passing through a turbine are subjected to potentfally lethal 
conditions in the form of pressure differentials, shearing forces (two 
water msses moving at different velocities), cavitation, and mechanical 
injury (abrasion, contusion or severing as a result of direct contact with 
turbine parts). The degree to which these various sources of injury are 
f.mportant is related to fish size, turbine characteristics (e.g. head and 
runner diameter) and operating conditions. Factors that affect fish mor- 
tality resulting from turbine passage have been reviewed by Lucas (1962) 
and Bell (1981) but accurate prediction of fish mortality using a 



mathematical synthesis of turbine characteristics, fish species and fish 
size is not possible because of the complex interaction of these factors. 
Results of tests investigating fish mortality at turbine installations have 
been characterized by high variability, which is probably at least partial- 
ly related to the dynamic hydraulic conditions within a turbine. 

The potential for fish mortality at the Annapolis Tidal Power 
STUFLO turbine was discussed at an earlier workshop and by Rumes et al. 
(1980). Recently available information (Bell 1981, and Montreal 
Engineering Company, Ltd. 1982) has provided further insight into the rela- 
tive importance of fish size and certain turbine characteristics. The 
various components of fish m~rtal~ty resulting from turbine passage will be 
discussed briefly but emphasis will be placed on the importance of fish 
size in relation to turbine size. The characteristics of the STRAFLO tur- 
bine will be discussed in relation to other turbines at which actual fish 
mortality tests have been conducted. 

SOURCES OF FISH MORTALITY 

Pressure related injury resulting from passage through a turbine 1s 
not a major component of fish mortality in turbines of up to moderately 
high head (approximately 200 m). The average pressure differentials en- 
countered in a turbine are experienced for a short period of time (0.5 sec) 
and providing fish entering the turbine have been acclimated to atmospher5-c 
pressure, the pressure drop encountered in the turbine runner area is not 
sufficient to cause rupture of the air bladder or air embolisms in the 
blood, Harvey (1963) demonstrated that sockeye salmon smolts (Oneorhynchtas 
nerka) could withstand sudden reductions in hydrostatic pressure from 2.1 
MPa (equivalent to a head of about 206 m) to atmospheric and below. 

While overall pressure differentials within a turbine are unlikely 
to result in significant fish mortality, localized hydraulic conditions 
within a turbine can differ substantially from average conditions. Turbu- 
Pent flow patterns can occur between the runner blade and housing and at 
the entrance and exit of gate and blade structures. Minute pockets of low 
pressure can occur which implode when they are carried into the nafn w a t e r  
flow (Pee. cavitation). Tests have indicated stresses in the order of 350 
MPa (50,000 psi) along with high temperatures can result from cavitation. 
Cavitation is potentially harmful to a turbine and is controlled by main- 
tenance of positive pressure within the turbine. The vertical placement of 
the turbine in relation to tailwater level is used to prevent excessive 
cavitation, deeper settings providing higher positive pressures within t h e  
turbine. While cavitation is potentially lethal to fish, tests conducted 
under varying tailwater levels, which would be expected to result in varia- 
tions in the magnitude of cavitation, have not shown significant correla- 
tions between tailwater levels and fish mortality (Bell 1982, Montreal 
Nontreal Engineering Company, Ltd. 1982). It appears that the localized 
effect of cavitation reduces its overall importance as a cause of fish 
mortality. 

Injury as a result of shearing action of different water flow pat- 



terns and actual contact with parts of a turbine appear to be the most com- 
mon form of fish injury within a turbine. Be11 (1981) concluded thae inlet 
conditions, particularly the design of the leading edge of the runner 
blade, could be a major factor determining the magnitude of fish mortality. 
Montreal Engineering Company Ltd. (1982) found that variation in flow con- 
ditions below the turbine runner had little apparent affect on fish mortal-- 
ity. While injury can occur anywhere within a turbine, Flow conditions at 
the inlet eo the turbine runner or within the runner area appear to be the 
most important determinant in fish mortality. 

Turbine efficiency is related to the flow pattern within the tur- 
bine, Optimum efficiency is obtained when flow is most streamlined and 
when negligible whirl remains. Fish mortality is closely correlated with 
turbjne efficiency with minimum mortality occurring at the point of maximum 
turbine efficiency. The relationship between turbine efficiency of some 
Francis and Kaplan turbines is illustrated in Figs. 1 and 2. While mini- 
mum mortality occurs at maximum turbine efficiency, the rate at which 
mortality increases as efficiency decreases varies considerably between 
turbines. 

The magnitude of fish mortality varfes between types of turbines 
and the head under which the turbine operates. There appears to be a rela- 
tfonship between size of water passages within a turbtne and the magnitude 
of fish mortality (Bell 1981). Francis turbines, generally used at heads 
of greater than 50 m, have more blades and therefore smaller water passages 
than Kaplan or propeller turbines, generally used at lower heads. Within 
the Francis turbines (Figel) fish mortality increased as turbine size de- 
creased: the Shasta turbine was the largest (runner diameter = 4.67 m) and 
fish mortality was near 12% at optimum while the Lequille turbine was the 
smallest and fish mortality was near 53% at optimum for similarly sized 
ff .sh.  Tn comparison, fish mortality in the Kaplan turbines (Fig*2) was 
"Less than 10%. The Kaplan turbines had 6 blades compared to the 13 or 15 
blades of the Francis turbines and water passages were comparatively 
larger. 

The relationship between fish size and mortality was investigated 
at the Lequille turbine in Nova Scotia (Montreal Engineering Company Ltd, 
1982). The relationship between fish length and the mortality represented 
by only those fish that were severed is illustrated in Fig. 3 ,  The mor- 
tality represented by severed fish is used to illustrate the component of 
mortality most clearly associated with shearing forces or contact with the 
runner, At Lequille, minimum clearance between the runner blades was 5 cm 
and at optimum efficiency minimum clearance between the wicket gates and 
runner blades was 8,3 cm, A combination of regression equations using 
injury types that were length correlated predicted that a fish of about 5 
cm should escape injury. An estimated "effective water passage width" can 
be calculated by the following formula initially suggested by Von Raben 
(1957): 
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Fig.  1. F i sh  m o r t a l i t y  and t u r b i n e  
e f f i c i e n c y  i n  th ree  F r a n c i s  
t u rb ines ;  (dash 1 ine)  repre-  
sents t u r b i n e  e f f i c i e n c y ,  
( so l  i d  1 ine)  represents f i s h  
mor ta l  i t y  r e s u l t i n g  f r o m  
passage through tu rb ine ,  
(D)  represents tu rb  i ne 
runner diameter, ( M )  repre-  
sents ope ra t i ng  head o f  t h e  
tu rb ine ,  Data from C r a m r  
and O i  i gher  (1964) a n d  
Montreal Engineering Co, 
( 1  982) 
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Fig. 2. Fish Mortality and turbine efficiency in two Kaplan turbines; 
(dash line) represents turbine efficiency, (solid line) represents 
fish mortality resulting from passage through the turbine, 
(circle) represents average fish mortalty for two size groups of 
fish, (D) represents turbine runner diameter, (H) represents 
operating head of the turbine. Data from Bell (1981). 
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Fig. 3. Relationship between mortality of fish severed during turbine 
passage to fish length at Lequille; (solid line) represents tests 
at 100% wicket gate opening, (dash line) represents tests at 75% 
wicket gate opening, (dash and dot line) represents tests at 50 
and 60% wicket gate opening, equations are linear regressions with 
Y representing mortality and X representing fish length. Data 
from Montreal Engineering Co. (1982). 



w = Flow (60) 
Cos a (No. blades) (RPM) (inlet area) 

where Cos a = cosine of the angle between inflow water 
trajectory and the tangent to the runner at the 
inlet 

FOP the Lequille turbine, w = 7.3 cm, similar to the size of fish predicted 
by analysis of injury data to escape mechanical injury. While the above 
formula may have some predictive power for indicating the approximate size 
of fish that would be subjected to minimal mortality, it does not accurate- 
ly predict the level of mortality for fish above the minimum size. The 
overall fish mortality measured at Lequille is illustrated in Fig. 4. Fish 
mortality appears to be composed of a complex set of factors and only a few 
are covered by this formula. Mortality is probably not a simple linear 
function of fish length. In fact, at Lequille the proportion of mortality 
due to mechanical type injuries (shearing or contact) only accounted for 
27.7 to 61% of total mortalities. At Lequille, cavitation and possible 
localized pressure differentials appeared to be responsible for a signifi- 
cant amount of the observed mortality. 

POTENTIAL FISH MORTALITY IN PASSAGE THROUGH L A R G  TIDAL TURBINES 

While precise prediction of fish mortality at a turbine installa- 
tion is not possible, sufficient data are available to allow mortalities 
within a few percentage points to be estimated in some situations. A tidal 
generating station in the Bay of Fundy would likely be composed of large 
units similar to that being installed at the Annapolis Tidal Power Project. 
Characteristics of the Annapolis STRAFLO turbine are provided in Table 1 
along with those of the Lequille turbine for comparison. Water passages 
within the STAFLO are large with a minimum clearance of 88 cm between the 
wicket gates and blades. Based on the above formula for "effective water 
passage width", fish of up to 2.98 m length can be expected to suffer mini- 
mal mortality from shearing forces or contact with the blades. The calcu- 
lation of "effective water passage width" used a cos a of 1.0 which there- 
fore provides a minimum estimate of passage width. 

Calculation of the "effective water passage width" provides an 
estimate of fish length under which only minimal mortalities are expected. 
Mortalities for fish larger than this minimum length would be expected to 
increase with fish length. The large size of the water passage also re- 
duces the likelihood of a fish passing through a lethal zone of cavitation 
or large pressure differential. The probability of a fish passing through 
a localized lethal zone is probably more a function of turbine size than 
fish size. At Lequille, a large number of injury types did not demonstrate 
a significant correlation with fish size. There is likely a minimum mor- 
tality associated with passage through a large turbine which is dependent 
on the cavitation potential and the overall efficiency of water passage 
through the turbine. Maximum pressure drop within the inlet to a hori- 
zontal flow turbine such as the STRAFLO is expected to be in the order of 
90% of the net head. In the case of a large tidal barrage, fish passing 
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Pig, 4. Relationship between overall mortality of fish resulting from fish 
passage to fish length at Lequille; (solid line) represents tests 
at 100% wicket gate opening, (dash line) represents tests at 75% 
wicket gate opening, (dash and dot line) represents tests at 50 
and 60% wicket gate opening. Data from Montreal Engineering Co. 
(1982). 



TABLE 1. Characterlstics of turbines installed at Lequille (hydr 
and Annapolis (tidal power) 

Characteristic Lequille Annapolis 

Type Francis 

Rated h e ~ d  118 m 

Rated horsepower 15,000 23,000 

Discharge at rating 11.3 m3/s 378.0 m 3 / s  

RPM 514 5 0 

Manuf actur Dominion Eng. Escher Wyss 

Number of Blades I 

13 4 

Runner diameter 1.38 m (inlet) 7.6 m 

Runner hub diameter 3.04 m 

Efficiency at rating 92.3% 87.3% 

Efficiency at minimum head 78.0% 

Efficiency at maximum head 81.8% 
- 



through the turbines may be acclimated to relatively deep water but the 
pressure differentials in a low head turbine are still unlikely to be suf- 
ficient to result in significant mortality. 

Efficiency in the Annapolis STRAFLO turbine is expected to be with- 
in the range of 78 to 89% except for a short interval of operation (25 min 
under mean tides) when heads are less than 2 m. At maximum head, the 
wicket gates would partially close reducing the intake area by 21% (a 
wicket gate opening of 57%). Under maximum generation and maximum head, 
turbine efficiency would drop to 82%. Inlet hydraulic conditions are 
likely to be poor in terms of fish passage when the wicket gates are used 
to restrict flow. A turbine with adjustable blade pitch would improve tur- 
bine efficiency and reduce fish mortality under these conditions. It is 
not possible to accurately predict what level of mortality would occur 
under maximum generation but a mortality of around 30% as found in the 
Foster turbine (Fig. 2) under maximum generation is possible. Given the 
large size of the STRAFLO or other tidal generating turbines, maximum 
mortalities would likely be less than 30% and over two-thirds of the gener- 
ating cycle mortalities when turbine efficiency is relatively high would 
likely be less than 5%. 

Turbine operation in a tidal generating station differs from that 
in a standard hydroelectric development. In a tidal development, variation 
in head is extreme and it may not be economically feasible to install tur- 
bines with adjustable blades which would maintain relatively high effi- 
ciency over the entire spectrum of heads. A tidal generating turbine with- 
out wicket gates but with variable pitch blades is also a possibility. 
Since in general clearances between the wicket gates and runner blades do 
not appear to be crucial in large tidal turbines, relative turbine effi- 
ciency is probably a better criterion for selecting a turbine that mini- 
mizes fish mortality. If a turbine without wicket gates is lower in oper- 
ating efficiency, fish mortality is likely to be greater. The potential 
for substantially reduced fish mortality should be assessed in the economic 
evaluation of tidal turbines. 

It should also be noted that given a particular turbine design, 
operation and layout of the generating station can significantly affect the 
overall fish mortality that results from the installation. In particular, 
elimination of generation at minimal heads, when generating efficiency is 
low, may be advisable. In this regard, it is extremely important to have 
information on the timing of fish movement through the turbine in relation 
to the tidal cycle. Fish may concentrate their movements through a tidal 
barrage at mean tides when water velocities through turbines or sluices are 
low. If fish remain near the surface and avoid high velocity areas, simple 
gated openings through the barrage may pass a high proportion of the fish 
when headpond and tailwater elevations are near equal. 

SUGGESTIONS FOR FURTHER STUDY 

Inlet hydraulic conditions may be a major factor influencing the 
magnitude of fish mortality associated with passage through a turbine. 



Investigations of fish mortality at large tidal generating stations is ex- 
tremely difficult because of the large water flows involved. A small tur- 
bine of design similar to the STRAFLO is currently being completed by the 
Nova Scotia Power Corporation on the Sissiboo River. This turbine could 
provide a useful test site to evaluate the potential fish mortality 
associated with larger prototype units. 

While accurate estimates of fish mortality at the Annapolis STRAFLO 
turbine would be difficult to obtain, information on fish movements within 
the intake and tailrace structures would be helpful in determining the 
potential impact of a large tidal power development on fisheries. While 
there is considerable information on fish behavtour in relation to fish 
passage at hydroelectric facilities, there has been little study of fish 
behaviour in tidal environments. 
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QUESTIONS BME) CObNENTS 

6 ,  Brown: What happens t o  t h e  f i s h  t h a t  a r e  damaged by t h e  t u r b i n e s ?  

N. C o l l i n s :  Some of them d i e .  It i s  q u i t e  d i f f i c u l t  t o  compare t h e  re- 
s u l t s  from d i f f e r e n t  s t u d i e s ,  because you a r e  r e a l l y  n o t  s u r e  what t h e y  
used f o r  t h e i r  c r i t e r i a  t o  d i v i d e  i n j u r i e s  t h a t  would cause  d e a t h  and t h o s e  
t h a t  wouldn ' t .  I n  t h e  main d a t a  s e t  which I used f o r  comparison t h e y  
r e p o r t e d  t h a t  mechanical  i n j u r y  caused 70% of t h e  m o r t a l i t f e s .  T h i s  cou ld  
mean t h e  f i s h  were i n  p i e c e s ,  o r  t h a t  they  had t o r n  o p e r c u l a ,  m i s s i n g  f i n s ,  
o r  similar i n j u r i e s .  There  would have been few dead f i s h  t h a t  appeared un- 
i n j u r e d .  I n  tests a t  L e q u i l l e ,  t h e  t y p e s  of i n j u r i e s  were d i f f e r e n t .  We 
had a  l a r g e  number of f i s h  w i t h  no v i s i b l e  i n j u r i e s  t h a t  were dead. They 
had b l o t c h y  s k i n  which may have been caused by c a v i t a t i o n  but  we were no t  
s u r e .  

G. Brown: Can you e x p l a i n  c a v i t a t i o n ?  

N. C o l l i n s :  I n  g e n e r a l  a t  t h e  i n l e t  of a t u r b l n e ,  t h e  wa te r  v e l o c i t y  
should be t h e  same over  t h e  e n t i r e  h e i g h t  of t h e  b lade .  Blades  from d l f -  
f e r e n t  t u r b i n e  d e s i g n s  have a  d i f f e r e n t  shape and s i z e  a t  t h e  i n l e t .  T h i s  
p rov ides  a c o n s t a n t  v e l o c i t y  over  t h e  b l a d e ,  The f low through t u r b i n e s  
should be smooth, because t h e  smoother i t  i s  t h e  h i g h e r  t h e  e f f i c i e n c y  i s .  
A t  t h e  o u t l e t  t h e r e  is  lower p r e s s u r e  below t h e  b lade  and h i g h e r  p r e s s u r e  
above,  T h i s  i s  where s h e a r i n g  f o r c e s  occur .  It i s  t h e  same i d e a  as l f f t  
on a n  a i r p l a n e  wing. The d i f f e r e n c e s  i n  p r e s s u r e  on t h e  b lade  is  what 
l i f t s  o r  pushes it .  T h i s  c r e a t e s  a n  a r e a  below t h e  t u r b i n e  runner  where 
two zones of d i f f e r e n t  wa te r  v e l o c i t i e s  merge. There  is  more water push- 
i n g  t h e  f r o n t  of t h e  b l a d e  t h a n  behind i t ,  and t h i s  i s  where s h e a r i n g  o r  
c a v i t a t i o n  occurs .  I f  t h e  low p r e s s u r e  a r e a s  reach  t h e  vapour p r e s s u r e  o f  
w a t e r ,  t h e n  vapour pocke t s  form t h a t  implode as t h e y  move i n t o  h i g h e r  p res -  
s u r e  a r e a s .  

G. Brown: How do you do t h e s e  exper iments?  Are t h e r e  c o n t r o l s ?  

N. C o l l i n s :  Experiments have been conducted i n  many d i f f e r e n t  ways. I 
t h i n k  s t u d i e s  t h a t  have c r e d i b i l i t y  used l a r g e  numbers, say  around 10,000 
Eish.  I n  my s t u d i e s  I used about  7000 f i s h  i n  groups  of 100, Sometimes we 
would have t h r e e  s i z e  c l a s s  groups  going i n t o  t h e  t u r b i n e  a t  once and t hey  
were c o n s i d e r e d  t h r e e  s e p a r a t e  t e s t s .  That type  of exper imenta l  d e s i g n  i s  
u s u a l .  F i s h  a r e  in t roduced  somewhere upst ream of t h e  t u r b i n e ,  What w e  d i d  
w a s  i n t r o d u c e  t h e  f i s h  a t  t h e  t o p  of t h e  pens tock ,  t h e  p ipe  l e a d i n g  t o  the 
t u r b i n e ,  about  400 m from t h e  t u r b i n e .  V e l o c i t i e s  were too  h i g h  t h e r e  f o r  
t h e  f f s h  t o  s w i m  a g a i n s t  t h e  c u r r e n t  s o  we knew they  would go th rough  t h e  
t u r b i n e .  We t r i e d  t o  i n t r o d u c e  t h e  f i s h  wi thou t  caus ing  i n j u r y .  We used 
PVC p i p e  and poured them down. The can t ro l  f i s h  were t r e a t e d ,  i d e n t i c a l l y  
but were i n t r o d u c e d  t o  t h e  t a i l r a c e  below t h e  t u r b i n e .  You t r y  t o  perform 
t h e  same a c t i v i t i e s  wi th  t h e  c o n t r o l  f i s h  so  they  a r e  r e c a p t u r e d  by t h e  
same g e a r  but  do n o t  go through t h e  t u r b i n e .  

P ,  Larsen:  Is t h e r e  reason  t o  b e l i e v e  t h e r e  are l e t h a l  e f f e c t s  from f i s h  
passage through t u r b i n e s  t h a t  do no t  m a n i f e s t  themselves  immediately? 



N. Collins: I think that the relative importance of discriminate and in- 
discriminate stress has largely been determined for turbines. Our studies 
suggested that fish are either fine or dead. There can be predation at the 
outflow of the turbine because the fish can be mildly stunned. We held all 
our fish for at least a week to check for delayed mortality. There were 
frequently a small number of fish with minor injuries and it was difficult 
to estimate the long term effect of these injuries. Normally the main 
stress appeared to be on the air bladder due to pressure effects and that 
is unlikely to have any long term sublethal effects. Air bladders are 
stretchable to certain limits. The exposure appears to be short and is 
limited to about half a second during turbine passage. 
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ABSTRACT 

This report summarizes some of the probable negative effects of a 
tidal power barrage in the upper Bay of Fundy on the passage and hence 
maintenance of anadromous fish in freshwater streams embraced by the 
development. The predicted negative impacts are based mainly on supporting 
research conducted in freshwater and estuarine situations, since studies of 
fish passage at marine obstructions are lacking. Probable negative impacts 
on anadromous fishes include: delayed or failed passage, straying from 
native rivers, mortality of large adults in turbines (particularly if re- 
cycling is high), decreased passage time at tidal aboiteaux, and loss of 
spawning and rearing habitat through inundation if peripheral pumped stor- 
age facilities are constructed. It is speculated that the overall success 
of maintaining passage of anadromous fishes into the tidal headpond and its 
freshwater tributaries will likely be determined by the ultimate placement 
and relationship of the sluice (both in plan and elevation) and hydroelec- 
tric turbines. 

Key words: Atlantic salmon, alosids, striped bass, sturgeon, smelt, STAFLO 
turbine, mortality, cavitation, sluices, Cobequid Bay, 
Cumberland Basin. 

Come il est question d1am4nager un barrage de centrale markmotrice 
au fond de la baie de Fundy (rentrant nord), l'auteur s'interroge au sujet 
de certains des effets nt?gatifs prdvisibles sur le passage et, par con- 
sdquent, le renouvellement des poissons anadromes dans les cours d'eau (non 
salt%) affect& par l'amdnagement. La prdvision de ces effets nggatifs 
s'appuie surtout sur des recherches effectuges dans les milieux d'eau douce 
et les zones estuariennes, puisqu'il n'y a B peu pr$s pas d'gtudes portant 
sur le franchissement des obstacles marins par les poissons. Au nombre des 
effets n6gatifs probables sur les poissons anadromes, on peut mentionner 
les suivants: passage retard6 ou empCch6, abandon forc6 des cours d'eau 
d'origine, mortalit6 des adultes de grande taille dans les turbines (parti- 
culisrement si le recyclage est 4levt?), diminution du temps de passage aux 
aboiteaux et, finalement, perte de l'aire de frai et d'accroissement du 
saumon, de l'alose et du bar ray6 par des inondations sur les lieux des 



installations possibles de stockage pomp4 a' la p&riph&rie. L'auteur estime 
que les succPs g6ndral rgsultant du maintien du passage des poissons ana- 
dro~nes dans 116chancrure tidale et ses ramifications d'eau douce ddpendra 
vraisemblablement de l'emplacement ultime et de la dispostlon relative des 
vannes registres (tant en plan qu'en altitude) et des turbines hydro4lec- 
triques. 

INTRODUCTION 

There are seven commercially or recreationally important anadromous 
fish species that could be affected by a tidal power barrage in the upper 
Bay of Fundy: Atlantic salmon (Salmo salar), alewive (Alosa pseudohar- 
genus), blueback herring (Alosa aestivalis), American shad (A. 
sapidissima) , striped bass (Morone saxatilis) , Atlantic sturgeon (Acipenser 
oxyrhynchus), and rainbow smelt (Osmerus mordax). All of these species 
spend most of their adult lives in the ocean but migrate to freshwater 
habitat to spawn. 

The fisheries resources of the Bay of Fundy and some of the possi- 
ble impacts of tidal power development have recently been reviewed by 
Scarratt (1977). Kerswill (1960) has broadly recorded the possible effects 
of a tidal power project in the Passamaquoddy Bay area on anadromous fishes 
and Martin (1960) has done the same for groundfishes, The present report 
emphasizes some of the possible effects of tidal power development on the 
passage and migration of anadromous fishes between the tidal barrage and 
the freshwater streams that it embraces. 

Two tidal power sites are presently considered as economically 
attractive, the mouth of Cobequid Bay ( B 9 )  and the mouth of Cumberland 
Basin (A8). Feasibility designs are for a single effect operation mode 
whereby power would be generated in only one direction when the head dif- 
ference between the headpond and the sea is 0.6 m or greater. 

FISH PASSAGE AT EXISTING TIDAI, STRUCTURES 

In the upper Bay of Fundy tidal barrages are present near the 
mouths of several rivers. In 1968 a causeway was built across the Petit- 
codiac River at Moncton and a vertical slot fishway was incorporated into 
the tidal structure to pass anadromous fishes. Despite the provision of a 
fishway, anadromous fish passage at the causeway was impeded (Dominey 
1970a). This finding has been substained by ultrasonic tagging of Atlantic 
salmon, fishway counts and significant reductions in angling catch and com- 
mercial landings of anadromous fishes in statistical reporting areas asso- 
ciated with the Petitcodiac River (Semple 1979). 

Tidal barrages are also present near the mouths of the Tantramar, 
Missaguash and Nappan Rivers at the head of Cumberland Basin and at the 
Great Village and Chiganois Rivers near the head of Cobequid Ray. All of 
these barrages were constructed to reclaim marshlands for farming or to 
prevent flooding. The water control structures at all of these sites, 



except Tantramar River, are aboiteau flap gates. The flap gates are 
mounted and hinged on the seaward side of conduits which pass through the 
barrage. At low tide, the pressure of impounded water automatically forces 
the gates to open allowing fish passage and conversely closes the gates on 
the rising tide preventing fish passage. 

Salmon passage at the Great Village River aboiteau was investigated 
by Dominey (1970b), The available information Erom this study and other 
unpublished data concerning the Great Village aboiteau indicate that aboi- 
teau structures can provide adequate passage for anadromous fishes. 
Dominey (1970b) estimated that Great Vil-lage River could produce about 400 
adult salmon each year. A trap net located upstream from the aboiteau took 
207 in 1973; hence, if commercial salmon landings in local and distant 
fisheries are taken into account, the river appears to be producing salmon 
near its potential. At electrically operated lift-gates, such as those on 
the Tantramar River, the problem has been to get the owners to open the 
gates when water levels on the seaward and landward sides of the gates are 
near equalization. Observations indicated that under such conditions, 
anadromous fishes can successfully pass upstream into a tidal impoundment 
while there is positive flow seaward. 

While fish passage at existing tidal barrages in the Maritirne 
Provinces is not quantitatively well defined, the available evidence would 
suggest that passage is delayed (Riley 1970, Dominey 1970a) and for this 
reason there may be more straying of homing species like salmon, shad, ale- 
wives and striped bass away from their natal rivers. 

In rivers where dams have been created above tidal influence and 
where fishways have been installed to pass shad and striped bass, passage 
success for these species has in many cases been disappointing (Talbot 
1966, Jessop 1975). On the other hand, fishways for salmon (Clay 1961) and 
some of the more recent fishways for shad (Dalley 1980) have Seen more suc- 
cessful, provided that the entrance is properly located. 

In the Bay of Fundy and Maritime Provinces, shad and striped bass 
were abundant in the Saint Croix (Walburg and Nicholas 1967), the Saint 
John (Ruggles and Watt 1975), and the Petitcodiac and Tusket rivers (local 
accounts). Hydroelectric dams in these rivers, or the causeway in the case 
of the Petitcodiac River, have nearly eliminated these species from areas 
above the dams despite the fact that fishways were provided, Not all of 
the blame for the demise of shad and striped bass in the river reaches 
affected by these dams is due to fish passage problems. Water quality and 
spawnlng and rearing habitats for these species have also been impaired. 
This is amply demonstrated in the case of the Saint John River (Ruggles and 
Watt 1975, Jessop 1975). 

FISH PASSAGE AT A TIDAL POWER BARRAGE 

Emmigration Through Sluice Gates 

In order to maintain the production of anadromous fish stocks Erom 



the freshwater rivers embraced by proposed tidal power barrages, passage of 
fish beyond the barrages will be necessary. 

The seaward migration of anadromous species that have spawned, and 
of juvenile fish originating from the spawning, wilt probably be less dif- 
ficult than for adult fish trying to reach their home rivers inside the 
barrage, 

Not much is known about the movements of juvenile and adult anadro- 
mous species after they enter the ocean (Scott and Crossman 1973), 
Atlantic salmon originating from Maritime waters are intercepted as far 
away as West Greenland and Newfoundland (Stasko et al. 1973). Shad, 
striped bass and alewives that have spawned in Maritime rtvers have been 
recaptured as Ear south as Virginia and South Carolina (Jessop, pers. 
comm.). In any event, at some time within the year it is likely that 
underyearling alewives, shad, striped bass and 1 to 3-year old salmon 
smolts will be emmigrating out of the areas that would be embraced by the 
proposed tidal power barrages. 

Moreover, it is probable that most emmigrant anadromous species 
will move out of the tidal headpond(s9 during the massive export of water 
in the power generation phase of tidal power operation. At times, when the 
tidal inflow through the filling gates creates velocities up to 10 m s- 1 

(Swales 1977), egress through the filling sluice gates will be barred since 
such a velocity exceeds the maximum swimming speed of most fishes. After 
extensive review of the literature, Blaxter (1969) concluded that salmonids 
are capable of burst speeds of 10 b,l.s. (body lengths per second) while 
weaker swimmers such as alewives probably can only reach speeds of 8 b.1.s. 

The orientation of emigrating anadromous fishes to currents cre- 
ated by emptying (power generation) and filling the tidal headpond(s) will 
also have a bearing on whether these species leave the tidal headpond(s) 
through the turbines or through the sluices, Although little is known 
about the orientation of spent adult shad, alewives, smelt and striped bass 
(and their juvenile stages) to water currents, the subject has been dealt 
with extensively for juvenile salmonids (Arnold 1974, Stasko et al. 1973, 
Ruggles 1980)- These reviews suggest that salmon smolts, while in fr~sll- 
water, orient and swim with the current in low velocity water, but in 
accelerating currents they orient themselves upstream against the current 
and are carried passively downstream. 

Em~nigration Through Turbines - 
Anadromous fish passing through turbines will be subjected to 

rapldly changing pressures and tile possShility of contact with the rotating 
turbine blades (Collins 19849, In hydraulic turbines, the velocity i s  
relatively slow and the pressure strongiy positive in water passages lead- 
ing to the turbine (Cramer and Oligher 1964). After passage through the 
turbine, negative pressures may develop depending on the relative elevation 
of the turbine runner to the tailwater elevation. This condition can be 
minimized by setting the turbine runner below the minimum low tide level, 
The significance of negative pressures 5n the turbine draft tube is that i t  



can cause cavitation or the violent collapse of vapor masses severe enough 
to remove small particles of metal from turbine blades; hence, it is poten- 
tially harmful to fish using this route. 

In connection with smolt passage through hydroelectric turbines, 
Montdn (19551, reported in Mills (1971), considered that because of the 
short exposure time of fish to high pressure and cavitation, it is unlikel~ 
that fish will be injured by them at least up to water heads of 32,3 me 
Caulderwood (1945) concluded that Atlantic salmon smolts would not be in- 
jured by them at least up to water heads of 32.3 m. From their extensive 
review of the literature concerning the passage of small fishes through 
turbines, Bell et al. (1967) indicated that Canadian and American research 
on the subject of cavitation and damage to fish showed this to be a signif- 
icant factor, Installation specifications for the tidal power projects 
proposed for the upper Bay of Fundy would appear to present few problems 
relative to fish survival and pressure and cavitation in the turbines. 

Passage of fish through the turbines will subject fish to the 
possibility of contact with the turbine blades. While I am not aware of 
any information relative to fish mortality in the type of turbine (Straflo 
or bulb type) being considered for potential tidal power developments in 
the upper Bay of Fundy, they are propeller turbines similar to Kaplan 
units. Bell et aP. (1967) concluded that for Kaplan and Frances turbines 
the highest survival of fish occurs when the turbine is operated at highesl: 
efficiency. For Kaplan turbines, this is achieved by adjusting the blade 
angle for a given head and load. Bell et al. (1967) provided maximum and 
minimum fish survival estimates for Kaplan turbines at nine dams and for 
thirteen tests. The average maximum survival was 95.1% and the lowest 
maximum survival was 77.1%- The average minimum survival was 73.2% and t h e  
lowest survival rate was 0.0%. Since mortality rate in turbines increases 
as fish size increased (Bell et al. 1967) the mortality of smaller juvenffe 
stages of anadromous fish passing tidal power barrages in the upper Bay sf 
Fundy will be less than that of spent adults, 

Because of the large dimensions of the turbines for the proposed 
developrnents in Cobequid Bay and Cumberland Basin and because of the rela- 
tively slow runner speeds (67,92 to 75 rpm), it is unPfkely that turbine 
mortality of fish will be high, particularly for juvenile anadromous 
fishes. However, if the feeding behaviour of larger adult anadromous 
ffshes leads to recycling through the turbines, which is quite possible, 
mortality could be significant. 

Imfgration to a Tidal Neadpond and its Freshwater Tributaries 

There is considerable evidence that spawning runs of Atlantic 
salmon (Stasko et ale 19731, American shad (Nansueti 1955), alewives 
(Hfldebrand 1963) and striped bass (Raney 1952) return or "home" to the 
stream where their parents spawned. The mechanism whereby these homing 
species are able to navigate to their native stream is a subject which h a s  
received much research and considerable review (Arnold 1974, Liley 1982, 
Nordeng 1971, Hasler 1966, Stasko et al. 19731, 



A widely accepted hypothesis  f o r  salmon homing is  t h a t  salmonrlds 
j-mprint on d i s t i n c t i v e  odors of the  home stream ( o l f a c t o r y  hypothes is )  dur- 
i ng  t h e i r  f reshwater  residence.  La te r  t he  a d u l t s  use t h i s  in format ion  t o  
l o c a t e  t h e i r  n a t a l  s t ream, a t  l e a s t  during the  l a t e r  po r t ion  of t h e i r  home- 
ward journey. Hasler  e t  a l .  (1978) reviewed much of the  d i r e c t  and circum- 
s t a n t i a l  evidence i n  support  of t h i s  hypothes is ,  The pheromone hypothes is  
(Nordeng 1977) proposed t h a t  homeward naviga t ion  is  an i n h e r i t e d  response 
t o  popula t ion-spec i f ic  chemicals r e l ea sed  by the  f i s h  themselves and t o  
which the  f i s h  respond. Migrat ing a d u l t s  a r e  a t t r a c t e d  t o  s t reams contain-  
ing  conspec i f i c s  (L i l ey  1982). 

I f  homing i s  a s  dependent on o l f a c t i o n  a s  t he  evidence s u g g e s t s ,  
then migrat ion of homing anadromous f i s h  a t  t he  t i d a l  barrage could be 
adverse ly  a f f e c t e d  s i n c e  the  tu rb ines  w i l l  draw the  deeper s a l i n e  water  
which is l i k e l y  t o  l ack  those  odors which would guide the  f i s h  t o  t h e i r  
home streams. Only f o r  a  s h o r t  period of time a f t e r  power gene ra t ion  u n t i l  
water l e v e l  equa l i za t ion  would the re  be any seaward flow of su r f ace  waters  
(assuming the  device g a t e s  a r e  near water s u r f a c e )  conta in ing  n a t i v e  s t ream 
odors o r  pheromones. Hence, it is  poss ib l e  t h a t  cons iderable  s t r a y i n g  of 
homing anadromous f i s h e s  could r e s u l t ,  and much of t he  f i s h e r y  and produc- 
t i o n  p o t e n t i a l  of f reshwater  t r i b u t a r y  streams could be l o s t  f o r  anadromous 
spec ies .  Water c u r r e n t s  a l s o  in f luence  the  rou te  choice of f i s h  (Arnold 
1974, Banks 1968) but may be secondary t o  s t ream odor. A l o s s  of p o s i t i v e  
rheotax is  has been observed i n  chinook salmon d isp laced  upstream from home 
water (DeLacey e t  a l e  1969). Banks (1968) has reviewed the  importance of 
" a t t r a c t i o n  water" r e l a q i v e  t o  passing f i s h  a t  dams and the c o r r e c t  s i t i n g  
f o r  a fishway entrance.  I n  t h i s  connection i t  has been poss ib l e  f o r  
i n s t ance  wi th  sockeye and chinook salmon t o  manipulate the s p i l l - p a t t e r n  at. 
a  h y d r o e l e c t r i c  dam t o  guide migrant salmon upstream (Leman and Pau l ik  
1966). Co l l i n s  (1952) found t h a t  the  choice of migra t ing  rou te  f o r  a l e -  
wives could be inf luenced by the  v e l o c i t y  of flowing water. The f i s h  took 
the water wi th  the  f a s t e r  flow, This is a l s o  t r u e  f o r  salmonids (Banks 
1968). 

The above f ind ings  lead  t o  the  conclusion t h a t  i f  o l f a c t o r y  cues do 
not emminate from the  tu rb ine  outflow i n  a  t i d a l  power barrage,  homing ana- 
drsmous spec i e s  may not c o l l e c t  there .  I f  t he  p o s i t i v e  outflow through l-he 
f i l l i n g  s l u i c e  ga t e s  (between tu rb ine  shutdown and water l e v e l  equal iza-  
t i o n )  is only maintained f o r  a  s h o r t  du ra t ion  of time then anadromous f i s h  
migra t ion  i n t o  the  t i d a l  headpond could be seve re ly  l i m i t e d ,  p a r t i c u l a r l y  
i f  the s l u i c e  g a t e s  a r e  mounted deep below the water su r f ace  where phero- 
mones and s tream odors may not be present .  

I f  stream odors and pheromones a r e  present  during seaward f low 
through the tu rb ines ,  then when the  r i s i n g  t i d e  fo rces  water I n t o  t h e  t i d a l  
headpond f i s h  may move through the  s l u i c e s  v o l u n t a r i l y  or  be sucked through 
i n  t he  high v e l o c i t y  water. 

With regards t o  the  o r i e n t a t i o n  of anadromous f i s h  spec i e s  i n  t i d a l  
c u r r e n t s ,  some of the  e x i s t i n g  research  i s  con t r ad ic to ry  and d i f f i c u l t  t o  
i n t e r p r e t .  A t l a n t i c  sal~non wander i n  e s t u a r i e s  (Huntsman 1952).  Stasko 
(1975) found t h a t  salmon bearing u l t r a - son ic  t ags  spent  more t i d a l  pe r iods  



progressing upstream with the current than against it. He concluded that 
Atlantic salmon moved upstream with flood tides but also found random move- 
ments both with and against all phases of the tide. Stewart (1971), in his 
studies of salmon movement in the Lune Estuary, concluded that more salmon 
move upstream on the ebb rather than flood tide. With American sha 
Dodson and Leggett (1973) found that this species moved upstream ag 
ebb tides while also moving upstream with flood tides. Later research by 
Dodson and Leggett (1974) showed that on flood tides the orientation of 
shad ranged from concurrent to countercurrent. Ripe striped bass drift 
with the tidal flow and then hold position when the tide reverses (Koo and 
Wilson 1972). Spent striped bass showed unpredictable movements patterns 
with and against tidal currents. Dudley et al. (1977) found that striped 
bass ascended the Savannah River to spawn on ebb rather than flood tides. 

If and when a tidal power barrage is constructed in Cobequid Bay or 
Cumberland Basin, the mean tidal elevations and amplitude in the headpond 
will be changed significantly (Baker 1984). Mean high water in Cobequid 
Bay will be about 0.6 m lower, mean tide about 2,7 m higher and low tide 
about 6.0 m higher than before the barrage. Tidal amplitude will be about 
5.8 m less. 

The implications of the altered tidal regime within the 
poundment may be significant relative to anadromous fish passage at 
aboiteau flap gates located at the mouths of tributary strc-a:ns embraced by 
the tidal power barrage. Depending on the sill elevations of the flap 
gates, the new tidal regime could decrease the available time for anadro- 
mous fish passage and result in more straying to unencumbered tributaries. 

Increased erosion and sedimentation together with changes in tidal 
currents within the impoundment may alter the route selection of anadromous 
fishes and hence the traditional fishing locations and fish landings from 
these areas. 

Since tidal power production will not always be in harmony with the 
power demand cycle, it is possible that additional storage sites might be 
created in freshwater tributaries anywhere in the Maritime Provinces and 
that low demand, low cost power might be used to pump water into these 
reservoirs to produce power at conventional hydroelectric installations 
when it is most needed, This could result in lost spawning and rearing 
habitat (inundation) for salmon, shad and striped bass and new spawning 
habitat for alewives. Pumped storage could also lead to fish passage pro- 
blems at the storage sites if fish passage is not provided. 

Passage of shad and striped bass at existing tidal and non-tidal 
obstructions in the Maritime Provinces where fishpasses have been provided 
has been disappointing. Passes for Atlantic Salmon and alewives have been 
more successful. 



Emmigration of anadromous species from the proposed tidal impound- 
ments will likely be predominantly through the turbines and the negative 
impact will probably be negligible for juvenile anadromous species. Adults 
on the other hand could suffer significant mortality if their movement pat- 
terns leads to much recycling through the turbines. 

Immigration into tidal headponds, in contrast to emmigration, may 
present more of a problem for homing anadromous species that are bound for 
natal streams embraced by the barrage. Negative impacts such as stock re- 
duction may occur if the sluice gates are deeply submerged. The compressed 
time available to pass fish due to the operation mode of the power plants 
could also lead to a considerable amount of straying to freshwater tribu- 
taries outside the barrage or to lack of spawning. 

The altered tidal regime within the headpond may also result in 
compressed passage time at existing tidal aboiteaux (flap gates) on fresh- 
water streams embraced by the tidal power barrage. Moreover, changed tidal 
currents could effect fishing success in traditional fishing areas. Fur- 
thermore, attempts to tune power production to demand, through pumped stor- 
age at freshwater sites anywhere in the Maritime Provinces, could destroy 
spawning habitat for some species (salmon, shad and striped bass) and 
create new habitat for others (alewives). Fish passage problems could a l s o  
be created at pumped storage sites if fish passage is not provided, 

The overall success or failure of maintaining the passage of ana- 
dromous fishes into the tidal power impoundment and its' freshwater tribu- 
taries m y  well, hinge on the ultimate pJ.acement, both in plan and evalua-- 
tion, of the sluices and turbines. 
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ABSTRACT 

Megatidal embayments of the upper Bay of Fundy are occupied in 
summer by large numbers of feeding fish, particularly alosids. The 
American shad present contribute to a local fishery. Tagging experiments 
indicate these shad are derived from populations native to a11 rivers on 
the North American Atlantic Coast from Florida to Quebec. A large portion 
of the total western Atlantic adult shad stock, estimated at 3.5 x lo7 
individuals in 1981, may frequent the upper Bay of Fundy each summer. Con- 
struction of large-scale tidal power structures in these embayments will 
alter the habitat by changing turbidity and temperature regimes and may 
alter migratory routes of the species concerned. Additionally, repeated 
passage through the turbines may cause significant mortality. 

Key words: megatidal, alosids, American shad, migration, populations, 
low-head turbines, turbine mutilation rates, impact velocities, 
Cobequid Bay, Cumberland Basin. 

Les rentrants mggatidaux du fond de la baie de Fundy (rentrant 
nord) servent en 6tg d'aires d'alimentation de vastes populations de 
poissons, et plus particulie'rement 3 ceux de genre des aloses. L'alose 
savoureuse qu'on y trouve fait partie des pgches locales. Des expgriences 
dt6tiquetage indiquent que ces aloses proviennent de populations indigdnes 
dans tous les cours d'eau de 1.a cBte atlantique nord-amgricaine, de la 



Floride au Qdbec. Une grande partie de l'ensemble du stock d'aloses 
adultes de llAtlantique ouest, estimg a' 3,5 x lo7 indfvidus en 1981, se 
rend parfois au fond de la baie de Fundy (rentrant nord) tous les &tQs. La 
construction dfQnormes ouvrages a' des fins mardmotrices sur ces rentrants 
affectera l'habitat en modifiant la turbidit6 et le re'gime thermique; elle 
pourrait aussi perturber les routes migratoires des espPces visges. D e  
plus, le passage r6p4td dans les turbines peut donner lieu 3 une mortalit6 
apprkciable. 

INTRODUCTION 

Recent research conducted in the megatidal embayments of the inner 
Bay of Fundy (Cobequid Bay, Cumberland Basin and Shepody Bay) indicates 
these regions are occupied in summer by an assemblage of migratory fishes 
numerically dominated by alosids (Dadswell et al. 1983a). The assemblage 
consists of alewife (Alosa pseudoharengus), blueback herring (A, 
aestivalis), American shad (A. 'sapidissima), Atlantic salmon (Glmo -- salar) 
striped bass (Morone saxatilz), Atlantic sturgeon (Acipenser oxyrhynchus) 
and dogfish (Squalus acanthias). Of these, shad were selected for concen- 
trated study because of their apparent abundance in the region, moderately 
large size, ease of capture in large numbers and a thriving commercial and 
sports fishery here and along the Atlantic Coast. We believe, however, oar 
remarks apply equally to other species of fish which occur in and/or 
utilize the embayments in a manner similar to shad. 

SHAD FISHERY 

The American shad, Alosa sapidissima (Wilson 1811), is a large, 
anadromous clupeid, 40-50 cm in length and 1-2 kg in weight at maturity, 
which ranges from Florida to Labrador. Shad are migratory, moving north 
south and back again annually, following an ocean isotherm envelope of 
7-17'6 (Leggett and Whitney 1972) and homing to their natal rivers for re- 
production (Dobson and Leggett 1973). Commercial fisheries are usually 
concentrated in or near estuaries of rivers and exploit mature shad retorn- 
ing to spawn durfng a short spring season (Walburg and Nichols 1967). 
Sport fisheries occur in the upper reaches of rivers and the largest, by 
both number caught and anglers participating, are on the Delaware and 
Connecticut Rivers (annual sport catch is 20,000-100,000 shad) (Miller et 
al. 1982, Leggett 1976). The commercial fishery of the inner Ray of F u n d y  
is concentrated in Minas Basin and Chignecto Bay and is unique since it ex- 
ploits non-spawning, ocean-feeding shad during an extended 4-mo season f r o m  
June to September (Dadswell et al. 1983b). 

Berween 1870 and 1900 annual shad landings for the inner Bay of 
Fundy averaged 2-4 x 105kg y-i (Fig. 1) and constituted two-thirds of t o t a l  
Canadian shad landings. It was the most valuable fishery in the Bay of 
Fundy at the time (Dadswell et al. 1983b). North American landings durins 
this period peaked at 3.0 x lo7 kg with about one-third coming from the 
Delaware River Basin (Fig. 2). After 1900, landings declined dramatically 
as a result of markedly decreased shad abundance (Leim 1924). Possible 



Fig. 1. Annual commercial landings for Cumberland and Minas Basins from 
1870-1978. 
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Fig .  2 .  Annual commercial l and ings  f o r  the e a s t e r n  Un 
va r ious  r i v e r  systems du r ing  1880-1970. 



reasons for the decline were damming of natal rivers (dams blocked two- 
thirds of formerly available spawning habitat by 1930, Walburg and Nichols 
1967), pollution (0 ppm O2 levels on Delaware River in Elay to October, 
Miller et al. 1982), climatic variation and overexploitation. Since the 
195Qts, large-scale anadromous fish restoration programs, in many cases 
specifically for shad, have been in progress in the United States and shad 
abundance is increasing (Miller et al. 1982). Although Bay of Fundy 
fishermen agree that ehad abundance has increased during the last decade 
and catch rate has increased fivefold during this period (Fig. 3), total 
shad landings from the upper Bay of Fundy do not reflect this fact because 
sf poor local markets and therefore minimal fishing effort. The 1980 
commer ial landings and value for aha in Canada and the United States were 3 % 2 x 10 kg and US$ 171,000 and 1 x 10 kg and US$ 2 million, respectively. 
Female shad landed between Florida and Virginia during January through 
March are worth up to US$ 3.85 kg'' to the fishermen. The value of the 
sport fishery on the Delaware and Connecticut Rivers is estimated at US$ 
10 million yr" (Miller et ale 1982, Leggett 1976). 

Our reeearch indicates shad arrive in the Bay of Fundy from the 
south during late May and migrate around the Bay in a counterclockwise 
direction following the residual current system (Fig. 4; Dadswell et al. 
1983b). The runs peak in the inner embayments during late June through 
July, lasting around 12 wk or until mid-August in Minas Basin (Fig. 5) and 
about 20 wk or until mid-October in Chignecto Bay (Fig. 6). Shad are 
abundant within the embayments because the run effectfvely doubles back on 
itself. The increased turbidity levels in these regions apparently cause 
the shad to swim high in the water column and reduces gear avoidance, re- 
eulting in a high catch per unit effort for the local commercial fishery 
(Dadswell et ale 1983b). 

During 1979 to 1982, 14,500 shad were tagged and released in Minas 
and Cumherland Basins and in the Annapolis River. Tag returns (466) for 
ocean-tagged shad (Minas, Cumberland) were 34 (7%) from Canadian marine 
locatione, 130 (28%) from coastal U.S. waters, 32 (7%) from Canadian 
rivers, and 269 (58%) from U.S. rivers (Fig. 7). Tag returns of Annapolis 
shad were 42 from the Annapolis River in the next year after tagging, 30 
from Canadian marine locations and 11 from coastal U.S. waters. No 
Annapolis tagged ehad were taken in U.S. or other Canadian rivers. Re- 
captures within the Bay of Fundy indicated the average migration rate of 
shad while in the Bay was 3.7 + 0.94 km d-' relative to the shoreline 
(Table 1). Realizing that shaz return to their natal rivers to spawn 
(Walburg and Nichols 1967), as the Annapolis River shad demonstrated, the 
distant recapture from many rivers of those tagged in the upper Bay of 
Fundy during summer reflects their intermixed population structure 
(Dadewell et a1. 1983b). 

Within the megatidal embayments mean time-at-large for shad 
recaptured by gillnet was 5.4 and 5.1 d in Cumberland Basin and Cobequid 
Bay, respectively (Table 1). Mean time-at-large for those recaptures in 
weirs at the outlet of Cobequid Bay was 18.9 d (Table 2). During 1982, 
shad were batch tagged over a 3-d period each week and analysis of gillnet 
recaptures (commercial and experimental ) showed 78% of recaptures were 
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Fig. 3.  Dai ly  shad ca t ch lhour  of one commercial d r i f t n e t  f i s h e r  
Cobequid Bay i n  1971 and 1982. C i r c l e s  i n d i c a t e  f i s h i n g  days 
when no shad were captured.  
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Fig .  4 ,  Hypothe t ica l  mig ra t ion  p a t t e r n  f o r  American shad around the  Bay 
of Fundy dur ing  a summer eeseason,  
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Fig. 5. Daily shad catchlhour of one commercial driftnet fisherman in 
Cobequid Bay during 1980, 1981, and 1982. Arrows indicate 
fishing days when no shad were captured. 



1981 
Total Catch = 2 8 3  1 Shad 

197O 
Total Catch-380 Shad 

Net  Mortal~ty = 18% 

10 

8 

6 

4 

2 

0 
May 1 June 1 July I Aug. 1 Sept. ! Oct. 

Fig. 6. Capture rate of American shad with experimental gillnets in 
Cumberland Basin during May to October 1979, 1980, and 1981. 
Arrows indicate fishing days when few or no shad were captured, 
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TABLE 1. Recaptures during same year in the Bay of Fundy/Gulf of Maine for stlad 
tagged in Annapolis River, Cumberland Basin and Minas Basin. 

Place 
Place Tagged Recaptured n (Days Distance (km) 

Annapolis Cobequid 6 57 .O 220 3.9 

Annapolis Cumberland 

Anna po l is Shepody 

Annapolis Saint John 1 

Annapolis Head Harbour 5 10%. 3 440 

Annapolis Grand Manan 3 

Cobequid Cobequid 9 
(gillnet ) 

Cobequtd Cobequid 16 
(weir) 

Cobequid Head Harbour 1 

Cobequid Gulf of Maine 4 118.0 625 5.3 

Cumberland Cumberland 3 3 5.4 30 5.5 

Cumberland Shepody 1 2  13.9 5 0 3 $ 6  

Cumberland Gulf of Maine 1 131 .O 310 2 . 4  



lABLE 2. Recaptures of tagged a d u l t  shad by weir and g i l l n e t  i n  Cobequid 
Hay, Nova Sco t i a ,  during 1982. 

Weir 
Date Date Days a t  
Tagged Recaptured ~ i r ~ e  Tagged Recaptured ~ a k ~ e  

- *- 

June 10 June 16 6 June 15 June 16 

une 16 J u l y  10 2 4 June 23 June 2 

June 21 J u l y  13 2 2 June 16 J u l y  7 2 1 

June 24 J u l y  15 2 1 June 23 June 23 1 

June 25 Ju ly  11 16 E W ~  June 25 June 28 3 

June 16 J u l y  11 25 EW J u l y  5 J u l y  8 3 

June 16 J u l y  11 25 J u l y  1 J u l y  14 13 

June 16 J u l y  15 2 9 J u l y  7 J u l y  8 1 

June 16 J u l y  11 25 ~ u l y  21 j u l Y  23 2 

June 22 J u l y  16 24 Mean Days a t  Large 5.1 

June 23 June 30 7 One Salmon 

June 29 June 30 1 Tagged - J u l y  14 

June 28 J u l y  22 24 EW Recap. - Aug. 10 

June 29 J u l y  22 23 EW 27 Days 

June 29 J u l y  11 12 EW 

J u l y  2 Ju ly  17 15 

Mean Day a t  Large 18.7 

Captured a t  East  Walton o u t s i d e  Cobequid Ray 



made wi th in  1-3 d o r  a 2- o r  3-wk per iod occurred (12-29 d) before  t h e r e  
was a second s e t  of r ecap tu re s  (Fig.  8 ) .  The d i f f e r e n c e  was s i g n i f i c a n t  

= 7.97; P = 99.9). Time-at-large before  r ecap tu re  i n  wei rs  repre-  
sen ted  a s i m i l a r  r a t i o  i n  r eve r se  (75% a t  l a r g e  more than two wk, Fig.  8) 
but t he  per iod of r ecap tu re  of a batch of t ags  extended f o r  a longer  t ime 
[e.g. 8 d f o r  shad tagged on June 16 (Table 2 ) ,  pos s ib ly  because t h e  weirs 
were g r e a t e r  i n  l eng th  than g i l l n e t  s e t s  (1500 m vs.  500 m) and t h e r e  were 
two, 3000 m a p a r t ]  . 

These d a t a  suggest  we  tagged s p a t i a l l y  d i s c r e t e  groups of shad 
dependent upon t h e  a c t u a l  a r ea  of water which was f i s h e d .  During 1982, 80% 
of our f i s h i n g  took p lace  i n  t h e  water mass occupying the  head of Cobequid 
Bay a t  high t i d e  (Fig.  9). Tag r e t u r n s  i n d i c a t e d  shad followed an o r d e r l y  
progress ion  through t h i s  reg ion  (Table Z), poss ib ly  i n  a p a t t e r n  s i m i l a r  t o  
t h a t  shown i n  Fig.  9 ,  and each shad o r  d i s c r e t e  group of shad occupied i t  
a t  high water  during a s i n g l e  1-3 d per iod.  Since i t  then took 20-30 d f o r  
a shad t o  progress  from the  head of Cobequid Bay t o  Economy Poin t  while  
l eav ing  the  Bay (Table 2 ) ,  i t  i s  reasonable  t o  assume t h a t  i t  takes  one a 
s i m i l a r  per iod t o  reach the  head while  en t e r ing .  Therefore  the  t o t a l  
res idence  time f o r  an i n d i v i d u a l  shad o r  group of shad i n  Cobequid Bay 
might be 40-60 d and, by t he  same reasoning,  res idence  time i n  Cumberland 
Basin appears  t o  be 10-15 d. 

We used a modified Pe te rson  model t o  e s t ima te  t h e  number of a d u l t  
shad occur r ing  i n  t h e  water mass a t  t he  head of Cobequid Bay dur ing  h igh  
t i d e  f o r  any 3-d per iod between June 15 and 30, 1982. Shad were cap tured  
f o r  tagging wi th  g i l l n e t s  and r ecap tu re s  were taken from weirs  i n s i d e  Eco- 
nomy Poin t  (Fig.  9 ) .  Est imates  were ad jus t ed  f o r  t ags  app l i ed  i n  o t h e r  
p a r t s  of Cobequid Bay during t h i s  per iod and r ecap tu re s  i nd i ca t ed  t h a t  on ly  
f i s h  presen t  a t  t h e  head of t h e  Ray between June 15-30 were i n  t h e  v i c i n i t y  
of t h e  wei rs  when high ca t ch  r a t e  cond i t i ons  p reva i l ed  i n  mid-July (Table  
2 ,  Fig. 10). 

Rased on these  assumptions,  t he  mean 3-d e s t ima te  was 6.9 x 10 4 

shad (Table 3) .  Since our tagging da t a  i n d i c a t e  t he  summer shad popula t ion  
of Cobequid Bay is  t r a n s i e n t  with some a r r i v i n g  i n s i d e  Economy Poin t  f o r  
t h e  f i r s t  t i m e ,  some reaching the  head, and some leavfng  the  Bay on each 
t i d e  cyc le ,  we b e l i e v e  t he  3-d e s t ima te  r e p r e s e n t s  t he  mean s i z e  of a d i s -  
c r e t e  group of shad occupying the  head of t h e  Bay f o r  about 2.2 d o r  four  
t i d e  cyc les .  I t  l eaves  the  a r e a  a f t e r  t h i s  per iod and i s  replaced by a new 
group and so on. Thus, on any one day i n  summer t h e  t o t a l  a d u l t  shad popu- 
l a t i o n  of Cobequid Bay would be t h e  sum of a l l  t he se  groups or :  

Mean 3-d es t ima te  x t o t a l  t i d e s  du r ing  r e s idence  (x = 50 d )  - - 

Number of t i d e s  a t  head of Bay 

6.9 x 10 x - loo - - 1.7 x l o 6  a d u l t  shad 
4 
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Fig. 8. Time-at-large of shad recaptured by drift gillnets and weirs in 
Cobequid Bay and Cumberland Basin. 



Fig. 9. Hypothetical mode of movement for a single shad or shad group 
through Cobequid Bay during a summer season. Swimming depth 
with respect to tidal phase is from experimental data (Dadswell 
et al. 1983b). Dotted line is mean low-tide mark. 
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Fig. 10. Shad catchlday for weirs at Ecomony Point, Cobequid Bay in 
relation to daily tide height and time of low water. 



TABLE 3. Modified PeLerson popula t ion  e s t i m a t e s  f o r  a d u l t  shad occur r ing  i n  t h e  head of Cobequid Bay, 
Nova Sco t i a ,  dur ing  June 15-30, 1982. Number tagged ad jus t ed  f o r  t a g s  app l i ed  i n  o the r  p a r t s  
of Cobequid Bay which were unava i l ab l e  t o  t h e  weirs dur ing  the  per iod (20%). 

Shad Group Number Weir Recapture To ta l  Weir Populat ion 3-Day 
Period Tagged Period Recaptures  Catch Est imate  (x 10") Populat ion 

June 15-18 168 J u l y  5-14 4 2982 1 0 . 1 ~  10.1 l o 4  

June 21-24 164 J u l y  10-21 3 1804 7 .4l  7.4 l o 4  

June 16-23 268 J u l y  6-23 6 3042 11.7' 5.8 x l o 4  

June 15-30 68 7 June 22 - J u l y  30 9 

Mean 3-Day Populat ion 6.9 x 10' 

' Estimate  not  v a l i d  MC < 4fi 

Est imate  v a l i d  MC > 4fi 



S i m i l a r l y ,  t h e  t o t a l  number of a d u l t  shad m i g r a t i n g  through 
Cobequid Bay i n  1982 can be e s t i m a t e d  where 

Mean 3-d e s t i m a t e  x t o t a l  t i d e s  d u r i n g  run  (12 wk) - - 
4 

4 168 6 6.9 x 10 x -- - 2.9 x 1 0  a d u l t  shad 
4 

Tag r e t u r n s  t o  d a t e  i n d i c a t e  each l a r g e  embayment (Minas Basin  and 
Chlgnecto  Bay) has  a s e p a r a t e  group of shad d u r i n g  a  g i v e n  summer and 
embayment s e l e c t i o n  by any group may be random ( F i g .  4; Dadswell ,  un- 
p u b l i s h e d  d a t a ) .  I f  Chignecto Bay c o n t a i n s  a number of shad s i m i l a r  t o  
Minas Basin  each summer, and g i l l n e t  c a t c h / e f f o r t  d a t a  s u g g e s t  t h i s  is  t r u e  
(Dadswell  e t  a l .  1983b),  t h e n  t h e  upper Bay of Fundy would c o n t a i n  about  6 
m i l l i o n  a d u l t  shad each year .  T h i s  r e p r e s e n t s  about  o n e - f i f t h  of t h e  e s t i -  
mated 1981 Western A t l a n t i c  a d u l t  shad s t o c k  (Tab le  4 ) .  

IMPACTS 

Again, a s  our  t a g g i n g  d a t a  s u g g e s t ,  i f  shad folLow a  s e t  m i g r a t i o n  
r o u t e  i n  and ou t  of Cobequid Bay w i t h  each t i d a l  e x c u r s i o n  ( F i g .  9 )  advanc- 

1 i n g  a t  a  r a t e  of 3.5 km. d- , remaining i n  t h e  r e g i o n  f o r  about  50 d  and 
t a k i n g  a week t o  p a s s  a g iven  s i t e ,  an  i n d i v i d u a l  might pass  Economy P o i n t  
up t o  30 t i m e s  whi le  e n t e r i n g  and l e a v i n g  Cobequid Bay. T h i s  may mean, 
even under a  reduced t i d a l  range a f t e r  b a r r a g e  i n s t a l l a t i o n ,  t h a t  i n d i -  
v i d u a l  shad could  p a s s  through t h e  b a r r a g e  and hence t h e  t u r b i n e s ,  10 t o  20 
t i m e s  o r  more depending on t h e  mode of o p e r a t i o n .  S i m i l a r l y ,  shad f o l l o w  
t h e  t i d a l  e x c u r s i o n  w h i l e  advancing through Cumberland Basin  and t h e r e  a 
shad might pass  t h e  Peck ' s  P o i n t  s i t e  f i v e  o r  more t imes  under reduced 
t i d a l  regimes.  

By u s i n g  t h e  mathemat ical  r e l a t i o n s h i p s  developed by 'Jon Raberi 
(1957) ,  t h e  wa te r  l e n g t h s  ( i , e . ,  d i s t a n c e  between each pass  oE t h e  runner  
b l a d e s ) ,  impact v e l o c l t i e s  ( v e l o c i t y  of f i s h  s t r i k i n g  b lade)  and m u t i l a t i o n  
r a t e s  ( X  by f i s h  l e n g t h )  were c a l c u l a t e d  f o r  t h e  s p e c i f i c a t i o n s  of t h e  pro- 
posed STRAFLO t u r b i n e s  a t  Economy P o i n t  (B9) and t h e  Annapol is  R iver  (Tab le  
5 ) .  Although t h e  RPMs of a  STRAFLO t u r b i n e  a r e  low compared t o  o t h e r  
h y d r o e l e c t r i c  t u r b i n e s ,  i t s  l a r g e  d iamete r  means t h e  b l a d e s  a r e  a c t u a l l y  - 1 t u r n i n g  a t  h i g h  speed ( up t o  27.5 m s e c  t i p  v e l o c i t y )  and impact velo- 
c i t i e s  a r e  s i m i l a r  t o  o r  g r e a t e r  than Ka.plan o r  F r a n c i s  t u r b i n e s .  On t h e  
o t h e r  hand, c a l c u l a t e d  m u t i l a t i o n  r a t e s  a r e  low when compared t o  t h e  l a t t e r  
t u r b i n e  t y p e s ,  e s p e c i a l l y  f o r  s m a l l e r  f i s h  (<30 cm), A t  Annapol is  t h e  
STRAFLO t u r b i n e  w i l l  probably  pose l i t t l e  hazard f o r  small and medium-sized 
f i s h  (Table  5)  s i n c e  most w i l l  pass  t h e  t u r b i n e  o n l y  once a y e a r  d u r i n g  
downstream m i g r a t i o n .  Large f i s h ,  l i k e  s t r i p e d  bass  and A t l a n t i c  s t u r g e o n ,  
however, which remain i n  o r  near  t h e  e s t u a r y  f o r  l o n g e r  p e r i o d s  a r e  s o  
l a r g e  t h e  p r o b a b i l i t y  of a  runner  s t r i k e  on each pass  i s  h igh  (over  3 0 % ) .  
I n  Cobequid Ray and Cumberland Basin ,  where t h e  f i s h  a r e  moving i n  and o u t  
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with the tide making repeated passes through the t~irhinc, mutilation rates 
will be higher and can he calculated us3-ng the exponential survival rela- 
tionship (i.e, fish - not multllated) where: 

WO(l - mutilation rate)passes = survivals 

A population of 100,000, 50-cm shad aFter 5 passes would have 
100,000 (1-0.095)~ = 60,700 survivors or 39,300 mutilated, After 10 and 20 
passes, 63,200 and 86,500 will have been hit, In other words, 40, 70, or 
almost 90% will have been struck, Since most experimental work with 
turbines indjcates the Von Raben relationship overestimates mutilation 
rates by a factor two (Ruggles 1980), the calculated rates can be adjusted 
downward to a range of 20-45%. If most of these mutilations result in 
mortality, and this relationship is unknown, then large-scale structures 
with an array of turbines may impose an unacceptably high mortality rate 
on the presently recovering western North Atlantic shad stock. 

There remains a number of questions to answer before the limits of 
this problem are resolved. Data on actual mutilation rates experienced a t  
the Annapolis STRAFLO turbine will allow more accurate modellfng of the 
Cobequid Bay (B9) project, SonCc tagging and tracking of fish will help 
clarify their behavior around the Annapolis turbine and determine the 
validity of our hypothesis concerning fish movement in Cobequid Bay and 
Cumberland Basln. The resource inventory of these embayments is in- 
complete, as is our knowledge of their contribution in the life history of 
the Atlantic Coast migratory stocks of alewife, blueback herring, Atlantic 
sturgeon, striped bass and dogfish. Finally, we should determine how re- 
turning adult Atlantic salmon behave during their resfdcncy in these embay- 
ments before they enter the local rivers to spawn. Our few tag returns for 
this species indicate an individual salmon may remain at sea in this area 
for up to a month (Table 2),  L f  they follow the tidal excursion similar to 
the shad, there exists the possiblity of high turbine mortality, which 
might place the salmon runs in the Shubenacadie, Stewiacke, Salmon, 
Portapique, Economy, Maccan, Hehert, Petitodiac and Shepody rivers In 
jepardy . 

We w-Lsh to thank Jim Fiartin, Carl Jarvis, Mike Kellock, Stephen 
Bubfne, Daphne Themelis, Judy Dawson, Roger Rulifson and his students from 
Unity College, Leslie Ltnkletter, Brenda Blanchard and Peggy Crawford for 
their assistance in the field and in assembling this report, Shad fisher- 
men, Marvin Snowden and Russel Cooke helped in many technical matters re- 
lated to gillnet drift fishing. Art Lupin of New Jersey Fish and Game, 
Peter Flinta of the Connecticut Department of Environmental Protection, and 
Bob Krska of the University of Massachusetts kindly provided unpublished 
data on the estimated and observed populations in the Delaware and 
Connecticut Rivers. M. Irwin and B. Garnett typed the manuscript and Frank 
Cunningham prepared the figures. 
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QUESTIONS AND COMMENTS 

Unknown: We have heard that after barrage construction we can expect the 
summer temperatures to rise at bit. Do you think this will he enough to 
keep shad from entering the headponds? 



M. Dadswell: I 
i t  should be f a  
t h a t  a d u l t  shad 

would expec t  t h a t  t h e  mean tempera tu re  i n  t h e  r e g i o n  where 
i r l y  h i g h l y  mixed might go up by a  degree  o r  two. We f i n d  

seem t o  be l i m i t e d  by wate r  t e m p e r a t u r e s  of about  18°C. 
T h i s  i s  what most of Cobequid Bay i s  now d u r i n g  peak summer t empera tu res .  
The j u v e n i l e s  ( 2  and 3  y e a r  o l d s )  seem t o  be more t empera tu re  t o l e r a n t .  We 
f i n d  them i n  wa te r  up t o  20°C. However, you must remember t h a t  i n  CobequFd 
Bay t h e  main shad run  a r r i v e s  i n  mid-June when water  t empera tu res  a r e  s t i l l  
low anyway. 

Unknown: Is t h e r e  a chance t h a t  a  change i n  c o n d i t i o n s  would have less 
e f f e c t  on Canadian f i s h ?  

M .  Dadswell: I d o n ' t  t h i n k  s o .  The n o r t h e r n  shad p o p u l a t i o n s  a r r i v e  
d u r i n g  t h e  e a r l i e s t  p a r t  of t h e  run.  The f i r s t  f i s h  a r r i v e  i n  t h e  middle 
of May. I n  Cumberland Basin most of t h e  e a r l y  f i s h  a r r i v e  when wate r  tem- 
p e r a t u r e s  a r e  between 10-13°C. These t empera tu res  occur  i n  Cobequid Bay 
d u r i n g  t h e  l a s t  two weeks of May. 

C.  Desplanque: S i n c e  t h e  t u r b i n e s  a r e  l a r g e ,  do you r e a l l y  t h i n k  f i s h  w i l l  
a c t u a l l y  be c o n t a c t e d  by t h e  b l a d e s ?  The water  f low i s  p a r a l l e l  t o  t h e  
b l a d e s  and should c a r r y  a  f i s h  p a s t .  

M .  Dadswell: The impact v e l o c i t y  i s  no t  on ly  an  a c t u a l  c o n t r a n t  wi th  a  
f i s h  but  a l s o  t h e  p roduc t  of t h e  s h e a r i n g  f o r c e  of t h e  d i f f e r e n t  v e l o c i t i e s  
of wa te r  on e i t h e r -  s i d e  of t h e  b lade .  ~ l s o  f i s h  p a s s i n g  t h i s  s t r u c t u r e  
w i l l  be up t o  s i x  o r  e i g h t  f e e t  i n  l e n g t h  and a c t u a l  s t r i k e s  a r e  c e r t a i n .  
I am n o t  s a y i n g  t h e  r a t e  of c o n t a c t  w i l l  be g r e a t  f o r  most f i s h .  
What I am s a y i n g  i s  some f i s h  w i l l  pass  t h e  t u r b i n e s  r e p e a t e d l y  and t h i s  
w i l l  l e a d  t o  a l a r g e  accumulated m o r t a l i t y .  

G. Baker: Is  t h e r e  anyway t o  use  t h e  Annapolis  t u r b i n e  t o  t e s t  t h e  
m o r t a l i t y  e f f e c t s  on l a r g e  f i s h ?  

M. Dadswell: We can do what i s  normal ly  done i n  t u r b i n e  m o r t a l i t y  t e s t s  
w i t h  s m a l l  f i s h  but  use  l a r g e  f i s h .  What we have t o  do i s  c a p t u r e  l a r g e ,  
a d u l t  f i s h  and pass  them through t h e  t u r b i n e  t o  t e s t  i t s  e f f e c t s  on them, 
o t h e r w i s e  we w f l l  never  know t h e  t r u e  e f f e c t s ,  





SESSION IV 

Panel discussion of the adequancy of environmental studies conducted 
to date and requirements for further research. 





Instead of concluding the workshop with a session solely summariz- 
ing its scientffic content, the Steering Committee decided to organize a 
panel discussfon which would review the science presented in terms of the 
requirements for a proper environmental impact assessment. Panelists came 
from a variety of backgrounds and were asked to express their views on the 
adequacy of the environmental studies conducted to date plus the require- 
ments and responsibiPities for future work. The environmental impacts of 
tidal power development relative to other power producing schemes were also 
addressed. The membership of the Panel was as follows: 

1, Dr, Fred J, Simpson - Chairman 
Chairman, Atlantic Provinces Council on the Sciences 
Director, Atlantic Regional Laboratory 
1411 Oxford Street 
Halifax, N,S. B3H 3ZE 

2. Mr. George C. Baker, P. Eng. 
Executive Vice-President, Tidal Power Corporation 
Suite I109 
5251 Duke Street 
Halifax, W.S. R3J lP3 

3. Mr, Walter Kozak 
Manager, Fundy rkir Fishermen Association Inc. 
St. Andrews, N.B., EOG 2x0 

4. Mr. Hal Mills 
Marine Policy Consultant 
1692 Edward Street 
Halifax, N.S. B3H 352 

5. Dr. Gordon Beanlands 
Institute for Resource and Environmental Studies 
Dalhousie University 
Ilalifax, EJ-S. B3W 1W7 

6. Mr, Ronald Edwards 
Office of Environmental Affairs 
Energy Mines and Resources 
20th Floor 
580 Booth Street 
Ottawa, 0mtar:io KIA OE4 

7. Dr, Donald C, Gordon Jr 
Chairman, Fundy Environmental Studies Committee 
Marine Ecology Laboratory 
Bedford Institute of Oceanography 
Box 1006, Dartmouth, N.S, B2Y 4A2 



PRESENTATIONS 

The T i d a l  Power Corpora t ion  has  a s o r t  
Fundy development toward f r u i t  i o n ,  1 g u e s s  w e  z o u l  
and l i k e  any o t h e r  game p l a n  i t  is  nor inlmintable 
of being changed by c i rcumstances  and you can" a 
you i n t e n d  a t  t h e  o u t s e t  but  I thought perhaps  as 
f o r  t h i s  a f t e r n o o n ' s  sess io r l  i t  might be j n t e r e s t l r r g  t o  know w h a t  t he  
Corpora t ion  does have on i t s  rnfnd, 

The plan has  t h r e e  e lements  ail? t h e  f i r s t  one is t o  s a t i s f y  c e r l a S f l  
p r e c o n d i t i o n s .  The p r e c o n d i t i o n s  are t o  e s t a b l i s h  a f e a s i b l e  and a c c e p r -  
a b l e  f i n a n c i a l  p l a n  f o r  n l a r g e - s c a l e  deve2optnent t o  l i n e  u p  p o ~ e n t i a l  c""- , 

torners f o r  t h e  energy o u c p a t  and t o  e s t a b l i s i ~  some degree  o f  a s s u r a n c e  ~1""- 
Long term e x p o r t  p e r m i t s  would be a v a i l a b l e .  

Now i f  those  c o n d i t i o n s  were s a t i s f i e d  we would a t  once launcll wI1"[ 
we c a l l  a precommitment program, That would c o n s i s t  of many th ings  b u t  
t h i n k  t h a t  L can c a t a g o r i z e  them a g a i n  under t h r e e  l a b e l s .  The first .  W J O * ~ ~ - ~  

be environmentaJ assessment  and d e f i n - i t i v e  d e s i g n ,  1 purposely  put tilose 
under t l ~ e  one 13lanket because  T f e e l  t h a t  rhey are  i n e x t r i c a b l y  mixed.  The 
second would he n e g o t i a t i o n  of c o n d i t i o n a l  agreements  wi th  r e s p e c t  t o  
f i n a n c i n g ,  sal e s  , t r a n s m i s s i o n  rights-of-way, o the r  l and  
t h a t  s o r t  of t h i n g .  The t h i r d  one would be r i s k  a n a l y s i s .  
ini t tment program would p robab ly  last  about  t h r e e  y e a r s ,  i t  
l o n g e r .  I f  L t  were completed,  a d e c i s i o n  would be made t o  
c o n s t r u c t i o n  oF t h e  developnl^nt o r  o t h e r w i s e .  Conmitment 
t h e  p a r t i e s ;  t h e  customers, the  g u a r a n t o r s ,  t h e  u n d e r w r i t  
t h e  p r o v i d e r s  o f  e q u i t y  c a p i t a l  and s o  on, The formal  a n  
r o  cornmi-t would no doubt be made by governments,  probably  the  g o v e r n m e n r  5 

of  Canada, Wov2 S c o t i a  and New Brunswick, snd  i t  would be made a l s o  n o  
doubt on the  b a s i s  of p u b l i c  o p i n i o n  and t h e  b e r r e f t t s ,  d i s b e n e f i t s  anL3 
r i s k s  a p p a r e n t l y  % n ~ o l v e d  i n  t h e  scheme. 

However, t h e  d e c i s i o ~ ~  p r o c e s s  would n o t  gust. be a s  a b r u p t  as  t - h a t  
would seem ta i n d i c a t e ,  A l l  t h e  way ttlrough t h e  precommitment prograin t l s i  
d e c i s i o n  could be made n o t  t o  go ahead and t h a t  s o r t  of a  d e c i s i o n  c o u l t d  f"P 

t r i g g e r e d  by any a f f e c t e d  p a r t y ,  For exa~npie ,  i f  t h e  S t a t e  of Eaine 
thought  t h a t  t h e  p o t e n t i a l  env i ronmenta l  d i q b e n e f i t s  and t h e  o t h e r  r i . iks  
outweighed t h e  advan tages  t o  t h e  S t a t e  of Maine, t h e  s t a t e  cou ld  simply S a y  
' s o r r y ,  but w e  don' t want t o  g i v e  yuu trai-isrnission r i g h t s  of way', 
tomers ,  on t h e  way through t h e  precommitment IIrogram, decided t h a t  
d e s i g n  r e s u l t s  were not  b e a r i n g  o u t  r h e  p r c d i c E t o n s  of t h e  f e a s i b i l  
s t u d y ,  t h a t  t h e  b e n e f i t s  were l o s i n g  t h e i r  ' s h i n e i  they could say  
look ,  r e a l l y  we d o n e e  want t o  c a r r y  t h i s  t h i n g  any f u r t h e r ' ,  I f  i 
t u r n  ou t  on environmental  assessment  that  some of t h e  d i s b e n e f i t s  
t h e  environmental  impac t s ,  were unconscianabl t ;  a g a i n  one would wa 
from t h e  scheme. So t h a t  t.tle f i n a l  conmllment: d e c i s i o n  worxld pea 
l a s t  i n  '2 long t i n e  of r i e c i s i o n s  by many d i f f e r e n t  e n t i t i e s  affected.  



Now that may make it sound as if the chances of a positive commit- 
ment decision are fairly remote, They could be but, in order to bias the 
probabilities a little more toward the favorable side, the proponents of 
such a scheme would be well advised to make sure that the entities, all of 
them, were going to get some benef-lts out of the scheme and then it becomes 
a question of simply balancing those benefits against the disbeneffts. We 
think on the basis of our present knowledge that there is at least a fair 
probability that the benefits are sufficient so that all parties can have a 
piece and they will be sufficient to outweigh the disbenefits. 

Tn order to see that that happens of course we are very keen to 
make sure that impacts are mitigated by design to the greatest extent 
possible and that brings one down to the environmental aspects. The Tidal 
Power Corporation does think that the assembly of a data base, the basic 
understanding of natural processes that would be necessary in order to make 
an environmental assesment, is the responsibility of public agencfes. We 
see ourselves as totally responsible on the other hand for making an asses- 
ment as to the impacts to be expected from a definitely proposed tidal 
power scheme. 50 that is a pretty clearcut split. The basic knowledge, 
the data, is a responsibility of public agencies; using that data base to 
predict the actrital impacts o f  the scheme is our responsibility. Now that 
may not be everybody's view but that is the Corporation's view for 
starters. 

The other thing about environmental matters E would like to say in- 
volves the questions of whether all the gaps that are now percieved in the 
data base would have to be closed up before we could make an assesment and 
I th9nk perhaps the answer is no, they wouldn't all have to be. Supposing 
for instance that some gap exists so that a prediction can" be made on 
some matter that has some material potential for disbenefit, In that case 
the disbenefit would add to the risks in the scheme. If it can be assessed 
it is added to the cssc of the scheme* If it can't be assessed it's a 
risk, One assumes the worst and that is the potential risk involved in 
that particular item. Mow of course it would be nice to have no risks, to 
have everything taped down. But if for some reason, through lack of under- 
stanclirsg , tkough lack of' time, through any cireuros tance whatsoever, some 
environmental matter can't be resolved then it remains as a risk and has to 
be taken into the same account as a l l  sorts of technical, economic and 
other risks, 

So 1 guess that outlines our present position on the matter of 
envirorlruental assessment and I would like to say that we would be in a far 
worse position at this stage had it not been for the work of the APICS 
Fundy Environmental Studies Committee and member institutions and I feel 
more comfortable about the chances of being able to complete an adequate 
environmental assesment today than T did a week ago, Thank you very much 
Ilr + Chairman . 
W. Kozak: - 

1 represent a group 3 f  fishermen an3 our interest is a very very 
narrow one. FJTlat we are looking at and wkaz we are concerned about is what 



i s  gobng t o  happen i f  a t F d a l  power p r o j e c t  i s  b u i l t ,  I h a t  w l f l  be t h e  
e f f e c t s  upon t h e  f i s h e r y ,  i n  p a r t i c u l a r  t h e  p a r t s  of t h e  commercial f i s h e r y  
t h a t  a f f e c t  u s ?  F i r s t  of a l l ,  i n  terms of t h e  s t o c k s ,  w i l l  i t  a f f e c t  t h e  
p o p u l a t i o n s  and,  e q u a l l y  impor tan t  because  of changes i n  t l d a l  regime, w i l l  
we be a b l e  t o  f i s h  them t h e  same ways? I n  o t h e r  words w i l l  t h e  f i s h ,  i f  
t h e y  a r e  t h e r e ,  be c a t a c h a b l e  by t h e  methods we a r e  u s i n g  today? 
t h e s e  two q u e s t i o n s  a r e  ve ry  impor tan t ,  

I f  somebody could  come a long  and s a y  'we a r e  no t  going t o  e f f e c t  
any of t h e  f i s h e r i e s g ,  I" f e e l  g r e a t  about  it  but 1 t h i n k  t h a t  one of t h e  
t h i n g s  we have found o u t  ovel t h e  y e a r s  i s  we want t o  make s u r e  w e  a r e  on 
t o p  of t h i n g s .  We want t o  be informed about  what t h e  p o s s i b l e  happenings 
may be so  t h a t  we as a group can t h e n  s t a r t  t o  do something about  i t ,  Our 
e x p e r i e n c e  has  been i n  many c a s e s  t h a t  we a r e  t h e  l a s t  ones t o  be infortned.  
I n  many c a s e s  our  i n t e r e s t s  have not  been cons idered  an  impor tan t  f a c t o r  i n  
some of t h e  d e c i s i o n s  t h a t  have been made which a f f e c t  our  i n d u s t r y .  Keal- 
i s t i c a l l y ,  t h e  governments of today have two t h i n g s  which r e a l l y  t u r n  tileru 
on. One of them i s  energy and t h e  o t h e r  one i s  jobs ,  D e c l s t o n s  are some- 
t imes  made no t  i n  terms of t h e  a l l t ima te  e f f e c t s ,  but  b a s i c a l l y  whether a  
p r o j e c t  w i l l  p rov ide  energy o r  whether i t  w i l l  p rov ide  jobs .  

Ra ther  t h a n  ramble on, 1 will j u s t  s t a t e  i n  summatfon t h a t  o u r  
o b j e c t i v e  i s  t o  f i n d  o u t ,  o r  t o  t r y  and f i n d  o u t ,  what e f f e c t s  a t i d a l  pro- 
j e c t  would have upon our  f f s h e r y  and indeed our  livelihood. Once having 
o b t a i n e d  t h i s  i n f o r m a t i o n  we would want t o  be a b l e  t o  t a k e  sorne c o u r s e  of 
a c t i o n  t o  p r o t e c t  our  i n t e r e s t s .  

P ~ n j  h e r e  s p e c i f i c a l l y  t o  t a l k  rahollt socio-ecorromlc: a s p e c t s  o f  
t i d a l  power, A s  a manlhe of people have i d e n t i f i e d ,  time Fuady Environ- 
menta l  S t u d i e s  Committee I s  p r i m a r i l y  concerned with euv i ronmenta l  t h i n g s  
and a l t h o u g h  some peop le  have i n  t h e  p a s t  d e a l t  w i t h  socio-economic. impac t s  
i t  is  perhaps  one of t h e  major c o n s i d e r % t i o n s  which does  r e q u i r e  a d d t t i o n a l  
a t t e n t i o n .  1 would l i k e  t o  pass  c o m e n t s  on r e a l l y  two d i f f e r e n t  
a s p e c t s "  One i s  t h e  socis-economic c o n s i d e r a t i o n s  t h a t  mfght be invo lved  
i n  t r y i n g  t o  reach  a  d e c i s i o n  a s  t o  whether o r  no t  w e  should  b u i l d  a major 
t i d a l  b a r r a g e ,  and t h e  seconc, woisld be look ing  a t  t h e  socio-economic con- 
s i d e r a t i o n s  r e l a t e d  t o  an  a c t u a l  p r o j e c t .  

I want t o  s tar t  o f f  by t a l k i n g  abou t  t h e  o p p o r t u n i t y  c o s t s .  By the  
way, 1 Lhis~Ic t h a t  t h e  c o s t s  of t h i s  p r o j e c t  a r e  q u i t e  i n t e r e s t i n g  f o r  they 
went up 16 b i l l i o n  d o l l a r s  i n  about  a  s i x  hour p e r i o d  y e s t e r d a y  and 1 f i n d  
t h a t  a EbttK-e b i t  f r i g h t e n i n g .  L a t e  y e s t e r d a y  ~norn lng  George Baker, i o  
r e sponse  t o  a  q u e s t i o n ,  s a i d  t h a t  t h e  &9 p r o j e c t  would c o s t  about  6 b i l l i o n  
d o l l a r s ,  2 l e f t  y e s t e r d a y  a f t e r n o o n ' s  s c s s t o n  a l i t t l e  e a r l y  and was 
l i s t e n i n g  t o  t h e  6 o ' c l o c k  news on t h e  d r i v e  back t o  t h e  h o t e l ,  I heard 
Dick Delorey being i n t e r v i e w e d  on t h e  r a d i o  and he was waxing e l o q u e n t l y  
abou t  t h e  b i l l i o n s  of t o n s  of cement and o t h e r  t h i n g s  i n  the  p r o j e c t  and 
s a i d  t h a t  t h e  p r o j e c t  would t a k e  1 2  y e a r s  t o  c o n s t r u c t  a t  a c o s t  of 22 
b i l l i o n  d o l l a r s ,  So t h e r e  i s  q u i t e  a  l a r g e  v a r i a t i o n  t h e r e  and i f  t h a t  
happened j u s t  y e s t e r d a y  i t  l e a v e s  one a b i t  wor r ied  about nex t  week, 



The p o i n t  1 want t o  rnake i s  t h a t  even i f  t h e  funds  a r e  a v a i l a b l e  
f o r  a l a r g e  p r o j e c t ,  t h e  l a r g e  number of d o l l a r s ,  whatever It might be by 
t h e  t ime they  a c t u a l l y  b u i l d  i t ,  even i f  t h e  funds a r e  a v a i l a b l e  from some 
Baron o r  Sheik  o r  New England, i t ' s  s t i l l  going t o  be a  l o a n  even i f  t h e  
money comes easy  u p f r o n t ,  i t ' s  s t i l l  going t o  be a  d e b t ,  i t ' s  something 
t h a t  w i l l  have t o  be pa id  back and i t ' s  going t o  l i m i t  t h e  a b i l l t y  of Nova 
S c o t i a  t o  do o t h e r  t h i n g s  over  a  long p e r t o d  of t ime,  T h i s  i s  t h e  s o r t  of 
o p p o r t u n i t y  c o s t  t h a t  has  t o  be d i s c u s s e d ,  I ' m  no t  j u s t  look ing  a t  how you 
might spend 22 b i l l i o n  d o l l a r s  i f  you happened t o  have i t ,  bu t  I t h i n k  we 
r e a l l y  have t o  t a k e  a look a t  what a r e  t h e  g o a l s  of Nova S c o t i a  over  t h e  
n e x t  f a i r l y  long p e r i o d  of t i m e ,  what: o t h e r  t y p e s  of p r o j e c t s  might we be 
going t o  f o r e i g n  money markets  f a r ,  because  our  a b i l i t y  t o  borrow money f o r  
t h o s e  p r o j e c t s  $s going t o  be v e r y  l i m i t e d  i f  we go atlead w i t h  t h i s  one,  

R e l a t e d  t o  t h a t ,  I mint t o  t a l k  about  r i s k ,  We have had r i s k  
a n a l y s i s  mentioned a  number nf tfmes h e r e  and of course  t h a t  has  been 
primasf l y  i n  terms of e n v i r o ~ l m e n t a l  c o n n o t a t i o n s .  1 t h i n k  t h e r e  i s  a v e r y  
h i g h  economic r i s k  a s s o c i a t e d  w i t h  t h i s  p r o j e c t  a s  w e l l ,  I f  we a r e  look ing  
1 0  and more y e a r s  down t h e  road ,  i n  terms of economic f u t u r e ,  about  t h e  
o n l y  t h i n g  we can p r e d i c t  wi th  c e r t a i n t y  i s  t h a t  we a r e  going t o  be wrong. 
I t  is  v e r y  d i f f i c u l t  t o  t e l l  what economic c o n d i t i o n s  a r e  going t o  be s u p  
rounding t h e  p r o j e c t  t e n  y e a r s  from now, so  t h a t  t h e  p o i n t  I am making i s  
t h a t  even i f  t h e  economjc p lann ing  f o r  t h e  p r o j e c t  i t s e l f  i s  done r e a l l y  
w e l l ,  and 1 assume it w i l l  be ,  t h e  su r rounding  ecouomic c o n d i t i o n s  s t i l l  
p l a c e  a  ve ry  h igh  r i s k  f a c t o r  on t h a t  p r o j e c t  and t h e  rest of our  economy. 
For i n s t a n c e ,  i f  we have an economic recovery  and i f  a l l  c o s t s  s t a y  high o r  
go h i g h e r ,  Fundy t i d a l  power ( t h e  B9 p r o j e c t )  i s  going t o  look  j u s t  f a n t a s -  
t i c ,  It wfPl be t h e  b e s t  d e a l  we  can t h i n k  o f ,  On t h e  o t h e r  hand i f  we 
have con t inued  d e p r e s s i o n  and i f  world o i l  p r i c e s  go even lower,  t h e n  t h e  
89 p r o j e c t  could  be a  major a l b a t r o s s  t h a t  could  r e a l l y  h u r t  us  i n  a  Lot o f  
ways. Thinking i n  terms of what Car% h o s  was doing y e s t e r d a y  w i t h  h i s  
l i t t l e  ar rows going i n  d i f f e r e n t  d i r e c t i o n s  wi th  hFs whole range of poss i -  
b i l i t i e s ,  I t h i n k  we have t o  do t h a t  s o r t  of a  r i s k  a n a l y s i s  and t a k e  a  
look  a t  t h e  o v e r a l l  economic a s p e c t s  of t h e  p r o j e c t  and t r y  t o  judge 
whether  o r  n o t  we can a f f o r d  t o  t a k e  t h a t  s o r t  of a gamble. 

A s  part. of t h a t  1 t h i n k  we lzave Lo look a t  who is going t o  make 
t h a t  d e c f s f o n  a s  well and what sor t  of a  r o l e  t h e  p u b l i c  i s  going t o  p l a y .  
C e r t a i n l y  on environmental  a s p e c t s  t h e  Fundy Environmental  S t u d i e s  
Committee h a s  been q u i t e  e f f e c t i v e  i n  t e r m s  of g e t t t n g  d i f f e r e n t  people  
t o g e t h e r ,  hav iag  open d i s c u s s i o n s  and g e t t i n g  a  p r e t t y  good hand le  on what 
i s  happenjng,  But what about  t h e  socio-economic s i d e  of t h i n g s  and t h e  
p u b l i c  p o l i c y  a s p e c t s ?  1 r e ~ l i z e  t h a t  t h o s e  people  a r e n ' t  b a r r e d  from t h i s  
group bu t  still. 1 d o n ' t  s e e  t h a t  s o r t  of d i s c u s s i o n  talclrlg place and i t  
w o r r i e s  m e  a  b i t .  Wow i f  w e  look a t  n B9 p r o j e c t ,  and I t h i n k  one can use  
a b i t  of a  pun on t h a t ,  L t  a p p e a r s  from t h e  d i s c u s s i o n s  t h a t  we have been 
h a v i i ~ g  t h a t  a l t h o u g h  t h e r e  a r e  a Tot of envl ' ronmental  concerns  r e l a t e d  t o  
I39 t h e r e  i s  n o t h i n g  r e a l l y  s c a r y  Jn t h e  way of ertvironmental  impac t s .  
There  a r e  some worrfsome t h i n g s  but  i t  looks  Like i n  t h e  o v e r a l l  scheme of 
t h i n g s  t h a t  q u i t e  l i k e l y  environmental  c o n s i d e r a t i o n s  a r e  n o t  going t o  r u l e  
n u t  t h i s  p r o j e c t ,  



But perl iaps we shou1.d s t i l l  be l o o k i n g  ac  a l t e r n a t i v e s ,  We are 
t a l k i n g  about  b ~ r i l d i n g  a  p r o j e c t  f o r  which we r e a l l y  d o n ' t  need t h e  energy 
a t  t h e  moment, a t  Least  one could put  forward t h a t  argument,  We a r e  plann- 
i n g  t o  e x p o r t  90% of t h e  power over  probably  t h e  f i r s t  25 o r  30 y e a r s  t h a t  
i t  i s  3.n prodocti-on.  So we d o n ' t  a c t u a l l y  need i t ,  What a r e  t h e  a l t e r -  
n a t i v e s  t o  i t  then?  Conserva t ion  i s  one poss3bd. l i ty ,  What about t h e  w a t e r  
wheel i d e a ?  If we warnt t o  get. t n t o  t i d a l  power we could  v e r y  w e l l  be 
p u t t i n g  s t r u c t u r e s  o u t  t h e r e  t h a t  w e  csuZd exper iment  wi th  but  would n o t  be  
a s  expens ive  i n  terms of u p f r o n t  rnoney and which w e  could  e v e n t u a l l y  p u t  a 
l a r g e  number of them o u t  t h e r e  and be g e n e r a t i n g  t i d a l  power; undoubted ly  
i n  a  scheme t h a t  would be e a s i e r  t o  f i n a n c e ,  e a s f e r  f o r  u s  t o  l i v e  w i t h  as 
economic c o n d i t i o n s  change and presumably even l e s s  damaging t o  t h e  
environment ,  

Now i f  w e  do d e c i d e ,  o r  i f  somebody d e c i d c s  t o  go ahead and s t a r c  
b u i l d t n g  a  p r o j e c t ,  t h e n  we g e t  i n t o  a n o t h e r  range of socio-economic con- 
s i d e r a t i o n s ,  and h e r e  a g a i n  we can break them down i n t o  two phases :  t h e  
major c o n s t r u c t i o n  phase and t h e  longer  term a s p e c t s  of i t ,  From t h e  eon- 
s t r u c t i o n  phase t h e r e  a r e  a. l o t  of r e g i o n a l  b e n e f i t s ,  There a r e  going t o  
be a l o t  of people  employed, a Lot of t h i n g s  happening and s o  u n d o u b t e d l y  a 
major s t i m u l u s  t o  t h e  economy, n o t  t o  mention t h e  t y p e s  of i n d u s t r i a l  
spin-off  b e n e f i t s  which w % l l  come from b o t h  b u i l d i n g  and having t h e  pro- 
j e c t .  There a r e  some n e g a t i v e  a s p e c t s  of t h e  c o n s t r u c t i o n  phase  as w e l l -  
Yo13 a r e  undoubtedly  going "L have some soi-t of a  boom-hust economy, you are 
going  Lo have a  l o t  of workers moving I n t o  an  a r e a  t h a t  i s  n o t  h e a v i l y  
popula ted  a t  t h e  moment, you a r e  going t o  have q u e s t i o n s  t o  answer r e l a t e d  
t o  whether o r  no t  you have a  permanent type  of community f o r  them, w h e t h e r  
they  a r e  going t o  l i v e  i n  Truro,  t h e  s o r t  of s e r v i c e s  t h a t  they  w i l l  re- 
q u i r e ,  o r  whether you can f i n d  ways t o  pe rhaps  do a  f a i r  b i t  of c o n s t r u c -  
t i o n  i n  f a c t  i n  H a l i f a x  o r  o t h e r  l o c a t i o n s  and be f l o a t i n g  c a i s s o n s  ar-ot+fld 
t o  t h e  s i t e .  L thir tk t h e r e  a r e  q u i t e  a f e w  problem a r e a s  a s s o c i a t e d  w i t h  
t h e  heavy amount of i n d u s t r i a l  a c t i v i t y  t h a t  1s going t o  be t a k i n g  p l a c e  
d u r i n g  t h e  c o n s t r u c t i o n  phase t h a t ,  a l t h o u g h  they  a r e  good i n  t h e  s e n s e  
t h a t  t h i n g s  are  happening,  could  have q u i t e  a n e g a t i v e  impact on smal l  corn- 
m u n i t i e s  i n  t h e  l o c a l  a r e a ,  and c e r t a i n l y  ways t o  mimfmiae them a r e  g o i n g  
t o  be one of the c o n s i d e r a t i o n s  once yo12 a c z u a l l y  g e t  irato t h e  
c o n s t r u c e i o n ,  

A s  f a r  a s  t h e  Eoag t e r n 1  econolaics go, once a g a i n  t h e r e  a r e  many 
p o s i t i v e  f a c t o r s .  It w i l l  be cheap,  c l e a n  power, If you need t h e  power 
and i f  you s t a r t  t o  look a t  t h e  a l t e r r l a t i v e  ways of g e n e r a t i n g  i t ,  t i d a l  
power looks  p r e t t y  good, c e r t a i n l y  a l o t  b e t t e r  than burn ing  c o a l  and s o  
on. You do have t h e  i n d u s t r i a l  spi r~-of  f b e n e f i t s  t h a t  you can g e t  from 
a t r r a c t i n g  I n d u s t r i e s  t h a t  r e q u i r e  a Tot of power i f  you have a r a t e  
s t r u c t u r e  or a  prdce s t r u c t u r e  t h a t  they  can a c t u a l l y  t a k e  advantage of 
i t .  You can go through a  range of t h i n g s  a l l  t h e  way down t o  t h e  t o u r i s m  
a s p e c t s  of t h e  f a c t  t h a t  un f ~ u b t e d l y  q u i t e  a  few peop le  w i l l  be i n t e r e s t e d  
i n  loolcfng a t  a  rmajcr t i d a l  b a r r a g e ,  On t h e  n e g a t i v e  s i d e  you have c e r t a  %n 
disecono~cniea r e l a t e d  t o  the  tieadpond; concern w i t h  c l i rnare ,  a g r i c u l t u r e ,  
e r o s i o n ,  groundwater ,  and f l o o d i n g ,  Q u i t e  a  few of t h e  t h i n g s  t h a t  you 
have been d-iseusslng h e r e  a t  Lhts p a r t i c u l a r  workshop of course  have 
e c o n u r ~ ~ i c  aspects "C thcm.and most of them look l f k e  they  a r e  a l i t t l e  b i e  



h
 

u
s
 

m
 

r
-

i
b

G
4

-
J

 
+

 
a
c
u
q
 

K
3

u
l

k
u

1
3

a
J

 
&
l
o
,
 

o
z

c
 

g
p

ia
 

c
l
i
 

d
m

 
cg 

a
j

i
u

u
z

r
z

 
0
 

U
C

 
C

i
i

b
r

C
a

J
c

d
U

 
k

W
U

Q
-

4
 

cd 
a, 

W
 
(
d
c
 

s
-

u
w

 
a

J
a

,
L

' 
&

'b
r

a
)

 
.u
 

c
d

4
-

J
Q

)
O

h
 

ir. 
P) 

(
d

C
 t

J
a

 
M

S
P

-
l

U
r

n
 
1

 
d
 

aJ 
U

 
*

p
ia

J
F

c
W

 
K

3
0

3
 

5
' 

$ 
$

w
 

m
q

 
z

o
 

LC
I 

(
d

?
l 

ZO 
0
 

E
W
C
c
u
 

0
 

0
T

;
I
.
F

-
i 

13, 
a

,
m

c
s

 
h

 
e

~
(

0
4

-
J

r
.

n
~

 
a
lc

 
u

"
P

i 
(d

 
C

: 
a

J
-4

 
cn 

G
rc

S
 

m
 

e
.

,
a

 
E

d
4

.J
 

E
W

 (d
 

aJ 
4
 

aJ 
B 

M
 

r
i
s
r
i
T

-
4
 

fa 
(

d
u

f
d

c
d

c
o

s
 

k
 

c
-

a
r

d
u

 
a

s
 F

c
-ti 

:
,
u

a
,
u

u
u

 
o

d
u

 
m

d
 

2
 

X
 

%
 

(6
-5

-4
 

a, 
c

u
a

,
o

0
 

S
-

Q
 

s
o

6
4

 
u

a
J

C
)

(
W

 
u

,
e

4
 
a
 
a
 

C
(

d
U

&
X

 

u
c

u
a

 
n
 

u
O

F
c

+
F

(
d

 
1

c
o

f
6

K
3

3
s

 
a

m
 

C
:

Q
L

 
C

O
W

 
a
a
,
 a

 
P

-l 
4.J 

C
 

$
4
 

$
4

-
4

 
N

 
N

 



think that because it is a unique system it probably represents a rather 
stimulating intellectual ch~l~enge as opposed to a separate study devold 
from any holistic system approach or one which is re-inventing the wheel. 
I also think that it is perhaps successful because of the foundation pro- 
vided by Dave Greenberg's numerical tidal model whkch serves as a common 
denominator where everybody can start. It may also have been suecessful 
because the proponent is government through a crown corporation and in that 
respect it has probably been easier to get government funds funneled into 
applied research in support of a mega-project than kt would be if this had 
been a project funded by say Mobil Oil or Petro-Can (although we are making 
progress with joint ventures with industry), 

A t  the beginning of the workshop, Don Gordon estimated that several 
million dollars of federal funds have been spent on the environmental stud- 
ies conducted during the past six yearse Experience on an international 
level for mega projects like this indicate that environmental studies cost 
between one and three percent of the total project budget, Even after 
increasing that estimate to account for support facilities and salaries it 
comes out to be no more than 0.1% of 6 billion, so we've got a long way to 
go yet before we reach international standards in terms of level of effort. 

Next I'd like to briefly go over with you some of the preliminary 
results of the project I mentioned and see how they compare with what has 
happened over the past six years with Fundy, In some cases 3 have been 
quite gratified while in other cases 1 have been quite disappointed. In 
effect I think there are individual examples in all the results that have 
been reported over the past three days which reflect the recammendations 
that came from the applied research community in Canada. L might say that 
we involved just under 200 wople in research laboratories from St. Johns 
to Vancouver. 

To begfn with we have been told by everyone that we have to  stop 
the shotgun approach and focus on those aspects that really matter, We do 
not have time to study everything. One of our recommendations is that we 
should make social scoping exercises a manditory requirement of all impact 
assesments. The only evidence 1 have seen of that occurring at the work- 
shop was given by Peter Earsert from Maine who attempted to look at the 
public perspective of what might happen in the event of a tidal barrage. 
From a scientist" point of view, that approach may be irrelevent but from 
a politician's point of view it is public opinion that fuels his polltical 
engine, We have been warned by the scientific community that social scop- 
ing can be dangerous for you can not rely on the public to know everything 
that's important. I think there is also a wrinkle in that for sometj-mes 
even the scientists don't know everything that is important. i draw to 
your attention that Mike Dadswell noted that up until the recent: studies Im 
Fundy started nobody was aware of the importance of the upper reaches for 
shad. Also I believe Peter Hicklin indicated that the importance of the 
Shubenacadie River for bald eagles was only recently realized, I think y o x l  
would agree that both of these environ~nental. components will be qulte im- 
portant to a decision-making process. 



The r e s e a r c h  community involved i n  our  p r o j e c t  s a i d  t h a t  t h e  f i r s t  
t h i n g  you do a f t e r  scop ing  is  s e t  your boundar ies .  Anybody invo lved  w i t h  
p r e d i c t i v e  mode l l ing  does  t h a t  t n i t i a f l y  i n  any  c a s e ,  They a l s o  sa id  t h a t  
t h e r e  was no such t h i n g  as a  common s t u d y  boundary f o r  t h e  impact 
assesment .  They range a l l  over  t h e  map so  t o  speak b u t  t h e y  must be c l e a r -  
l y  d e f i n e d .  1 draw t o  your a t t e r r t l o n  t h e  s t u d y  b o u n d a r i e s  f o r  t h e  shad 
which range a11 t h e  way down t o  F l o r i d a  and t h o s e  f o r  t h e  s h o r e b i r d s  which 
range  t o  South America. 1" n o t  t a l k i n g  about  a  s t u d y  boundary from t h e  
p o i n t  of view of drawing a l i n e  on a map, I" t a l k i n g  abou t  a  s t u d y  bound- 
a r y  from which d a t a  a r e  a c q u i r e d ,  T t h i n k  you remember t h a t  bo th  Mike 
Dadswell and P e t e r  B i c k l i n  i n d i c a t e d  t h a t  they  r e c e i v e d  d a t a  from a l l  a r e a s  
w i t h i n  t h e  s t u d y  boundar ies .  

Also i t  i s  impor tan t  t o  s e t  t h e  t ime boundar ies .  One t h i n g  t h a t  
h a s  r e a l l y  bo thered  me d u r i n g  t h e  workshop is t h a t  t h e  proposed p r o j e c t  I 
b e l i e v e  i s  t o  t a k e  about  e l e v e n  o r  twelve y e a r s  t o  c o n s t r u c t  and may n o t  
s t a r t  f o r  a n o t h e r  t h r e e  o r  f o u r  y e a r s .  Me a r e  t a lk i -ng  about  a  complet ion 
d a t e  of p o s s i b l y  twenty y e a r s  I n  t h e  f u t u r e .  I f  t h e r e  was one consensus  
from t h e  people  invo lved  i n  our  p r o j e c t  i t  was t h a t  b i o l o g i c a l  p r e d i c t i o n s  
beyond f i v e  y e a r s  a r e  a  "fairy t a l e ' .  X r e a l l y  wonder i f  we have t aken  in-  
t o  account  t h e  ex t remely  long t ime span over  which w e  a r e  a t t e m p t i n g  t o  
p r e d i c t  t h e  changes ,  

Another t ime boundary i s  response  time. I n  some p e o p l e ' s  minds i t  
may be more impor tan t  t o  s t u d y  t h e  p o t e n t i a l  b i o l o g i c a l  r esponse  c a p a b i l i t y  
of t h e  sys tem impacted t h a n  t o  g e t  t o t a l l y  i n f a t u a t e d  w i t h  t h e  l e v e l  o f  
impact.  Another example mentioned d u r i n g  t h e  workshop i s  t h a t  we d o n ' t  
know t h e  t ime r e q u i r e d  f o r  Corophium t o  r e c o l o n i z e  a r e a s  t h a t  may be chang- 
ed as a  r e s u l t  of a  t i d a l  b a r r a g e ,  I t h i n k  t h a t  everybody a g r e e s  t h a t  t h a t  
i s  r a t h e r  i m p o r t a n t ,  p a r t i c u l a r l y  from t h e  impact on t h e  m i g r a t o r y  b i r d  
p o p u l a t i o n ,  

Another boundary which I t h i n k  we h a r d l y  e v e r  s e e  recognized  i n  
env i ronmenta l  impact s t a t e m e ~ ~ t s  a r e  t h e  t e c h n i c a l  b o u n d a r i e s ,  I know t h a r  
i s  pushing t h e  term a  b i t  but  a g a i n  k wonder how we a r e  going t o  p r e d i c t  
t h e  impacts  on migra to ry  s h o r e  b i r d s  when P e t e r  Nickl i r l  s a i d  t h a t  he can ' t .  
even count them a c c u r a t e l y  because  they  a r e  p r e s e n t  3.n such  Large numbers, 
I f  w e  g e t  a  s m a l l  s h i f t  i n  t h e  p o p u l a t i o n  we probably  c o u l d n ' t  d e t e c t  i t .  

People  over  t h e  f a s t  coup le  of y e a r s  have s a i d  we shou ld  be focus-  
i n g  impact assessment  s t u d i e s  on systems which a r e  r e l a t i v e l y  non-mobile 
because  we can g e t  a  b e t t e r  hand le  on them s t a t  i s t i c a l l y .  Y e t  when Nancy 
IJ i therspoon gave h e r  p r e s e n t a t i o n  on clams somebody s a i d  t h a t  '1 doubt  v e r y  
much whether you w i l l  be a b l e  t o  p ick  up $:he e f f e c t  of a  t i d a l  b a r r a g e  
because  of t h e  n o i s e  i n  t h e  populatkon s y s t e m P ,  

Another o p i n i o n  emphasized d u r i n g  our  s t u d y  w a s  t h a t  one should 
s t a r t  wi th  a  concept  and then  move through hypotheses  t o  e x p e r i m e n t a t i o n .  
I o n l y  s a w  one c o n c e p t u a l  frarneworic p resenred  dtir ing t h e  worlcshop and t h a t  
was Dave W i l d i s h q s  showfng t h e  i n t e r a c t t o n s  govern ing  secondary  p roduc t iv -  
i t y  i n  t h e  benthos .  E a m  s u r e  t h e r e  must be o t h e r s ,  



Everybody involved i n  t h e  p r o j e c t  t o l d  us  t h a t  t h e r e  should be a  
s t u d y  s t r a t e g y .  Prom a  m i l t t a r y  p o i n t  of view, t a c t i c s  on ly  make s e n s e  
w i t h i n  an o v e r a l l  s t r a t e g y .  To c o n t i n u e  w i t h  t h e  araalogy, one could  say  
t h a t  i n  t h e  l a s t  t e n  y e a r s  impact s t a t e m e n t s  i n  t h i s  c o u n t r y  have been l o n g  
on t a c t i c s  and s h o r t  on strategy. .  The o n l y  o v e r a l l  impact assesment  s t r a -  
t e g y  t h a t  I saw was t h e  one put up by C a r l  Amos which was i n  e f f e c t  an  
env i ronmenta l  impact assessment  l o g i c  f low c h a r t .  1 found t h a t  extreinely 
h e l p f u l  i n  de te rmin ing  where he w a s  coming from and where he i s  a t t e m p t i n g  
t o  go,  For example, i t  demonstra ted t h e  s e q r ~ e n t i a l  n a t u r e  of t h e  a c t f v i -  
t i e s  a s  he saw them and he c o u l d n ' t  proceed very  f a r  wi thou t  r e s u l t s  from 
t h e  p r e v i o u s  l i n k s  i n  t h e  f low c h a r t .  Ke mentioned t h e  accumulat ion of 
e r r o r s .  I spoke t o  Dave Grecnburg j u s t  b e f o r e  d i r ~ n e r  and asked him i E  
t h e r e  were conf idence  l i m i t s  on h i s  t F d a l  ampl i tude  change p r e d i c t i o n s  and 
he s a i d  no, Also i t  c l e a r l y  demonstra ted t h a t  we can have f a i r l y  h i g h  pre-  
d i c t a b i l i t y  i n  p h y s i c a l  systems which d rops  o f f  t o  a lmost  n o t h i n g  i n  t h e  
h i g h e r  t r o p h i c  l e v e l  system. 

To f i n i s h  up, I ' d  l i k e  t o  t a l k  about  p r e d i c t i o n ,  That i s  what pre- 
sumably we a r e  a l l  h e r e  f o r .  To be s i m p L i s t i c  about  i t ,  P t h i n k  t h a t  t h e r e  
a r e  f o u r  b a s i c  ways of p r e d i c t i n g  something: 2 )  u s i n g  your g u t  f e e l i n g  o r  
p r o f e s s i o n a l  judgement, 2 )  look ing  a t  t h e  r e s u l t s  from s i m i l a r  p r o j e c t s  
and s e e i n g  i f  they  a r e  r e l e v e n t  t o  what we a r e  p lann ing  t o  do, 3 )  conduct-  
i n g  exper iments  o r  4 )  under tak ing  a  model l ing e x e r c i s e .  We have heard 
l o t s  of p r o f e s s i o n a l  judgement t h e  last  t h r e e  days  and about  t h e  o n l y  t h i n g  
t h a t  i s  going t o  g i v e  us  i s  a  f e e l i n g  f o r  t h e  d i r e c t i o n  of impact and o r d e r  
of magnitude.  Maybe i n  some c a s e s ,  i n  response  t o  George Baker ' s  words, 
t h a t  i s  enough. I t h i n k  t h e r e  h a s  been ev idence  t h a t  we a r e  a t t e m p t i n g  t o  
look a t  t h e  r e s u l t s  of similar p r o j e c t s .  The Annapol is  R iver  t i d a l  p r o j e c t  
i s  a good example and it w i l l  be i n t e r e s t i n g  t o  s e e  t h e  e f f e c t s  of t h e  
S t r a f l o  t u r b i n e  on f i s h  m o r t a l i t y .  Perhaps  i t  w i l l  answer some q u e s t i o n s .  
Concerning t h e  t h i r d  way, exper i raenta l  r e s u l t s ,  I was r e a l l y  q u i t e  d i s -  
appo in ted  t o  s e e  t h e  l a c k  of e x p e r i m e n t a t i o n  i n  t h e  more fo rmal  s e n s e  t h a t  
has  been a t t e m p t e d ,  Some people  s a i d  t h a t  t h e y  recognized  i t  was i m p o r t a n t  
bu t  d i d n ' t  f e e l  i t  was n e c e s s a r y ,  We have been r e p e a t e d l y  t o l d  d u r i n g  o u r  
p r o j e c t  t h a t  t h e  b e s t  investment  f o r  o n e ' s  smoney i s  a  p i l o t  s c a l e  p e r t u r h a -  
t i o n  e x e r c i s e ,  1 a m  reminded s f  t h e  p i p e l i n e  loops  t h a t  were c o n s t r u c t e d  
f o r  n o r t h e r n  o i l  and g a s  p i p e l i n e s  which were a major inves tment  of money, 
t ime and e x p e r t i s e  t o  s e e  what would happen i n  a  mierocosism, The Informa- 
t i o n  ga ined  cou ld  then  be a p n l l e d  t o  t h e  f u l l  system. 1 t h i n k  t h a t  i f  you 
t a l k  t o  anybody i n  t h e  f e d e r a l  government o r  i n d u s t r y  about n o r t h e r n  
developments you w i l l  h e a r  a  ve ry  good response  on t h e  r e t u r n s  From t h e  
R a f f i n  I s l a n d  O i l  S p i l l  program (BEOS), a con t ro lLed  e x p e r i m e n t a l  r e l e a s e  
of o i l  under t r u e  A r c t i c  c o n d i t i o n s .  I sugges t  t h a t  we wlll l e a r n  more 
froin BEOS t h a n  from a l l  impact a ssesments  done over  t h e  l a s t  t e n  y e a r s ,  Is  
i t  p o s s i b l e  t o  s e l e c t  some s m a l l  s i t e  i n  t h e  upper reaches  of t h e  Bay, pu t  
a  b a r r a g e  up on a  ve ry  smal l  s c a l e ,  r e g u l a t c  i t  accord ing  t o  Dave 
Greenbergvs  model and l e t  i t  go? I d o n ' t  know i f  i t s  p r a c t i c a l  but  t h i s  i s  
an  approach t h a t  shou ld  he c o n s i d e r e d .  

F i n a l l y  I t h i n k  t h a t  we have t o  r e a l i z e  t h a t  p r e d i c t i o n s  a r e  easy.  
Do you want m e  t o  p r e d i c t  t h e  weather  tomorrow? I ' m  q u i t e  p repared  t o  do 
t h a t .  The a c c u r a c y  of my p r e d i c t i o t l  i s  something e l s e  and t h a t  impLles 



that it has to be tested. If we don't go back and test the prediction, why 
bother with It in the first place? O n e  of the several conclusions of our 
project is that our ability to predict the impacts of mega projects is so 
limited once you move away from the physical systems that we really have to 
treat the whole endeavor as an experiment, We simply have to go back and 
see what happens afterwards. Unfortunately the extent at which we can 
interpret monitoring data is determined by what we measure and how we mea- 
sure it before the project goes ahead. 

I don't know whether my feeling is right but I suspect that perhaps 
the intellectual interest in the Bay of Fundy system, regardless of the 
potential tidal power project, may have peaked* There seems to be a gen- 
eral feeling that we know basically how the system operates and maybe 
people will now be drifting onto different things. It raises in my mind 
the question of what happens then, We have had very few testable predic- 
tions presented here in the last couple of days. The University of 
Aberdeen in Scotland has just finished looking at all the predictions made 
about North Sea developments over the last ten years. They identified over 
500 predictions but less than 5% could be tested in any way. The rest 
simply were not testable and so one wonders why they were made in the first 
place. A major factor however was that the engineering designs were chang- 
ed after the impact assessment was written which altered all the assump- 
tions upon which the predictions were based. If plans are changed all the 
assumptions that underpin your predictions are out the window and you can't 
trust the predictions. I hope that this doesn't happen with Fundy and I'd 
like to hear some discussion about who will have the responsibility if and 
when this project ever gets off the ground to find out how right or wrong 
we were with our environmental impact predictions. 

R ,  Edwards: 

I've been asked today to say a few words about the environmental 
impact of alternatives to the Fundy tidai power development project. It 
has been mentioned earlier in the proceedings that in the Maritimes the 
conventional alternatives to tidal power are coal-fired and nuclear gener- 
ating stations, Looking for a moment at other less likely alternatives, I 
would say that future conventional hydro will be very small-scale and non- 
conventional alternatives such as solar and wind appear less attractive for 
a number of reasons including costs, intermittent supply and storage prob- 
lems. Wood is abundant but perhaps it is more suitable for domestic heat- 
ing where it can be utilized at 70% efficiency as compared to perhaps one 
half of that for electrical generatlon. In better economic times there 
could also arise competitio? for supply from lumber and pulp operations. 
Perhaps to give you an idea of the order of scale we are discussing for the 
smallest tidal proposal of about 1100 MbJ the wood consumption required to 
give the same output would be about 300 cords of hardwood per hour (dried 
to 20% moisture). 

Two additional potential sources of energy mention merit here. 
Both oil-shale and peat are Eound in substantial quantities in the Maritime 
region. There has been a lot of interest in oil shale in recent years so 
perhaps a few words are in order, Although exploitation of peat deposits 



as an energy source is a subject that just will not quite go away, I would 
prefer not to discuss it here. I arn sure that electricity can be generated 
better and more easily than by exploiting a fuel source that requires first 
lowering the water table in order to obtain a fuel that has a moisture con- 
tent greater than 95%. Going back to oil shale for a moment, it is a re- 
source found in every province in Canada except Prince Edward Island. Of 
the known Canadian deposits those most attractive cccur in the Moncton area 
which is perhaps why I introduce it into the talk now. Yield of oil from 
shale in this region is about 100 liters per ton which compares generally 
to the yield from Colorado's Piceance Basin shales. The estimated reserves 
in the prime deposit of New Brunswick are about 270 million barrels of oil 
indicating some potential for development depending on the economics. 
Recovery of the shale involves heating to about 400°C to bring about 
pyrolysis of the kerogen to produce shale oil. The process can be a sur- 
face operation where the shale is mined and processed in surface retorts or 
it can be an underground or in situ operation where essentially a fire- -- I 
flood technique is used to release the liquid or gas products. 

It is apparent that conventional surface treatment raises the pro- 
blems that are normally associated with open-pit mining and subsequent land 
rehabilitation. Experience cerived from past synthetic liquid fuel opera- 
tions would indicate a likelihood of worker exposure to a variety of health 
and safety concerns. For example, fugative gaseous emissions within the 
plant probably include trace metals, light hydrocarbons, sulphur, nitrogen 
compounds and polycyclic organic matter. Liquid effluent from such plants 
frequently contain hydrocarbons, phenols, trace metals, sulphides, ammonia, 
polycyclic organic matter and a whole host of others. I think that the 
list of trace elements that are associated with coal liquifation or gasifi- 
cation is quite lengthy. The high proportion of waste to product in the 
material being mined would indicate handling problems that are normally 
associated with the large volumes of spent shale and waste rock. Again, on 
the positive side, synthetic gas and synthetic oil production facilities 
are normally constructed with sulphur removal which enables production and 
combustion of a clean fuel. In situ development involves underground -- 
treatment of the shale by partial combustion in order to release the shale - - 
oil or the gas. This alleviates many of the environmental problems associ- 
ated with conventional processes but raises the concern of ground water 
contamination. This is foreseen as a major problem in the Piceance Basin 
which until recently has been in the early stages of development and is 
likely to he a problem elsewhere. 

As I mentioned, the conventional alternatives to tidal power 
development in the Maritimes are coal and nuclear power. I would say that 
from an environmental perspective the nuclear option is preferable to coal 
in almost every respect. Starting at the front end of the fuel cycle, I 
would say that underground coal mining is more hazardous than most occupa- 
tions that Canadians turn their hand to and certainly more so than uranium 
mining where the ore is fournc in rock safer to mine. Experience in the 
Elliot Lake area has in the past shown a high incidence of silicosis in 
mine workers due to the presence of radon gas and from working quartz rich 
ores. This is perhaps analagous to pneurnatacosis or black lung disease 
suffered by coal miners, In each of these cases, the problems can be over- 



come with better mine ventillation, Better dust control and such measures- 

In comparing uranium ore treatment with coal washing it is inter- 
esting to note that one envirorlrnental problem 4s eomon to both, namely the 
contamination of ground and surface water by acid runoff, Both uranium 
mill waste and coal washery rejects contain pyrite which is leached out: as 
sulfuric acid. Contamination of surface water by radioacrive elements has 
not been a significant source of the aquatic problems that have been ex- 
perienced in the Serpent River system downstream of Elliot Lake. Nowever, 
there has been significant environmental damage done by the discharge of 
acid mine water, by acid-leaching from coal waste piles and also from mill 
tailings at the Elliot Lake area, The difference perhaps is that a urantum 
tailings rehabilitation program is operating successfully in tlae Elliot 
Lake area and is unmatched in either the base metal industry, which in 
Canada is largely dependent on sulphide ores, or at coal preparation 
plants . 

At the power production stage, airborne emissions and cooling water 
discharge streams are closely monitored and regulated in the nuclear indus- 
try, a circumstance that is not generally applicable to coal fired sta- 
tions. The same comparison can be made in respect of the regulation of 
spent nuclear fuel and coal ash. The philosophy of the nuclear industry 
for example is to totally isolate radioactive material from the biosphere 
until physical decay has rendered them non-problematic. Where radioactive 
waste Fs currently stored 01. site, with a view to ultimate deep geological 
disposal, surface disposal oC coal ash will inevitably see leaching of 
trace metals into ground and surface waters. E say this i.n defence of tshe 
nuclear industry which perhaps is subject to a fair amount of criticism 
from those who are under the environmentaltst banner. I would say that the 
entire fuel cycle (minfng through reactor operation, reactor safety, waste 
handling and disposal) is the subject of a fairly well-based and a well- 
controlled regulatory system, 

Considering for a moment the broader range of environmental prob- 
lems faced by our society, I would say that the most significant that we 
are currently engaged with is that posed by acid rain. There is also cow- 
cern, perhaps a more distant concern, that atmospheric carbon dioxide and 
climate change may become a serious issue, If so I think that they would 
be very difficult to deal with. It's interesting to note that coal contri- 
butes to both of these problems while nuclear and tidal contribute to 
neither. It's clear that the choices among options for generating elec- 
tricity are decided essentially on economic grounds, It's worth noting 
that the environmental costs of nuclear power are almost completely interd 
nalized whereas the environmental costs of others, including tidal power, 
are not, In the past the emissions from coal utilities and the impact o E  
coal mining have been left entirely for society at large to bear, Public 
concern some years ago with particulate emissions, and more recently with 
acid gas emissions, and concern with early strip mirnfng pracrices is lead- 
ing to control of these environmental problems with associated cost in- 
crease to the utilities. Strip-mined land is now generally rehabilitated 
to agricultural use and emission standards (under Ehe Environment Canada 
guidelines) almost demand control features such as flue gas scrubbers un- 



less very low sulphur coal is used. Perhaps the extent to whlch pollutLon 
is controlled is a reflection of the seriousness with which environmental 
impacts are viewed by the p~blic and regulators. 

6 

In this context, and perhaps I should be cautious here with respect 
to some of the problems that have been identified such as salt incursion 
into ground water and perhaps fish mortality in turbines, I'm not sure that 
the discussions of the last few days have identified any environmental im- 
pacts associated with tidal power that are likely to cause great alarm to 
the public or a response from regulatory agencies that would be unduely 
burdensome to the operation. With apolgoies to the coal people, Mr. 
Chairman, I think that is all I have to say. 

D. Gordon: 

I am going to address four questtons: (1) what have we learned 
about the environmental characteristics of the Bay of Fundy and how does 
this basic knowledge relate to requirements for environmental impact 
assessment of a potential tidal power development; (2) what has been 
learned about possible environmental impacts to date; (3) how does the 
general environmental assessment situation in the Ray of Fundy compare to 
other regions around the world; and (4) what steps are necessary in the 
future if a precommittment program is undertaken? 

Much has been learned in recent years about the environmental char- 
acteristics of the Ray of Fundy. This is illusrrated by plotting the 
scientific publication rate over the past 70 years (Fig. I )  which empha- 
sizes the spurt of knowledge which occurred during the 1970's. The peak in 
1977 reflects the publication of the 1976 Acadia workshop proceedings while 
the dip in the early 1.980's is exaggerated somewhat by work in progress yet 
to be published. 

1 wish to emphasize the distinction between what I see as being two 
different, yet interrelated, types of investigation that are involved in 
environmental assessment (Fig. 2). The first, and X think the most irnport- 
ant, is basic scientific research which is aimed at understanding the 
natural environment and serves as the foundation for subsequent applied 
work. By its very nature, it is long-term and most investigations require 
at least several years to complete adequately because of seasonal and year- 
to-year variability. It is usually conducted by government research labor- 
atories and universities and consists of a combination of field programs, 
laboratory experiments and theoretical studies. A potnt I wish to empha- 
size is that this information can not be gathered on a crash basis in a 
short time-frame. This is the kind of research that was summarized in the 
series of papers given in Session I and is where the bulk of scientific 
attention has focused to date. 

In contrast, only limited attention has been given to impact 
assessment studies (Fig. 2). These studies are critically dependent on the 
basic scientific research and address specific environmental questions 
which arise when the engineering details of a project are known (which were 
covered in Session 11). The presentations in Session 111 addressed the 
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Fig .  1. Annual publication rate of scientific papers and reports covering 
environmental studies in the Bay of Fundy. Based upon Moyse 
(1978) and later supplements, 
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Fig. 2 .  Schematic diagram illustrating t h e  relationship between basic 
scientific research and impact assessment studies. 



kind of questions that would be considered in impact assessment studies and 
the key word is application. In most instances, these studies can be done 
in a relatively short time-frame. They are largely analytical and consist 
of reviewing data that already exist although at time they do require a 
certain amount of experimentation and additional field work. In my 
opinion, which seems to be shared by George Baker, this type of investiga- 
tion is the responsibility of the project proponent, both to fund and 
direct. They form an import~nt part of the formal environmental assessment 
procedure. The actual work is usually done by environmental consulting 
firms. Sometimes universities are involved and occasionally government 
laboratories depending upon their mandates and policies. Feedback to basic 
scientific research is highly desirable, such as has occurred at this work- 
shop, to insure it is going in the right direction. It is beneficial to 
look at the application stage fairly early during your basic research to be 
sure that you are focusing on the right aspects, organisms and processes. 
One does not have to study every environmental component to prepare a rea- 
sonable and useful impact assessment document. 

I am not concerned about the limited amount of impact assessment 
work done so far because it can be done when required in a short time- 
frame. The basic research must be done first. There are cases however 
where a fair amount of impact assessment work has already been done and I 
am thinking of the tidal and sedimentation numerical modelling studies of 
Dave Greenberg and Carl Amos. They have been working across the interface 
between basic and applied research and their excellent progress demon- 
strates the value of having the same people participate in both kinds of 
study. 

To summarize our knowledge of the environmental characteristics of 
the Bay of Fundy, it is clear from the papers presented at this workshop 
that much has been learned since the initial workshop at Acadia in 1976. 
Our knowledge is especially strong now for the benthic aspects of the Bay 
of Fundy ecosystem. Despite the significant progress made however import- 
ant information gaps still exist. For example, further studies on zoo- 
plankton and certain microbitl processes are warranted. Also, as was so 
well illustrated at the end of Session 111, there is still much about the 
fisheries we do not understand especially near the mouth of the Bay. 

Another point I wish to emphasize is that it is not essential that 
all the data used in a possible environmental assessment come specifically 
from the Bay of Fundy. Experience, and even sometimes data, developed by 
scientists working in comparable environments can be used. There is no 
doubt that we have learned much from recent contact with scientists from 
the USA, Great Britain, the Netherlands and other countries. 

The second question I promised to address is what have we learned 
so far about possible environmental impacts of a tidal power project? What 
did we learn from Session I11 of this Workshop? Firstly, I would like to 
praise the Session I11 speakers for their willingness to stick out their 
necks and make predictions. When we first met at Acadia in 1976 some pre- 
dictions were offered but as a rule I think we were much more reserved be- 
cause of the more-limited data base that existed then. At this workshop 



nobody hid behind the excuse of not having enough data. Everyone made an 
honest attempt to give reasonable predictions as speculative as they might 
be. It is interesting to note, as observed by others before me on the 
panel, that an air of gloom and doom did not surround Session 111. Quite a 
number of positive impacts were identified. There also are many negative 
ones which require more study before they can be quantifie 
accuracy. 

As discussed in Session 11, a choice can be made between 
parallel tidal power projects in Cumberland Basin and Cobequid Bay or a 
single over-sized project in Cobequid Bay. This workshop has clearly 
demonstrated that the Cumberland Basin is a more productive estuary. On 
that basis it would appear to be reasonable to follow the second option and 
leave the Cumberland Basin undisturbed. Despite its larger size, the 
environmental impacts of the Cobequid Bay project in the headpond area seem 
to be less. 

It should be emphasized that this workshop has only covered marine 
aspects. Terrestial impacts have not been considered in any detail al- 
though reference to them was made in the talks on ice, climate and 
hydrology. The workshop has also focused upon the upper reaches of the Bay 
of Fundy where our knowledge is currently most complete and predictions are 
easiest to make. Limited attention to date has been given to predicting 
environmental impacts in the lower Bay of Fundy and along the New England 
Coast and our confidence levels for such predictions would be much lower 
than for the upper Bay. Although site-specific impacts may be less in 
distant regions, the net effect could become a major determining factor be- 
cause of the much larger area affected. Therefore, one should not neces- 
sarily expect the same generally positive feeling to prevail when - all 
potential environmental impacts are assessed. The aspects not covered in 
this workshop should be addressed the next time a similar gathering is 
convened. 

The third question I want to address is how does our current know- 
ledge of the environmental impacts of a possible tidal power project com- 
pare with other mega projects in Canada and around the world. As is shown 
in Fig. 3, there is a relationship between our ability to offer accurate 
predictions and the level of effort expended in research. In 1976 I would 
judge that we were near the lower end of the curve because of our limited 
knowledge of the upper reaches of the Bay of Fundy. Most environmental im- 
pact assessments in Canada and abroad probably fall into this region as 
well since they are usually done in a year or less and adequate background 
data rarely exist. Fortunately in the case of Fundy political and finan- 
cial factors have slowed the pace of tidal power development and this extra 
time has been well used to expand our environmental data base and under- 
standing. As a result we have moved up the curve considerably (Fig. 3). 
Simply speaking, spending more money on scientific research has improved 
our ability to predict environmental impacts of tidal power development. 
Time still appears to be with us and it is possible to move still further 
along the curve with a modest continued investment of research funding 
before a formal environmental assessment might begin. Because of the 
asymptotic nature of the curve, a point will eventually be reached where 
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continuing scientific research will not substantially add to our predictive 
ability, but 1 feel that it is at least five years away. 

On an international standard, 1 think our environmental work in 
Pundy ranks quite high compared to other possible tidal power developments 
(or similar large engineering projects). I think it is safe to say that 
the upper reaches of the Bay of Fundy are becoming one of the best under- 
stood coastal regions in Canada, However, there sttll is more that should 
be done before the present momentum is lost. 

Finally I will say a few words about what I would llke to see 
happen in the future. For reasons given above I would like to see the 
basic scientific research continue at the highest possible level under the 
present funding constraints. New data definately need to be gathered to 
help fill the important information gaps identified at this workshop, for 
examples certain aspects of microbiology, zooplankton ecology and fisher- 
ies. There also is a large amount of data already collected that needs to 
be completely analyzed and interpreted. Steps should also be taken to 
synthesize the results from all the individual research programs that have 
been conducted. Strategies for doing this were discussed at yesterday's 
meeting of the Fundy Environmental Studies Committee and the favoured 
approach is to attempt an ecosystem modelling exercise, A number of us 
wish to start such a project early in 1983 building upon the experience 
gained by a group of Dutch scientists who have been modelling the Ems- 
Dollard estuary in Europe. This research can be justified even if tidal 
power development goes no farther than it is today. The information gained 
can be used for other practical applications and it also possesses intrin- 
sic scientific value. If the research comes to a halt and we lose our pre- 
sent momentum it would be difficult to get moving again when and if tidal 
power development plans were announced in the future. Gordon Beanlands 
said he thought the science had peaked, I hope he is not right for I would 
like to see our knowledge spurt ahead even more before our research effort 
drops substantially. 

If a precommittment program is undertaken one of the first steps 
wjll he to revise the draft environmental assessment guidelines that were 
prepared back in 1977. Firstly they should be rewritten after scientific 
review to incorporate all of the environmental knowledge that has been 
gajned in the last five years, Secondly, and just as important, they 
should be reviewed by the public, as also recommended by Hal Mills. Such a 
public review was planned to happen when the guidelines were written but is 
unnecessary until a precommittment program is announced. Public input is 
very important before the final guidelines are adopted and conveyed to the 
proponent. 

When the final guidelines are received, the proponent must plan his 
impact assessment studies (Pig, 2). This exercise will hopefully include 
input from the scientific community and a workshop similar to this one 
would be extremely valuable. The proponent will then have to fund the 
impact assessment studies and prepare his environmental impact statement, 
hopefully promoting effective dialogue with the scientific community at all 
stages. The environmental impact statement would then be reviewed and 



acted upon accordingly to federal and provincial regulations. 

Finally, I wish to emphasize that environmental research should not 
necessarily stop the day that the environmental impact statement is sub- 
mitted. If the decision is made to construct a tidal power project 1 think 
the proponent should fund the establishment of a multidisciplinary research 
group consisting of several dozen permanent staff which has the mandate of 
conducting environmental research to follow the actual changes that occur. 
The information generated can be used to assess the accuracy of environ- 
mental impact predictions and to help manage the operation of the project. 
Certain questions are likely to arise such as sealing off the barrage for a 
few tidal cycles to promote sheet ice formation or to keep out storm tides 
and knowledgeable environmental input is essential in answering them. The 
best advice would come from a group specificaLly hired for the purpose. 
Although funded by the proponent, I think such a group should be housed in 
one of the established scientific research establishments in the region 
where they can interact daily with other research scientists and make full 
advantage of existing support facilities. A good example of such a group 
can be found in the Netherlands. In the 1950's the Dutch undertook their 
massive Delta project which has involved the construction of numerous dams, 
sluices and dykes to protect the southwest Netherlands from flooding. They 
established the Delta Instittite in Yerseke to follow the numerous resultant 
environmental changes and the data obtained have played an important role 
in the planning and operation of the project, Thank you. 

DISCUSSION 

F.J. Simpson: 

Perhaps George Raker would like To make some comments about some of 
the financial options as you see them, particularly with regard to the use 
of money. 

G.C. Baker: 

I guess the only comment I am really anxious to make about financ- 
ing is that the cost didn't go up from 6 billion to 22 billion in six hours 
as Hal Mills might have known if he had seen the Update182 Report. We 
quoted the costs of the project in two ways. The first way was in 1981 
constant dollars and that was the 6 billion. The other way was the amount 
on the books at completion if inflation went on at 10% per year from 1981 
to the completion date. That was the 22 billion. So that explains the 
difference of 16 billion. I'd hate to say how Ear our governments have 
taken us along the way from the 6 to the 22 billion since that report was 
written but not all that distance anyway. 

L. Cammen: 

I have a few 05servations to offer which have occurred to me during 
the course of this workshop. To begin with, we have heard on the order of 
fifty papers. Only a very few of these have really been considering envir- 
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onmental effects outsil*ie the barrage and I think that is not an unrealistic 
reflection of the research effort in the past Few years. 1 think the rea- 
soning for this has been that it Is more obvious what the impacts will be 
inside the barrage in the headpond. It is more difficult to assess impacts 
outside the barrage. The trouble with this is that a perception has 
resulted, despite disclaimers now and then, that the headpond impact is the 
project impact. I think this is a mistake. If you consider the area 
impacted within the barrage and compare that with the area outside or if 
you consider the population impacted inside the barrage compared with the 
population along the New England coast or if you consider the possible 
economic implications I think you can see that we need to change our per- 
ceptions a little bit. So the questions I want to pose, not necessarily to 
the Panel but just in general, are about these outside impacts. Bow 
important will they be? For example, what if Dave Greenberg's model. has 
underestimated the actual tidal amplitude change? I asked Dave what are 
the confidence limits on his model and he answered there are none.However, 
he is confident in the model, and I also have confidence in Dave, but if 
there is a chance that the effects have been under-estimated what kind o f  
chance are we willing to take? One in one hundred or one in one thousand? 
If changes in tidal. range were to cause trouble along the New England eoas t 
very significant environmental impacts would result. Therefore, I think we 
need to consider both the probability and the magnitude of the possible 
impacts over the total affected area and I don't think that this has really 
been done yet. For example, the graph which Carl Amos showed yesterday and 
Don Gordon showed again today (Fig. 3) poses the question of essentially 
how far up this curve are wt willing to go or do we even think we need to 
go? Well, I would offer the illustration that if we were talking about a 
nuclear power plant we certainly wouldn't be stopping halE or three quar- 
ters of the way up; we would demand that we have a complete assessment of 
the environmental impacts. 

W. Kozac: 

I agree whole heartedly with what you are saying and from my per- 
spective I see that a lot of work is being done but it doesn? answer any 
of the questions that I have. I agree with you that everything is looked 
at in terms of either very close to the barrage or behind it. 1 think that 
a lot of people further down the Bay could be affected by a project. I 
think some of the things that were mentioned previously might exert an 
influence as far away as Gorges Bank because of a possible increase In 
tidal currents. What effect for instance might this have on the depositian 
of scallop spat? Does that mean that there may not be a scallop fishery 
there? What does it mean in terms of the herring larvae which now come up 
from Trinity? Nobody has even mentioned that there is, or was (and I hope 
it is still there), a large spawning population of herring in Scots Bay. 
The larvae move with the currents. If the currents increase, where are 
they going to go, what will their survival rates be, and will we be dealing 
with the same populations of animals that we have been? I think that thi.+e 
questions haven't been answered and I think that they must be addressed. 



I would l i k e  t o  r e p r e s e n t  t h e  g e n e r a l  p u b l i c  p l u s  t h e  n a t u r a l i s t s  
of t h i s  p rov ince  and t h i s  c3on t ry .  I a l s o  am an i n h a b i t a n t  of t h e  a r e a  
t h a t  w i l l  be a f f e c t e d  so  i n  a way I am h e r e  i n  a double  c a p a c i t y .  1 have 
been l i s t e n i n g  t o  t h r e e  days of d i s c u s s i o n .  I came h e r e  t o  l i s t e n  and t o  
l e a r n  and perhaps  a l s o  t o  answer some of my q u e s t i o n s  and t h e  q u e s t i o n s  
t h a t  w i l l  be asked of me by t h e  g e n e r a l  p u b l i c ,  by peop le  who belong t o  
o r g a n i z a t i o n s  o r  by people  who l i v e  around me and I must say  t h a t  I am 
q u i t e  confused.  I a m  t o r n  between being o p t i m i s t i c  and very  p e s s i m i s t i c .  
I am sometimes very  r e l i e v e d  and sometimes very  f r i g h t e n e d  o r  a t  l e a s t  con- 
ce rned .  I was very  g l a d  t h a t  Hal M i l l s  and Don Gordon have mentioned t h e  
p u b l i c  and t h e  concerns  of t h e  p u b l i c .  There  a r e  some peop le  around t h e  
a r e a  where I l i v e  who would l i k e  t o  know more about t h e  proposed t i d a l  
power p r o j e c t  bu t  o n l y  f o r  economic g a i n s .  Those peop le  c o u l d n ' t  c a r e  l e s s  
what i s  going t o  happen t e n  y e a r s  from now but I would s a y  t h a t  t h e  majos- 
i t y  of peop le  a r e  n o t  informed a t  a l l .  Th i s  i s  where I t h i n k  t h a t  t h e  wan- 
d a t e  of t h i s  group l i e s  because it i s  v e r y  wonderful  when s c i e n t i s t s  t a l k  
t o  s c i e n t i s t s  bu t  I t h i n k  t h a t  sometimes s c i e n t i s t s  have t o  go o u t  of t h e  
world of s c i e n c e  and I a m  g l a d  t o  h e a r  t h a t  some of them d i d  a t  t h i s  meet- 
i n g  e s p e c i a l l y .  I thank a l l  t h o s e  who have,  a s  somebody phrased i t ,  ' s t u c k  
o u t  t h e i r  necks ' .  

I f u l l y  a p p r e c i a t e  why you would be q u i t e  confused because  a t  times 
I was too  and I ' m  s u r e  some of t h o s e  i n  t h e  aud ience  g o t  confused about  t h e  
p l u s e s  and minuses of v a r i o u s  papers  t h a t  were given.  C e r t a i n l y  your re-  
marks a r e  p e r t i n e n t  t o  some of t h e  q u e s t i o n s  and some of t h e  recommenda- 
t i o n s  t h a t  have come from t h e  p a n e l ,  and I ' m  s u r e  t h e r e  w i l l  be more 
o p p o r t u n i t y  f o r  p u b l i c  i n t e r a c t i o n  a s  t h e  p r o j e c t  moves forward.  

D. S c a r r a t t :  

I would l i k e  t o  thank Don Gordon f o r  t r y i n g  t o  pu t  i n t o  perspec-  
t i v e  t h e  work t h a t  d i f f e r e n t  s c i e n t i s t s  and r e s e a r c h e r s  have t r i e d  t o  do 
over  t h e  p a s t  s i x  o r  seven y e a r s  and perhaps  t r y  t o  c l a r i f y  what I p e r c i e v e  
as a  misconcept ion t h a t  Gordon Beanlands appears  t o  have.  While I t h i n k  
t h a t  p r i v a t e l y  as i n d i v i d u a l s  and s c i e n t i s t s  we c l e a r l y  have r e s p o n s i b i l i -  
t i e s  t h e r e  has  never  been a c l e a r  mandate ever  s e t  f o r  any of us t o  do any 
of t h i s  type of work wi th  t h e  e x c e p t i o n  of one o r  two peop le  who c l e a r l y  
have been funded by t h e  T i d a l  Power Corpora t ion .  The work f o r  most p a r t  
h a s  been done by s c i e n t i s t s  who have f e l t  t h e y  had a n  i n t e r e s t  e i t h e r  i n  
t h e  dynamics of t h e  sys tem a s  a  whole o r  i n  p a r t i c u l a r  components. T h e i r  
i n t e r e s t  perhaps  was t r i g g e r e d  by t h e  p o t e n t i a l  f o r  t i d a l  development but  
p o s s i b l y  a l s o  by t h e  p o t e n t i a l  f o r  a  deep-water p o r t  somewhere, o r  an o i l  
w e l l  somewhere e l s e  o r  any o t h e r  of t h e  numerous env i ronmenta l  a s s a u l t s  
t h a t  we can p e r c i e v e  f o r  t h e  Bay of Fundy. I n  most c a s e s ,  t h e s e  s c i e n t i s t s  
and r e s e a r c h e r s  have persuaded t h e i r  s u p e r i o r s  t h a t  t h i s  r e p r e s e n t e d  no t  
o n l y  a  v a l u a b l e  avenue f o r  r e s e a r c h  but  one t h a t  was a l s o  s o c i a l l y  ap- 
p r o p r i a t e  a t  t h e  p r e s e n t  t ime. D e s p i t e  t h e  l a c k  of a c o l l e c t i v e  mandate 
c o n s i d e r a b l e  p r o g r e s s  has  been made. We a r e  l i k e  t h e  p l a y  ' S i x  C h a r a c t e r s  



i n  Search of an Author ' .  We have always f e l t  t h a t  t h e r e  was an impor tan t  
r o l e  f o r  c o o p e r a t i v e  Fundy r e s e a r c h  and t h e  o l d  Department of Environment 
Fundy Working Group went s p e c i f i c a l l y  look ing  f o r  somewhere where we could 
hang i t s  h a t  i n  o r d e r  t h a t  we could  c o n t i n u e  t o  meet and exchange i d e a s  and 
i n f o r m a t i o n .  Our a s s o c i a t i o n  w i t h  APICS has  been i d e a l .  

When we f i r s t  s t a r t e d  t o  p l a n  t h i s  workshop a  y e a r  ago we decided 
t h e  t ime had come t o  do more than  review our  r e s e a r c h  and t h a t  we should 
r e a l l y  beg in  t o  c h a l l e n g e  o u r s e l v e s  and make some p r e d i c t i o n s .  S e v e r a l  of 
our members have made some p r e d i c t i o n s ,  o t h e r s  have made c a l c u l a t e d  g u e s s e s  
and some have come up w i t h  what you might c a l l  r e a s o n a b l e  hunches ,  and 1 
t h i n k  t h i s  r e p r e s e n t s  an  impor tan t  s t e p  a long  t h e  road,  I am a  l i t t l e  d i s -  
appo in ted  t h a t  Gordon was c r i t i c a l  of us .  We have come a  long ,  long  way 
on r e l a t i v e l y  modest and i n s e c u r e  funding.  I r e a l i z e  t h a t  t h e r e  is  a long 
way y e t  t o  go. We a r e  not  a t  t h e  moment i n  a  forrnal EIS p r o c e s s  and I 
t h i n k  we have t o  remember t h a t .  

With r e s p e c t  t o  Mary Majka's  comment, yes  I t h i n k  i t  i s  c o n f u s i n g  
t h a t  some people  a r e  r e l a t i v e l y  p o s i t i v e  and some people  a r e  s t i l l  r e l a -  
t i v e l y  unsure .  We a r e  i n  a very e a r l y  s t a g e  and we a r e  s imply doing our  
b e s t  n o t  o n l y  t o  p r e p a r e  o u r s e l v e s  i n t e l l e c t u a l l y  i n  c a s e  t i d a l  power 
should come a l o n g  bu t  a l s o  i n  c a s e  t h e r e  should be any o t h e r  a s s a u l t  t h a t  
somebody may dream up f o r  t h e  Bay of Pundy, be i t  s a l t  water  b r i n e  d i s -  
charges  from po tash  mines,  new i n d u s t r i a l i z a t i o n  i n  S a i n t  John,  t h e  o l d  
E a s t p o r t  r e f i n e r y  q u e s t i o n  which stimulated our  work of 1 2  y e a r s  ago o r  any 
number of t h i n g s .  We have t o  be prepared f o r  any one o r  a l l  of t h e s e  and 
any one of them may be announced tomorrow. 

G.C. Baker: -- 
A f t e r  Dave S c a r r a t t ' s  most a p p r o p r i a t e  s t a t e m e n t s ,  I d o n ' t  t h i n k  I 

need t o  say  a n y t h i n g  excep t  t o  p o i n t  o u t  t h a t  Don Gordon's c h a r t  (F ig .  2 )  
p rov ides  a  very  u s e f u l  p i c t u r e  of where we a r e  now, down i n  t h e  unders tand-  
I n g  s t a g e ,  and i t  is  a t  t h e  a p p l i c a t i o n  s t a g e  t h a t  we would a t t e m p t  t o  
answer t h e  s p e c i f i c  q u e s t i o n s  posed by Wally Kozac, Mary Majka and o t h e r  
people who wonder how c o n f i $ l e n t  we can be i n  our  p r e d i c t i o n s ,  how c o n f i d e n t  
w e  should  be ,  and what those  p r e d i c t i o n s  a r e ,  We're j u s t  n o t  t h e r e  y e t  and 
xe h a v e n ' t  any mandate t o  make p r e d i c t i o r i s  f o r  p u b l i c  consumption. We 
haven ' t  g o t  a l l  t h e  background i n f o r m a t i o n  y e t  and we have y e a r s  of ve ry  
s e r i o u s  and c o s t l y  work t o  do b e f o r e  we can make any p r e d i c t i o n s  l i k e  t h a t .  
A s  Dave S c a r r a t t  s a i d  t h e  s c i e n t i s t s  a r e  now t e s t i n g  t h e  s t a t e  of t h e i r  own 
knowledge t o  s e e  i f  t h e y  can,  I ' m  going t o  be i n  r e a l  t r o u b l e  i f  we s t a r t  
an  impact assessment  and they  c a n ' t  so I ' m  hoping t h e y  w i l l  keep t h i s  pro- 
cess  going u n t i l  they  can make adequa te  p r e d i c t i o n s .  U n t i l  t h e i r  under- 
s t a n d i n g  h a s  reached t h a t  p o i n t ,  1 t h i n k  i t  would be a  d i s s e r v i c e  t o  t h e  
p u b l i c  i f  we r e p r e s e n t e d  our p r e s e n t  i d e a s  t o  be p r e d i c t i o n s  of what r e a l l y  
w i l l  happen, A l l  we would do i s  encourage t h e  t a k i n g  of s i d e s  and a  d e b a t e  
on r h e t o r i c a l  grounds r a t h e r  than  on t h e  b a s i s  of f a c t ,  

G, Beanlands : 

1% not  s u r e  what my misconcept ion is  t h a t  Dave S c a r r a t t  was re-  



ferring to because I quite agree with what he is saying and I certainly 
don't want to leave this group with the impression that I was negative. In 
fact I started by asking why has this venture been so successful? The 
reason I think that it is important to know that is because there are two 
concepts of what environmental assesment is all about. One is that top 
block on Don Gordon's chart (Fig. 2) and the other is the entire chart. I 
ask you the question what happens to the top block without the bottom 
block? If we are going to improve the science of environmental assesment 
we need good scientists and how do we get them involved? I start out by 
asking that question because 1 really don't know what the magic formula was 
that prompted all of these people here to come together and focus their 
efforts in a well-organized way. 1 thinlc that it is extremely important to 
understand why it happened with Fundy because we are moving into an era of 
offshore research in which we are going to be funded by the Environmental 
Studies Revolving Fund to the tune of millions of dollars. There is one 
fund established for the east coast and another one for the Canadian 
Arctic, and the fund managers I'm sure will want to envolve the people who 
undertake the studies In that bottom block. They are not really interested 
in pursing the way we have done things in the past which has been a very 
much different exercise and largely a waste of time. So I don't think I 
disagree with you Dave at all. The point I was trying to make, which has 
evolved out of the project that I have been involved with over the past two 
years, is let's make sure that everybody tnvolved in environmental asses- 
ment understands the opportunities and the scientific constraints involved 
and that we don't go off half-cocked about what we think we can do and what 
we can predict because in many cases we have to go by best professional 
judgement. There is nothing wrong with that. What we have had up to now 
is professional judgement pawned off in envtronmental impact statements as 
the state of the art in scientific research and the decision makers and 
politicians unfortunately believe it. I think that an order of reality has 
to creep into impact asessment and I don't think we can get very far with 
impact assesments per se in that top block of Fig. 2 unless we can somehow 
manage to capture the kind of activity that has gone on for Pundy in the 
other mega-projects down the pipe. I throw up the Beaufort Sea as an 
example. It's in nobody's back yard so to speak and little basic research 
had been conducted. A lot of money was spent however on impact assessment 
studies which would dwarf the budgets of most institutions around the 
world. It's a shame the money couldn't have been used to conduct environ- 
ment studies like those done in Fundy. 

FeJe Simpson: 

My own comments are that a group Like this is quite frequently 
successful because of a few people who put a lot of energy into it. Don 
Gordon has been one of them, also Dave Scarratt and several other people in 
the scientific community, including some who unfortunately couldn't be 
here, 

Bob Cummings: 

I cover environmental topics for a publication and it seems 
obvious from having sat here for three days that there will be both bene- 



fits and damages associated with a tidal power project. Is there going to 
be any mechanism for compensating those people who may be damaged and, 
secondly, how do you really figure out who those people are if in fact you 
are going to compensate them when you are dealing with essentially the 
whole north eastern coast of North America? I have raised this question 
with several people here and one of the first questions I asked Dave 
Scarratt when I arrived was about the impact of the tidal changes on the 
coast of Maine, especially on the beaches. His comment was that he didn't 
think a 1% increase in tidal amplitude would have any impact. That is Bay 
of Fundy thinking. It is a 1% change in the Bay of Fundy but it is about a 
12% increase at the mouth of the Kennebec River where I live. For that 
person who has invested all his savings in a house on a sand dune it may 
have been unwise for him to have built there in the first place, but 
certainly it is more unwise to consciously make the situation worse. Is 
there any mechanism for compensating that person? It seems very likely 
from all the discussion that over a period of years the clam flat pro- 
duction in Maine will increase because of the greater tidal range, but it 
also seems likely from the liscussion that for four or five years, as the 
sediments shift back and forth to reach a new equilibrium, production may 
go down. For the person who makes his living digging clams, his concern is 
not what is going to happen five years in the future but with feeding his 
family for this week. It seems to me that at some point in the environ- 
mental assessment process these considerations have to be looked at. I 
really don't see any evidence that they have been yet. 

G.C. Baker: 

I would think that the subject of compensation would come up at 
that time when the interaction of the environmental perception of impacts 
and the design of the project was being debated. We only have one exper- 
ience and one swallow doesn't make a summer. But in the case of the 
Annapolis project, the agency for representing the environmental concerns 
of all the various parties that do have such concerns is the Intergovern- 
mental Environmental Advisory Committee (EAC), The EAC frequently says: 
'Well, what are you going to do about this?' 'Can you fix it up?' 'Are 
you going to compensate?' 'What is your approach?' This is the sort o f  
forum in which questions such as the one just raised has, in our limited 
experience to date, been settled. 

G. Beanlands : 

I would just like to make one comment after Mr. Raker's words. 
From my experience in dealing with industrial proponents across the 
country compensation is the one reason why they need good firm predictions 
from scientists because in .limy cases compensations are initially costed in 
the project based on predictions of what the losses are going to be. They 
have just as much need for a reasonably tight estimate of these changes for 
compensation calculation purposes as the scientist does for scientific 
reasons. I suggest that this is one area where we can get somewhere with 
industrial proponents because in many other cases they are not really in- 
terested in refining predictions because there is a certain comfort in 
flexibility of interpretation from their point of view. 



R.P. Delory:  

I would l i k e  t o  make a comment i n  response t o  Gordon Beanl.ands and 
put  i n  a l i t t l e  plug f o r  t h e  e n g i n e e r i n g  community. 1: g a t h e r  from h i s  t a l k  
t h a t  he was a lmos t  blaming t h e  e n g i n e e r s  f o r  not  having tile cornmon s e n s e  t o  
s t i c k  w i t h  t h e i r  p l a n  and making i t  very  hard f o r  t h e  env i ronmenta l  peop le  
t o  come up w i t h  t h e  proper  assesments ,  1 say  thank God t h e  e n g i n e e r s  have 
enough s e n s e  t o  change t h e  p l a n  i f  i t  looks  l i k e  i t  Is no t  going t o  work? 

C e  Desplanque: 

I ' d  l i k e  t o  make a couple  of comments, I" dike  t o  thank Don 
Gordon f o r  a l l  t h e  n i c e  remarks about  t h e  Dutch. Being a Dutchman, one of 
t h e  two h e r e  i n  t h e  aud ience ,  I should p o i n t  o u t  t o  keep t h i n g s  i n  ba lance  
t h a t  t h e  Dutch can make a w f u l l y  g rave  e r r o r s ,  One example is  found i n  t h a t  
p a r t i c u l a r  p r o j e c t  being mentioned, t h e  D e l t a  Works. They a r e  a t  t h e  
moment busy c l o s i n g  o f f  t h e  l a s t  t i d a l  i n l e t  which is  abotlt t h e  same magni- 
tude  a s  Cobequid Ray. They had t o  change p l a n s  i n  mid-stream because of 
p u b l i c  o u t c r y  o v e r  environmental  i m p l i c a t i o n s ,  Consequent ly  t h e y  change 
p l a n s  from a c l o s e d  dam t o  an open dam, Par l i ament  s h i f t e d  very  sdddenly  
and t h e y  a r e  more o r  l e s s  a t  t h e  moment i n  a t e c h n i c a l  f i x .  It c o s t  so  
much t o  change p l a n s  i n  mid-stream t h a t  t h e  Dutch budget i s  a w f u l l y  s t r a i n -  
ed a t  t h e  moment and t h e  maintenance of o t h e r  dykes i s  more o r  l e s s  hamper- 
ed by t h e  d r a i n a g e  of funds toward t h e  p r o j e c t ,  

I a g r e e  wi th  you t h a t  we have t o  look over  t h e  hor izon  and s e e  what 
o t h e r  people  do. I f  t h e  Dutch had looked t o  Canada t o  s e e  t h a t  you can 
grow o y s t e r s  i n  Whycocomagh Bay (Bras  D P O r  Lakes) wi th  a t i d a l  range of 
j u s t  a few em then  they  would have r e a l i z e d  t h a t  t h e i r  c o n c l u s i o n  t h a t  a 
2,3 m t i d a l  range was r e q u i r e d  f o r  o y s t e r  growing was a r a t h e r  exaggera ted  
demand. 

The second p o i n t  I want t o  b r i n g  o u t  concerns  i n c r e a s i n g  i n  t h e  
t i d a l  ampl i tude  by 15 c m  i n  t h e  Gulf of Maine, We a l l  know t h a t  t h e  e a s t -  
e r n  seaboard is  s e t t l i n g  a t  t h e  r a p i d  pace of about  30-40 em per  c e n t u r y  
and t h a t  a f f e c t s  t h e  mean water  l e v e l  a s  w e l l  a s  low and h i g h  water  
l e v e l s .  T i d a l  ampl i tude  is  a l s o  i n c r e a s i n g  n a t u r a l l y .  I f  Dave Greenburg's  
p r e d i c t i o n  i s  r i g h t ,  and I t h i n k  t h e r e  i s  a good chance he i s  r i g h t ,  then 
t h e  r e s u l t i n g  s i t u a t i o n  i s  e x a c t l y  t h e  same t h a t  w i l l  occur  n a t u r d l l y  about 
30 y e a r s  from now. I f  we a r e  goirig t o  pay damages t o  t h e  New Englanders  
t h e n  we should o n l y  have t o  do i t  f o r  about 30 y e a r s .  A f t e r  30 y e a r s  t h e y  
w i l l  be i n  t h e  same s i t u a t i o n  t h a t  would have happened anyway, 

W. S i l v e r t :  

During t h e  p a s t  couple  of days  we have heard about  50 papers  con- 
ce rned  wi th  d i f f e r e n t  segments of a problem, Normally a t  a confe rence  
t h e r e  would then  be a s e s s i o n  where e v e r y t h i n g  would be summed up, That 
haesn? r e a l l y  happened h e r e  because  t h e  i n t e n t  of t h i s  Pane l  i s  somewhat 
d i f f e r e n t .  T h i s  i s  n o t  a pane l  des igned t o  sum up t h e  s c i e n t i f i c  work t h a t  
has  been d i s c u s s e d  bu t  one des igned t o  t a k e  o f f  i n  a somewhat d i f f e r e n t  and 
very  impor tan t  d i r e c t i o n ,  I t h i n k  t h a t  t h f s  is  somewhat u n f o r t u n a t e  i n  a 



way because it leaves us wirh a feeling that we don't know what we have 
accomplished in the last couple of days and it looks like we may have to 
wait until next fall's workshop to have some attempt to summarize and inte- 
grate the knowledge we have gained. 

I would like to point out something which I don't feel has really 
been said during the workshop although it has been said in the restaurants 
and in the hotel rooms. There is a curious imbalance here,in the viewpoint 
of assessments because we have heard just one physical oceanographer, one 
sedimentologist, and several engineers but a vast number of biologists dis- 
cuss potential environmental impacts. Yet it appears that in terms of im- 
pact assessment the really crftical factors to look at are going to be the 
physical oceanography and the sedimentology. For me one of the most inter- 
esting observations during the entire workshop was how virtually all the 
biologists used the same model in the predictive papers of Session 111. It 
wasn't perhaps exactly obvious and people implemented it differently but it 
was clear that virtually all the models the biologists were using to make 
their predictions were either identical or compatable. They were based on 
certain fairly simple physical predictions about changes in size of the 
intertidal zone, the turbidity of the water in and outside of the barrage 
and a couple of other factors. In fact, people seem to assign the same 
priorities to them. Therefore, I have come to the conclusion that our bio- 
logical predictability is not, as several speakers have said, orders of 
magnitude worse than anything else in the system, but in fact is likely to 
prove in fairly good shape. Furthermore, biological systems have a degree 
of robustness and homeostasis which I think is likely to be evidenced in 
the future development of F~ndy. What I think is unfortunate is that we 
haven't yet determined the impact of uncertainty in the physical and sedi- 
mentological predictions and it is important to understand this in any kind 
of impact assessment exercise. For that reason I wanted to present this 
brief summary of my own. 

J. Lakshminarayana: 

We have heard mention made of the recently established Environ- 
mental Studies Revolving Fund which will provide millions of dollars to 
study the environmental impacts of offshore oil and gas development. I 
think a similar fund should be established for the coastal zone which must 
be protected from a large number of environmental insults. I also think 
that we should begin to pay more attention to the synergistic effects of 
developments. We already have one mega-project nearing completion in the 
Bay of Fundy, that is the Polnt Lepreau nuclear generating station. How 
will this project interact with tidal power development? How will a mishap 
with one project affect the other? These questions must be considered. 

R. Edwards: 

I think that the question of synergistic effects would be addressed 
in an environmental impact statement which would review the existing body 
of knowledge and attempt to make an assessment of what the likely impacts 
of the project under discussion are going to be on the coastal zone ecolog- 
ical system and on society at large. New research into these problems may 
be generated. 



D. Gordon: 

If you look at the draft EIS guidelines for Fundy I believe you 
will find statements about considering the interaction of a tidal power 
project with other large scnle developments that are already in existence 
or may be constructed within the lifetime of the project. Also, as you 
very well know, that the activities of the Fundy Environmental Studies 
Committee have not been focused solely on tidal power issues. We have been 
looking at diverse aspects of the Fundy environment and the BIO scientists 
responsible for the radiation monitoring of the Point Lepreau project are 
usual attendees at our workshops. I think that it is fair to say that 
within the Committee attention and interest is given to various issues that 
could very well arise and that we are developing basic information that can 
be used to solve any number of problems once they become known. 

G. Beanlands : 

I think that Dr. Lakshminarayana has identified a very real 
problem that we as a society face, namely being into the environmental im- 
pact statement age but only looking at individual projects. This applies 
to both government agencies and to the public at large. We do not have 
good institutional mechanisms for looking at the synergistic effects of 
different projects and the overall quality of the environment. Xtr  seems to 
be the coastal zone or enclosed areas like the Ray of Fundy where the im- 
pacts of different projects impinge upon each other. A much different type 
of approach ts necessary for regions like this. 



Plut8t que de conclure l'atelier par une s&ance qui n'en 

rksmerait que le contenu scientifique, le cornit& directeur 

d&cide dkrganiser une r&union-d&bat sur les exigences d'une 

bonne &valuation des incidences environnementales. Les 

participants, q u i  viennent de divers milieux, sont invit&s 

exprimer leur opinion sur la valeur bes &tudes environnementales 

faites & ee jour et sur les exigences et les responsabilit&s 

entraln6es par les travaux futurs. Les incidences 

environnementales de l'exploitation de li6nergie markmotrice par 

rapport d'autres sources dt&nergie sont Ggalement discut6es. 

Voici la liste des participants : 

1. D r  Fred J. Simpson - ~r&sident 
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Directeur du Laboratoire r6gional de 1'Atlantique 

1411 Oxford Street 
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2. M e  George C. Raker, Ing. 

vice-prgsident ex&cutif, Sociktg de lS&nergie 

mar6rnotrice 

Suite 1109 

5251 Duke Street 

Halifax, N.S. B3J 1P3 

3 .  M. Walter Kozak 

~r&sident de la Fundy Weir Fisherman Association Inc. 

St. Andrews, N . B . ,  EOG 2x0 



et il n'est pas toujours possible de le suivre he la faqon voulue 

au d6part. Mais j'ai pens& que peut-Gtre, en guise 

d'introduction la s6ance de cet aprgs-midi, il serait 

intkessant de connaetre les intentions de la ~oci&t&- 

Le plan comprend trois volets. Le premier est de 

satisfaire certains prgalables : 6tablir un plan financier 

faisable et acceptable de llam&nagement grande 6chelle pour 

d6terminer les clients potentiels de 116nergie produite et 

s'assurer jusqu'A un certain degr& q;e des permis d'exportation 

long terme seront disponibles. 

Donc, si ces conditions htaient remplies, nous nous 

lancerions tout de suite dans ce que nous appelons un programme 

de pr&-engagement. Celui-ci comporterait divers aspects, mais je 

pourrais les classer en trois groupes. Le premier serait 

116valuation environnementale et la conception dhfinitive. J'ai 

fait expr&s de r&unir ces deux aspects parce que je les trouve 

imbriqu6s. Le deuxisme groupe serait la n6gociation d'accords 

conditionnels en ce qui a trait aux finances, aux ventes, aux 

emprises et A d'autres exigences fonci&res. Le troisisme serait 

l'analyse des risques. Le programme de prg-engagement durerait 

probablement environ trois ans, peut-gtre davantage. S'il 6tait 

achev6, il serait d&cid& de s'engager ou non r&aliser 

lgam6nagement. Cet engagement lierait toutes les parties, 

c'est-$-dire les clients, les garants, les souscripteurs, les 

prsteurs, les fournisseurs de capitaux propres, etc. La d&cision 

d'engagement finale et officielle serait sans doute prise par les 

gouvernements , probablement ceux du Canada, de la ~ouvelle-Bcosse 

et du Nouveau-Brunswick. Cet engagement d6pendrait sans doute de 

l'opinion publique ainsi que des avantages, des inconvsnients et 

des risques apparemment rattach6s au projet. 



Cependant, le processus dkcisionnel ne serait pas aussi 

rude qu'il n'en a l'air. En effet, & tout moment du programme de 

prh-engagement, il pourrait Gtre d&cid& de mettre fin au projet, 

et ce, par n'importe laquelle des parties intkress6es. Par 

exemple, si 1'Btat du Maine estimait les inconv&nients 

environnementaux 6ventuels et les autres risques sup&rieurs aux 

avantages qu'il en retirerait, il pourrait dire : "Nous nous 

excusons, mais nous ne vous accordons pas d'emprise." Ou encore, 

si des clients, 2 un stade quelconque du programme de 

pr&-engagement, dkidaient que les resultats de conception ne 

correspondaient pas aux pr6visions de l'gtude de faisabilitQ et 

que les avantages nlQtaient pas aussi "all&chants" qu'avant, ils 

pourraient dire : "Eh bien, nous n'avons pas envie de 

poursuivre." S'il devait stav&rer, lors d'une &valuation 

environnementale, que certains des d&savantages, certaines des 

incidences environnementales seraient d&raisonnables, le projet 

pourrait tr&s bien slarr$ter 1;. La d&cision finale de s'enyager 

serait donc la dernike d'une longue sbrie de d6cisions prises 

par les divers intbress6s. 

11 peut donc sembler, dlapr&s ce que je viens de dire, 

que les chances qu'une d6cision positive soit prise sont tr&s 

minces. Elles pourraient l'ctre, mais, afin de rendre le projet 

plus probable, les promoteurs auraient avantage 2 ce que tous les 

int&ress&s b&nE?ficient du projet d'une manigre ou d'une autre; i l  

ne s'agirait ensuite que d'kquilibrer avantages et 

inconv&nients. ~'apr6s nos connaissances actuelles, nous croyons 

qu'il y a au moins une bonne probabilitg que les avantages soient 

suffisants pour que toutes les parties puissent en bknkficier et 

pour compenser les inconvhients. 



?i cet effet, nous veillons donc particuli2rement ?i cc que 

les incidences soient att&nu&es, dans la mesure du possible, par 

la conception. Cela m1am&ne A parler des aspects 

environnementaux. La soci6tk de 1'6nergie mar6motrice croit 

fermement que la mise sur pied d'une base de donni?es, n&cessaire 

la compr6hension des processus naturels S connaitre pour faire 

des &valuations environnementales, incombe aux organismes 

publics. D'autre part, nous nous sentons totalement responsables 

de ll&valuation des incidences pri?vues par un projet arrGt6 

d'exploitation dli?nergie mar&motrice. Chacun aurait donc une 

t$che bien d&finie. Les donn&es de base sont la responsabiliti? 

d e s  organismes publics, l'utilisation de ces donn&es pour pr&voir 

les incidences r&elles du projet est la n6tre. Ce n'est 

peut-Gtre pas 1; l'opinion de tous, mais c'est celle de la 

J'aimerais traiter d'une autre question 

environnementale : toutes les lacunes actuellement perques dans 

la base de donn&es devraient-elles 6tre combli?es avant que nous 

puissions faire une &valuation? Je crois que la r&ponse est 

non. Par exemple, supposons qu'il existe une lacune et qu%ucune 

pr6vision ne puisse 6tre faite sur un aspect qui pourrait 6tre 

mat&riellement d&savantageux. Dans ce cas, lginconv&nient 

accroTtrait les risques du projet. S'il pouvait Gtre &valu&, il 

serait ajout6 au coGt du projet, et, s'il ne pouvait laGtre, il 

constituerait un risque. Le pire est envisag&, et il s'agit 1; 

du risque potentiel particulier i cet aspect. Bien sGr, ce 

serait une bonne chose qu'il n'y ait aucun risque et que tout 

soit mis noir sur blanc. Mais si, pour une raison ou pour une 

autre, par manque de compr6hension ou de temps, un aspect de 



l'environnement ne peut 6tre &tudi& A fond, il reste un risque 

qui doit Gtre consid&r& au msme titre que tous les risques 

techniques, kcononiques ou autres. 

Je crois donc vous avoir fait voir notre situation 

actuelle en nati&re dl&valuation environnementale, et j'aimerais 

ajouter que notre situation A ce stade-ci serait pire, n'eGt &t& 

le travail du cornit& des htudes environnementales Fundy du 

Conseil des sciences des provinces de llAtlantique (CSPA) et des 
% 

institutions membres; je me sens plus sGr aujourd'hui qu'il y a 

une senaine de pouvoir faire une &valuation environnementale 

adequate. Merci beaucoup, Monsieur le ~rksident. 

W. Kozak : 

Je repr&sente un yroupe de pikheurs, et nous avons des 

pr&occupations trks, trgs pr4cises. Ce qui nous intkresse et' 

nous pr&occupe, c'est de savoir ce qui va se produire si un 

projet de captage de 116nergie marhmotrice est r&alis&. Quels en 

seront les effets sur les psches, en particulier sur la psche 

commerciale? D'abord, ce projet affectera-t-il les stocks? ,Et, 

autre question tout aussi importante 5 cause des variations d u  

r6gime des marges, serons-nous capables de pscher de la mgme 

faqon? En d'autres mots, pourrons-nous, sail y a toujours des 

poissons, pGcher par les m b e s  m&thodes qu'actuellement? Je 

crois que ces deux questions sont tr6s importantes. 

Si quelqu'un venait nous dire : "Nous ne toucherons 2 

aucune des p$cheriesU, j'en serais rGjoui, mais l'expkrience nous 

a appris, il me senble, que nous devons nous assurer de maetriser 

la situation. Nous voulons stre inform&s des &ventualit&s afin 
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de pouvoir, en tant que groupe, commencer A y faire quelque 

chose. Dans hien des cas, nous nous sommes rendus compte que 

nous 6tions les derniers informks. Dans beaucoup de d&cisions 

qui ont touch6 notre industrie, nos int&rGts n'ont pas &t& 

consid6r6s comrne des facteurs importants. I1 est vrai que les 

gouvernements d%ujourd'hui n'ont d' yeux que pour deux choses : 

116nergie et les emplois. Les d6cisions sont parfois prises non 

pas en fonction de leurs effets ultimes, mais simplement en 

considkrant si un projet fournira de lt6nergie ou des emplois. 

~lut6t que de continuer A discourir, je conclurai en 

disant que nous voulons trouver ou tenter de trouver quels effets 

un projet d'exploitation de 1'6nergi.e markmotrice aura sur nos 

pGc'f~es, c'est-A-dire sur notre gagne-pain. Une fois ces 

informations obtenues, nous voulons Stre en mesure de ~ r o t & ~ e r  

nos int&rSts. 

H. Mills : 

Je suis ici, je crois, pour traiter en particulier des 

aspects socio-Qconomiques de l86nergie rnar&motrice. Comrne un 

certain nombre de personnes l'ont constat&, le ~omit6 des &tudes 

environnementales Fundy s'occupe surtout d'aspects 

environnementaux, et, bien que certaines personnes aient d&j& 

6tudi.h les incidences socio-&conomiques, ce sont 1A peut-Stre les 

pr&occupations principales, qui appellent un surcrozt 

d'attention. J'aimerais en fait parler de deux aspects 

diff&rents. Le premier touche aux considkrations 

socio-&conomiques que pourrait impliquer la dgcision de 

construire un gros barrage pour capter 1-nergie mar6motrice1 et 

le deuxi;me, aux consid6rations socio-&conomiques li6es un 

projet concrete 



J e  veux d ' a b o r d  p a r l e r  d e s  co f i t s  d ' o p t i o n .  En f a i t ,  j e  

c r o i s  q u e  l e s  coGts  d e  ce p r o j e t  s o n t  t r&s i n t 6 r e s s a n t s  

p u i s q u ' i l s  o n t  g r imp6  d e  1 6  m i l l i a r d 9  d e  d o l l a r s  e n  s i x  h e u r e s  

h ie r ,  e t  j e  t r o u v e  c e l a  un peu  e f f a r a n t .  En f i n  d e  m a t i n e e  h i e r ,  

e n  r 6 p o n s e  2 une q u e s t i o n ,  George Baker a d i t  q u e  le p r o j e t  B9 

c o e t e r a i t  e n v i r o n  6 m i l l i a r d s  d e  d o l l a r s .  J ' a i  q u i t t &  l a  s & a n c e  

d ' h i e r  ap r6s -mid i  un peu  t a t ,  e t  j ' k c o u t a i s  l es  n o u v e l l e s  d e  s i x  

h e u r e s  e n  m e  r e n d a n t  ?i mon hatel .  Dick D e l o r e y  & t a i t  i n t e r v i e w &  

5 l a  r a d i o  e t  d e c r i v a i t  a v e c  &loquehce  l es  m i l l i a r d s  d e  t o n n e s  d e  

c i m e n t  e t  d ' a u t r e s  m a t & r i a u x  r e q u i s  p a r  l e  p r o j e t .  11 a d & c l a r &  

q u a i l  f a u d r a i t  1 2  a n s  p o u r  l e  r g a l i s e r ,  a u , c o G t  d e  22 m i l l i a r d s  

d e  d o l l a r s .  I1 y a d o n c  une  t r k s  g r a n d e  d i f f 6 r e n c e  e n t r e  l e s  

deux c o i j t s ,  e t  s i  c e l a  s ' e s t  p a s s 6  h i e r ,  je m e  demande ce q u i  s e  

p r o d u i r a  l a  semaine  p r o c h a i n e .  

Ce q u e  j e  veux f a i r e  r emarquer ,  c ' e s t  que  m G m e  s i  les 

f o n d s  s o n t  d i s p o n i b l e s  p o u r  un p r o j e t  d ' e n v e r g u r e ,  peu i m p o r t e  l e  

c o 6 t  v & r i t a b l e  une  f o i s  l e  p r o j e t  t e r m i n 6 ,  m6me s i  l e s  f o n d s  

v i e n n e n t  d ' u n  b a r o n ,  d ' u n  c h e i k  ou  d e  l a  N o u v e l l e - A n g l e t e r r c ,  l a  

g r o s s e  somme n & c e s s a i r e  sera s o u s  forme d e  p r s t ;  m6me s i  l ' a r g e n t  

e s t  f a c i l e  ?i e m p r u n t e r ,  ce s e r a  t o u j o u r s  une d e t t e  & r e m b o u r s e r ,  

c e  q u i  l i m i t e r a  les  a u t r e s  a c t i v i t 6 s  d e  l a  Nouve l l e -kcosse  

p e n d a n t  long temps .  C ' e s t  l e  g e n r e  d e  coct d ' o p t i o n  q u i  d o i t  G t r e  

d i s c u t & .  Je n e  t e n t e  p a s  s e u l e m e n t  d e  s a v o i r  comment d 6 p e n s e r  

2 2  m i l l i a r d s  d e  d o l l a r s ,  s i  jamais nous  les  avons .  J e  c r o i s  

c e p e n d a n t  q u e  nous  d e v o n s  v r a i m e n t  t e n i r  compte d e s  o b j e c t i - f s  & 

a s s e z  l o n g  t e r m e  d e  l a  ~ o u v e l l e - f i c o s s e .  Nous devons ,  d e  m s m e ,  

nous i n t e r r o g e r  s u r  l e  t y p e  d e  p r o j e t  p o u r  l e q u e l  nous  p o u r r o n s  

p e u t - & t r e  f a i r e  a p p e l  & d e s  march6s m o n b t a i r e s  G t r a n g e r s ,  c a r  

n o t r e  c a p a c i t &  d ' e m p r u n t  p o u r  d l a u t r e s  p r o j e t s  s e r a  t r&s  l i m i t k e  

s i  nous  r k a l i s o n s  c e l u i - c i ?  



A c e l a , s e  r a t t a c h e n t  l e s  r i s q u e s .  11 a  &ti? q u e s t i o n  tle 

l ' a n a l y s e  d e s  r i s q u e s  & p l u s i e u r s  r e p r i s e s  i c i ,  mais  p l u t 6 t  e n  

f o n c t i o n  d e s  p rob l&mes  envi ronnementaux.  Je crois  q u e  c e  p r o j e t  

compor te  6ga lemen t  un trGs g r a n d  r i s q u e  6conomique. S i  nous  

e o n s i d & r o n s  l e s  1 0  p r o c h a i n e s  ann6es  o u  p l u s  e n  t e r m e s  d ' a v e n i r  

&conomique, peu  p r & s  l a  s e u l e  c h o s e  que  nous  soyons  c a p a b l e s  d e  

p r & v o i r  a v e c  c e r t i t u d e ,  c ' e s t  que  nous  a l l o n s  nous  t r o m p e r .  11 

es t  t r 6 s  d i f f i c i l e  d e  d i r e  q u e l l e s  c o n d i t i o n s  6conomiques 

e n t o u r e r o n t  l e  p r o j e t  d a n s  d i x  a n s .  C e  q u e  j e  veux s o u l i g n e r ,  

d o n c ,  c ' e s t  q u e  mGme s i  l a  p l a n i f i c a t i o n  kconomique du p r o j e t  e s t  

f a i t e  a v e c  beaucoup  d e  s o i n ,  e t  je suppose  q u ' i l  e n  s e r a  a i n s i ,  

l e s  c o n d i t i o n s  6conomiques irnposent un f a c t e u r  d e  r i s q u e  tr&s 

& l e v &  a u  p r o j e t  e t  aux a u t r e s  s e c t e u r s  d e  n o t r e  6conomie. P a r  

exemple ,  s ' i l  y a r e p r i s e  hconomique e t  q u e  t o u s  l es  coGts 

demeuren t  & l e v h s  o u  monten t ,  l e  p r o j e t  B 9  p a r a 2 t r a  f a n t a s t i q u e .  

Ce s e r a  une a f f a i r e  e n  or .  D ' a u t r e  p a r t ,  s i  nous  nous  t r o u v o n s  

t o u j o u r s  aux p r i s e s  a v e c  l a  c r i s e  &conomique e t  que  l es  p r i x  

mondiaux d e  p & t r o l e  d i m i n u e n t  e n c o r e  d a v a n t a g e ,  a l o r s  l e  

p r o j e t  B 9  p o u r r a i t  donner  beaucoup d e  t r a c a s  e t  nous  t o u c h e r  d e  

d i v e r s e s  f a q o n s .  S i  j e  r e p r e n d s  un peu  l ' i d & e  d e  C a r l  Amos, q u i  

r e p r 6 s e n t a i . t  h i e r  p a r  d i v e r s e s  p e t i t e s  f l g c h e s  o r i e n t 6 e s  d a n s  d e s  

d i r e c t i o n s  d i f f 6 r e n t e s  t o u t e  l a  gamme d e s  p o s s i b i l i t & s ,  2 rnon 

a v i s ,  nous  d e v o n s  f a i r e  c e  g e n r e  d '  a n a l y s e  d e  r i s q u e s  e t  & v a l u e r  

g l o b a l e m e n t  l e s  a s p e c t s  6conomiques du p r o j e t  a i n s i  q u e  t e n t e r  a e  

j u g e r  s i  nous  pouvons  f a i r e  ce p a r i .  



Dans ce  c o n t e x t e ,  je crois  q u e  nous  d e v o n s  c o n s i d & r e r  

c e u x  q u i  p r e n d r o n t  l a  d & c i s i o n  e t  l e  r6le q u e  l e  p u b l i c  j o u e r a .  

C e r t a i n e m e n t ,  e n  ce q u i  a t r a i t  a u x  a s p e c t s  env i ronne rnen t aux ,  l e  

cornit& d l & t u d e s  e n v i r o n n e m e n t a l e s  Fundy a &t& tr&s e f f i c a c e  p o u r  

r & u n i r  les  d i v e r s e s  p e r s o n n e s ,  o r g a n i s e r  d e s  d i s c u s s i o n s  £ r a n c h e s  

e t  s u i v r e  l e s  choses d ' a s s e z  pr&s. Mais q u ' e n  es t - i l  d e  l ' a s p e c t  

soc io -kconomique  e t  d e  l a  p o l i t i q u e  p u b l i q u e ?  

Je m e  r e n d s  c o m p t e  q u e  ces p e r s o n n e s  n e  s o n t  p a s  t e n u e s  & l ' k c a r t  

d u  g r o u p e ,  m a i s  je n e  v o i s  t o u j o u r s  p a s  ce g e n r e  de d&bat s e  

t e n i r ,  e t  ce la  m i i n q u i & t e  un  p e u .  S i  o n  c o n s i d 6 r e  l e  p ro je t  B9, 

il ressort  d e s  d i s c u s s i o n s  y u e  n o u s  a v o n s  e u e s  q u e ,  m 8 m e  s i  d e  

nombreuses  p r & o c c u p a t i o n s  e n v i r o n n e m e n t a l e s  y s o n t  l i & e s ,  a u c u n e  

des i n c i d e n c e s  n ' a p p a r a i t  t r&s a l a r m a n t e .  11 y a c e r t a i n s  

aspects  i n q u i & t a n t s ,  m a i s  i l  n e  semble p a s ,  d a n s  l ' e n s e m b l e ,  q u e  

d e s  c o n s i d 6 r a t i o n s  e n v i r o n n e m e n t a l e s  r g u s s i r o n t  c o n t r e c a r r e r  ce 

p r o j e t .  

Mais p e u t - s t r e  d e v r i o n s - n o u s  nous  p e n c h e r  e n c o r e  s u r  l es  

a u t r e s  c h o i x .  Nous p a r l o n s  d e  r&a l i s e r  un arnhnagement q u i  

p r o d u i r a i t  de 1 ' 6 n e r g i . e  d o n t  n o u s  n ' a v o n s  p a s  v r a i m e n t  b e s o i n  e n  

ce moment. On p o u r r a i t  t o u t  a u  m o i n s  a v a n c e r  c e t  a r g u m e n t .  Nous 

p r & v o y o n s  e x p o r t e r  90 % d e  l ' k n e r g i e ,  p r o b a b l e m e n t  p e n d a n t  l e s  25  

o u  30 ~rerni&res a n n & e s  d ' e x p l o i t a t i o n .  Nous n ' e n  a v o n s  d o n c  p a s  

v r a i m e n t  b e s o i n .  Q u e l s  s o n t  l e s  a u t r e s  c h o i x ?  L e s  &conomies  

d q n e r g i e  s o n t  u n e  d e s  p o s s i b i l i t & s .  Que p e n s e z - v o u s  d e  l a  r o u e  

h y d r a u l i q u e ?  S i  n o u s  v o u l o n s  n o u s  l a n c e r  d a n s  1 ' G n e r g i e  

m a r & m o t r i c e ,  n o u s  p o u r r i o n s  t r&s b i e n  c o n s t r u i r e  d e s  o u v r a g e s  q u i  

e x i g e r a i e n t  m o i n s  d ' e m p r u n t s  e t  q u i  p o u r r a i e n t  s e r v i r  h f a i r e  d e s  

e x p & r i e n c e s ,  e t  n o u s  p o u r r i o n s  e n  & r i g e r  p l u s i e u r s  ?i l a  l o n g u e  



pour produire de I'6neryie mar6motrice; sans doute s'agirait-il 

d'un projet plus facile A financer, plus facile supporter 5 

mesure que les conditions &conomiques changeraient, et 

probablement encore moins dommageable pour l'environnement. 

Si nous decidons ou si quelqu'un d6cide dkntreprendre 

un projet, nous devons nous attarder A d'autres consid6rations 

socio-&conomiques, que je classerai de nouveau en deux groupes : 

la phase de construction ~roprement~dite, et ses aspects 3 plus 

long terme. La phase de construction am&e une foule de 

b&n&fices r6gionaux. 11 y aura crhation de nombreux emplois, 

beaucoup dlactivit&s, donc stimulation importante de l'&conomie, 

sans parler des retomb&es industrielles de la construction et de 

lasimple existence du projet. La phase de construction 

comportera toutefois des aspects n&gatifs. I1 faudra sans doute 

vivre une prosp&rit& sans lendemain; de nombreux travailleurs 

&migreront dans une rggion actuellement peu ~ e u ~ l & e ,  et il faudra 

prkciser si une communautk permanente sera &tablie pour eux, 

s'ils pourront habiter Truro, de quels services ils auront 

besoin, s'il sera possible d'assembler un certain nombre de 

pi&ces 2 Halifax ou ailleurs et de transporter des caissons au 

chantier par voie d'eau. A mon avis, pas ma1 de probl~mes 

accompagneront la grande quantith d8activit&s industrielles li&es 

21 la phase de construction, qui, tout en permettant une foule de 

choses, pourrait avoir un impact nhgatif sur les petites 

municipalit&s de la r&gion. Les faqons de minimiser certains de 

ces impacts seront certainement des prkoccupations au stade de la 

construction. 



Au niveau des aspects 6conomiques & long terme, il Y a 

encore une fois de nombreux facteurs positifs. En effet, il 

s'agira dl&nergie propre et peu coGteuse. ~i l'on a besoin 

d8&nergie et qu'on cherche diff&rents moyens d k n  produire, la 

houille bleue semble assez int&ressante, certainement plus 

que la combustion du charbon ou d'autres m6thodes. 0 

retomb6es industrielles en attirant des industries "&nergivoresM 

par une structure tarifaire avantageuse. On peut encore 

envisager toute une g a m e  d'avantayes, jusqu'aux aspects 

touristiques - en effet, de nombreuses personnes voudront aller 

voir un vaste barrage & mar&es. Mais, du c$t& n&gatif, il y a 

les d&s6conomies li&es au r&servoir et les craintes pour le 

climat, l'agriculture, l'&rssion, les eaux souterraines et les 

inondations. Rien des aspects dont vous avez trait& ici lors de 

cet atelier revetent, bien sQr,  des aspects &conomiques, et la 

plupart daentre eux sernblent un peu nkgatifs. Mais, compte tenu 

de l'envergure du projet, ils ne sont pas associ&s 2 de grandes 

sommes d'argent. Nsus avons 6galement entepdu Peter Earsen nous 

parler hier des d~s&conomies externes iiees aux amplitudes 

markales plus fortes et aux effets qui se r&~ercuteront plus loin 

sur la c6te de m$me qu'en ~ouvelle-ficosse et au 

Nouveau-Brunswick. Il s'agit peut-stre dhnnc question A laquelie 

tentent de r6pondre les &tudes entreprises par le Maine pour 

&valuer le coGt aff&rent & ls&l&vation des niveaux des hautes 

mers une fois le projet achev&. Ces ktudes doivent &tre mises en 

branle en ~ouvelle-&cosse et au Nouveau-Brunswick. 

Pour terminer, un commentaire- Je vais prendre La parole 

en tant que membre de la ~&d&ration canadienne de la nature 

pour un moment et traiter de Pa n&cessit& d"1argi.r le dkbat 2 un 

kventail beaccloup plus large de groupes d3int&rGts* En plus des 



u n i v e r s i t a i r e s  e t  d e s  s c i e n t i f i q u e s ,  un b o n  nombre d e  p e r s o n n e s  

a u r o n t  un i n t & r g t  d a n s  l a  d g c i s i o n  d e  r&a l i s e r  o u  d e  n e  p a s  

r b a l i s e r  un p r o j e t  e t  d a n s  l e s  i n c i d e n c e s  q u i  e n  d k c o u l e r o n t .  Je 

crois q u e  l a  ~ o c i & t 6  d e  l i & n e r g i e  m a r & m o t r i c e  f e r a i t  b i e n  d e  s ' y  

m e t t r e ,  d e  commencer, p a r  exemple ,  & 6 t a b l i r  d e s  m6canismes  p l u s  

o f f i c i e l s  p o u r  s o n d e r  l e s  d i v e r s e s  p a r t i e s ,  notamment 1 ' U n i o n  

n a t i o n a l e  d e s  f e r m i e r s ,  l q l n s t i t u t  d e s  femmes d e  l a  

~ o u v e l l e - l ? , c o s s e ,  les  p 5 c h e u r s  d e  h a r e n g s  a u x  f a s c i n e s  e t  l a  

~ & d & r a t i o n  c a n a d i e n n e  d e  l a  n a t u r e .  S i  n o u s  l a i s s o n s  a l l e r  l e s  

c h o s e s  t rop  l o n g t e m p s ,  ces g r o u p e s ,  e n  g r a n d e  p a r t i e  p a r c e  q u ' i l s  

c o m p r e n n e n t  ma1 ce q u i  se passe, se p o s e r o n t  des q u e s t i o n s .  Je 

crois  q u e  c e l a  v a u d r a i t  b e a u c o u p  mieux  e t  q u e  l a  q u a l i t 6  d e  l a  

p a r t i c i p a t i o n  d e  ces g r o u p e s  s e r a i t  m e i l l e u r e  s i  n o u s  l es  

m e t t i o n s  d a n s  l e  c o u p  e t  l e s  f a i s i o n s  p a r t i c i p e r  A ces 

d i s c u s s i o n s  d & s  l e  d & b u t .  Merc i .  

G .  B e a n l a n d s  : - 

J ' a i  6 t h  p a r t i c u l i & r e m e n t  i n t & r e s s &  p a r  ce  q u i  s ' e s t  

p a s s &  d a n s  c e t  a t e l i e r  a u  c o u r s  d e s  t ro i s  d e r n i e r s  j o u r s .  

E ' I n s t i t u t e  of  R e s o u r c e  a n d  E n v i r o n m e n t a l  S t u d i e s  d e  l W n i v e r s i t &  

D a l h o u s i e  a r e q u  d u  gouvernernent  f & d i ? r a l ,  il y a  e n v i r o n  d e u x  a n s  

e t  demi ,  l e  mandat  de  t r o u v e r  d e s  f a q o n s  d ' a m & l i o r e r  l a  v a l e u r  

s c i e n t i f i q u e  d e s  G t u d e s  d y m p a c t  d a n s  n o t r e  p a y s .  On m k  demand6 

d e  d i r i g e r  c e  p r o j e t .  A c e r t a i n s  G g a r d s ,  ce  q u i  se  p r o d u i t  2 

Fundy d e p u i s  s i x  a n s  r e p r & s e n t e  e n  a c c 6 l & r &  ce q u i ,  s e l o n  f e  

m i l i e u  d e  l a  recherche a p p l i q u 6 e  a u  Canada ,  d e v r a i t  a r r i v e r  p o u r  

a n & l  i o re r  n o t r e  base s c i e n t i f i q u e  de l ' & v a l u a t i o n  d e s  

i n c i d e n c e s .  Je n e  c ro i s  p a s  q u 5 1  s % g i i s s e  d ' u n e  q u e s t i o n  

p u r e m e n t  acadkmique ,  car je s a i s  q u e  l e  gouve rnemen t  f & d 6 r a l  

a p p l i q u e  d & j s  c e r t a i n e s  des  r e c o m m a n d a t i o n s .  



J ' a i m e r a i s  v o u s  p r 6 s e n t e r  l e s  r & s u l t a t s  p r & l i m i n a i r e s  d u  

p ro je t  e t  compare r  ce q u e  v o u s  a v e z  d i t  q u e  v o u s  f e r i e z  e t  ce q u e  

v o u s  a v e z  r & e l l e m e n t  f a i t .  Pou r  l ' i n s t a n t ,  i n t b r e s s o n s - n o u s  a u  

probl6me d a n s  une p e r s p e c t i v e  g l o b a l e .  P e n d a n t  l ' a t e l i e r ,  je 

n ' a r r G t a i s  p a s  d e  m e  demander  p o u r q u o i  c e t  e x e r c i c e  des s i x  

d e r n i & r e s  a n n g e s  a &t& s i  f r u c t u e u x ,  e n  p a r t i c u l i e r  g r s c e  & une  

c o l l a b o r a t i o n  e n t r e  d e s  & t a b l i s s e m e n t s  d e  r e c h e r c h e  q u i ,  

j u s q u ' a l o r s ,  n e  s 9 t a i e n t  j a m a i s  t o u r n 6 e s  v e r s  un ~ r o b l g m e  

colnmun. Q u e l q u ' u n  a d i t  q u e  c 1 6 t a i t  p e u t - B t r e  l h  l e  s i g n e  d ' u n  

i n t g r s t  p o u r  ce q u i  se p a s s e  c h e z  soi .  I1 y  a  un c e r t a i n  nombre 

d ' i n s t i t u t i c - 1 s  s c i e n t i f i q u e s  a u t o u r  d e  l a  b a i e  d e  Fundy; ce l le -c i  

e s t  donc  l e  d g n o m i n a t e u r  commun. Mais  je c ro is  q u e  ce n ' e s t  p a s  

t o u t .  A mon s e n s ,  parce q u ' i l  s ' a g i t  d ' u n  s y s t & m e  u n i q u e ,  il 

r e p r & s e n t e  p r o b a b l e m e n t  un c e r t a i n  d & f i  i n t e l l e c t u e l  p a r  r a p p o r t  

h  une  a p p r o c h e  q u i  n e  f e r a i t  p a s  p a r t i e  d ' u n  t o u t  o u  q u i  

r 4 i n v e n t e r a i - t  l a  r o u e .  Je c ro is  6galernen-L q u e  s o n  s u c c & s  r e p o s e  

e n  p a r t i e  s u r  l e  mod&le  num&r ique  d e s  mar&es &labor& p a r  Dave 

Greenbe rg  e t  q u i  s e r t  de  p o i n t  d e  d & p a r t  &. t o u t e s  l e s  6 t u d e s .  Le 

p ro le t  p o u r r a i t  & g a l e m e n t  a v o i r  &t& un s u c c s s  p a r c e  q u e  l e  

p r o m o t e u r  e s t  l e  gouve rnemen t  p a r  l % n t r e m i s e  d ' u n e  soc i&t& d e  l a  

Couronne e t  q u ' i l  a s a n s  d o u t e  &t& p l u s  f a c i l e  d e  c a n a l i s e r  l e s  

f o n d s  gouvernementaux  v e r s  l a  recherche a p p l i q u 6 e  d ' u n  m 6 g a p r o j e t  

q u e  s ' i l  s ' & t a i t  a g i  d ' u n  p ro j e t  s u b v e n t i o n n 6 ,  p a r  exemple ,  p a r  

Mobil O i l  o u  Pe t ro-Can  ( b i e n  q u e  n o u s  c o n c l u i o n s  d e  p l u s  e n  p l u s  

d % c c o r d s  d e  c o e n t r e p r i s e  a v e c  l ' i n d u s t r i e ) .  

~ ' a p r $ s  ce q u e  Don Gordon a  d i t  a u  d k b u t  d e  l ' a t e l i e r ,  il 

s e m b l e r a i t  q u e  p l u s i e u r s  m i l l i o n s  d e  d o l l a r s  d e  f o n d s  f & d & r a u x  

o n t  6t.6 v e r s & s  aux  6 t u d e s  e n v i r o n n e m e n t a l e s  d e s  s i x  d e r n i G r e s  

a n n 6 e s .  S e l o n  d e s  e x p & r i e n c e s  a u  n i v c a u  i n t e r n a t i o n a l  d a n s  l e s  



m k g a p r o j e t s  c o F e  c e l u i - c i ,  l e s  k t u d e s  e n v i r o n n e m e n t a l e s  

p r e n n e n t  e n t r e  un t r o i s  p o u r  c e n t  du  b u d g e t  t o t a l  d u  p r o j e t .  

 me aprGs a v o i r  a j o u t &  & l t 6 v a l u a t i o n  d e  Don Gordon l e s  

6qu ipemen t s  e t  l e s  s a l a i r e s  i n d i r e c t e m e n ' t  l i & s  1 ' 6 t u d e  

e n v i r o n n e m e n t a l e ,  l e  co i l t  n ' e s t  t o u j o u r s  q u e  d e  O e l  8 d e  

6 m i l l i a r d s  d e  d o l l a r s ;  l e  chemin q u i  res te  A f a i r e  e s t  donc  l o n g  

a v a n t  d ' a t t e i n d r e  l e s  normes i n t e r n a t i o n a l e s .  

J ' a i m e r a i s  e n s u i t e  p a r l e r  b r i k v e m e n t  d e  c e r t a i n s  d e s  
1 

r k s u l t a t s  p r k l i m i n a i r e s  d u  p r o j e t  e n  q u e s t i o n  e t  l e s  comparer  A 

l a  s i t u a t i o n  d e s  s i x  d e r n i G r e s  ann6es  2 Fundy. Dans c e r t a i n s  

c a s ,  j ' a i  k t 6  f o r t  a g r k a b l e m e n t  s u r p r i s ,  a l o r s  q u e ,  d a n s  

d ' a u t r e s ,  j ' a i  k t 6  t r $ s  d&$u. En f a i t ,  je c r o i s  que  p l u s i . e u r s  

exemples  p a r t i c u l i e r s  p a r m i  l e s  r k s u l t a t s  q u i  nous  o n t  6 t k  

p r 6 s e n t 6 s  c e s  t r o i s  d e r n i e r s  j o u r s  r e f l 6 t e n t  l e s  recommandat ions 

d u  m i l i e u  d e  l a  r e c h e r c h e  a p p l i q u & e  a u  Canada. J e  v o u d r a i s  

a j o u t e r  q u ' u n  peu  moins d e  200  p e r s o n n e s  y o n t  t r a v a i l 1 6  d a n s  d e s  

l a b o r a t o i r e s  d e  r e c h e r c h e s ,  d e  S a i n t - J e a n  ?I Vancouver .  

Tout  l e  monde nous  a d i t  que  nous  d e v o n s  c e s s e r  d e  nous  

& p a r p i l l e r  e t  nous  a t t a r d e r  aux a s p e c t s  q u i  compten t  v r a i m e n t .  

Nous n ' a v o n s  p a s  l e  temps d e  t o u t  k t u d i e r .  L ' u n e  d e  n o s  

recommandat ions  v i s e  5 r e n d r e  o b l i g a t o i r e ,  p o u r  t o u t e s  l e s  & t u d e s  

d ' i m p a c t ,  l e s  e x e r c i c e s  d e  m i s e  e n  p e r s p e c t i v e  s o c i a l e .  La s e u l e  

f o i s  o h  j ' a i  vu c e l a  s e  p r o d u i r e  a u  c o u r s  d e  l ' a t e l i e r  a  &t& 

l o r s q u e  P e t e r  L a r s e n ,  d u  Maine, a  t e n t k  d e  c e r n e r  l ' o p i n i o n  

p u b l i q u e  5 p r o p o s  d ' u n  b a r r a g e  5 markes.  Pour un s c i e n t i f i q u e ,  

c e t t e  a p p r o c h e  p e u t  s e m b l e r  i n a p p r o p r i k e ,  m a i s ,  p o u r  un homme 

p o l i t i q u e ,  e l l e  pe rme t  d ' a p p o r t e r  d e  l ' e a u  & s o n  moul in .  Le 

m i l i e u  s c i e n t i f i q u e  nous  a p rgvenus  d u  d a n g e r  d e  l a  m i s e  e n  

p e r s p e c t i v e  s o c i a l e  p a r c e  q u ' o n  n e  p e u t  a s s w n e r  que  l e  p u b l i c  e s t  



au courant de tout ce qui est important. Je crois qu'il y a 

&galement un hic car, parfois,, msme les scientifiques ne 

connaissent pas tout ce qui est important. Mike Dadswell a fait 

remarquer que, jusqu'au moment 06 ont cornrnenc6 les etudes 

r&centes dans la baie de Fundy, personne ne comprenait 

l'importance des sections sup&rieures des cours d'eau pour 

l'alose. En outre, je crois que Peter Hicklin a fait remarquer 

que l'importance de la rivi&re ~hub6nacadie pour les aigles A 

tGte blanche vienb tout juste d'gtre rGalis6e. Je crois que nous 

sommes tous d'accord pour dire que ces deux composantes 

environnementales auront un p ~ i d s  dans, le processus d&cisionnel. 

Selon les chercheurs participant 2 notre projet, la 

premi&re chose faire apr&s la mise en perspective est 

dl&tablir des limites, et tous ceux qui s'occupent de 

mod&lisation pr6visionnelle ne manquent pas de le faire. 

Toujours selon nos chercheurs, il n'existerait pas de limites 

d86tude communes pour les &valuations des incidences. En un 

sens, ces limites peuvent se situer partout sur la carte, mais 

elles doivent Gtre bien dgfinies. J'attire votre attention sur 

les limites de 116tude de l'alose, qui s'6tendent jusqu'en 

  lo ride, et celles de ll&tude des oiseaux d- rivage, qui vont 

jusqu'en ~m6rique du Sud. 11 n'est pas question d'une limite 

dqtude au sens d'un trait sur une carte, mais plut6t d'une 

limite A partir de laquelle les donn6es sont recueillies. Je 

crois que vous vous rappellerez que Mike Dadswell et Peter 

Hicklin ont dit quails avaient reGu des donn6es de toutes les 

r&gions & 11int6rieur des limites de 1'6tude. 



IP es t  Ggalement i m p o r t a n t  d ' h t a b l i r  les  l i m i t e s  

t e m p o r e l l e s .  C e l a  m ' a  v r a i m e n t  embGt6, p e n d a n t  l ' a t e l i e r ,  d e  

v o i r  q u ' i l  f a u d r a i t  e n v i r o n  o n z e  o u  douze  a n s  p o u r  r 6 a l i s e r  Ie  

p r o j e t  p roposg  e t  q u e  l a  c o n s t r u c t i o n  p o u r r a i t  n e  d & b u t e r  q u e  

t r o i s  ou q u a t r e  a n s  p l u s  t a r d .  Le p r o j e t  ne  s e r a i t  ~ e u t - @ t r e  

d o n c  achev& q u e  d a n s  v i n g t  a n s .  S i  l e s  p a r t i c i p a n t s  s o n t  a r r i v g s  

A un s e u l  c o n s e n s u s ,  c ' 6 t a i t  q u e  l e s  p r & v i s i o n s  b i o l o g i q u e s  pour  

p l u s  d e  c i n q  a n s  s o n t  2 peu p r 6 s  i m p o s s i b l e s .  J e  me demandc si 

n o u s  avons  v r a i m e n t  c o n s i d & &  l a  p g r i o d e  extr2mement  longue  p o u r  

l a q u e l l e  nous  t e n t o n s  d e  p r 6 v o i r  d e s  changements .  

Une a u t r e  l i m i t e  t e m p o r e l l e  e s t  l e  temps d e  r & p o n s e .  

S e l o n  c e r t a i n s ,  il p o u r r a i t  S t r e  p l u s  i m p o r t a n t  d t & t u d i e r  l a  

c a p a c i d  p o t e n t i e l l e  d e  r g p o n s e  b i o l o g i q u e  d u  s y s t 6 m e  touch6  

q u e  d e  s ' e n  t e n i r  a u  s e u l  n i v e a u  d e  l ' i m p a c t .  Prenons  un a u t r e  

exemple  d o n t  il a &t& q u e s t i o n  lors  d e  l ' a t e l i e r  : nous  n e  

c o n n a i s s o n s  p a s  l a  p k i o d e  n k e s s a i r e  a u  ~ o r o p h i u m  p o u r  

r e c o l o n i s e r  d e s  r & g i o n s  s u s c e p t i b l e s  d '  G t r e  m o d i f i 6 e s  p a r  un 

b a r r a g e  mar6es. Je  c r o i s  que  t o u t  l e  monde e s t  d ' a c c o r d  pour  

d i r e  que  c e l a  e s t  t r&s i m p o r t a n t ,  e n  p a r t i c u l i e r  p o u r  l ' i m p a c t  

s u r  l a  p o p u l a t i o n  d ' o i s e a u s  n l g r a t e u r s .  

Un a u t r e  a s p e c t  q u i ,  j e  t r o u v e ,  n ' e s t  p a s  s o u v e n t  r econnue  d a n s  

d e s  Gtudes d ' i m p a c t  e s t  c e l u i  d e s  l i m i t e s  t e c h n i q u e s .  Nous 

f o r q o n s p e u t - e t r e  un peu l e  s e n s  du t e r m e ,  m a i s  je me demande 

v r a i m e n t  comment n o u s  p o u r r o n s  p r G v o j r  l e s  i m p a c t s  s u r  l e s  

o i s e a u x  d e  r i v a g e  m i g r a t e u r s ;  P e t e r  H i c k l i n  nous  a d i t  q u ' i l  ne  

p o u v a i t  mGme p a s  les  compter  d e  f a q o n  p r 6 c i s e  2 c a u s e  d e  l e u r  

t r o p  g rand  nombre. S i  l a  p o p u l a t i o n  se m o d i f i a i t  un peu ,  nous n e  

p o u r r i o n s  p r o b a b l e m e n t  p a s  l e  d 6 c e l e r .  



Ces d e r n i & r e s  annhes ,  on p r6ne  l e s  & t u d e s  d ' i m p a c t  s u r  

d e s  sys tgmes r e l a t i v e m e n t  f i x e s  p a r c e  q u ' i l  e s t  p l u s  f a c i l e  d e  

l e s  d & f i n i r  s t a t i s t i q u e m e n t .  Par  c o n t r e ,  l o r s q u e  Nancy 

Witherspoon a f a i t  son  expos6 s u r  l es  c l a m s ,  q u e l q u ' u n  

r & p l i q u &  : " J e  n ' a i  p a s  l ' i m p r e s s i o n  que  vous  serez c a p a b l e  

d l & v a l u e r  l ' e f f e t  d ' u n  b a r r a g e  A mar6es c a u s e  d e s  i n c e r t i t u d e s  

d a n s  l e  systgme d e  l a  popu la t i on . "  

On a 6mis l ' o p i n i o n ,  d u r a n t  n o t r e  & t u d e ,  q u ' i l  f a u t  

p a r t i r  d '  un c o n c e p t ,  e n s u i t e  e l a b o r e r  d e s  h y p o t h g s e s ,  p u i s  l es  

sourne t t re  5 d e s  e x p & r i e n c e s .  J e  n ' a i  c ependan t  e u  c o n n a i s s a n c e  

que  d ' u n e  s e u l e  s t r u c t u r e  c o n c e p t u e l l e  p r 6 s e n t & e  a u  c o u r s  d e  

l ' a t e l i e r ,  c e l l e  d e  David Wi ld i sh ,  q u i  a montr& l e s  i n t e r a c t i o n s  

r & g i s s a n t  l a  p r o d u c t i v i t 6  s e c o n d a i r e  du  b e n t h o s .  I1 y  e n  a  

sGrement d ' a u t r e s .  

Tous ceux q u i  o n t  p a r t i c i p &  a u  p r o j e t  & t a i e n t  d ' a c c o r d  

p o u r  d i r e  q u ' i l  f a u t  une s t r a t & g i e .  Au p o i n t  d e  vue  m i l i t a i r e ,  

l es  t a c t i q u e s  ne s o n t  v a l a b l e s  que s i  e l l e s  f o n t  p a r t i e  d ' u n e  

s t r a t 6 g i e  g l o b a l e .  Pour c o n t i n u e r  l ' a n a l o g i e ,  on  p o u r r a i t  d i r e  

que ,  ces d i x  d e r n i & r e s  ann6es ,  l e s  & t u d e s  d ' i m p a c t  a u  Canada o n t  

abond6 e n  t a c t i q u e s ,  mais  manque d e  s t r a t k g i e .  La s e u l e  

strategic g l o b a l e  d ' e t u d e  d ' impac t  d o n t  j ' a i e  e u  c o n n a i s s a n c e  a  

&t& ce l l e  6 l a b o r & e  p a r  C a r l  Amos e t  q u i  & t a i t  e n  f a i t  un 

g r a p h i q u e  d e  cheminement l o g i q u e  pour  1 ' 6 v a l u a t i o n  d e s  impac t s  

environnementaux.  C e l a  s e m b l a i t  e f f i c a c e  pour  mon t r e r  d 'oG 

l ' a u t e u r  v e n a i t  e t  ce q u ' i l  t e n t a i t  d e  f a i r e .  A i n s i ,  ce 

g r a p h i q u e  m o n t r a i t  l a  n a t u r e  s 6 q u e n t i e l l e  d e s  a c t i v i t & s  t e l l e s  

q u ' e l l e s  l u i  a p p a r a i s s a i e n t  e t  ne  p o u v a i t  a l l e r  b i e n  l o i n  

s a n s  l e s  r h s u l t a t s  d e s  l i e n s  p r & c & d e n t s  du g r a p h i q u e  d e  

cheminement. 11 a cependan t  n o t &  l ' a c c u m u l a t i o n  d ' e r r e u r s .  J ' a i  

p a r 1 6  A Dave Greenburg j u s t e  a v a n t  l e  d z n e r ,  e t  j e  l u i  a i  demand& 



s'il y avait des limites de confiance dans ses pr&visions de 

changement des amplitudes mar6ales; il m'a r&pondu non. Le 

graphique a 6galement montr6 clairement qu'il est possible de 

faire des pr&visions relativement fiables dans le cas de syst&mes 

physiques, mais que ces pr&visions ne le ssnt A peu pr&s plus 

dans le cas de systgmes situ&s A un niveau trophique plus &lev&. 

En conclusion, j'aimerais parler de la pr6vision. Ye 

suppose que c'est ce pourquoi nous sommes tous ici. Nous pouvons 

dire simplement qu'il y a quatre mani&res fondamentales de 

pr6voir quelque chose : 1) se fier A ses intuitions ou son 

jugement professionnel, 2) s ' attarder aux r6sultats de pro jets 

semblables pour voir s'ils peuvent s'appliquer 2 ce que l'on 

cherche 5 faire, 3) r6aliser des expGriences, ou 4) tenter un 

exercice de mod&lisation. Nous avons beaucoup entendu par16 de 

jugement professionnel ces trois derniers jours, et je crois que 

la seule chose que cela nous apportera est une id&e g&n&rale 

de 1' impact et de son srdre de grandeur. ~eut-stre que, dans 

certains cas, en r6ponse $ la question de George Baker, cela est 

suffisant. I1 semble y avoir des preuves que nous tentons 

d'observer les r6sultats de projets semblables. Le projet de 

captage de lt&nergie mar6motrice dans la rivigre Annapolis est un 

bon exemple, et il sera int&ressant de voir les effets de la 

turbine Straflo sur la mortalit6 des poissons. Cela r6pondra 

peut-Gtre 2 quelques questions. A propos de la troisihme manisre 

de pr6voir - les r6sultats des experiences - j'ai &t6 trgs d6qu 

de voir le manque dtexp&riences rAalis6es dans les formes. 

Certaines personnes ont reconnu que cela est important, mais 

elles n'en ont pas senti la n&cessit&. On nous a r&p&t&, tout au 

long de notre projet, que le meilleur investissement est un 

exercice pilote de perturbation A petite &chelle. Cela me fait 



p e n s e r  aux doub lemen t s  c o n s t r u i t s  p a r a l l g l e r n e n t  a u  p i p e l i n e  d u  

Nord e t  q u i  o n t  r e p r 6 s e n t &  un i n v e s t i s s e m e n t  i m p o r t a n t  e n  a r g e n t ,  

e n  temps e t  e n  comphtences  p o u r  h t u d i e r  ce q u i  s e  p a s s e r a i t  d a n s  

un microcosme. L ' i n f o r m a t i o n  o b t e n u e  a  e n s u i t e  pu & r e  a p p l i q u 6 e  

a u  syst6me t o u t  e n t i e r .  Je crois  que  q u i c o n q u e , d u  gouvernement  

f b d k r a l  o u  d e  l ' i n d u s t r i e ,  p a r t i c i p e  ?i l a  m i s e  e n  v a l e u r  du  Nord 

vous  p a r l e r a  e n  b i e n  d e s  r e tomb6es  du P r o j e t  d e  d 6 v e r s e m e n t s  d e  

p & t r o l e  A 1':le B a f f i n  (BIos), r e j e t s  exp6r imen taux  c o n t r 6 1 6 s  d e  

p 6 t r o l e  d a n s  d e s  c o n d i t i o n s  a r c t i q u e s .  J e  crois  q u e  l e  p r o j e t  

BIOS nous e n  a p p r e n d r a  beaucoup  p l u s  que t o u t e s  l e s  a u t r e s  6 t u d e s  

d ' i m p a c t  e f f e c t u h e s  c e s  d i x  d e r n i & r e s  annges .  N e  s e r a i t - i l  p a s  

p o s s i b l e  d e  c h o i s i r  un p e t i t  emplacement d a n s  l e s  s e c t i o n s  

s u p b r i e u r e s  d e  l a  b a i e ,  d ' y  c o n s t r u i r e  un b a r r a g e  $i t r&s p e t i t e  

& h e l l e l  d e  l e  r 6 g u l a r i s e r  s e l o n  l e  mod&le d e  Dave Greenberg  e t  

d e  v o i r  c e  q u i  s e  p a s s e r a ?  Je n e  s a i s  p a s  s i  c e l a  e s t  p r a t i q u e ,  

ma i s  c ' e s t  une a p p r o c h e  q u i  d e v r a i t  &re a u  moins  e n v i s a g & e .  

Somme t o u t e ,  je cro is  q u e  nous devons  r b a l i s e r  q u ' i l  est 

f a c i l e  d e  f a i r e  d e s  p r 6 v i s i o n s .  Voulez-vous q u e  je p r k v o i e  l a  

t e m p 6 r a t u r e  d e  demain? Je s u i s  t o u t  f a i t  p r 6 t  5 l e  f a i r e .  

Mais c e l a  n e  v e u t  p a s  d i r e  q u e  m a  p r 6 v i s i o n  sera e x a c t e ;  e l l e  

d o i t  donc f a i r e  l ' o b j e t  d 1 e x p 6 r i e n c e s .  S i  nous  n e  v 6 r i f i o n s  p a s  

l a  p r g v i s i o n ,  a lors  p o u r q u o i  e n  f a i r e ?  L ' u n e  d e s  nombreuses  

c o n c l u s i o n s  d e  n o t r e  p r o j e t  e s t  que  n o t r e  c a p a c i t g  d e  p r 6 v o i r  l e s  

i m p a c t s  d e s  mGgaproje ts  e s t  s i  l i m i t k e  e n  d e h o r s  d e s  s y s t & m e s  

p h y s i q u e s  q u e  t o u t  l e  p r o c e s s u s  p r & v i s i o n n e l  d o i t  &re t r a i t 6  

comrne une e x p k r i e n c e .  I1 f a u t  absolurnent  r e t o u r n e r  v o i r  ce q u i  

s e  p a s s e  p a r  l a  s u i t e .  Malheureusement ,  l e  d e g r 6  a u q u e l  nous  

pouvons i n t e r p r 6 t e r  d e s  donn6es  d e  c o n t r B l e  e s t  d&te r rn in& p a r  ce  

q u i  e s t  mesur6  e t  p a r  l a  f a q o n  d o n t  c e s  donn6es  s o n t  mesurbes  

a v a n t  que  l e  p r o j e t  n e  commence. 



Je n e  sa is  p a s  s i  j ' a i  r a i s o n ,  m a i s  je c r o i s  q u e  

l Y n t G r i 3 t  i n t e l l e c t u e l  p o u r  l e  s y s t & m e  d e  l a  ba ie  d e  Fundy,  

q u e l  q u e  s o i t  l e  p ro je t  d ' e x p l o i t a t i o n  d e  1 1 6 n e r g i e  m a r & m o t r i c e ,  

n ' e s t  p e u t - 6 t r e . p l u s  ce q u ' i l  6 t a i t .  I1 semble g & n & r a l e m e n t  

a c q u i s  q u e  n o u s  s a v o n s  comment f o n c t i o n n e  l e  sys tGme;  p e u t - G t r e  

Pes recherches s ' o r i e n t e r o n t - e l l e s  v e r s  a u t r e  chose. On p e u t  

d o n c  se demander  ce q u i  se p a s s e r a  e n s u i t e .  D u r a n t  ces d e r n i e r s  

j o u r s ,  t r&s  p e u  d e  p r 6 v i s i o n s  v 6 r i f i a b l e s  n o u s  o n t  &t& p r & s e n t & e s  

i c i .  ~ ' ~ n i v e r s i t i !  d l A b e r d e e n ,  e n  6 c o s s e ,  v i e n t ,  d e  t e r m i n e r  u n e  

& t u d e  d e s  p r & v i s i o n s  f a i t e s  a u  c o u r s  d e s  d i x  d e r n i 6 r e s  a n n & e s  s u r  

l e s  a m h a g e m e n t s  d a n s  l a  m e r  d u  Nord. L ' 6 t u d e  a r e c e n s &  p l u s  d e  

500 p r & v i s i o n s ,  m a i s  mo ins  d e  5 % d ' e n t r e  e l l e s  o n t  pu  &re 

v h r i f i 6 e s  d '  u n e  f a q o n  o u  d ' u n e  a u t r e .  L e s  a u t r e s  n ' g t a i e n t  t o u t  

s i rnplement  p a s  v & r i f i a b l e s ,  e t  I ' o n  p e u t  donc  se demander  

p o u r q u o i  e l l e s .  o n t  &ti! f o r m u l 6 e s .  F a c t e u r  i m p o r t a n t  t o u t e f o i s ,  

l e s  c o n c e p t i o n s  t e c h n i q u e s  o n t  &t& m o d i f i & e s  a p r 6 s  l a  r & d a c t i o n  

d e  1 1 6 t u d e  d ' i m p a c t ,  ce q u i  a c h a n g g  t o u t e s  l e s  s u p p o s i t i o n s  s u r  

l e s q u e l l e s  se f o n d a i e n t  l e s  p r 6 v i s i o n s .  S i  l e s  p l a n s  s o n t  

m o d i f i h s ,  t o u t e s  l e s  s u p p o s i t i o n s  A l a  base d e s  p r & v i s i o n s  s o n t  

a u  r a n c a r t ,  e t  il n ' e s t  p l u s  p o s s i b l e  d e  s ' y  f i e r .  ~@esp$re  q u e  

ce la  n e  se p r o d u i r a  pas a v e c  l e  p r o j e t  d e  Fundy,  e t  j ' a i m e r a i s  

q u e  s o i t  d 6 c i d k  q u i  a u r a  l a  r e s p o n s a b i l i t 6 ,  s i  jamais ce p r o j e t  

v o i t  l e  j o u r ,  d '  & v a l u e r  n o s  p r 6 v i s i o n s  d e s  i n c i d e n c e s  

e n v i r o n n e m e n t a l e s .  

R .  Edwards : 

On m ' a  demand4 a u j o u r d ' h u i  d e  d i r e  q u e l q u e s  m o t s  s u r  

l ' i m p a c t  e n v i r o n n e m e n t a l  d e s  a l t e r n a t i v e s  A l ' e x p l o i t a t i o n  d e  

l l & n e r g i e  m a r k m o t r i c e  d a n s  l a  baie  d e  Fundy. 11 a &t& d i t ,  a u  

c o u r s  d e s  d & b a t s ,  q u e ,  d a n s  l es  M a r i t i m e s ,  l e s  a l t e r n a t i v e s  
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c l a s s i q u e s  2 l ' k n e r g i e  m a r 6 1 n o t r i c e  s o n t  l e s  c e n t r a l e s  a u  c h a r b o ~ ~  

e t  n u c l k a i r e s .  A t t a r d o n s - n o u s  a u x  a u t r e s  fo rmes  d' 6 n e r g i e  

possibles,  m a i s  m o i n s  p r o b a b l e s ;  je d i r a i s  q u e  l e s  f u t u r s  

amhnagements  h y d r o h l e c t r i q u e s  c l a s s i q u e s  s e r o n t  5 t r 6 s  p e t i t e  

Gchelle e t  q u e  l e s  G n e r g i e s  non c l a s s i q u e s ,  notamment s o l a i r e  e t  

G o l i e n n e ,  a p p a r a 2 t r o n t  mo ins  s k d u i s a n t e s  p o u r  un c e r t a i n  nornbre 

d e  r a i s o n s ,  notamment  l e s  cofits, l % p p r o v i s i o n n e m e n t  i n t e r m i t t e n t  

e t  l e s  p rob l&mes  d e  s t o c k a g e .  Le bo is  e s t  a b o n d a n t ,  m a i s  i l  e s t  

p e u t - G t r e  p r & f & r a b l e  de  l e  c o n s e r v e r  p o u r  l e  c h a u f f a g e  
% 

d o m e s t i q u e ,  oG il p e u t  Gtre u t i l i s g  a v e c  une  e f f i c a c i t k  d e  7 0  % ,  

a lo r s  q u e ,  p o u r  l a  p r o d u c t i o n  d ' k l e c t r i c i t 6 ,  s o n  e f f i c a c i t h  est 

p r o b a b l e m e n t  d ' e n v i r o n  35 %. Dans un c o n t e x t e  6conornique p l u s  

f a v o r a b l e ,  une c o n c u r r e n c e  p o u r  l ' a p p r o v i s i o n n e m e n t  p o u r r a i t  

k g a l e m e n t  v e n i r  d e s  e n t r e p r i s e s  d e  p 2 t e  e t  d e  bois .  V o i c i  un 

e x e m p l e  p o u r  v o u s  d o n n e r  une  i d & e  d e  1 1 6 c h e l l e  : p o u r  l e  p l u s  

p e t i t  p r o j e t  p r o p o s 6 ,  c e l u i  d ' e n v i r o n  1 , 1 0 0  MW, l a  consommat ion  

n 6 c e s s a i r e  p o u r  permet t re  l e  mgme r e n d e m e n t  s e r a i t  d ' e n v i r o n  

300 c o r d e s  d e  b o i s  d u r  p a r  h e u r e  (s&ch& jusqul&. n e  c o n t e n i r  

q u e  2 0  8 d 8 h u r n i d i t & ) .  

Deux a u t r e s  s o u r c e s  p o t e n t i e l l e s  d ' 6 n e r g i . e  m 6 r i t e n t  

d f $ t r e  m e n t i o n n & e s  : l e  sch is te  b i t u m i n e u x  e t  l a  t o u r b e ,  p r & s e n t s  

e n  g r a n d e  q u a n t i t &  dans  l es  M a r i t i m e s .  Ee s ch i s t e  b i t u m i n e u x  a 

s u s c i t 6  beaucoup  d 8 i n t & r $ t  ces d e r n i e r e s  a n n 6 e s  e t  i l  v a u t  

p e u t - G t r e  l a  p e i n e  q u ' o n  e n  p a r l e .  B i e n  q u ' u n e  a u g m e n t a t i o n  d e  

l ' e x p l o i t a t i o n  d e  l a  t o u r b e  comrne s o u r c e  d%nerrg ie  s o i t  t o u j o u r s  

possible,  je p r & f & r e r a i s  n e  p a s  e n  p a r l e r  i c i .  I1 y a 

c e r t a i n e m e n t  une  f a q o n  m e i l l e u r e  e t  p l u s  f a c i l e  d e  p r o d u i r e  d e  

1 ' 6 l e c t r i c i t 6  q u e  d ' e x p l o i t e r  une  s o u r c e  d e  c o m b u s t i b l e  p o u r  

l a q u e l l e  i l  e s t  n 6 c e s s a i r e  t o u t  d ' a b o r d  d ' a b a i s s e r  l e  n i v e a u  d e  

l a  nappe  p h r e a t i q u e  a f i n  d ' o b t e n i r  un  c o m b u s t i b l e  d o n e  l e  c o n t e n u  

e n  h u m i d i t 6  d 6 p a s s e  95 %.  Le s c h i s t e  b i t u m i n e u x ,  l u i ,  e s t  une  



ressource disponible dans toutes les provinces du Canada sauf 

clans l'ff~e-du-prince-fidouard. De tous les gisements canadiens 

con nu^, les plus int6ressants sont situ&s dans la r&gion de 

Moncton, ce qui explique peut-Gtre pourquoi j'en parle ici. 

La production d'huile de schiste dans cette rggion est d'environ 

100 litres par tonne, ce qui est comparable en g&n&ral 2 la 

production du bassin de schiste Piceance du Colorado. Dans le 

gisement principal du Nouveau-Brunswick, les s&serves sont 

kvalukes 2 environ 270 millions de barils d'huile, ce qui 
I 

indiquerait une mise en valeur potentielle selon la situation 

6conomique. Pour rGcup6rer le schiste, il faut chauffer A 

environ 400 " C ,  temp6rature n6cessaire pour entraher la pyrolyse 

du k&rog&ne et ainsi produire l'huile de schiste. Il peut s'agir 

d b u e  exploitation en surface pour laquelle le schiste est 

extrait puis trait6 dans des cornues en surface, ou bien d'une 

exploitation souterraine ou sur place o&, en gros, une technique 

de cornbustion in situ est utilis&e pour libkrer les produits -- 
liquides ou gazeux. 

I1 semble que le traitement classique de surface entralne 

i e s  probl&mes normalement associ&s A l'exploitation ciel ouvert 

et la remise en valeur des terres qui s'ensuit. Daapr&s des 

expgriences ant6rieures avec du combustible de synthgse l iquide, 

il y a divers risques pour la sant& et la s&curit& des 

travailleurs. Par exemple, les &missions de gaz fugaces dans 

lhsine peuvent renfermer des m6taux-traces, des hydrocarbures 

l&gers, du soufre, des compos6s d'azote et des matigres 

organiques polycycliques. Les effluents qui proviennent de ces 

usines contiennent fr6quemment des hydrocarbures, des ph&nols, 

des m6taux-traces, des sulfures, de l%amoniac, des matisres 

organiques polycycliques et un grand nombre d'autres compos&s. 

Je crois que le nombre d1&16ments-traces associ6s & la 



l iqukfaction ou 1 a gaz6ification du charbon est considgrable. La 

qtlantit& &lev&e dans les mat6riaux extraits de d6chet par rapport 

au ~roduit semble indiquer des problGmes de manutention 

normalement associgs au volume plus important de schiste utilisg 

et de st6riles: Cependant, les installations de production de 

gaz et de p&trole synth6tiques sont normalcment construites de 

f a ~ o n  2 prkvoir 18&.limination du soufre et permettent donc la 

production et la combustion d'un carburant propre. Pour la 

production in situ, il faut un traitement en souterrain du -- 

schiste par la combustion partielle afin de lib6rer le gaz ou 

I'huile de schiste. Cela attgnue bon nombre des probl&mes 

cnvironnementaux associgs au processus classique, mais entraZne 

le risque de contamination des eaux souterraines. I1 s'agit d ' u n  

important probl&me probable qui a comrnenct!! A se manifester 

rkcemment dans le bassin Piceance et qui apparaztra probablement 

ailleurs. 

C o m e  je l'ai d&j& dit, le charbon et li&nergie nucl6aire 

sont, dans les Maritimes, les alternatives classiques A l'6nergie 

mar&motrice. Je dirais que, pour l'environnement, l'option 

nuclkaire est pr&f&rable A lkption charbon sur presque tous les 

plans. Cornmenqons au d6but du cycle du combustible : je crois 

que l'exploitation en souterrain du charbon est plus dangereuse 

que la plupart des autres m6tiers des Canadiens et certainement 

heaucoup plus que l'extraction de l'uranium, ce minerai 6tant 

situk dans des roches moins dangereuses exploiter. 

L'exploitation des mines dans la r&gion du lac Elliot a, par le 

pass&, entra2n& une grande fr6quence de la silicose chez les 

travailleurs 2 cause de la pr&sence de radon et de mineraisriches 

en quartz. Cette situation rappelle la pneumoconiose ou 

1 ' anthracose dont souf frent les mineurs de charbon. Da.ns chacun 

de ces cas, les probl&rnes peuvent &tre r&solus grsce .% une 



I n c i l l e u r e  v e n t i l a t i o n  de  l a  m i n e ,  5 une  & l i m i n a t i o n  arn&liorGe des 

p o u s s i & r c s  e t  2 d ' a u t r e s  m e s u r e s .  

L o r s q u e  l ' o n  compare  P e  t r a i t e m e n t  du  m i n e r a i  d ' u r a n i u m  

et l e  l a v a g e  d u  c h a r b o n ,  i9 e s t  i n t g r e s s a n t  d e  r e m a r q u e s  q u ' i l  

existe un p r o b l & m e  e n v i s o n n e m e n t a l  commun - l a  c o n t a m i n a t i o n  d e s  

e a u x  , ; u p e r f i c i e X l e s  et s o u t e r r a i n e s  par  9 e  r u i s s e l l e m e n t  a c i d e *  

i e s  d 6 c h e t s  d u  t r a i t e m e n t  d e  l ' u r a n i u m  e t  l e s  r e j e t s  d u  l a v a g e  d u  

c h a r b o n  e o n t i e n n e n t  t o u s  d e u x  de  l a  p y r i t e ,  q u i  e s t  l ess iv&e s o u s  

f o r m e  d s  a c i d e  s u l  f u r i q u e .  La c o n t a m i n a t i o n  d e s  eaux  

s u p e r f i c i e l l e s  p a r  d e s  & l & m e n t s  r a d i o a c t i f s  n ' a  pas 6 t 6  u n e  

s o u r c e  i m p o r t a n t e  d e  p r o b l h m e s  a q u a t i q u e s  dans  l e  s y s t & m e  de l a  

r i v i 6 r e  S e r p e n t  e n  avaP  d u  lac  E l l i o t .  Cependant ,  un g rave  

dolnmage e n v i r o n n e r n e n t a l  a &t& c a u s k  p a r  Pe dt5versemen-t d ' e a u  d e  

m i n e  a c i d e  e t  par l e  l e s s i v a g e  a c i d e  d e s  t e r r i l s  d e  c h a r b o n  et 

des r & s i d u s  d ' u s i n e  d a n s  l a  r & g i o n  d u  l ac  E l l i o t .  La s e u b e  

d i f f g r e n c e  e s t  p e u t - s t r e  q u e  le programme de r e v a l o r i s a t i o n  d e s  

r 6 s i d u s  d ' u r a n i u m  f o n c t i o n n e  a v e c  s u c c k s  d a n s  l a  r&cj ion  da l ac  

E l l i s t  e t  q u a i l  n'a pas d ' & q u i v a l e n t  d a n s  1Yindustrie d e s  m & - k a t n x  

de b a s e ,  q u i  d i \pend e n  g s a n d e  p a r t i e ,  a u  Canada,  des m i n e r a i s  d e  

s u l f u r e ,  o u  d a n s  l e s  u s i n e s  de p r 6 p a r a t i o n  du c h a r b o n .  

Au s t a d e  d e  l a  p r o d u c t i o n  d ' h e r g i e ,  l e s  & m i s s i o n s  

a & r i e n n e s  e t  l e s  c i r c u i t s  d e  d g v e r s e m e n t  d ' eau de r e f  roidissement 

s o n t  & t r o i t e m e n t  s u r v e i l l 6 s  et r & g l e m e n t & s  dans  l y n d u s t r i e  

n u c P & a i r e ,  ce q u i  n ' e s t  g & n & r a l e m e n t  p a s  le cas  d a n s  l e s  

c e n t r a l e s  a u  c h a r b o n ,  La m s m e  c o m p a r a i s o n  p e u t  6 t r e  f a i  en  c c  

q u i  a t r a i t  l a  r g g l e m e n t a t i o n  d u  c o m b u s t i b l e  n u c l k a i r  d e s  

c e n d r e s  d e  c h a r b o n  izpu ishs .  P a r  e x e m p l e ,  l a  p h i l o s o p h  

l ' i n d u s t r i e  n u c l & a i r e  e s t  d '  i s o l e r  totalernent les m a t i ? f i a u x  

r a d i o a c t i f  s d e  l a  b i o s p h 6 r e  j u s q u 8 &  ce q u e ,  p a r  l a  d 6 c o m p o s i t L  on 

p h y s i q u e ,  i l s  n e  p o s e n t  p l u s  d e  p rob lg rnes .  LA oG 1 



radioactifs sont actueflement entass6s sur place, et oh on pense 

les enfouir pour de hon 2 de trss grandes profondeurs, 

l%Iimination en surface des cendres de charbon entralnera 

in&vitablement le lessivage des m6taux-traces dans les eaux 

superficielles et souterraines. Je dis cela pour defendre 

l-industrie nucl&aire, qui semble tr6s critiqu&e par ceux qui se 

rangent sous la banniGre 6co.l.oglque. Je dirais que le cycle 

complet du combustible jde la mine I'exploitation du r&acteur, 

la s&curit& dans re r&acteur, la manutention et 1'6limination des 

dgchets) est assujetti A une rbglementation assez bien conts61&e 

et bien fond6e. 

Si P'on considGre un instant la gamme plus large des 

probl5mes environnementaux auxquels notre soci&t& doit faire 

face, je dirais que le problGme le plus import-ant que nous 

vivions maintenant est celui des pluies aeides. Un autre 

probl&me, peut-&re un peu plus lointain, est celui du dioxyde de 

carbone atmosph6rique et des variations du climat qui pourraient 

devenir tr6s graves. S'il en 6tait ainsf, je crois qu'il serait 

trgs difficile d'y rem6dier. Fait inthressant 2 noter, le 

charbon aggrave ces deux probl&mes, et les bnergies nuelchire et 

mar&motrice, non. 11 est clair q u e  les choix parmi les options 

pour produire de l%lectricit& sont faits essentiellement selon 

des crit6res 6conomiques. Il est remarquable que les coGts 

environnementaux de l'&nergie nuc~&aire sont presque totalement 

int&riorisbs, alors que les coGts environnementaux des autres 

&nergies, notanunent ll&nergie marbmotrice, ne le sont pas. Par 

le pass&, les inconv6nients des &missions des installations de 

charbon et l'impact de I'exploitation du charhon ont d6 Gtre 

support6s par toute la soci6t6. I1 y a quelques ann&es, les 

pr&occupations 2 18&gard des &missions de partieules, des 

&missions de gaz acide, plus r&cemment, ainsi que despremiGres 



p r a t i q u e s  d k x p l o i t a t i o n  2 c i e l  o u v e r t  c o n d u i s e n t  & l a  l u t t e  

c o n t r e  ces p r o b l & m e s  e n v i r o n n e m e n t a u x  e t  l ' a c c r o i s s e m e n t  d e s  

cofits p o u r  l e s  s e r v i c e s  p u b l i c s .  A c t u e l l e m e n t ,  l e s  e m p l a c e m e n t s  

d e  m i n e s  5 c i e l  o u v e r t  s o n t  e n  g & n & r a l  r e m i s e s  e n  v a l e u r  e t  

u t i l i s k e s  p o u r  l ' a g r i c u l t u r e ,  a lo r s  q u e  l es  no rmes  d % m i s s i o n  

( s e l o n  l e s  d i r e c t i v e s  d V E n v i r o n n e m e n t  Canada )  e x i g e n t  p r e s q u e  de s  

c a r a c t & r i s t i q u e s  d e  l u t t e  a n t i - p o l l u t i o n ,  notamment  d e s  l a v e u r s  

de g a z  d e  c a r n e a u ,  i?i m o i n s  q u e  d u  c h a r b o n  tr$s f a i b l e  t e n e u r  e n  

s o u f r e  n e  s o i t  u t i l i s 6 .  ~ e u t - G t r e  q u e  l a  m e s u r e  d a n s  l a q u e i l e  l a  
1 

p o l l u t i o n  es t  6 l i m i n 6 e  r e f l G t e  l a  f a q o n  d o n t  l e s  impacts 

e n v i r o n n e m e n t a u x  s o n t  p e r q u s  p a r  l e  p u b l i c  e t  l e s  a g e n t s  d e  

r X g l e m e n t a t i o n .  

Dans c e  c o n t e x t e ,  m a i s  p e u t - & r e  d e v r a i s - j e  i c i  m e t t r e  A 

p a s t  c e r t a i n s  d e s  p r o b l & m e s  q u i  o n t  6 t h  i d e n t i f i & s ,  notarnment l e s  

i n t r u s i o n s  d e  s e l  d a n s  l e s  e a u x  s o u t e r r a i n e s  e t  p e u t - & r e  l a  

m o r t a l i t 6  d e s  p o i s s o n s  d a n s  l e s  t u r b i n e s ,  je n e  s u i s  p a s  c e r t a i n  

q u e  l e s  d i s c o u r s  d e  ces  d e r n i e r s  j o u r s  a i e n t  i d e n t i f i 6  l e s  

i m p a c t s  e n v i r o n n e m e n t a u x  a s s o c i 6 s  & l % n e r g i e  m a r & m o t r i c e  e t  

propres 5 a l a r m e r  l e  p u b l i c  o u  $ s u s c i t e r  c h e z  l e s  o r q a n i s m e s  

de r 6 g l e m e n t a t i o n  u n e  r 6 a c t i o n  q u i  gGne i n d h e n t  l e s  a c t i v i t ; ~ ,  

Mes e x c u s e s  i?i l ' i n d u s t r i e  du  c h a r b o n ,  Mons i eu r  l e  ~ r 6 s i d e n t ;  je 

crois  q u e  je  n ' a i  p l u s  r i e n  A a j o u t e r .  

D.  Gordon : 

Je t r a i t e r a i  de q u a t r e  q u e s t i o n s  : 1 )  q u ' a v o n s - n o u s  

a p p r i s  d e s  c a r a c t 6 r i s t i q u e s  e n v i r o n n e m e n t a l e s  d e  l a  baie  de Fundy 

e t  comment ces c o n n a i s s a n c e s  d e  base s o n t - e l l e s  l i h e s  a u x  

e x i g e n c e s  d k n e  & v a l u a t i o n  d e s  impacts e n v i r o n n e m e n t a u x  d ' u n  

pro jet. d '  e x p l o i t a t i o n  de  1' G n e r g i e  m a r h m o t r i c e ?  2 )  q u '  a v o n s - n o u s  

a p p r i s  d e s  i m p a c t s  e n v i r o n n e m e n t a u x  p o s s i b l e s  & ce j o u r ,  



3) comment la situation gknkrale des evaluations 

environnementales dans la baie de Fundy se compare-t-elle 2 celle 

d'autres rkgions du monde, et 4) quelles &tapes seront 

n6cessaires si un programme de pr&-engagement est entrepris? 

Beaucoup d'informations ont 6t& acquises ces derni&res 

ann&es s u r  les caract&ristiques environnementales de la baie de 

Fundy. clest ce qui ressort de la quantitk des publications 

scientifiques parues ces 70 derni6rps annhes (figure l), qui 

mont-re bien l'explosion des connaissances pendant les 

ann6es 1970. La quantit6 la plus &lev&e, en 1977, refl&te la 

parution du compte rendu de l'atelier tenu ?i Acadia en 1976, 

alors que le plus bas niveau, au d&but des ann6es 1980, 

correspond & des travaux en cours dont les resultats n'ont pas 

encore 8tk publi6s. 

J'aimerais souligner la diffkrence entre ce que je crois 

Gtre deux types d'htudes, distincts bien que reli&s, n6cessaires 

& 1'4valuation environnementale (figure 2). Le premier type, le 

plus important selon moil est la recherche scientifique de base 

qui vise A comprendre l'environnement nature1 et sert par la 

suite de fondement des travaux appliquhs. De par sa nature,les 

&tudes de ce genre se font a long terme, et la plupart ne sont 
aclnev&es qu'au bout de quelques annkes cause de la variabilit6 

saisonni&re et interannuelle. Elles sont ghnhralement effectuhcs 

par les laboratoires de recherche gouvernernentaux et par les 

universitks et se co'mposent de programmes sur le terrain, 

diexp&riences en laboratoire et d16tudes thkoriques. Ces 

informations, et j'insiste sur ce point, ne peuvent &re amasshes 

"en catastrophe", en trks peu de temps. I1 s'agit du type de 

recherche dont le rksum6 apparazt dans les s6ries d'articles 



donn&s & la premi5re skance; et c'est vers ce type de recherche 

que le gros de 19attention scientifique s'est tourn6 jusqu'i 

pr&sent 

Au contraire, peu d'attention a 6t& donn6e aux gtudes 

d'impact (figure 2). Celles-ci sont tout & fait dkpendantes de 

la recherche scientifique de base et sBint6ressent 2 des 

questions environnementales pr4cises qui se posent au moment oA 

l es  dktails techniques d'un projet sont connus (sujet abordk au 

tours de la s&ance 11). Les expos&s de Pa sgance PI1 portaient 

sur la plupart des aspects qui feraient parties des &tudes 

d y m p a c t ;  le mot-cl& est mise en oeuvre, Dans l a  plupart des 

cas, ces 6tudes peuvent stre effectuges en un temps relativement 

court. Elles sont en grande partie analytiques et consistent en 

I'examen des donnees existantes, mais elles nicessitent parfois 

une  certaine quantit& d8exp&riences et d'autres travaux sur le 

terrain. Je crois, et George Baker sembXe partager mon opinion, 

q u e  c k s t  la responsabilit6 du promoteur du projet de financer et 

de d i r i g e r  ce genre di&tude, qui forme en fait une partie 

importante du processus officiel d'evaluation environnementale. 

%e travail concret est g6neralement effectuh par des firmes de 

consultants en environnement, mais des universit&s et des 

Eaboratoires du gouvernement, selon les rnandats et les 

politiques, y participent parfois. Une r&action & la recherche 

scientifique de base, comme cela s'est produit pendant cet 

atelier, est extrsmement souhaitable afin d'assurer quklle est 

orient6e dans la bonne direction. I1 est avantageux d'6tudier le 

stade de la mise en oeuvre d6s les dhbuts, lors de la recherche 

de base, afin de s'assurer que l'accent porte sur les aspects, 

les organismes et les processus en cause. PI n'est pas 



n 6 c e s s a i r e  d S & t u d i e x -  t o u t e s  l e s  c o m p o s a n t e s  e n v i r o n n e m e n t a l e s  

p o u r  p r & p a r e r  un document  d t 6 v a l u a t i o n  e n v i r o n n e m e n t a l e  s e n s h  e t  

u t i l e .  

La q u a n t i t 6  l i m i t 6 e  d e  t r a v a u x  d"va1ua t ion  d e s  i m p a c t s  

r & a f i s & s  j u s q u l A  ~ r 6 s e n t  n e  m e  p r & o c c u p e  p a s  p a r c e  q u e  ces 

t r a v a u x  p e u v e n t  Gtre e f  f e c t u 6 s  a s s e z  r a p i d e m e n t  a u  moment v o u l u .  

La r e c h e r c h e  d e  base d o i t  c e p e n d a n t  v e n i r  e n  premier. Dans 

c e r t a i n s  c a s ,  c e p e n d a n t ,  u n e  b o n n e  q u a n t i t g  d e  t r a v a u x  

d ' k v a l u a t i o n  d e s  i m p a c t s  o n t  d & j A  & t k  a c c o m p l i s ,  notamrnent l e s  

k t u d e s  d e  m o d & l i s a t i o n  nurn$rique d e  l a  m a r $ e  e t  d e  l a  

s k d i m e n t a t i o n  f a i t e s  par Dave Greenbe rg  e t  C a r l  Amos. burs 

& t u d e s  6 t a i e n t  A c h e v a l  s u r  l a  recherche de  base e t  l a  r e c h e r c h e  

a p p l i q u k e ,  e t  l ' e x c e l l e n c e  d e  l e u r  t r a v a i l  m o n t r e  b i e n  q u ' i l  

& t a i t  bon  q u e  l e s  mgmes p e r s o n n e s  p a r t i c i p e n t  a u x  d e u x  t y p e s  

d ' k t u d e s .  

P o u r  r&surner ,  il s e m b l e  c l a i r ,  d ' a p r h s  l e s  e x p o s k s  f a i t s  

l o r s  d e  c e t  a t e l i e r ,  q u e  n o s  c o n n a i s s a n c e s  d e s  c a r a c t k r i s t i q u e s  

e n v i r o n n e m e n t a l e s  d e  l a  ba ie  d e  Fundy s o n t  b e a u c o u p  p l u s  & t e n d u e s  

q u ' e l l e s  n e  l t & t a i e n t  a u  premier a t e l i e r  t e n u  5 A c a d i a ,  e n  1976.  

N o s  c o n n a i s s a n c e s  s o n t  p a r t i c u l i h r e m e n t  b o n n e s  e n  c e  q u i  a t r a i t  

a u x  a s p e c t s  b e n t h i q u e s  d e  l ' & c o s y s t & m e  d e  l a  ba ie  d e  Fundy.  

Mais, m a l g r &  l e s  p r o g r e s  i m p o r t a n t s ,  il re s t e  t o u j o u r s  d e s  p o i n t s  

s b s c u r s .  P a r  e x e m p l e ,  d ' a u t r e s  6 t u d e s  s u r  l e  z o o p l a n c t o n  e t  s u r  

c e r t a i n s  p r o c e s s u s  m i c r o b i a u x  s o n t  a b s o l u m e n t  n & c e s s a i r e s .  D e  

mgme, c o m m e  cela  a &t& i n d i q u &  & l a  f i n  d e  l a  s k a n c e  111, l e  

domaine d e s  psches res te  e n c o r e  b i e n  m a 1  c o m p r i s ,  e n  p a r t i c u l i e r  

pr.$s d e  l t e n t r & e  d e  l a  baie.  

J ' a imera i s  s o u l i g n e r  h g a l e m e n t  q u ' i l  n ' e s t  p a s  e s s e n t i e l  

q u e  t o u t e s  l e s  d o n n & e s  u t i l i s 6 e s  d a n s  une  G v e n t u e l l e  & v a l u a t i o n  

e n v i r o n n e m e n t a l e  p r o v i e n n e n t  p r & c i s k m e n t  d e  l a  baie d e  Fundy .  
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~ , % x p & r i e n c e  e t  mGme p a r f o i s  l e s  donnkes  d e  c e r t a i n s  

s c i e n t i f i q u e s  t r a v a i l l a n t  d a n s  d e s  envi ronnernents  cornparables  

p e u v e n t  Etre rn i ses  A p r o f i t .  11 n e  f a i t  c e p e n d a n t  aucun d o u t e  

q u e  l e s  c o n t a c t s  r -6cen t s  a v e c  d e s  s c i e n t i f i q u e s  d e s  & t a t s - ~ n i s ,  

de l a  Grande-Bre tagne ,  d e s  Pays-Bas e t  d ' a u t r e s  p a y s  nous  o n t  

k t &  b & n & f i q u e s .  

J'ai prornis  a u s s i  d e  d h t e r m i n e r  c e  que  nous  avons  a p p r i s  

j u s q u ' 2  -prksent  s u r  l e s  i m p a c t s  environnernentaux p o s s i b l e s  d ' u n  

p r o j e t  d ' e x p l o i t a t i s n  d e  l i - 6 n e r g i e  h a r k m o t r i c e ?  Q u % s t - c e  q u e  l a  

s k a n c e  111 d e  c e t  a t e l i e r  nous  a a p p r i s ?  ~ r e r n i h r e r n e n t ,  je t i e n s  

f & l i c i t e r  l e s  c o n f h r e n c i e r s  d e  l a  s b a n c e  111, p a r c e  q u ' i l s  

n ' o n t  p a s  h b s i t 6  2 s e  m o u i l l e r  e t  2 f a i r e  d e s  p r & v i s i o n s .  

b r s q u e  nous  n o u s  somrnes r e n c o n t r - 6 ~  A Acadia ,  e n  1 9 7 6 ,  c e r t a i n e s  

p r & v i s i o n s  o n t  A t &  b m i s e s ,  m a i s ,  e n  r g g l e  g & n & r a l e ,  je c ro is  q u e  

nous  & i o n s  beaucoup  p l u s  r & s e r v & s  2 c a u s e  d e  l a  b a s e  d e  donnkes  

p l u s  l i m i t h e  5 l E & p o q u e .  En r e v a n c h e ,  a u  p r b s e n t  a t e l i e r ,  

p e r s o n n e  n ' a  a l l 6 g u k  q u '  il n ' a v a i t  p a s  a s s e z  d e  donnkes .  Tout  l e  

monde a  f a i t  un e f f o r t  h o n n g t e  pour  donner  d e s  p r & v i s i o n s  

r a i s o n n a b l e s , m ~ m e  s i  e l l e s  h t a i e n t  t r k s  s p k c u l a t i v e s .  I1 e s t  

i n t e r e s s a n t  d e  n o t e r ,  cornrne d ' a u t r e s  membres d e  l a  r k u n i o n  lkont 

f a i t  a v a n t  m o i ,  q u e  l a  s 6 a n c e  I11 n ' g t a i t  p a s  e m p r e i n t e  d e  

m o r o s i t k .  Un b o n  nornbre d ' i m p a c t s  p a s i t i f s  o n t  &t& i d e n t i f i & s ,  

et beaucoup d ' i m p a c t s  n g g a t i f s  d o i v e n t  G t r e  h t u d i k s  p l u s  & f o n d  

a v a n t  q u ' i l  s o i t  p o s s i b l e  d e  l es  q u a n t i f i e r  d e  f a ~ o n  

a c c e p t a b l e .  

comme cela e s t  a p p a r u  l a  s 6 a n c e  11, un c h o i x  p e u t  8 t r e  

f a i t  e n t r e  l a  r g a l i s a t i o n  d e  p r o j e t s  p a r a l l k l e s  d e  c a p t a g e  d e  

l ' k n e r g i e  m a r 6 m o t r i c e  d a n s  l e  b a s s i n  Cumberland e t  l a  b a i e  

~ o b e q u i d  ou  l a  r h a l i s a t i o n  d ' u n  s e u l  am-6nagement m o n s t r e  

d a n s  l a  baie Cobequid.  I1 a &t& c l a i r e m e n t  mon t r&,  l o r s  d e  c e t  



atelier, que le hassin Cumberland est un estuaire plus 

productif. C'est pourquoi il semblerait raisonnable de choisir 

la ideuxigrne option et de ne pas perturber le bassin Cumberland., 

~ a l g r &  sa plus grande ampleur, le projet de la baie Cobequid 

sei: rile avoir des effets moindres sur la retenue, 

Il est A noter que, lors de cet atelier, seuls les 

aspects marins ont &t& trait&§. Les impacts terrestres n k n t  pas 

&e& discutgs en dgtail, bien q u Y 1  en ait &t6 question lors des 

exposhs sur la glace, le climat et l'hydroloyie. Au cours de 

i%aelier, Pkccent a ggalement port6 sur les sections 

supgrieures de La baie de Fundy, pour lesquelles nos 

connaissances sont actuellement complstes et les pr&visions, les 

plus faciles .?I. faire. Peu d'attention a 6t& ~ortge jusqu'& 

pr&sent 5 la pr6vision des impacts environnementaux dans la 

partie sud de la baie de Fundy et le long de la c 6 t e  de la 

L30uvelle-Angleterre; le niveau de confiance de ces pr&visions 

serait de beaucoup inf&rieur & celui pour la partie nord de la 

bafe. Certes, les impacts ponctuels pourraient Gtre moins 

nombreux dans les rbgions plus &loign&es, mais l'effet net 

pourrait devenir un facteur dgterminant 2 cause de l'&tendue de 

la rkgion touch&e. On ne doit donc pas s'attendre nbcessairement 

au mGme sentiment g&n&ralement positif lorsque toutes les 

incidences environnementales possibles sont 6valu6es. L e s  

aspects qui n'auront pas &t& touch6s lors du pr6sent atelier 

devraient Gtre abord6s la prochaine fois qu'une r&union semblable 

sera organis&e. 

Voici la troisi&me question dont j'aimerais traiter : 

comment nos connaissances actuelles des impacts environnementaux 

d'un projet d'exploitation de lV6nergie mar6motrice se 

cornparent-elles aux connaissances relatives d'autres 
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m&gaprojets au Canada ou ailleurs dans le monde. Cornrne l'indique 

la figure 3, il existe un lien entre notre capacit6 de fournir 

3es prkvisions exactes et P'effort investi dans la recherche. 

En 1976, je dirais que nous nous trouvions pr&s du bas de la 

courbe $ cause de notre connaissance l.imit&e des sections 

supkrieures de la baie de Fundy. La plupart des Qvaluations des 

incidences environnementales au Canada ou 2 18&tranger font 

probablement aussi partie de cette cat&gorie, parce qu'elles sont 

gknkralement effectu6es en un an ou moins et que des donn&es de 
, 

base ad6quates existent rarement. Heureusement, dans le cas de 

Fundy, des facteurs politiques et financiers ont ralenti le 

d&veloppement de 1'6nergie mar&motrice, et ce sursis a &t& bien 

utilis& pour augmenter nos connaissances et la base des donnkes 

environnementales. Nous nous L-couvons donc pr6sentement plus 

haut sur la courbe (figure 3 ) .  C'est donc dire que le fait 

d "voir affect& plus d'argent & la recherche scientifique a 

am&liorQ notre capacit& de pr6voir les impacts environnementaux 

de P'exploitation de l'knergie mar6motrice. I1 semble que nous 

ayons encore un peu de temps devant nous, et il est possible que 

nous nous retrouvions encore plus haut sur la courbe en 

investissant modestement dans la recherche avant qu'une 

&valuation environnementale officielle puisse commencer, Vu la 

nature asymptotique de la courbe, nous atteindrons peut-Gtre un 

point oh une quantitg sup6rieure de recherche scientifique 

n\joutera rien ou presque ?i notre capacit& de grQvision; selon 

moi, cela ne se produira que dans cinq ans au moins. 

Selon les normes internationales, je crois que nos 

travaux environnementaux i Fundy ont une bonne cote par rapport & 

dkuutres projets de captage de 1'6nergie mar6motrice (ou 5 

diimportantes r&alisations semblables), Je crois que l'on peut 

dire sans crainte de se tromper que les sections sup&rieures de 



l a  b a i e  d e  Fundy d e v i e n n e n t  l ' u n e  d e s  r & g i o n s  c 6 t i G r e s  l e s  it7ieux 

connues  a u  Canada. 11 f a u t  c e p e n d a n t  e n  f a i r e  p l u s  a v a n t  que  l e  

f e u  s a c r k  ne s 8 & t e i g n e .  

F i n a l e m e n t ,  je d i r a i  q u e l q u e s  mots s u r  c e  q u e  j ' a i m e r a i s  

v o i r  s e  p r o d u i r e .  Pour  l e s  r a i s o n s  donn6es  c i - d e s s u s ,  j ' a i m e r a i s  

que l a  r e c h e r c h e  s c i e n t i f i q u e  d e  base se p o u r s u i v e  a u  n i v e a u  l e  

p l u s  & l e v &  p o s s i b l e ,  compte  t e n u  d e s  c o n t r a i n t e s  f i n a n c i h r e s  

a c t u e r l e s .  De n o u v e l l e s  donn6es  s o n t  absolument  n 6 c e s s a i r e s  pour  

comble r  l e s  t r o u s  i m p o r t a n t s  i d e n t i f i & s  lors  d e  c e t  a t e l i e r ,  

notamment c e r t a i n s  a s p e c t s  d e  l a  m i c r o b i o l o g i e ,  d e  ~ ' & c o l o g i e  d u  

z o o p l a n c t o n  e t  d e s  p s c h e s .  Une g r a n d e  q u a n t i t 6  d e  donn6es  d 6 j i  

amass&e d o i v e n t  Ztre compls t emen t  a n a l y s 6 e s  e t  i n t e r p r & t 6 e s .  11. 

f a u d r a i t  hga lement  d k p l o y e r  un e f f o r t  pour  s y n t h 6 t i s e r  l e s  

r & s u l t a t s  d e  t o u s  l e s  programmes i n d i v i d u e l s  d e  recherche q u i  o n t  

6 t h  e f f e c t u h s .  Pour  c e s  s y n t h s s e s ,  d e s  s t r a t & g i e s  o n t  6 t k  

p r o p o s & e s  A l a  r k u n i o n  d ' h i e r  du  cornit6 d e s  6 t u d e s  

e n v i r o n n e m e n t a l e s  ~ u n d ~ ,  e t  l ' a p p r o c h e  f a v o r i s g e  e s t  un e x e r c i c e  

d e  m o d & l i s a t i o n  d e  l ' 6cosys tGme.  Un c e r t a i n  nombre d ' e n t r e  nous  

a i m e r a i e n t  mettre s u r  p i e d  un t e l  p r o j e t  a u  d & b u t  d e  1983  e n  s e  

f o n d a n t  s u r  l 1 e x p & r i e n c e  a c q u i s e  p a r  un g r o u p e  d e  s c i e n t i f i q u e s  

h o l l a n d a i s  q u i  o n t  m o d b l i s k  l ' e s t u a i r e  Ems-Dollard e n  Europe.  

C e t t e  r e c h e r c h e  s e r a i t  p e u t - g t r e  j u s t i f i G e ,  m G m e  s i  l e  

dkveloppement  d e  1' G n e r g i e  m a r 6 m o t r i c e  s '  a r r 6 t a i t  demain.  Les  

i n f o r m a t i o n s  o b t e n u e s  p e u v e n t  Gtre u t i l i s 6 e s  p o u r  d ' a u t r e s  

a p p l i c a t i o n s  p r a t i q u e s ,  m a i s  e l l e s  p o s s s d e n t  6ga lemen t  une v a l e u r  

s c i e n t i f i q u e  i n t r i n s s q u e .  Si l e s  r e c h e r c h e s  s i a r r G t a i e n t  e t  q u e  

nous  p e r d i o n s  n o t r e  e n t r a i n  a c t u e l ,  il s e r a i t  d i f f i c i l e  d e  

recommencer a u  moment o b  d e s  p r o j e t s  d e  c a p t a g e  d e  1 9 & n e r g i e  

mar6mot r i ce  s e r a i e n t  annonc&s .  S e l o n  Gordon Bean lands ,  l e s  

r e c h e r c h e s  a u r a i e n t  a t t e i n t  un somrnet. J ' e s p G r e  q u Y 1  a  t o r t ,  



parce q u e  j ' a imerais  q u e  n o s  c o n n a i s s a n c e s  s ' a c c r o i s s e n t  e n c o r e  

a v a n t  q u e  n o s  e f f o r t s  n e  d i m i n u e n t  f o r t e m e n t .  

Si un programme d e  pr6-engagement  e s t  e n t r e p r i s ,  l ' u n e  

d e s  premi;res  & t a p e s  s e r a  d e  r e v o i r  l e s  d i r e c t i v e s  o f f i c i e u s e s  

d % v a l u a t i o n  e n v i r o n n e m e n t a l e  q u i  o n t  &t& p r & p a r & e s  e n  1977.  

~ l l e s  d e v r a i e n t  d ' a b o r d  Zt re  r e m a n i h e s  ap rGs  une 6 t u d e  

s c i e n t i f i q u e  a f i n  d '  i n c l u r e  t o u t e s  l e s  c o n n a i s s a n c e s  

e n v i r o n n e m e n t a l e s  a c q u i s e s  ces c i n q  d e r n i G r e s  a n n g e s .  

Deuxi$mement, e t  cela  e s t  t o u t  ~ U S S %  i m p o r t a n t ,  ces d i r e c t i v e s  

d e v r a i e n t  stre c r i t i q u g e s  p a r  l e  p u b l i c ,  c o m m e  l ' a  Ggalement  

recommand6 Hal  M i l l s .  Une t e l l e  c r i t i q u e  a e n  e f f e t  &t& 

p l a n i f i e e  a u  moment ob l es  d i r e c t i v e s  o n t  6t& r & d i g G e s ,  m a i s  

e l l e  n e  s ' i m p o s e r a  p a s  t a n t  q u ' u n  programme d e  pr&-engagement  n e  

s e r a  p a s  annonc6.  L ' a p p o r t  du  p u b l i c  e s t  trGs i m p o r t a n t  a v a n t  

q u e  l e s  d i r e c t i v e s  f i n a l e s  n e  s o i e n t  a d o p t 6 e s  e t  t r a n s m i s e s  a u  

p r o m o t e u r .  

b r s q u ' i l  a u r a  r e q u  l e s  d i r e c t i v e s  f i n a l e s ,  l e  p ro rno teu r  

d e v r a  p l a n i f i e r  ces g t u d e s  d ' i m p a c t  ( f i g .  2 ) .  C e t  e x e r c i c e  

c o m p r e n d r a ,  je 18esp&re ,  un a p p o r t  des s c i e n t i f i q u e s ,  e t  un 

a t e l i e r  s e m b l a b l e  A c e l u i - c i  s e r a i t  t r&s u t i l e .  Le, p r o m o t e u r  

d e v r a  alors f i n a n c e r  l e s  g t u d e s  d ' i m p a c t  e t  p r g p a r e r  un &nonc& 

des  i n c i d e n c e s  e n v i r o n n e m e n t a l e s  t o u t  e n  s t i m u l a n t  l e s  r a p p o r t s  

a v e c  P e  m i l i e u  s c i e n t i f i q u e  $. t o u t e s  l e s  & t a p e s .  L ' & n o n c 6  des 

i n c i d e n c e s  e n v i r o n n e m e n t a l e s  d e v r a i t  a lo r s  & t r e  & t u d i &  e t  m o d i f &  

d e  f a q o n  & se c o n f o r m e r  a u x  r g g l e m e n t s  f b d 6 r a u x  e t  p r o v i n c i a u x .  

F i n a l e m e n t ,  je t i e n s  d i r e  q u e  l a  r e c h e r c h e  

e n v i r o n n e m e n t a l e  n e  d e v r a i t  p a s  s ' a r r g t e r  n 6 c e s s a i r e m e n t  P e  j o u r  

06 l f & n o n c &  d e s  i n c i d e n c e s  e n v i r o n n e m e n t a l e s  s e r a  p r t5 sen tg .  s ' i l  

e s t  d e  r 6 a l i s e r  un p r o j e t  d ' e x p l o i t a t i o n  d e  1 1 6 n e r g i e  

m a r & m o t r i c e ,  je p e n s e  q u e  l e  p r o m o t e u r  d e v r a i t  f i n a n c e r  l a  



cr6ation d'un groupe de recherche multidisciplinaire oomprenant 

yuelques dizaines de membres permanents et dont le mandat serait 

dDeffectuer des recherchcs environnementales pour suivre les 

variations. Les informations obtenues pourraient Stre utilis&es 

pour &valuer la pr&cision des prkvisions des impacts 

environnementaux et aidez 2 la bonne marche du projet. Certaines 

questions se poseront certainement, par exemple, la fermeture du 

barrage pendant quelques cycles de marbe pour favoriser la 

formation d'une couche de glace ou contenir les mar6es de 

tempGte; des informations environnementales sont essentielles 

pour rGpondre & ces questions. Sans doute les meilleurs conseils 

proviendraient-ils d'un groupe dont c'est pr&cis&ment la tsche. 

Bien que financ6 par le promoteur, je crois qu'un tel groupe 

devrait travailler dans l'un des Gtablissements de recherche 

scientifique de la r&gion afin de pouvoir se mGler tous les jours 

2 d'autres scientifiques et profiter pleinement des services de 

soutien existants. Aux Pays-Bas, il existe un groupe semblable- 

Uans les ann6es 1950, 1es Hollandais ont entrepris leur vaste 

projet Delta, qui comprenait la construction de barrages, 

d'kcluses et de digues en grand nombre pour prot&ger le sud-ouest 

de leur pays contre les inondations. 11s ont de plus fond6 

I'Institut Delta, ?i Yerseke, afin dl&tudier les nombreuses 

variations environnementales r6sultantes; les donn6es obtenues 

ont servi 5 la planification et l'exploitation du projet. Merci. 



F.J. Simpson : - 

~eut-Gtre que George Baker aimerait commenter certaines 

des options financi6res telles qu'elles vous apparaissent, en 

particulier en Ggard 2 l'utilisation de l\rgget. 

G . C ,  Baker : 

Le seul commentaire que je tiens 2 faire concernant le 

financement est que le coGt du projet n k s t  pas pass6 de 

6 milliards 2 22 milliards en six heures, comme Hal Mills 

Ihaurait su s Y l  avait vu le rasport Update '82 (mis & jour). 

Mous avons donn& les coGts du projet de deux faqons. La premi&re 

&tait en dollars constants de 1981, ckst-;-dire 6 mill.iards. 

L'autre 6tait le coGt au moment oh le projet serait termin6 si 

l'inflation se maintenait 2 10 % par ann6e entre 1981 et la date 

d'acchGvement, soit 22 milliards. Cela explique donc la 

diff&re.nce de 16 milliards de dollars. I1 me d&plairait de dire 

jusqu906 nos gouvernements nous ont mengs dans loaugmentation 

de 6 .$. 22 milliards depuis que le rapport a &t& &crit, mais la 

distance n'est pas si terrible. 

J'aimerais vous faire part de quelques observations qui 

me sont pass&es par la tGte au cours de l'atelier. Tout d'abord, 

nous avons entendu une cinquantaine d'expos&s. Seulement 

quelque s-uns ont r6ellement tenu compte des effets 

environnementaux extGrieurs au barrage, et cela reflhtait 



p e u t - Z t r e  j u s t e m e n t  les  e f f o r t s  d e  recherche d e s  6 d e r n i 6 r e s  

a n n 6 e s .  Je c r o i s  q u a i l  e n  a A t &  . a i n s i  p a r c e  q u e  9es i m p a c t s  d a n s  

ae b a s s i n  d e  r e t e n u e  s o n t  les  p l u s  6 v i d e n t s .  I1 es t  p l u s  

d i f f i c i I e  d '  & v a l u e r  l e s  i m p a c t s  I '  e x t 6 r i e u r  d e s  b a r r a g e s .  Une 

p e r c e p t i o n  e n  a m a l h e u r e u s e m e n t  r & s u l t & ,  m a l g r &  l e s  d & s a v e u x  

e x p r i m & s  p a r f o i s ,  e t  p e u t - g t r e  mgme m a l g r 6  u n e  p e r c e p t i o n  non  

f o r m u l & e ,  q u e  l ' i m p a c t  d u  b a s s i n  d e  r e t e n u e  e s t  l ' i m p a c t  d u  

p r o j e t .  Je c r o i s  q u e  c ' e s t  1s une  e r r e u r .  S i  o n  c o n s i d e r e  l a  

r 6 g i o n  t o u c h & e  5 1 8 i n t & r i e u r  d u  b a r r a g e  e t  q u ' o n  l a  compare l a  

r g g i o n  e x t & r i e u r e ,  o u  s i  l ' o n  c o n s i d 6 r e  l a  p o p u l a t i o n  t o u c h 6 e  2 

1 Y i n t G r i e u r  d u  b a r r a g e  par r a p p o r t  c e l l e ,  par e x e m p l e ,  d e  l a  

c6te de  l a  N o u v e l l e - A n g l e t e r r e ,  o u  e n c o r e  s i  o n  c o n s i d k r e  l e s  

i m p l i c a t i o n s  kconomiques  p o s s i b l e s ,  il e s t  c l a i r ,  5 mon a v i s ,  q u e  

n o u s  d e v o n s  c h a n g e r  n o s  p e r c e p t i o n s  un  p e u .  L e s  q u e s t i o n s  q u e  je 

v e u x  d o n c  p o s e r ,  non  pas n 6 c e s s a i r e m e n t  a u x  i n t e r v e n a n t s ,  m a i s  

s i m p l e m e n t  e n  g & n & r a l ,  t o u c h e n t  ces impacts e x t 6 r i e u r s  : 

S e r o n t - i l s  i m p o r t a n t s ?  Q u ' a r r i v e r a - t - i l ,  par e x e m p l e ,  s i  l e  

m o d & l e  d e  Dave G r e e n b e r g  a s o u s - e s t i m g  l e s  v a r i a t i o n s  r & e l l e s  d e  

I "mp1i tude  d e s  m a r & e s ?  J ' a i  demand6 2 Dave q u e l l e s  6 t a i e n t  l e s  

l i m i t e s  d e  c o n f i a n c e  d e  s o n  mod&le ,  e t  il m ' a  r h p o n d u  q u ' i l  n ' e n  

a v a i t  pas. I1 f a i t  c e p e n d a n t  c o n f i a n c e  & s o n  mod&le,  e t  j ' a i  moi  

a u s s i  c o n f i a n c e  e n  Dave,  m a i s  s ' i l  e x i s t e  n e  serai t -ce q u ' u n  s e u l  

r i s q u e ,  sommes-nous p r z t s  A le p r e n d r e ?  Et d a n s  q u e l l e  mesu re?  

Un r i s q u e  s u r  c e n t  o u  un  s u r  m i l l e ?  S i  d e s  v a r i a t i o n s  de  

l ' a m p l i t u d e  des  m a r & e s  d e v a i e n t  c a u s e r  d e s  p e r t u r b a t i o n s  l e  l o n g  

d e  l a  c6te de  l a  N o u v e l l e - A n g l e t e r r e ,  d e s  impacts 

e n v i r o n n e m e n t a u x  trGs i m p o r t a n t s  e n  r 6 s u l t e r a i e n t .  I1 m e  semble 

q u e  n o u s  d e v o n s  d o n c  c o n s i d h r e r  l a  p robabi l i t& e t  l k m p l e u r  d e s  

impacts possibles p o u r  t o u t e  l a  r & g i o n  t o u c h & e ,  e t  je n e  c r o i s  

p a s  q u e  ce la  a 6 t &  r & e l l e r n e n t  f a i t  j u s q u ' i c i .  P a r  e x e m p l e ,  l e  

g r a p h i q u e  q u e  C a r l  A m o s  n o u s  a m o n t r 6  h i e r  e t  q u e  Don Gordon n o u s  



a r e p r e s e n t &  a u j o u r d % u i  I f i g .  31 s o u l 5 v e  l a  q u e s t i o n  s u i v a n t e  : 

jusquPo6, s u s  c e t t e  c o u r b e ,  vou lons -nous  o u  c royons -nous  q u e  nous 

d e v o n s  nous  r e n d r e ?  3e d i r a i s ,  s ' i l  s ' a g i s s a i t  d '  une  c e n t r a l e  

n u e % & a i r e ,  que  n o u s  n e  n o u s  a r r G t e r i o n s  sfirernent p a s  A l a  m o i t i &  

u u  aux  t r a i s  q u a r t s ;  n o u s  nous  a s s u r e s i o n s  d k v o i r  u n e  & v a l u a t i o n  

conpl&te d e s  i m p a c t s  env i ronnemen taux .  

Je s u i s  t o u t  2 f a i t  d k c c c o r d  a v e c  v o u s ,  m a i s ,  b i e n  q u e  

b e a u c o u p  d e  t r a v a u x  s o i e n t  e n  c o u r s ,  i l s  n e  r 6 p o n d e n t  p a s  

v r a i m e n t  aux q u e s t i o n s  q u e  je  m e  p o s e .  Je s u i s  d h c c o r d  l o r s q u e  

vaus d i t e s  que  l e s  i m p a c t s  s o n t  p s i s  e n  compte s e l o n  q u P i l s  s o n t  

t r&s pr&s du b a r r a g e  o u  d e r r i & r e .  Je c r o i s  que  b i e n  d e s  

p e r s o n n e s  q u i  h a b i t e n t  p l u s  b a s  p o u r r a i e n t  stre t o u c h & e s  p a r  un 

p r o j e t .  Je c s o i s  m G m e  q u e  c e r t a i n s  d e s  a s p e c t s  m e n t i o n n & s  

p r 4 c g d e m e n t  p o u r r a i e n t  i n f l u e n c e r  une  r 6 g i o n  a u s s i  &Poign&e q u e  

c e l l e  d u  bane  G e o r g e s  2 c a u s e  d 'uw a c c r o i s s e m e n t  p o s s i b l e  d e s  

e o u r a n t s  d e  mar&@. Q u e l  e f f e t ,  p a r  exernple,  cela p e u t - i l  a v o i r  

s u r  l a  f i x a t i o n  d u  n a i s s a i n  d e  c o q u i l l e s  S a i n t - J a c q u e s ?  C e l a  

v e u t - i l  d i r e  q u ' i l  n@y a u r a  p l u s  d e  p s e h e  p o s s i b l e  d e  

c a q u i l l e s  S a i n t - J a c q u e s ?  Q u k s t - c e  q u e  cela v e u t  d i r e  p o u r  l e s  

l a rves  d e  h a r e n g s  q u i  a r r i v e n t  a c t u e l l e m e n t  d e  T r i n i t y ?  P e r s o n m e  

n b  agme pa r l i !  d e  c e t t e  i m p o s t a n t e  p o p u l a t i o n  d e  h a s e n g s  

r e p r o d u c t e u r s  q u i  e s t ,  ou i ! t a i t  ( j 8 e s p & r e  q u ' e l l e  y e s t  e n c o r e )  

d a n s  f a  b a i e  S c o t t s .  L e s  l a r v e s  s o n t  t r a n s p o r t 6 e s  p a r  l e s  

c o u r a n t s .  Si les  c o u r a n t s  s ' a c c r o i s s e n t ,  o& ces l a r v e s  

i r s n t - e l l e s ,  q u e l s  s e r o n t  l e u r  t a u x  de s u r v i e ;  a u r o n s - n o u s  

a f f a i r e  aux r n G m e s  p o p u l a t i o n s  d k n i m a u x  q u \ v a n t ?  Je crois  que 

ces q u e s t i o n s  n k o n t  pas r e q u  d e  r & p o n s e s ,  e t  il f a u d r a i t  y v o i r -  



Mary Majka : 

S ' a i m e r a i s  p a r l e r  a u  nom du  g r a n d  p u b l i c  e t  d e s  

n a t u r a l i ~ t e s  d e  n o t r e  p r o v i n c e  e t  d e  n o t r e  p a y s .  J ' h a b i t e  une 

des  r k g i o n s  q u i  s e r a  t o u c h k e ;  donc ,  d ' u n e  c e r t a i n e  m a n i g r e ,  j e  

s u i s  i c i  h deux t i t res .  J ' a i  a s s i s t 6  t r o i s  j o u r s  d e  

d i s c u s s i o n .  J e  s u i s  v e n u e  i c i  pour  k c o u t e r  e t  a p p r e n d r e  e t  

p e u t - $ t r e  t r o u v e r  d e s  r h p o n s e s  & c e r t a i n e s  d e s  q u e s t i o n s  que  j e  

me p o s e  e t  q u e  l e  g r a n d  p u b l i c ,  l e s  g e n s  q u i  a p p a r t i e n n e n t  & d e s  

o r g a n i s a t i o n s  ou l e s  g e n s  q u i  h a b i t e n t  p r e s  d e  c h e z  moi me 

p o s e r o n t .  Malheureusement ,  je s u i s  un p e u  p e r d u e .  Je n e  s a i s  

trap s i  je d e v r a i s  &re o p t i m i s t e  ou  t r&s p e s s i m i s t e .  Je s u i s  

t a n t 6 t  s o u l a g & e ,  t a n t 6 t  t r g s  e f f r a y 6 e  o u  t o u t  a u  moins  

pr&ecup6e .  J ' a i  & t 6  t r 6 s  c o n t e n t e  d e  v o i r  q u e  H a l  M i l l s  e t  Don 

Gordon o n t  p a r 1 6  d u  p u b l i c  e t  d e  s e s  p r & o c c u p a t i o n s .  C e r t a i n e s  

p e r s o n n e s  q u i  h a b i t e n t  p r g s  d e  c h e z  moi a i m e r a i e n t  e n  c o n n a z t r e  

d a v a n t a g e  s u r  l e  p r o j e t  s e u l e m e n t  e n  t e r m e s  d e  g a i n s  

&conomiques.  Ces g e n s  se f i c h e n t  &perdwnent  d e  c e  q u i  se p a s s e r a  

d a n s  d i x  a n s ,  m a i s  je d i r a i s  que  f a  m a j o r i t &  d e s  g e n s  n e  s o n t  p a s  

i n f o r m & s  du  t o u t .  Je  c ro i s  que  15 r k s i d e  l e  mandat  d e  ce g r o u p e ,  

c a r  c ' e s t  b i e n  b e a u  quand d e s  s c i e n t i f i q u e s  p a r l e n t  & d ' a u t r e s  

s c i e n t i f i q u e s ,  m a i s  je crois  que  c e s  s c i e n t i f i q u e s  d o i v e n t  

p a r f o i s  s o r t i r  d u  monde d e  l a  s c i e n c e ,  e t  j e  s u i s  b i e n  e o n t e n t e  

d ' a p p r e n d r e  q u e  c e r t a i n s  l ' o n t  f a i t ,  e n  p a r t i c u l i e r  lors  d e  c e t  

a t e l i e r .  Je r e m e r c i e  t o u s  ceux  q u i ,  comme q u e l q u ' u n  l ' a  d i t ,  

" n ' o n t  p a s  e u  p e u r  d e  se m o u i l l e r " .  

F . J .  S i m ~ s o n  : 

J e  cornprends trGs b i e n  que  vous  p u i s s i e z  S t r e  p e r d u e ,  

p a r c e  q u %  c e r t a i n s  moments,  j e  l ' a i  k t &  a u s s i ,  e t  je s u i s  



certain que l c s  tenants et aboutissants de divers expos&s ont kt& 

ma1 compris par certains des auditeurs. Vos remarques sont tr&s 

prtinentcs certaines des questions et certaines des 

recommandations des intervenants, et je suis certain qu'iP y aura 

x j ius  d'occasions d'interaction avec le public 5 mesure que le 

projet avancera. 

D. Scarratt : 
+- 

Je tiens 2 remercier Don Gordon d'avoir tent& de metere 

en perspective le travail que divers scientifiques et chercheurs 

ont tent6 d'accomplir ces six ou sept derni$res ann&es; 

j'aimerais Ggalement peut-stre tenter de clarifier une id6e 

fausse que Gordon Beanlands semble avoir. 

~ G m e  si je pense que, de faqon individuelle, les scientifiques 

et nous, nous avons certainement des responsabilit&s, personne 

n k  jamais eu de mandat clair pour effectuer ce genre de travail, 

18exception d'une ou deux personnes qui ont 6t& financkes par 

la soci&tk de l'knergie marbmotrice. La majeure partie du 

travail a kt& effectu4e par des scientifiques qui avaient un 

int6rGt particulier pour la dynamique du systgme dans son 

ensemble ou pour certaines de ses composantes. Leur int6rSt a 

peut-Gtre 6t6 dgclench6 par la possibilitb de l'exploitation de 

l"knergie mar&motrice, mais peut-&re &galement par la crkation 

potentielle d'un port en eau profonde quelque part ou d'un puits 

de p&trole ailleurs ou de toute autre des nombreuses agressions 

environnemental-es qui pourraient atteindre la baie de Fundy. 

Dans la plupart des cas, ces scientifiques et ces chercheurs ont 

persuadk leurs sup&rieurs, avec plus ou moins de succ&s, que cela 

repr&sentait une orientation de recherche non seulement 

intkressante, mais encore socialement appropribe h l'heure 



~ o t u e l l e .  Malgr6  l ' a b s e n c e  d e  rnandat  c o l l e c t i f ,  des p r o g r G s  

e o n s i d & r a b l e s  o n t  &t& f a i t s .  Nous r e s s e m b l o n s  l % i s t o i r e  d e  l a  

p i & c e  " S i x  p e r s o n n a g e s  e n  q u G t e  d % u t e u r " .  Nous a v o n s  t o u j o u r s  

p e n s &  q u e  l a  recherche c o n j o i n t e  a v a i t  un r6le i m p o r t a n t  & j o u e r  

2 j,'undy, e t  l ' a n c i e n  Groupe  d e  t r a v a i l  Fundy d u  m i n i s t 6 r e  de  

I "nv i ronnemen t  es t  a l l &  l a  recherche d ' u n  p e t i t  c o i n  i n t i m e  06 

n o u s  p o u r r i o n s  c o n t i n u e r  n o u s  r e n c o n t r e r  e t  A & c h a n g e r  d e s  

i d 6 e s  e t  d e s  i n f o r m a t i o n s .  N o t r e  a s s o c i a t i o n  a v e c  l e  CSPA a &t& 

i d g a l e .  

L o r s q u e  n o u s  a v o n s  comrnenc& A o r g a n i s e r  c e t  a t e l i e r  il y 

a u n  a n ,  n o u s  a v o n s  d & c i d &  q u ' i l  6 t a i t  t emps  d e  f a i r e  p l u s  q u e  

d ' g v a l u e r  n o t r e  recherche e t  q u e  n o u s  d e v i o n s  v r a i m e n t  n o u s  p o s e r  

d e s  d 6 f i s  e t  f a i r e  d e s  p r 6 v i s i o n s .  P l u s i e u r s  d ' e n t r e  n o u s  o n t  

f a i t  c e r t a i n e s  p r ~ v i s i o n s ,  d ' a u t r e s  o n t  6 m i s  d e s  h y p o t h G s e s  

f o n d k e s ,  e t  c e r t a i n s  o n t  e u  ce q u ' o n  p o u r r a i t  appeler des 

i n t u i t i o n s  r a i s o n n a b l e s ;  s e l o n  m o i ,  c ' e s t  un p a s  i m p o r t a n t  d a n s  

la b o n n e  d i r e c t i o n .  Je s u i s  p o u r t a n t  un p e u  d & ~ u  q u e  Gordon 

B e a n l a n d s  n o u s  a i t  c r i t i q u 6 s .  Nous a v o n s  f r a n c h i  b i e n  d e s  & t a p e s  

a v e c  d e s  f o n d s  r e l a t i v e m e n t  m o d e s t e s  e t  i n c e r t a i n s .  Je m e  r e n d s  

compte q u ' i l  res te  u n  l o n g  c h e m i n  5 p a r c o u r i r .  Nous n e  sommes 

pas e n c o r e  r e n d u s  a u  s t a d e  d u  p r o c e s s u s  o f f i c i e l  d ' k n o n c &  d e s  

& v a l u a t i o n s  e n v i r o n n e m e n t a l e s ,  e t  je  crois  q u e  n o u s  n e  d e v o n s  p a s  

l k u b l  i e r  . 
Pour  r & p o n d r e  a u x  cornrnen ta i res  d e  Mary Majka ,  je  c ro i s  

q u ' i l  es t  e n  e f f e t  t r o u b l a n t  d e  v o i r  q u e  c e r t a i n e s  p e r s o n n e s  s o n t  

t r g s  p o s i t i v e s  e t  d ' a u t r e s  t o u j o u r s  i n c e r t a i n e s .  Nous s o m m e s  & 

l k n  des  t o u t  premiers s t a d e s  e t  n o u s  f a i s o n s  n o t r e  possible  p o u r  

n o u s  p r g p a r e r  i n t e l l e c t u e l l e m e n t  n o n  s e u l e m e n t  a u  cas oG 

1 8 & n e r g i e  m a r h m o t r i c e  s e r a i t  e x p l o i t & e ,  m a i s  & g a l e m e n t  a u  c a s  oG 

t o u t e  a u t r e  a g r e s s i o n  a t t e i n d r a i t  l a  baie  d e  Fundy,  q u e  ce so i t  



des e f f l u e n t s  d e  saurnure  de s  m i n e s  d e  p o t a s s e ,  u n e  

i n d u s t r i a l i s a t i o n  a c c r u e  2 S a i n t - J e a n ,  l a  v i e i l l e  q u e s t i o n  d e s  

r a f f i n e r i e s  d a E a s t p o r t  q u i  a t a n t  s t i m u l h  n o t r e  a c t i v i t e  i l  y a 

1 2  a n s ,  o u  d ' a u t r e s  c h o s e s .  Nous d e v o n s  n o u s  p r & p a r e r  s t o u t e s  

ces k v e n t u a I i t & s ,  d o n t  n ' i - m p o r t e  l a q u e l l e  p o u r s a i t  stre a n n o n c h e  

G . C .  Bake r  

A p r & s  l e s  c o m m e n t a i r e s  t r&s a p p r o p r i 6 s  d e  Dave S c a r r a t t ,  

je c r o i s  q u e  j e  n ' a i  r i e n  2 a j o u t e r ,  s a u f  p e u t - G t r e  p o u r  m o n t r e r  

q u e  l e  g r a p h i q u e  d e  Don Gordon ( f i g .  2 )  n o u s  i n d i q u e  d e  f a ~ o n  

trGs c l a i r e  oG n o u s  e n  s o m m e s ,  c ' e s t - s - d i r e  a u  s t a d e  d e  l a  

c o m p r & h e n s i o n ,  e t  q u e  c ' e s t  a u  s t a d e  d e  l a  m i s e  e n  o e u v r e  q u e  

n o u s  p o u r r o n s  t e n t e r  d e  r k p o n d r e  a u x  q u e s t i o n s  p r h c i s e s  p o s k e s  

p a r  W a l l y  Kozac,  Mary Majka e t  l e s  a u t r e s ,  q u i  se  demanden t  s ' i l s  

p e u v e n t  f a i r e  c o n f i a n c e  n o s  p r & v i s i o n s ,  d a n s  q u e l l e  m e s u r e  o n  

p e u t  y f a i r e  c o n f i a n c e  e t  q u e l l e  e n  e s t  l a  n a t u r e ?  

NOUS n e  sommes p a s  e n c o r e  r e n d u s  A ce s t a d e ,  e t  n o u s  n g a v o n s  p a s  

r e q u  d e  manda t  p o u r  f a i r e  des p r 6 v i s i o n s  q u i  i n f o r m e r a i e n t  l e  

p u b l i c .  Nous n ' a v o n s  p a s  e n c o r e  t o u t e s  les  i n f o r m a t i o n s  de  base 

r e q u i s e s ,  e t  p l u s i e u r s  a n n 6 e s  d e  t r a v a u x  t r&s  s 6 r i e u x  e t  trss 
e a G t e u x  nous  s 6 p a r e n t  d u  moment oG n o u s  p o u r r o n s  f a i r e  d e s  

p r k v i s i o n s  comme cel les-12.  Comme Dave S c a r r a t t  l ' a  d i t ,  l e s  

s c i e n t i f i q u e s  s o n t  e n  t r a i n  d i & v a l u e r  l ' k t a t  d e  l e u r s  p r o p r e s  

c o n n a i s s a n c e s  p o u r  v o i r  s ' i l s  l e  p e u v e n t ;  j ' a u r a i  de  s 6 r i e u x  

probl5mes s i  n o u s  commenqons u n e  6 t u d e  d ' i m p a c t  e t  q u ' i l s  e n  s o n t  

i n c a p a b l e s .  J ' e s p G r e  d o n c  q u ' i l s  p o u r s u i v r o n t  ce p r o c e s s u s  

j u s q u ' i  ce q u ' i l s  f a s s e n t  des  p r & v i s i o n s  a d k q u a t e s .  Mais t a n t  

q u e  l e u r  c o m p r k h e n s i o n  n ' a u r a  pas a t t e i n t  ce p o i n t ,  je c ro is  q u e  

ce n e  s e r a i t  p a s  un  s e r v i c e  A r e n d r e  a u  p u b l i c  q u e  d e  l u i  



j , r & s e n t e r  n o s  i d k e s  a c t u e l l e s  cornme d e s  p r 6 v i s i o n s  d e  ce q u i  se 

p a s s e r a  v r a i m e n t .  C e l a  n e  s e r v i r a i t  q u ' ;  e n c o u r a g e r  f e s  

d i v i s i o n s  e t  l e s  d & b a t s  s u r  d e s  q u e s t i o n s  d e  r h & t o r i q u e  p l u t 6 t  

q u e  s u r  d e s  f a i t s .  

G, B e a n l a n d s  : - 

Je n e  comprends  pas t r $ s  b i e n  $ q u e l l e  i d g e  f a u s s e  Dave 

S c a r r a t t  f a i t  a l l u s i o n ;  p a r c e  q u e  je , s u i s  t o u t  A f a i t  d ' a c c o r d  

~ v e c  ce q u ' i l  d i s a i t  e t  je se ra i s  c e r t a i n e m e n t  d&qu  d e  q u i t t e r  c e  

g r o u p e  e n  d o n n a n t  l ' i m p r e s s i o n  q u e  j ' a i  k t &  n & g a t i f .  En f a i t ,  

j ' a i  cornrnenc& p a r  demande r  p o u r q u o i  c e t t e  a v e n t u r e  a v a i t  s i  

b i e n  r g u s s i ?  La r a i s o n  p o u r  l a q u e l l e  j e  p e n s e  q u y l  e s t  

i m p o r t a n t  d e  l e  s a v o i r ,  c ' e s t  q u ' i l  y a d e u x  c o n c e p t s  d e s  

&~aluations~environnementale~. L ' u n e  e s t  s i t u h e  d a n s  l e  bloc 

s u p & r i e u r  d u  g r a p h i q u e  d e  Don Gordon ( f i g .  21,  l ' a u t r e  e s t  l e  

g r a p h i q u e  t o u t  e n t i e r .  E t  je  v o u s  demande ce q u ' i l  a r r i v e  a u  

bloc d u  h a u t  s a n s  l e  bloc d u  b a s ?  S i  n o u s  v o u l o n s  am&liorer  P a  

s c i e n c e  d e  1 1 6 v a l u a t i o n  e n v i r o n n e m e n t a l e ,  n o u s  a v o n s  b e s o i n  d e  

b o n s  s c i e n t i f i q u e s ;  comment pouvons-nous  l e s  f a i r e  i n t e r v e n i r ?  

Je pose t o u t  d ' a b o r d  c e t t e  q u e s t i o n  p a r c e  q u e  je n e  c o n n a i s  pas 

v r a i m e n t  l a  f o r m u l e  m a g i q u e  u t i l i s h e  p o u r  amener  t o u s  ces  g e n s  A 

se  r a s s e m b l e r  e t  5 t e n d r e  l e u r s  e f f o r t s  d a n s  un  b u t  commun de  

f a q o n  s i  o r g a n i s 6 e .  Je crois  q u ' i l  e s t  e x t r g m e m e n t  i m p o r t a n t  d e  

c o m p r e n d r e  p o u r q u o i  cela  s ' e s t  p r o d u i t  d a n s  3.e cas d e  Fundy ,  

compte t e n u  d u  f a i t  q u e  n o u s  e n t r o n s  d a n s  u n e  $ r e  d e  recherches 

o f f - s h o r e  p o u r  l a q u e l l e  n o u s  s e r o n s  f i n a n c k s  par l e  Fonds  

r e n o u v e l a b l e  p o u r  l e s  k t u d e s  e n v i r o n n e m e n t a l e s  c o u p s  d e  

m i l l i o n s  d e  d o l l a r s .  I1 y  a un f o n d s  p o u r  l a  c6te e s t  e t  un 

a u t r e  p o u r  1 ' A r c t i q u e  c a n a d i e n ,  e t  je s u i s  c e r t a i n  q u e  l e s  

g e s t i o n n a i r e s  du  f o n d s  v o u d r o n t  f a i r e  p a r t i c i p e r  l e s  g e n s  q u i  



e f f e c t u e n t  l e s  & t u d e s  d a n s  l e  c a d r e  d e  c e  b l o c  d u  b a s .  11s n e  

t i e n n e n t  p a s  v r a i m e n t  & p o u r s u i v r e  d a n s  l a  v o i e  q u e  nous  l e u r  

a v o n s  t r a c e e ,  c e  q u i  s ' e s t  a v & r &  un e x e r c i c e  t r g s  d i f f & r e n t  e t  e n  

g r a n d e  p a r t i e  une p e r t e  d e  temps ,  J e  n e  d i r a i s  donc  p a s  que  j e  

n e  s u i s  p a s  d ' a c c o r d  a v e c  t o i ,  Dave. Ce q u e  j ' e s s a i e  d e  d i r e ,  e t  

c ' e s t  c e  q u i  e s t  r e s s o r t i  du p r o j e t  a u q u e l  je p a r t i c i p e  d e p u i s  

deux a n s ,  c ' e s t  q u ' i l  f a u d r a i t  s ' a s s u r e r  q u e  t o u t e s  l e s  p e r s o n n e s  

q u i  c o l l a b o r e n t  aux & v a l u a t i o n s  env i r ' onnementa le s  comprennent  l e s  

p o s s i b i l i t & s  e t  l e s  c o n t r a i n t e s  s c i e n t i f i q u e s  e t  que  nous  n e  

p a r t i o n s  p a s  e n  p e u r  a v e c  nos  c a p a c i t & s  e t  n o s  p r 6 v i s i o n s  p a r c e  

q u e ,  s o u v e n t ,  il f a u t  se f i e r  aux m e i l l e u r s  jugements  

p r o f e s s i o n n e l s .  E t  il n a y  a  r i e n  d e  mal 2 c e l a .  Jusqu 'A  

p r & s e n t ,  l e s  d 6 c i d e u r s  e t  l e s  hommes p o l i t i q u e s  o n t  

ma lheureusemen t  c r u  q u e  l e s  jugements  p r o f e s s i o n n e l s  c o n s i g n h s  

d a n s  l es  6noncks  d e s  i n c i d e n c e s  e n v i r o n n e m e n t a l e s  s o n t  5 l a  f i n e  

p o i n t e  d e  l a  r e c h e r c h e  s c i e n t i f i q u e .  J e  c ro is  q u ' u n e  c e r t a i n e  

d o s e  d e  r 6 a l i s m e  d o i t  se g l i s s e r  d a n s  l e s  6 t u d e s  d ' i m p a c t ,  e t  j e  

n e  crois p a s  q u e  c e l l e s - c i  nous msnent  t r&s l o i n  d a n s  l e  b l o c  

s u p g r i e u r  d e  l a  f i g u r e  2 A moins q u e  nous  p a r v e n i o n s  5 sa is i r  l e  

type d ' a c t i v i t 4  q u ' i r n p l i q u e n t  l e  p r o j e t  d e  Fundy e t  d ' a u t r e s  

m e g a p r o j e t s  l ' h o r i z o n .  J e  c i t e  l ' e x e m p l e  d e  l a  mer d e  

B e a u f o r t .  C ' e s t  l o i n  d e  t o u t  e t  peu d e  r e c h e r c h e s  d e  b a s e  y o n t  

&t6 e f f e c t u 6 e s .  On a  t o u t e f o i s  a f f e c t 6  aux  6 t u d e s  d ' i m p a c t  d e s  

s o m r n e s  q u i  f e r a i e n t  p a r a l t r e  b i e n  p e t i t s  l e s  b u d g e t s  d e  l a  

p l u p a r t  d e s , o r g a n i s m e s  du  monde. I1 e s t  v r a i m e n t  dommage q u e  

l ' a r g e n t  n ' a i t  pu s e r v i r  des 6 t u d e s  e n v i r o n n e m e n t a l e s  comme 

c e l l e s  q u i  o n t  6 t 6  e f f e c t u & e s  Fundy. 



F.  J .  Simpson : 

Tout  ce q u e  j ' a i  2 d i r e ,  c ' e s t  q u ' u n  a t e l i e r  comme 

c e l u i - c i  donne  s o u v e n t  d e s  r & s u l t a t s  f r u c t u e u x  & c a u s e  d e  

q n e l q u e s  p e r s o n n e s  q u i  y  o n t  m i s  beaucoup  d ' k n e r g i e .  J e  veux 

p a r l e r  i c i  d e  Don Gordon, &ga lemen t  d e  Dave S c a r r a t t  e t  d e  

p l u s i e u r s  a u t r e s  p e r s o n n e s  du  m i l i e u  s c i e n t i f i q u e ,  y compr i s  

c e r y a i n s  q u i  n ' o n t  malheureusement  p a s  pu Gtre d e s  n 6 t r e s .  

B o b  Curnming : 

J ' a s s u r e  l a  c o u v e r t u r e  d e s  s u j e t s  l i h s  A 1' env i ronnement ,  

e t  il m ' a p p a r a z t  & v i d e n t ,  a p r & s  t r o i s  j o u r s  p a s s 6 s  i c i ,  q u ' i l  y 

a u r a  A l a  f o i s  d e s  a v a n t a g e s  e t  d e s  dommages a s s o c i & s  a u  p r o j e t  

d ' e x p l o i t a t i o n  d e  l ' k n e r g i e  mar6mot r i ce .  Y a u r a - t - i l  d e s  

mhcanismes d '  i n d e m n i s a t i o n  d e s  p e r s o n n e s  l&s&es,  e t  comment 

a l l e z - v o u s  d k c i d e r  q u i  s o n t  ces p e r s o n n e s  s i  t a n t  e s t  que  vous  

Peur  o f f r i e z  d e s  i n d e m n i t h s ,  l a  zone  t o u c h k e  s ' & t e n d a n t . s u r  & peu 

pr&s t o u t e  l a  c 6 t e  e s t  d e  l ' ~ m 6 r i q u e  du Nord? J ' a i  d & j &  posh  

c e t t e  q u e s t i o n  3 p l u s i e u r s  p e r s o n n e s  i c i .  L ' u n e  d e s  p r e m i g r e s  

q u e s t i o n s  q u e  j ' a i  pos6e & Dave S c a r r a t t  l o r s q u e  j e  s u i s  a r r i v &  

t o u c h a i t  l ' i m p a c t  d e s  v a r i a t i o n s  d e  l a  m a r & e  s u r  l a  c 6 t e  d u  

Maine, e n  p a r t i c u l i e r  s u r  les  p l a g e s .  S e l o n  l u i ,  un 

a c c r o i s s e m e n t  d e  l ' a m p l i t u d e  m a r h a l e  d e  1 % n ' a u r a i t  aucun 

i m p a c t .  C e l a  n ' e s t  v a l a b l e  que  pour  l a  baie d e  Fundy. I1 s ' a g i t  

d '  une v a r i a t i o n  d e  1 8 d a n s  l a  baie d e  Fundy, m a i s  c e t t e  

v a r i a t i o n  e s t  d ' e n v i r o n  1 2  8 2 l ' embouchure  d e  l a  r i v i B r e  

Kennebec, oh j ' h a b i t e .  Pour  l a  p e r s o n n e  q u i  a m i s  t o u t e s  s e s  

6conomies d a n s  u n e  maison  bstie s u r  une d u n e ,  i l  n 1 & t a i t  

p e u t - G t r e  pas s a g e  d ' y  c o n s t r u i r e  s a  ma i son ,  m a i s  il e s t  

c e r t a i n e m e n t  e n c o r e  moins  s a g e  d '  e m p i r e r  consciemment  l a  



s~tuation. Existe-t-il des mbcanismes d'indemnisation dans ce 

cas? I1 semble trgs probable, d'aprgs les discussions, que, 

pendant un certain nornbre d8ann&es, la production de clams au 

Maine s'accro?tra cause d'un marnage accru, mais il semble 

Ggnlement probable, d8apr&s les discussions, que, pendant 4 ou 

5 ans, p&riode oh les s6dirnents se balanceront avant d'atteindre 

un nouvel Gquilibre, la production diminuera. La personne dont 

c'est le gagne-pain se fout de savoir ce qui se passera dans cinq 

ans, mais elle tient pouvoir nourrir sa famille cette semaine. 

11 me semble qu'3 un certain moment pendant le processus 

d'&valuation environnementale, ces problhes doivent Gtre 

examin6s. Malheureusement, ces questions ne me semblent pas 

avoir &t& abord6es encore. 

G .C .  Baker : 

Je pense que la question de l'indemnisation qui surgirait 

au moment de 1' interaction entre la perception environnementale 

des incidences et la conception du projet serait & li&tude. Nous 

nkvons encore qu'une seule exp&rience, et une hirondelle ne fait 

pas le printempsi Mais, dans le cas du projet d'Annapolis, le 

Cornit& consultatif intergouvernemental des affaires 

cnvironnementales est l'organisme qui repr6sente les 

pr&occupations environnementales des diverses parties. Ce comitb 

dit souvent : "Qu'allez-vous faire 2 ce sujet?" "Pouvez-vous 

arranger les choses?" "Allez-vous offrir des indemnit&s? " "Quel-le 

est votre approche?" ~ o i l i  le genre de tribune dans laquelle des 

questions comme celle qui vient d'st-re soulev6e ont &t6 r&solues, 

dtapr&s notre exp6rience limit&e ce jour. 



G ,  B e a n l a n d s  : 

J ' a i m e r a i s  f a i r e  un s e u l  commenta i re  a p r & s  ce q u e  

M. Raker  a d i t .  D 8 a p r & s  l ' e x p 6 r i e n c e  gue  j ' a i  a c q u i s e  d a n s  mes 

r a p p o r t s  a v e c  d e s  p r o m o t e u r s  i n d u s t r i e l s  d e  t o u t  l e  p a y s ,  l e  

p r o b l s m e  d e s  i n d e m n i t e s  e s t  l ' u n e  d e s  r a i s o n s  p o u r  l e s q u e l l e s  i l s  

o n t  b e s o i n  d e  p r & v i s i o n s  f i a b l e s  v e n a n t  d e s  s c i e n t i f i q u e s ,  p a r c e  

q u e ,  d a n s  b i e n  d e s  cas ,  l e s  i n d e m n i t e s  s o n t  p r 6 v u e s  a u  d e b u t  

d a n s  l e s  p e r t e s .  11s o n t  a u t a n t  b e s ~ n  d '  une e v a l u a t i o n  

r e l a t i v e m e n t  p r 6 c i s e  d e  ces changements  p o u r  c a l c u l e r  l e s  

i n d e m n i t e s  q u e  l e s  s c i e n t i f i q u e s  p o u r  d e s  r a i s o n s  s c i e n t i f i q u e s .  

e k e s  peu t -Gt re  1& un a s p e c t  s u r  l e q u e l  nous  pouvons Gtre 

d ' a c c o r d  a v e c  l e s  p r o m o t e u r s  i n d u s t r i e l s  car ,  d a n s  beaucoup  

d k u t r e s  cas,  i l s  ne  s o n t  p a s  v r a i m e n t  i n t e r e s s 6 s  ?i r a f f i n e r  

l e u r s  p r e v i s i o n s  p a r c e  q u e  l a  l ibe r t6  d e  l e s  i n t e r p r 6 t e r  d e  l e u r  

p o i n t  d e  vue e s t  q u e l q u e  peu r a s s u r a n t e .  

R,P. Delory  : 

J ' a i m e r a i s  r e p o n d r e  Gordon Bean lands  e t  d o n n e r  un p e t i t  

c o u p  d e  pouce aux i n g h i e u r s .  S i  je comprends  b i e n ,  il blgme 

p r e s q u e  l e s  i n g 6 n i e u r s  d e  n e  p a s  a v o i r  l a  bonne  i d 6 e  d e  s ' e n  

t e n i r  2 l e u r  p l a n  e t  i P  r e n d  t r&s d i f f i c i l e  l a  t s c h e  d e s  

s p & c i a l i s t e s  d e  l ' e n v i r o n n e m e n t  q u i  v e u l e n t  y a l l e r  d e  l e u r  

p r o p r e  & v a l u a t i o n .  D ieu  m e r c i ,  l e s  i n g 6 n i e u r s  o n t  a s s e z  d e  

jugement pour  c h a n g e r  l e u r  p l a n  s ' i l  n ' a  p a s  l ' a i r  d e  marcher1 

C. Desplanque  : 

J e  v o u d r a i s  f a i r e  q u e l q u e s  comrnenta i res .  J ' a i m e r a i s  

r e m e r c i e r  Don Gordon p o u r  t o u t e s  ses g e n t i l l e s  r emarques  s u r  l e s  



H o l l a n d a i s .  f i t a n t  H o l l a n d a i s  moi-msme, e t  l ' u n  d e s  deux q u i  s o n t  

i c i  a u j o u r d ' h u i ,  je m e  p e r m e t s  d e  f a i r e  r emarquer  q u e ,  ma lg r& 

t o u t ,  l e s  H o l l a n d a i s  p e u v e n t  6galement  commet t re  d e s  e r r e u r s  

6normes e t  b6tes .  Un d e s  p r o j e t s  q u i  a &t& ment ionng ,  c e l u i  d e  

D e l t a ,  e n  e s t  un exemple.  En ce moment, o n  s ' a f f a i r e  A f e n n e r  l e  

d e r n i e r  i n l e t  A m a r G e s ,  d a n s  l e  m s m e  o r d r e  d e  g r a n d e u r  q u e  l a  

b a i e  Cobequid.  Les r e s p o n s a b l e s  du p r o j e t  o n t  dG m o d i f i e r  l e u r s  
x 

p l a n s  e n  c o u r s  d e  r o u t e  c a u s e  d e  l ' o p i n i o n  p u b l i q u e  2 p r o p o s  

d e s  i m p l i c a t i o n s  e n v i r o n n e m e n t a l e s .  Un p r o j e t  d e  b a r r a g e  ferm6 

est donc  devenu  e n  r 6 a l i t g  un b a r r a g e  o u v e r t .  Ees  d & p u t & s  o n t  

chang& d Y d & e  a s s e z  r a p i d e m e n t  e t  s e  r e t r o u v e n t  donc  m a i n t e n a n t  

d a n s  d e  beaux d r a p s ,  s u r  l e  p l a n  t e c h n i q u e .  C e l a  coGte  t e l l e m e n t  

c h e r  d e  c h a n g e r  d e s  p l a n s  A mi-chemin q u ' e n  ce moment, l e  b u d g e t  

h o l l a n d a i s  e s t  extrGmement s e r r 6  e t  l ' e n t r e t i e n  d e s  a u t r e s  d i g u e s  

e s t  A peu  p r & s  i n e x i s t a n t .  

J e  s u i s  d o n c  d ' a c c o r d  a v e c  vous  p o u r  d i r e  q u ' o n  d o i t  

r e g a r d e r  c h e z  l e s  v o i s i n s  p o u r  v o i r  ce q u i  s l y  p a s s e .  S i  l e s  

f I o l l a n d a i s  a v a i e n t  o b s e r v &  l e  Canada, oG l k n  c u l t i v e  d e s  h u l t r e s  

d a n s  l a  baie Whycomagh ( l a c s  ~ras-d' Or) a v e c  une a m p l i t u d e  d e  

mar6es d e  q u e l q u e s  c e n t i m s t r e s ,  i l s  se s e r a i e n t  r e n d u  compte 

q u ' u n e  a m p l i t u d e  d e  2 . 3  mstres p o u r  l a  c u l t u r e  d e s  h u l t r e s  e s t  

 a aim era is e n s u i t e  p a r l e r  d e s  p r & o c c u p a t i o n s  c o n c e r n a n t  

l ' a u g m e n t a t i o n  d e  l ' a m p l i t u d e  d e s  mar&es  d e  1 5  cm d a n s  l e  g o l f e  

du Maine. Nous s a v o n s  t o u s  q u e  l e  b o r d  d e  m e r  e s t  s ' e n f o n c e  

r a p i d e m e n t  - d ' e n v i r o n  30 40 c m  p a r  s i&c le  - e t  que  ce la  f a i t  

v a r i e r  l e  n i v e a u  moyen d e  l ' e a u  d e  m6me q u e  les  n i v e a u x  d e s  

h a u t e s  mers  e t  d e s  b a s s e s  m e r s .  En o u t r e ,  l ' a m p l i t u d e  d e s  mar&es  

s ' a c c r o l t  n a t u r e l l e m e n t .  S i  l a  p r & v i s i o n  de Dave Greenburg e s t  



j u s t e ,  e t  je d i r a i s  q u ' i l  a d e  f o r t e s  c h a n c e s  d ' a v o i r  r a i s o n ,  

a l o r s  l a  s i t u a t i o n  r & s u l t a n t e  e s t  nt l a  mh-ie clue c e l l e  

q u i  e x i s t e r a  n a t u r e l l e m e n t  d a n s  e n v i r o n  3 0  a n s .  S i  n o u s  d e v o n s  

p a y e r  l e s  dommages aux  h a b i t a n t s  d e  l a  N o u v e l l e - A n g l e t e r r e ,  nous  

n e  d e v r i o n s  a v o i r  l e  f a i r e  q u e  p e n d a n t  e n v i r o n  3 0  a n s ;  a p r & s  

3 0  a n s ,  i l s  se r e t r o u v e r a i e n t  d a n s  l a  m6me s i t u a t i o n  d e  t o u t e  

W -  S i l v e r t  : 

Ces d e r n i e r s  j o u r s ,  n o u s  avons  e n t e n d u  50 e x p o s & s  q u i  

t o u c h a i e n t  d i v e r s  a s p e c t s  d ' u n  probl&me.  Normalement,  il d e v r a i t  

y a v o i r  une s & a n c e  o h  t o u t  s e r a i t  r&sum&. C e l a  n e  s % s t  p a s  

p r o d u i t  i c i  p a r c e  q u e  l ' o b j e c t i f  d e  c e t t e  r k u n i o n - d 6 b a t  e s t  un 

peu d i f f 6 r e n t .  I1 n e  s ' a g i t  p a s  d ' u n e  r & u n i o n - d & b a t  p o u r  r&sumer  

l es  t r a v a u x  s c i e n t i f i q u e s  q u i  o n t  &t& d i s c u t & s ,  m a i s  p o u r  

f a i r e  l e s  c h o s e s  d ' u n e  rnani5re  d i f f 6 r e n t e .  Je c r o i s  q u e  c e l a  e s t  

un peu  malheureux e n  un s e n s ,  p a r c e  que  nous  a v o n s  l ' i m p r e s s i o n  

que  nous  n e  s a v o n s  pas ce q u i  a k t 6  a c c o m p l i  ces d e r n i e r s  j o u r s ,  

e t  il semble q u e  nous  d e v r o n s  a t t e n d r e  l ' a t e l i e r  d e  l ' a u t o m n e  

p r o c h a i n  p o u r  t e n t e r  de  rgsurner  e t  d ' i n t g g r e r  l e s  c o n n a i s s a n c e s  

q u e  nous  a v o n s  a c q u i s e s .  

J ' a imerais  s o u l i g n e r  une c h o s e  q u i  n e  m e  semble  p a s  a v o i r  

v sa imen t  &t& d i t e  p e n d a n t  l ' a t e l i e r ,  b i e n  q u ' e l l e  l ' a i t  &t& d a n s  

l e s  r e s t a u r a n t s  e t  les chambres d ' h 6 t e l s .  I1 y a un d & s & q u i l i b r e  

b i z a r r e  e n  ce q u i  c o n c e r n e  l e s  & v a l u a t i o n s  p a r c e  que  n o u s  v e n o n s  

d ' e n t e n d r e  un s e u l  s p 6 c i a X i s t e  d e  l'oc&anographiephysique, un 

s e u l  s 6 d i m e n t o l o g i s t e ,  q u e l q u e s  i n g & n i e u r s  m a i s  un g r a n d  nombre 

d e  b i o l o g i s t e s  d i s c u t e r  d e s  i m p a c t s  env i ronnementaux  p o s s i b l e s .  

Cependant ,  il semble  q u ' e n  t e r m e s  d ' 6 v a l u a t i o n  d e s  i m p a c t s ,  l e s  
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fa~teurs r6ellement critiques & surveiller seront l'ockanographie 

physique et la s&dimentologie. Une des observations les plus 

int&ressantes de tout l'atelier est de voir comment tous Pes 

hiologistes qui ont fait un expos6 A la s6ance IIX ont utilis& le 

m&me mod&le pour faire leurs pr6visions. Cela n'6tait peut-Ztre 

pas tout fait &vident, et tout le monde a interpr&t& cela 

diffgremment, mais iP est clair que tous les mod$les que les 

biologistes utilisaient pour leurs prkvisions ktaient soit 

identiques soit compatibles. Ces modGles se fondaient sur 

quelques prkvisions physiques relativement simples des variations 

de la taille de la zone intertidale, de la turbidit6 des eaux en 

dedans et en dehors du bassin de retenue et de quelques autres 

facteurs. En fait, les gens semblent assigner les mgmes 

priorit6s ces facteurs. J'en suis done venu & la conclusion 

que notre capacit& des pr&visions biologiques n'est pas, comme 

plusieurs intervenants l'ont dit, extrgmement pire que n'importe 

quoi dans le syst&me, mais qu'elle s1av&rera en fait relativement 

bonne. De plus, les syst&mes biologiques prksentent une certaine 

robustesse et une hom6ostasie qui seront probablement mis en 

6vidence lors de llam&nagement futur de Fundy. Par contre, je 

trouve malheureux que nous n'ayons pu encore d&terminer l'impact 

de l'incertitude de nos pr6visions physiques et 

s&dimentologiques, et il importe de le comprendre pour tout genre 

d'exercice dl&valuation des incidences. C'est pour cette raison 

que je voulais pr6senter mon propre r&sum&. 

J . Lakshminarayana : 

~uelqu'un a parl& du nouveau Fonds renouvelable pour des 

btudes environnementales, qui fournira des millions de dollars 

pour ktudier les impacts environnementaux de l'exploitation 



VU3 

o f f - s h o r e  d e s  h y d r o c a r b u r e s .  Je crois  q u a  un f o n d s  s e m b l a b l e  

d e v r a i t  &re 6 t a b l i  p o u r  l a  zone  c6t i&re ,  q u i  d o i t  &re p r o t & g & e  

d h n  g r a n d  nombre d ' a g r e s s i o n s  e n v i r o n n e m e n t a l e s .  Je g e n s e  

Ggalement  que  nous  d e v r i o n s  commencer A f a i r e  p l u s  a t t e n t i o n  aux 

e f f e t s  s y n e r g i q u e s  d e s  am6nagements.  I1 y a d&jA un m k g a p r o j e t  

p r e s q u e  t e r m i n 6  d a n s  l a  b a i e  d e  Fundy, c ' e s t - & - d i r e  l a  c e n t r a l e  

n u c l g a i r e  d e  Po in te -Lepreau .  Comment ce p r o j e t  r & a g i r a - t - i l  un 

a m b a g e m e n t  d' 6 n e r g i e  markmot r i ce?  Comment r k a g i r a  un p r o j e t  s i  

l k u t r e  e s t  t o u c h 6  par un probl&me? T o u t e s  ces q u e s t i o n s  d o i v e n t  

R .  Edwards : 

J e  c r o i s  q u e  l a  q u e s t i o n  d e s  e f f e t s  s y n e r g i q u e s  s e r a i t  

s o u l e v 6 e  d a n s  un &nonc& d e s  i n c i d e n c e s  e n v i r o n n e m e n t a l e s  q u i  

r & s u m e r a i t  l e  b a g a g e  d e s  c o n n a i s s a n c e s  a c t u e l l e s  e t  t e n t e r a i t  

d f 6 v a l u e r  l e s  i m p a c t s  p o s s i b l e s  d ' u n  p r o j e t  p o t e n t i e l  s u r  l e  

systGme k c o l o g i q u e  d e  l a  zone c&t i&re  e t  s u r  l a  s o c i 6 t 6 .  C e l a  

p o u r r a i t  e n t r a r n e r  d e s  g t u d e s  a d d i t i o n n e l l e s  d e  ces probl&xnes. 

D .  Gordon : 

Dans l e s  d i r e c t i v e s  o f f i c i e u s e s  d e s  &nonc&s d e s  

i n c i d e n c e s  e n v i r o n n e m e n t a l e s  p o u r  Fundy,  je crois  q u ' i l  es t  

q u e s t i o n  d e s  i n t e r a c t i o n s  d ' u n  p r o j e t  d ' e x p l o i t a t i o n  d e  l S & n e r g i e  

m a r 6 m o t r i c e  e t  d ' a u t r e s  amgnagements g r a n d e  6 c h e l l e  e x i s t a n t s  

o u  q u i  p o u r r a i e n t  Gtre c o n s t r u i t s  p e n d a n t  l a  d u r & e  d e  v i e  du  

projet .  e g a l e m e n t ,  comme vous  l e  s a v e z  t r&s  b i e n ,  les  a c t i v i t & s  

d u  cornit6 d e s  & t u d e s  e n v i r o n n e m e n t a l e s  Fundy n ' o n t  p a s  & t k  

uniquement  a x 6 e s  s u r  l e s  problhmes  l i&s  A l l & n e r g i e  mar6mot r i ce .  

Nous avons  6 g a l e m e n t  6 t &  pr&occup&s p a r  d i v e r s  a s p e c t s  d e  



l'environnement de Fundy, et les chercheurs du projet BIO 

responsables du contr8le de la radiation au projet de 

Pointe-Lepreau participent rbgulisrement A nos ateliers. Je 

crois qu'il est juste de dire qu'au sein du cornit&, l'attention 

et 11int&r6t sont port6s 2 divers problemes qui pourraient se 

prgsenter, et nous mettons sur pied des informations de base qui 

pourront Gtre utilisbes pour rbsoudre un certain nombre de 

problkmes A mesure qu'ils se pr&senteront. 

G .  Beanlands : 

Dr Lakshminarayana a cern& un ~roblGme v6ritable auquel 

nous, en tant que soci&t&, devons faire face, c'est-;-dire que 

nous sommes 2 l'&e des &noncbs des incidences environnementales, 

mais que nous nous attardons seulement A des projets 

individuels. Cela vaut pour les organismes gouvernementaux et 

pour le grand public. Nous ne poss6dons pas de bons mkcanismes 

d'observation des effets synergiques des differents projets et de 

la qualit& globale de l'environnement. I1 semble que c'est dans 

des zones c6tiares ou des r&gions ferm&es, comme la baie de 

Fundy, o ? ~  les impacts de diffbrents projets rkagissent les uns 

avec les autres. Dans des rbgions comrne celle-ci, une approche 

tres dif f&rente est n6cessaire. 
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