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abstract

We studied the long-term response of a cohort of eight female Agassiz’s desert tortoises 
(Gopherus agassizii) during the first 15 years following a large fire at a wind energy gen-
eration facility near Palm Springs, California, USA.  The fire burned a significant portion 
of the study site in 1995.  Tortoise activity areas were mapped using minimum convex 
polygons for a proximate post-fire interval from 1997 to 2000, and a long-term post-fire 
interval from 2009 to 2010.  In addition, we measured the annual reproductive output of 
eggs each year and monitored the body condition of tortoises over time.  One adult female 
tortoise was killed by the fire and five tortoises bore exposure scars that were not fatal.  
Despite predictions that tortoises would make the short-distance movements from burned 
to nearby unburned habitats, most activity areas and their centroids remained in burned 
areas for the duration of the study.  The percentage of activity area burned did not differ 
significantly between the two monitoring periods.  Annual reproductive output and mea-
sures of body condition remained statistically similar throughout the monitoring period.  
Despite changes in plant composition, conditions at this site appeared to be suitable for 
survival of tortoises following a major fire.  High productivity at the site may have buff-
ered tortoises from the adverse impacts of fire if they were not killed outright.  Tortoise 
populations at less productive desert sites may not have adequate resources to sustain nor-
mal activity areas, reproductive output, and body conditions following fire.



Fire Ecology Volume 7, Issue 3, 2011
doi: 10.4996/fireecology.0703075

Lovich et al.: Fire Effects on Agassiz’s Desert Tortoise
Page 76

introduction

Ecosystems can be classified as either fire-
dependent or non-fire-dependent based on their 
evolutionary history of exposure to fire (Mutch 
1970).  Fire-adapted habitats like the long-leaf 
pine ecosystem of the southeastern United 
States (Gilliam and Platt 1999) and the chapar-
ral and coastal sage scrub ecosystems of Cali-
fornia (Keeley 1987) are well known for their 
resilience to fire and even promote fire through 
their inherent flammable properties (Bond and 
Keeley 2005).  Animals living in these ecosys-
tems also have adaptations to recurring fire 
that allow them to persist under such a signifi-
cant disturbance regime (Mushinsky 1985, 
Russell et al. 1999).

In contrast, some ecosystems are poorly 
adapted to fire, especially deserts where fuel 
density is low and woody plants evolved under 
widely spaced conditions (reviewed by Lovich 
and Bainbridge 1999).  Fire was historically 
uncommon in the Mojave Desert of North 
America (Brooks 1999, 2002) but is increasing 
in both frequency and size as a result of the 
combination of increases in flammable inva-
sive plants, mainly grasses (Brown and Minn-
ich 1986), and anthropogenic ignitions (Brooks 
1999, Brooks and Esque 2002, Brooks and 
Matchett 2006).  Therefore, native species of 
this region are very sensitive to fire disturbanc-
es.  For example, Agassiz’s desert tortoise (Go-
pherus agassizii, hereafter referred to as desert 
tortoise) is a federally protected species in the 
Mojave Desert (Ernst and Lovich 2009) that 
can be negatively affected by fire (Brooks and 
Esque 2002, Esque et al. 2003, US Fish and 
Wildlife Service 2011).  

The effects of fire on desert tortoise popu-
lations (including Morafka’s desert tortoise, G. 
morafkai) were reviewed by Esque et al. 
(2002) and Schwalbe et al. (2002) and includ-
ed three possible outcomes.  The first is direct 
mortality caused by exposure to flames or 
smoke, resulting in death of the individual dur-
ing or sometime after the fire.  Fire mortality 
may dramatically affect the size structure and 
survivorship of tortoise populations as shown 
by Stubbs et al. (1985) and Hailey (2000) for 
the tortoise Testudo hermanni in Greece, and 
Lambert et al. (1998) for the tortoise Stigmo-
chelys (Geochelone) pardalis in Africa.  The 
latter study suggests that the effects may per-
sist for decades.  Desert tortoises are particu-
larly vulnerable to fire when they are active 
outside their burrows.  Tortoise burrows pro-
vide low temperature refugia during fires (Gib-
son et al. 1990) that may prevent mortality.  
The second effect of fire on desert tortoises is 
the alteration of habitat through loss of vegeta-
tive cover that may change the aboveground 
thermal environment to the detriment of tor-
toises.  As ectotherms, desert tortoises must re-
sort to the shade of nearby plants or burrows 
when environmental temperatures exceed their 
tolerance (Zimmerman et al. 1994).  If shade 
or burrows are not available, they will die 
when body temperature reaches 43.1 °C 
(Hutchison et al. 1966).  Thirdly, fires may in-
directly affect habitat quality by altering the 
future availability or nutritional value of desert 
tortoise food plants for years following the 
conflagration.  This is especially true when na-
tive perennial plants and annual forbs are re-
placed by nutritionally inferior grasses (Nagy 
et al. 1998), such as the exotic species Medi-
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terranean split grass (Schismus spp.), buffel-
grass (Pennisetum ciliare L.), and red brome 
(Bromus madritensis ssp. rubens [L.] Duvin), 
that proliferate following fire (D’Antonio and 
Vitousek 1992, Brooks 1999, Schwalbe et al. 
2002, Brooks et al. 2004).

Although Esque et al. (2002) quantified the 
effects of direct mortality on desert tortoise 
populations in the Sonoran Desert following 
wildfires, we are aware of no published studies 
assessing longer-term post-fire effects on the 
species.  The objectives of this study were to 
examine the possible behavioral and reproduc-
tive effects of a wildfire on a group of female 
desert tortoises in a wind energy generation fa-
cility near Palm Springs, California, 15 years 
post fire.  Although pre-fire data are not avail-
able for the desert tortoise population, we test-
ed four hypotheses about the potential long-
term post-fire effects on tortoises:

Desert tortoises would shift their activ-
ity areas (AA), as measured by direc-
tional movement of AA centroids, away 
from burned habitat toward unburned 
habitat, over time.  
The percent of burned habitat within an 
individual desert tortoise AA was pre-
dicted to decrease over time due to 
concomitant decreases in habitat quali-
ty affecting their thermal environment 
and nutrition since the desert tortoise is 
an obligate herbivore.  
Reproductive output measured as an-
nual egg production would decrease 
over time due to a potential decline in 
habitat quality and nutritional quality 
of food plants that could negatively af-
fect the amount of energy available for 
reproduction (Congdon 1989).  
A measure of body condition (mass di-
vided by length) would decrease over 
time, again due to a potential decline in 
habitat quality and nutrition.

In our analyses, sampling periods are di-
vided into proximate post fire (PPF) for the pe-

1.

2.

3.

4.

riod from 1997 to 2000, and long-term post 
fire (LTPF) for the period from 2009 to 2010, 
when studies were reinitiated.

methods

Site Description and Fire History

The study site (locally known as the Mesa 
wind farm) is located in the foothills of the 
southeastern San Bernardino Mountains in 
Riverside County, California, approximately 
13 km northwest of the city of Palm Springs.  
Vegetation in the area is a complex mixture of 
desert, coastal sage scrub, and chaparral spe-
cies at the western edge of the Colorado Desert 
subdivision of the Sonoran Desert (Burk 
1977).  North-facing slopes are visually domi-
nated by California sagebrush (Artemisia cali-
fornica Less.), whereas southern exposures 
contain a mixture of desert (e.g., creosote bush 
[Larrea tridentata {DC.} Coville]) and chap-
arral (e.g., chamise [Adenostoma fasciculatum 
Hook. & Arn.]) plant species.  The site was de-
veloped for utility-scale wind energy genera-
tion starting in 1983 on land administered by 
the Bureau of Land Management.  This result-
ed in construction of an extensive network of 
dirt roads to provide access to each of 460 tur-
bines.  A matrix consisting of native vegetation 
remained within and around the footprint of 
construction, although the entire site was 
grazed by cattle until sometime around the 
year 2000 when grazing was eliminated.  A 
more detailed description of the energy-gener-
ation infrastructure and vegetation at this site 
is given in Lovich and Daniels (2000).  

The human-ignited Verbenia Fire, unrelat-
ed to wind-energy generation operations, start-
ed on 4 August 1995, about 2.65 km from the 
core of our study site (Figures 1 and 2).  This 
time of year is near the end of the spring-sum-
mer active season for desert tortoises at the 
study site, with aboveground activity usually 
confined to early morning and late afternoon 
due to high air temperatures in August.  The 
fire spread rapidly to encompass 71 % (4.44 
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km2) of the total area occupied by desert tor-
toises (Figure 3) at the study site.  To generate 
the estimate of area occupied by tortoises, we 
used 1771 capture locations and circumscribed 
the cloud of points with a minimum convex 
polygon (MCP) buffered at the edges to 12 m 
based on the Global Positioning System (GPS) 
accuracy values (Figure 3).  Three-dimension-
al surface area of the MCP was estimated at 
6.25 km2.  Fire intensity was rated as low to 
moderate by the responding fire crew: hot 
enough to kill a large percentage of the creo-
sote bush, all of the teddybear cholla (Cylin-

dropuntia bigelovii [Engelm.] F.M. Knuth), 
and many of the other desert perennial plants 
at the site.  Areas with low fire intensity result-
ed in spotty mortality of individual creosote 
bushes, while moderate fire intensity areas sus-
tained complete mortality.  Random transects 
were walked through a portion of the burn 
within the area occupied by wind energy tur-
bines on 7 August 1995, looking for evidence 
of desert tortoise mortality by visiting known 
tortoise burrows.  Additional surveys of the 
burned area occurred on 25, 28, and 31 August 
1995.

Other smaller fires affected different parts 
of the study area from 1979 to 2010 (all started 
by industrial operations on site) ranging in size 
from 0.02 ha to 58.71 ha.  Prior to the 1970s, 
wildland fire was almost unknown in the im-
mediate vicinity of our study site according to 
Brown and Minnich (1986).  The Verbenia Fire 
may have been the first major wildland fire to 
affect our study site in modern history (R. 
Minnich; University of California, Riverside; 
personal communication).

Methodology

We studied desert tortoise habitat use at the 
site starting in 1995 (Lovich and Daniels 2000) 
and continued with studies of demography, 
movements, reproductive ecology, nesting 
ecology, and hatchling behavior at various 
times during six field seasons from 1997 to 
2000 and 2009 to 2010 (Lovich et al. 1999, 
2011; J. Lovich, US Geological Survey, un-
published data).  During that time, 145 indi-
vidual tortoises (including 74 hatchlings 
emerging from monitored nests in 2000) were 
captured, marked, and monitored in the area.  
Individuals were marked both by notching 
unique combinations of codes into their mar-
ginal scutes with a file (Cagle 1939) and by 
gluing correspondingly numbered tags onto 
their carapaces with clear epoxy.  Female tor-
toises were outfitted with radio transmitters 
during the study (7 to 17 females each year).  

Figure 1.  A view near the middle of our study site 
taken sometime shortly before the 1995 Verbenia 
Fire.  Note the dense creosote bush (Larrea triden-
tata) community.  Photograph by Jeff Lovich.

Figure 2.  The same perspective of our study site as 
shown in Figure 1 photographed in 1995 shortly after 
the Verbenia Fire.  Note the almost complete mortal-
ity of creosote bush (Larrea tridentata) in compari-
son to Figure 1.  Photograph by Jeff Lovich.
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Radios were attached using the procedure rec-
ommended by Boarman et al. (1998).  For the 
purpose of our study, we used data from a co-
hort of eight females that were monitored over 
the entire period from 1997 to 2010.  All fe-
males were relatively large adults in 1997, and 
thus likely were adults during the fire in 1995, 
based on known growth and maturity patterns 
for the species (Ernst and Lovich 2009).

Our protocol varied over the years, but 
typically we relocated radio-tagged female 
desert tortoises at 7- to 10-day intervals, start-
ing in late March or early April, through late 
July.  Relocations generally continued at 
monthly intervals thereafter as stipulated by 
our permit.  All tortoises were measured (cara-
pace length, CL) when captured and weighed.  

Mature females (greater than about 200 mm) 
were x-rayed to determine annual egg produc-
tion (AEP), calculated by summing clutch siz-
es for each clutch produced by a female in a 
given year.  Clutch size was determined using 
field X-radiography at dosages considered safe 
for turtles (Hinton et al. 1997), so that eggs 
still in the female could be counted.  We in-
cluded all adult females in every year, regard-
less of whether they produced a clutch of eggs 
or not.  Thus, our analysis of AEP reflects out-
put for both reproductive and non-reproductive 
(but sexually mature) individuals. 

Relocation points at each capture were re-
corded with a GPS unit, and activity areas 
(AA) were constructed using minimum convex 
polygons around the cluster of location points 

Figure 3.  Close-up map of study site. The green boundary represents the minimum convex polygon of 
the outermost tortoise observations (buffered 12 m).  The area shaded in orange denotes the local extent of 
the 1995 Verbenia Fire (unburned area to the southeast).  Centroids of female tortoise activity areas for the 
proximate post-fire period from 1997 to 2000 are shown with green circles and the same for the long-term 
post-fire period from 2009 to 2010 are shown with red triangles.  Individual tortoise identification numbers 
are shown next to each centroid pair.  Wind turbine access roads and individual turbines are visible in the 
lower and right half of the image.  The Whitewater River channel is visible in the upper right corner.
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for each tortoise and time interval.  Since home 
ranges of animals are known to be linearly de-
pendent upon the number of captures, a mini-
mum of 20 captures has been recommended 
for accurate estimation of this parameter 
(Mares et al. 1980).  Despite the fact that sev-
eral of the tortoises we monitored had slightly 
less than 20 relocations in the LTPF interval 
(Table 1), linear regressions between the log of 
the number of relocations and the log of AA 
were not significantly different from zero for 
PPF (F1,6 = 1.65, P = 0.25) or LTPF intervals 
(F1,6 = 0.05, P = 0.84), suggesting that our esti-
mates of AA are not adversely affected by hav-
ing less than 20 relocations for some of the 
tortoises.

We acquired Landsat 5 imagery for 10 
September 1995 from the US Geological Sur-
vey for the study area to delineate the bound-
ary of the Verbenia Fire.  We followed proce-
dures outlined in the fire effects monitoring 
protocol (Lutes et al. 2006) for calculating the 
Normalized Burn Ratio.  These procedures 
calculate burn severity of the study area with 
additional adjustments made to smooth the 
polygon boundary of the fire footprint for the 
region encompassing the Verbenia Fire.  We 
overlaid the MCP with the fire polygon to de-

termine the amount of burned area within the 
study area. 

We used ArcGIS (ArcGIS 10) to develop 
and analyze all spatial data.  Tortoise GPS lo-
cations were converted into point layers, which 
formed the basis for all subsequent spatial 
analyses.  All spatial data layers were in the 
Universal Transverse Mercator projection, 
Zone 11, North American Datum of 1983.  
Digital elevation models (DEM) acquired from 
the US Geological Survey were used in the 
analyses for calculating path distances and ac-
tivity areas in three-dimensional space.  Calcu-
lating distances between centroids or areas of 
polygons using the elevation values from the 
DEM provide more representational values 
that incorporate the three-dimensional proper-
ties of the land surface.  Recognizing that ani-
mals do not utilize all of an occupied area with 
equal intensity (Dixon and Chapman 1980), 
we calculated centroids for each three-dimen-
sional estimate of AA as another metric of 
habitat use by individual tortoises. 

Analyses

We tested all data for normality using the 
Shapiro-Wilk W Test and conducted the appro-

Tortoise identification
number

Pre-2001 locations 
(n)

2009 to 2010 
locations (n)

Locations for all years 
(n)

6 85 36 121
10 83 13 96
14 38 37 75
21 25 17 42
32 75 35 110
36 66 18 84
61 23 19 42
69 20 16 36

Totals 415 191 606

Table 1.  The number of female desert tortoise locations and relocations occurring in both time periods of 
our analysis.  Pre-2001 relocations are considered as proximate post-fire, and 2009 to 2010 relocations are 
considered long-term post-fire.
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priate statistical and post-hoc tests (i.e., Tukey 
Honestly Significant Difference Test).  Activity 
area data did not meet the assumption of nor-
mality (W = 0.77, P = 0.01); therefore, we con-
ducted a matched pairs Wilcoxon Sign-Ranked 
Test to determine differences between PPF and 
LTPF.  Percentage of AA area burned and ele-
vation of AA centroids met the assumption of 
normality (W = 0.86 to 0.89, P = 0.11 to 0.23); 
therefore, we conducted matched pairs t-tests 
to determine differences between PPF and 
LTPF.  Annual egg production data met the as-
sumption of normality (W = 0.91 to 0.97, P = 
0.14 to 0.20).  For all of the between-group 
comparisons (i.e., AEP and CL), we conducted 
incomplete block design one-way analysis of 
variance (ANOVA) using individual tortoise 
nested within category (i.e., PPF and LTPF) as 
a random effect, and category as a fixed effect.  
Means are followed with standard deviations 
and ranges.  All statistical analyses were con-
ducted in JMP version 8 (SAS Institute Inc., 
Cary, North Carolina, USA) and Systat (Systat 
Software, Inc., Chicago, Illinois, USA) with 
alpha of 0.05.

resuLts

Surveys conducted shortly after the fire 
confirmed that one adult female tortoise died 
of severe burns sustained while in a shallow 
burrow under a spiny hopsage bush (Grayia 
spinosa [Hook.] Moq.).  In addition, three 
adult males and two adult females (CL = 21.4 
cm to 28.1 cm) were found between 1998 and 
2010 that exhibited fire scarring on the scutes 
covering their carapaces (Figure 4), possibly 
caused by the Verbenia Fire.  We captured 28 
adult tortoises (11 females and 17 males) in 
2009 and 2010, 22 of which were recaptures 
(79 %) from earlier studies (1997 to 2001), in-
cluding the 8 females used in this analysis.  
Some of the tortoises had extensive relocation 
histories.  For example, tortoises numbered 6 
and 32 in our group had been relocated over 
100 times during the course of our research 
(Table 1).

Activity areas estimated from minimum 
convex polygons ranged from 2.85 ha to 42.63 
ha (mean = 14.67 ha) in PPF, and 3.34 ha to 
30.75 ha (mean = 10.60 ha) in LTPF, and did 
not differ between the time intervals (Z = –
6.00, P = 0.46).  The AA centroids for only 
two tortoises were outside the area burned in 
PPF (148.0 m and 355.0 m from the edge of 
the burn, respectively).  In the LTPF interval, 
one tortoise AA centroid shifted from unburned 
to burned areas, and only one tortoise AA cen-
troid remained in the unburned area (381.4 m 
from the edge of the burn).  The mean distance 
between the AA centroids of each tortoise in 
PPF and LTPF time periods was 173.0 m 
(range 34.7 m to 244.7 m).  The mean vector 
of direction between PPF and LTPF AA cen-
troids was 52.3°, or almost northeast, with a 
circular standard deviation of 79.7°.  Ray-
leigh’s test did not reject the null hypothesis 
that the vectors of movement between the PPF 
and LTPF centroids were distributed in a uni-
form manner (Z = 1.15, P = 0.33).  The mean 
elevation of AA centroids did not differ be-
tween PPF (746.7 ± 40.7 m) and LTPF (745.1 
± 43.2 m; t = –0.23, P = 0.82).

During the PPF interval, six of eight (75 %) 
tortoise AAs were entirely within the burned 
area.  The mean percent AA burned for the 

Figure 4.  Male desert tortoise from our study site 
showing extensive fire scars on posterior and lateral 
scutes of the carapace.  Photograph by Jeff Lovich, 
April 2010.
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other two tortoises was 11 % (range of 10 % to 
12 %).  During LTPF, four of eight (50 %) tor-
toise AAs were entirely within the burned area, 
one was entirely in the unburned area, and the 
mean percent AA burned for the other three 
tortoises was 71.3 % (range of 25 % to 98 %).  
The percent AA burned did not differ between 
the time intervals (t = −0.35, P = 0.73).  In ad-
dition, the proportion of tortoises with AAs en-
tirely within the burned area did not differ be-
tween PPF and LTPF (Fisher’s exact test, P = 
0.61).

The AEP was not significantly different (F 
= 0.69, df = 1, P = 0.42) between PPF (6.7 ± 
3.9) and LTPF (5.4 ± 3.7).  Similarly, body 
condition did not differ (Figure 5) between 
PPF (115.6 ± 8.8 g cm-1) and LTPE (118.1 ± 
8.0 g cm-1) (F = 0.33, df = 2, P = 0.58).

discussion

Fire has been identified as a significant 
threat to the recovery of the federally protected 
Agassiz’s desert tortoise (US Fish and Wildlife 
Service 2011).  We confirmed the negative ef-
fects of fire through observations of direct 
mortality and fire scarring of surviving tortois-
es at our study site following a massive wild-
land fire.  However, despite predictions to the 

contrary, we did not observe statistically sig-
nificant changes in the spatial ecology, repro-
ductive output, or body condition of a cohort 
of female desert tortoises 2 yr to 14 yr post 
fire.  Surprisingly, AA centroids for six out of 
eight tortoises remained inside the burned area 
during PPF, and one centroid shifted from out-
side to inside the burned area during LTPF.  
Little evidence of burned area avoidance was 
observed despite the fact that distance from 
burned to unburned centroids were within the 
range of tortoise movements observed through-
out the study. 

Activity areas and AA centroids might be 
expected to change over time from burned to 
unburned areas if fire caused habitat degrada-
tion in the form of a decrease in thermal cover 
or availability of nutritious forage for the eco-
thermic and herbivorous desert tortoise (Esque 
et al. 2003).  In addition, percent AA burned 
was hypothesized to decrease over time.  Al-
though none of these hypotheses were support-
ed by our data, we do not have detailed mea-
surements on plant species composition or dis-
tribution needed for a thorough analysis of mi-
crohabitat conditions within an AA.  

Desert fires can cause a decrease in the 
number of plant species as time since fire in-
creases (Alford et al. 2005), but the response 
varies among plant species and is complicated 
by other factors like seed bank size, rainfall 
(Abella et al. 2009), competition, disturbance 
history, and nutrient availability (Rew and 
Johnson 2010).  For example, fire can tempo-
rarily reduce the seed bank of less nutritious 
grasses like the exotic species red brome, but 
the exotic Mediterranean split grasses can 
quickly increase above pre-fire levels (Brooks 
2002).  The latter plant species, when eaten by 
tortoises, do not contain enough digestible ni-
trogen to compensate for nitrogen lost through 
excretion (Meienberger et al. 1993).  If there 
was a decrease in the number of plant species 
with increasing time since fire, as suggested by 
Alford et al. (2005), and a decrease in native 
annual forbs as shown by others (Brooks 1999, 

Figure 5.  Mean body condition indices (g cm-1) and 
standard errors of female desert tortoises for the years 
indicated.  Bars shaded in gray are for the proximate 
post-fire interval, while those in white show data for 
the long-term post-fire interval.
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Brooks and Esque 2002), tortoises might be 
expected to forage more widely (Oftedal et al. 
2002) in search of preferred food plants (Henen 
2002) over time.  Again, this is not reflected in 
our data.  Sanz-Aguilar et al. (2011) compared 
minimum convex polygons for the Mediterra-
nean tortoise Testudo graeca, a species that 
lives in a fire-prone ecosystem, in burned and 
unburned areas and found no difference.  They 
concluded that individuals living in burned ar-
eas did not have to increase their territories to 
feed.  None of their tortoises moved from 
burned to unburned areas despite the small size 
of their study site (70 ha). 

Another negative impact of the fire on food 
plant abundance for tortoises was the creation 
of conditions that allowed the exotic annual 
forb Sahara mustard (Brassica tournefortii 
Gouan) to proliferate at the site.  The seeds can 
reestablish high stem densities quickly follow-
ing fire (Brooks 2000).  Although established 
in the region surrounding our study site for 
over 80 years, Sahara mustard achieves high 
abundance mainly during years of above-aver-
age precipitation, with associated negative ef-
fects on native annual plants, including 80 % 
to 90 % reductions in flower and seed produc-
tion (Barrows et al. 2009).  Stands of Sahara 
mustard do not typically reach biomass levels 
in the Mojave and Sonoran deserts at which 
they can readily carry fire on their own.  Where 
fires have been observed spreading through 
Sahara mustard stands, they are typically car-
ried by a combination of an invasive annual 
grass (Mediterranean split grass and red 
brome) understory and a Sahara mustard over-
story (M. Brooks, US Geological Survey, per-
sonal communication).  These conditions may 
have contributed to the large size and rapid 
spread of the Verbenia Fire at our study site 
because the years 1994 to 1995 experienced an 
explosive abundance of Sahara mustard (Bar-
rows et al. 2009).

We do know that a significant number of 
the creosote bush plants at the site were killed 
by the fire (Figures 1 and 2).  As the largest 

and most abundant perennial shrub through 
much of the range of the desert tortoise, creo-
sote bush is an important source of thermal 
cover for tortoises when they are above 
ground.  Based on a visual assessment of the 
site over time, it is obvious to us that brittle-
bush (Encelia farinosa A. gray ex Torr.) re-
placed creosote bush as one of the dominant 
perennial plant species, a common response to 
fire in this part of the Sonoran Desert, where 
brittlebush accounts for most of the seedlings 
observed in the year following fire, and most 
of the total plant cover 3 yr to 5 yr following 
fire (Brown and Minnich 1986).  Perennial 
plant cover in the Mojave and Sonoran deserts 
is known to reestablish faster than plant com-
position following fire (Abella 2009).  Tortois-
es at our site frequently shelter under brittle-
bush during the day; therefore, the loss of 
shade associated with creosote bush mortality 
appears to be compensated for by increases in 
brittlebush cover and abundance.

Our reproductive output data do not sup-
port the hypothesis that annual egg production 
would decrease over time.  This suggests that 
resource availability for energy allocation to 
reproduction did not change greatly over the 
period of study.  A similar conclusion was 
reached by Sanz-Aguilar et al. (2011) for the 
tortoise T. graeca living in burned and un-
burned areas in Spain.  Neither clutch frequen-
cy nor clutch size differed between the two 
groups one year after fire.  Since the effects of 
fire on the desert landscape and availability of 
forage plants for tortoises are dramatic and 
long-lasting, including slow regeneration of 
long-lived shrub species and proliferation of 
less nutritious non-native grass species that 
foster recurring fires, the reproductive output 
of desert tortoises at the Mesa study site may 
be more resilient to unnatural disturbances like 
fire than hypothesized.  We are quick to point 
out that there are no pre-fire reproductive data 
to compare to our post-fire data.  However, 
Mesa’s post-fire reproductive characteristics 
were within the ranges reported for other pop-
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ulations of desert tortoises (reviewed by Ernst 
and Lovich 2009), with the exception that 
clutch frequency was higher due to the high 
primary productivity at the site relative to oth-
er tortoise habitats (Lovich et al. 1999).  The 
fact that body condition of tortoises did not 
vary significantly over time supports the idea 
that forage conditions following the fire sup-
port consistent reproductive output.

It is perplexing that tortoises did not move 
the short distance from burned to unburned 
habitats over time, and that one even shifted its 
AA centroid into a burned area.  However, it is 
important to emphasize that the results we ob-
served at Mesa might be very different from 
other desert tortoise habitats.  By virtue of its 
proximity to coastally influenced climate, 
Mesa is a wetter site than those typically occu-
pied by tortoises elsewhere in California, and 
this promotes high production of winter annual 
food plants for tortoises (Lovich et al. 2011).  
As a result, even during drought years in the 
rest of the desert, there is some plant germina-
tion at Mesa (Lovich and Daniels 2000).  The 
favorable conditions at Mesa may allow tor-
toises to compensate for the negative effects of 
fire.  In contrast, in habitats farther into the 
desert where rainfall is greatly diminished and 

more unpredictable in comparison to Mesa, 
tortoises are already stressed beyond the abili-
ty to compensate for resource limitations in 
some years (Peterson 1994, Longshore et al. 
2003).  At those sites, fire may have far more 
catastrophic long-term impacts on tortoises.

The actual long-term effects of the fire on 
the tortoise population that we studied will 
never be fully understood due to the fact that 
data are not available for our study site under 
pre-fire conditions.  As such, it is possible that 
the effects we hypothesized may have occurred 
in the short interval between the fire and the 
beginning of our study, less than two years lat-
er.  Carefully designed before-and-after studies 
are needed on the effects of fire on the desert 
tortoise, but these will be difficult or impossi-
ble to conduct outside of serendipity due to the 
threatened status of tortoises.  Until then, post 
hoc long-term studies like ours and others 
(Sanz-Aguilar et al. 2011) provide the best op-
portunity to understand how tortoises respond 
to the effects of fire over time.  While awaiting 
additional studies, it is prudent to vigorously 
prevent and suppress wildland fires in tortoise 
habitat due to the known potential for direct 
mortality as noted previously by the US Fish 
and Wildlife Service (2011).

acknowLedgments

Many people assisted us during the course of this study.  Field support for this project was 
provided by interns from the Student Conservation Association and by volunteers too numerous 
to list.  Special thanks to R. Daniels, R Griese, M. Massar, and G. Wright for their long commit-
ment to the support of our project.  M. Westbrooks and K. Madsen allowed us to use their veteri-
nary facilities to process X-radiographs.  C. Porter and A. Burvick of the Flagstaff Medical Center 
also provided access to processing facilities.  Meaghan Meulblok and Mirza Agha assisted with 
manuscript preparation.  Research was supported by the California Energy Commission, Califor-
nia Desert District Office of the Bureau of Land Management (BLM), the Palm Springs-South 
Coast Field Office of BLM, and Joshua Tree National Park.  Research was conducted under per-
mits from the US Fish and Wildlife Service, California Department of Fish and Game, and the 
BLM.  We are grateful to the Institutional Animal Care and Use Committee of Northern Arizona 
University for reviewing and approving our research procedures.  Earlier versions of the manu-
script benefitted greatly from comments offered by T. Esque and M. Brooks.  Any use of trade, 
product, or firm names is for descriptive purposes only and does not imply endorsement by the 
US government.



Fire Ecology Volume 7, Issue 3, 2011
doi: 10.4996/fireecology.0703075

Lovich et al.: Fire Effects on Agassiz’s Desert Tortoise
Page 85

Literature cited

Abella, S.R.  2009.  Post-fire plant recovery in the Mojave and Sonoran deserts of western North 
America.  Journal of Arid Environments 73: 699-707.  doi: 10.1016/j.jaridenv.2009.03.003

Abella, S.R., E.C. Engel, C.L. Lund, and J.E. Spencer.  2009.  Early post-fire establishment on a 
Mojave Desert burn.  Madroño 56: 137-148.  doi: 10.3120/0024-9637-56.3.137

Alford, E.J., J.H. Brock, and G.J. Gottfried.  2005.  Effects of fire on Sonoran Desert plant com-
munities.  Pages 451-454 in: G.J. Gottfried, B.S. Gebow, L.G. Eskew, G. Lane, and C.B. Ed-
minster, compilers.  Connecting mountain islands and desert seas: biodiversity and manage-
ment of the Madrean Archipelago II.  USDA Forest Service Proceedings RMRS-P-36, Fort 
Collins, Colorado, USA.

Barrows, C.W., E.B. Allen, M.L. Brooks, and M.F. Allen.  2009.  Effects of an invasive plant on a 
desert sand dune landscape.  Biological Invasions 11: 673-686.  doi: 10.1007/s10530-008-9282-6

Boarman, W.I., T. Goodlett, G. Goodlett, and P. Hamilton.  1998.  Review of radio transmitter at-
tachment techniques for turtle research and recommendations for improvement.  Herpetologi-
cal Review 29: 26-33.

Bond, W.J., and J.E. Keeley.  2005.  Fire as a global ‘herbivore’: the ecology and evolution of 
flammable ecosystems.  Trends in Ecology and Evolution 20: 387-394.  doi: 10.1016/j.
tree.2005.04.025

Brooks, M.L.  1999.  Alien annual grasses and fire in the Mojave Desert.  Madroño 46: 13-19.
Brooks, M.L.  2000.  Brassica tournefortii Gouan.  Pages 68-72 in: C.C. Bossard, J.M. Randall, 

and M.C. Hoshovsky, editors.  Invasive plants of California’s wildlands.  University of Cali-
fornia Press, Berkeley, USA.

Brooks, M.L.  2002.  Peak fire temperatures and effects on annual plants in the Mojave Desert.  
Ecological Applications 12: 1088-1102.  doi: 10.1890/1051-0761(2002)012[1088:
PFTAEO]2.0.CO;2

Brooks, M.L., and T.C. Esque.  2002.  Alien plants and fire in desert tortoise (Gopherus agassizii) 
habitat of the Mojave and Colorado deserts.  Chelonian Conservation and Biology 4: 330-
340.

Brooks, M.L., and J.R. Matchett.  2006.  Spatial and temporal patterns of wildfires in the Mojave Des-
ert, 1980-2004.  Journal of Arid Environments 67: 148-164.  doi: 10.1016/j.jaridenv.2006.09.027

Brooks, M.L., C.M. D’Antonio, D.M. Richardson, J.B. Grace, J.E. Keeley, J.M. DiTomaso, R.J. 
Hobbs, M. Pellant, and D. Pyke.  2004.  Effects of invasive alien plants on fire regimes.  Bio-
Science 54: 677-688.  doi: 10.1641/0006-3568(2004)054[0677:EOIAPO]2.0.CO;2

Brown, D.E., and R.A. Minnich.  1986.  Fire and changes in creosote bush scrub of the western 
Sonoran Desert, California.  American Midland Naturalist 116: 411 422.  doi: 
10.2307/2425750

Burk, J.H.  1977.  Sonoran Desert.  Pages 869-889 in: M.G. Barbour, and J. Major, editors.  Ter-
restrial vegetation of California.  John Wiley and Sons, New York, New York, USA.

Cagle, F.R.  1939.  A system of marking turtles for future identification.  Copeia 1939: 170-173.  
doi: 10.2307/1436818

Congdon, J.D.  1989.  Proximate and evolutionary constraints on energy relations of reptiles.  
Physiological Zoology 62: 356-373.

D’Antonio, C.M., and P.M. Vitousek.  1992.  Biological invasions by exotic grasses, the grass/fire 
cycle, and global change.  Annual Review of Ecology and Systematics 23: 63-87.

Dixon, K.R., and J.A. Chapman.  1980.  Harmonic mean measure of animal activity areas.  Ecol-
ogy 61: 1040-1044.  doi: 10.2307/1936821

http://dx.doi.org/10.1016/j.jaridenv.2009.03.003
http://dx.doi.org/10.3120/0024-9637-56.3.137
http://dx.doi.org/10.1007/s10530-008-9282-6
http://dx.doi.org/10.1016/j.tree.2005.04.025
http://dx.doi.org/10.1016/j.tree.2005.04.025
http://dx.doi.org/10.1890/1051-0761%282002%29012%5b1088:PFTAEO%5d2.0.CO;2
http://dx.doi.org/10.1890/1051-0761%282002%29012%5b1088:PFTAEO%5d2.0.CO;2
http://dx.doi.org/10.1016/j.jaridenv.2006.09.027
http://dx.doi.org/10.1641/0006-3568%282004%29054%5b0677:EOIAPO%5d2.0.CO;2
http://dx.doi.org/10.2307/2425750
http://dx.doi.org/10.2307/2425750
http://dx.doi.org/10.2307/1436818
http://dx.doi.org/10.2307/1936821


Fire Ecology Volume 7, Issue 3, 2011
doi: 10.4996/fireecology.0703075

Lovich et al.: Fire Effects on Agassiz’s Desert Tortoise
Page 86

Ernst, C.H., and J.E. Lovich.  2009.  Turtles of the United States and Canada.  Second edition.  
John Hopkins University Press, Baltimore, Maryland, USA.

Esque, T.C., A. Búrquez M., C.R. Schwalbe, T.R. Van Devender, P.J. Anning, and M.J. Nijhuis.  
2002.  Fire ecology of the Sonoran desert tortoise.  Pages 312-333 in: T.R. Van Devender, edi-
tor.  The Sonoran desert tortoise: natural history, biology and conservation.  University of Ari-
zona Press and The Arizona-Sonora Desert Museum, Tucson, USA.

Esque, T.C., C.R. Schwalbe, L.A. DeFalco, R.B. Duncan, and T.J. Hughes.  2003.  Effects of des-
ert wildfires on desert tortoise (Gopherus agassizii) and other small vertebrates.  Southwest-
ern Naturalist 48: 103-111.  doi: 10.1894/0038-4909(2003)048<0103:EODWOD>2.0.CO;2

Gibson, D.C., D.C. Hartnett, and G.L.S. Merrill.  1990.  Fire temperature heterogeneity in con-
trasting fire prone habitats: Kansas tallgrass prairie and Florida sandhill.  Bulletin of the Tor-
rey Botanical Club 117: 349-356.  doi: 10.2307/2996832

Gilliam, F.S., and W.J. Platt.  1999.  Effects of long-term fire exclusion on tree species composi-
tion and stand structure in an old-growth Pinus palustris (longleaf pine) forest.  Plant Ecology 
140: 15-26.  doi: 10.1023/A:1009776020438

Hailey, A.  2000.  The effects of fire and mechanical habitat destruction on survival of the tortoise 
Testudo hermanni in northern Greece.  Biological Conservation 92: 321-333.  doi: 10.1016/
S0006-3207(99)00099-3

Henen, B.T.  2002.  Energy and water balance, diet, and reproduction of female desert tortoises 
(Gopherus agassizii).  Chelonian Conservation and Biology 4: 319-329.

Hinton, T.G., P. Fledderman, J. Lovich, J. Congdon, and J.W. Gibbons.  1997.  Radiographic de-
termination of fecundity: is the technique safe for developing turtle embryos?  Chelonian 
Conservation and Biology 2: 409-414.

Hutchison, V.H., A. Vinegar, and R.J. Kosh.  1966.  Critical thermal maxima in turtles.  Herpeto-
logica 22: 32-41.

Keeley, J.E.  1987.  Role of fire in seed germination of woody taxa in California chaparral.  Ecol-
ogy 68: 434-443.  doi: 10.2307/1939275

Lambert, M.R.K., K.L.I. Campbell, and J.D. Kabigumila.  1998.  On growth and morphometrics 
of leopard tortoises, Geochelone pardalis, in Serengeti National Park, Tanzania, with obser-
vations on effects of bushfires and latitudinal variation in populations of eastern Africa.  Che-
lonian Conservation and Biology 3: 46-57.

Longshore, K.M., J.R. Jaeger, and J.M. Sappington.  2003.  Desert tortoise (Gopherus agassizii) 
survival at two eastern Mojave Desert sites: death by short-term drought?  Journal of Herpe-
tology 37: 169-177.  doi: 10.1670/0022-1511(2003)037[0169:DTGASA]2.0.CO;2

Lovich, J.E., and D. Bainbridge.  1999.  Anthropogenic degradation of the southern California 
desert ecosystem and prospects for natural recovery and restoration.  Environmental Manage-
ment 24: 309-326.  doi: 10.1007/s002679900235

Lovich, J.E., and R. Daniels.  2000.  Environmental characteristics of desert tortoise (Gopherus 
agassizii) burrow locations in an altered industrial landscape.  Chelonian Conservation and 
Biology 3: 714-721.

Lovich, J.E., P. Medica, H. Avery, K. Meyer, G. Bowser, and A. Brown.  1999.  Studies of repro-
ductive output of the desert tortoise at Joshua Tree National Park, the Mojave National Pre-
serve, and comparative sites.  Park Science 19: 22-24.

Lovich, J.E., J.R. Ennen, S. Madrak, K. Meyer, C. Loughran, C. Bjurlin, T. Arundel, W. Turner, 
C. Jones, and G.M. Groenendaal.  2011.  Effects of wind energy production on growth, de-
mography and survivorship of a desert tortoise (Gopherus agassizii) population in southern 
California with comparisons to natural populations.  Herpetological Conservation and Biolo-
gy 6: 161-174.

http://dx.doi.org/10.1894/0038-4909%282003%29048%3C0103:EODWOD%3E2.0.CO;2
http://dx.doi.org/10.2307/2996832
http://dx.doi.org/10.1023/A:1009776020438
http://dx.doi.org/10.1016/S0006-3207%2899%2900099-3
http://dx.doi.org/10.1016/S0006-3207%2899%2900099-3
http://dx.doi.org/10.2307/1939275
http://dx.doi.org/10.1670/0022-1511%282003%29037%5b0169:DTGASA%5d2.0.CO;2
http://dx.doi.org/10.1007/s002679900235


Fire Ecology Volume 7, Issue 3, 2011
doi: 10.4996/fireecology.0703075

Lovich et al.: Fire Effects on Agassiz’s Desert Tortoise
Page 87

Lutes, D.C., R.E. Keane, J.F. Caratti, C.H. Key, N.C. Benson, S. Sutherland, and L.J. Gangi.  
2006.  FIREMON: Fire effects monitoring and inventory system.  USDA Forest Service Gen-
eral Technical Report RMRS-GTR-164-CD, Fort Collins, Colorado, USA.  <http://www.
treesearch.fs.fed.us/pubs/24042>.  Accessed 8 June 2011.

Mares, M.A., M.R. Willig, and N.A. Bitar.  1980.  Home range size in eastern chipmunks, Tamias 
striatus, as a function of number of captures: statistical biases of inadequate sampling.  Jour-
nal of Mammalogy 61: 661-669.  doi: 10.2307/1380311

Meienberger, C., I.R. Wallis, and K.A. Nagy.  1993.  Food intake rate and body mass influence 
transit time and digestibility in the desert tortoise (Xerobates agassizii).  Physiological Zoolo-
gy 66: 847-862.

Mushinsky, H.R.  1985.  Fire and the Florida sandhill herpetofaunal community: with special at-
tention to responses of Cnemidophorus sexlineatus.  Herpetologica 41: 333-342.

Mutch, R.W.  1970.  Wildland fires and ecosystems—a hypothesis.  Ecology 51: 1046-1051.  doi: 
10.2307/1933631

Nagy, K.A., B.T. Henen, and D.B. Vyas.  1998.  Nutritional quality of native and introduced food 
plants of wild desert tortoises.  Journal of Herpetology 32: 260-267.  doi: 10.2307/1565306

Oftedal, O.T., S. Hillard, and D.J. Morafka.  2002.  Selective spring foraging by juvenile desert 
tortoises (Gopherus agassizii) in the Mojave Desert: evidence of an adaptive nutritional strat-
egy.  Chelonian Conservation and Biology 4: 341-352.

Peterson, C.C.  1994.  Different rates and causes of high mortality in two populations of the 
threatened desert tortoise Gopherus agassizii.  Biological Conservation 70: 101-108.  doi: 
10.1016/0006-3207(94)90277-1

Rew, L.J., and M.P. Johnson.  2010.  Reviewing the role of wildfire on occurrence and spread of 
invasive plant species in wildland areas of the intermountain western United States.  Invasive 
Plant Science and Management 3: 347-364.  doi: 10.1614/IPSM-08-107.1

Russell, K.R., D.H. Van Lear, and D.C. Guynn, Jr.  1999.  Prescribed fire effects on herpetofauna: 
review and management implications.  Wildlife Society Bulletin 27: 374-384.

Sanz-Aguilar, A., J.D. Anadón, A. Giménez, R. Ballestar, E. Graciá, and D. Oro.  2011.  Coexist-
ing with fire: the case of the terrestrial tortoise Testudo graeca in Mediterranean shrublands.  
Biological Conservation 144: 1040-1049.  doi: 10.1016/j.biocon.2010.12.023

Schwalbe, C., T.R. Van Devender, P.J. Anning, and M.J. Nijhuis.  2002.  Fire ecology of the So-
noran desert tortoise.  Pages 312-333 in: T.R. Van Devender, editor.  The Sonoran desert tor-
toise: natural history, biology and conservation.  University of Arizona Press and The Arizo-
na-Sonora Desert Museum, Tucson, USA.

Stubbs, D., I.R. Swingland, and A. Hailey.  1985.  The ecology of the Mediterranean tortoise Tes-
tudo hermanni in northern Greece (the effects of a catastrophe on population structure and 
density).  Biological Conservation 31: 125-152.  doi: 10.1016/0006-3207(85)90045-X

US Fish and Wildlife Service.  2011.  Revised recovery plan for the Mojave population of the 
desert tortoise (Gopherus agassizii).  US Fish and Wildlife Service, Pacific Southwest Re-
gion, Sacramento, California, USA.

Zimmerman, L.C., M.P. O’Connor, S.J. Bulova, J.R. Spotila, S.J. Kemp, and C.J. Salice.  1994.  
Thermal ecology of desert tortoises in the eastern Mojave Desert: seasonal patterns of opera-
tive and body temperatures, and microhabitat selection.  Herpetological Monographs 8: 45-
59.  doi: 10.2307/1467069

http://www.treesearch.fs.fed.us/pubs/24042
http://www.treesearch.fs.fed.us/pubs/24042
http://dx.doi.org/10.2307/1380311
http://dx.doi.org/10.2307/1933631
http://dx.doi.org/10.2307/1933631
http://dx.doi.org/10.2307/1565306
http://dx.doi.org/10.1016/0006-3207%2894%2990277-1
http://dx.doi.org/10.1016/0006-3207%2894%2990277-1
http://dx.doi.org/10.1614/IPSM-08-107.1
http://dx.doi.org/10.1016/j.biocon.2010.12.023
http://dx.doi.org/10.1016/0006-3207%2885%2990045-X
http://dx.doi.org/10.2307/1467069

