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-Westerly Fetch of over 3000 km! 

West Mainland Orkney 



Marwick Head – April 2010 Castle of North Gaulton 
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West Mainland Orkney 

Topographical Characterisation: 
 Devonian sandstone 
 Extremely planar platforms, dipping offshore 

at slopes of 4-19° 
 



West Mainland Orkney 

Biological Characterisation: 
 Large portions have never been scientifically described 
 Establish baseline and control against potential future 

changes 
 Identify ‘creatures and features’ which maybe of value 

in monitoring 

 



West Mainland Orkney 

Biological Characterisation: major groups 

 

Limpets 

Dog whelks 

Wracks 

Mussels 

Barnacles 

Kelp 



ICIT Heriot Watt Littoral Sites 

MNCR JNCC Littoral Sites (1995 & 1997) 

West Mainland Orkney 

Aquamarine Oyster at Billia Croo 



Sampling site – June 2013 



 
Additional Indices: 
- Exposure** 
- Near-shore Bathymetry 
- WaveRider Buoy data 
- Wind data 
 

Topographic Indices:   - Slope 
      - Openness* 
      - Med. Site Bearing 
      - Aspect  
      - Complexity** 
       
  

*Three scales of Fetch: local (<1 km); mid (1-20 km); and broad 
(>20 km) 
**Semi-quantitative 10-pt and 5-pt scales 



Crustacea Rhodophyta 
Chthamalus montagui Callithamnion sp. 
Chthamalus stellatus Ceramium sp. 
Semibalanus balanoides Chondrus crispus 

Corallina officinalis 
Mollusca Dumontia cortorta 
Calliostoma zizyphinum Lomentaria articulata 
Gibbula cineraria Mastocarpus stellatus 
Gibbula umbilicalis Osmundea hybrida 
Littorinidae Osmundea pinnatifida 
Mytilus edulis Palmaria palmata 
Nucella lapillus Polysiphonia sp. 
Patella ulyssiponensis Porphyra umbilicalis 
Patella vulgata 
Tectura testudinalis Phaeophyceae 

Alaria esculenta 
Cnidaria Ascophyllum nodosum 
Actinia equina Fucus distichus anceps 
Urticina felina Fucus serratus 

Fucus spiralis f. nanus 
Porifera Fucus vesiculosus f. linearis 
Halichondria panicea Halidrys siliquosa 

Himanthalia elongata 
Chlorophyta Laminaria digitata 
Cladophora sp. Laminaria hyperborea  
Ulva intestinalis Leathesia difformis 
Ulva lactuca Pelvetia canaliculata 

Scytosiphon lomentaria 



 
Barnacles 
Ex: ≥500 per 0.01 m2, ≥5 cm–2 
S: 300–499 per 0.01 m2, 3–4 cm–2 
A: 100–299 per 0.01 m2, 1–2 cm–2 
C: 10–99 0.01 m–2 
F: 1–9 per 0.01 m2 
O: 1–99 m–2 
R: <1 m–2 
Patella spp. ≥10 mm, 
Littorina littorea (juveniles & adults), 
L. mariae/ obtusata (adults) 
Ex: ≥20 per 0.1 m2 
S: 10–19 per 0.1 m2 
A: 5–9 per 0.1 m2 
C: 1–4 per 0.1 m2 
F: 5–9 m–2 
O: 1–4 m–2 
R: <1 m–2 
Littorina ‘saxatil is ’, 
Patella <10 mm, L.mariae/ obtusata juv. 
Ex: ≥50 per 0.1 m2 
S: 20–49 per 0.1 m2 
A: 10–19 per 0.1 m2 
C: 5–9 per 0.1 m2 
F: 1–4 per 0.1 m2 
O: 1–9 m–2 
R: <1 m–2 
Nucella lapillus (>3 mm), Gibbula spp. 
Ex: ≥10 per 0.1 m2 
S: 5–9 0.1 m–2 
A: 1–4 0.1 m–2 
C: 5–9 m–2, sometimes more 
F: 1–4 m–2, locally sometimes more 
O: <1 m–2, locally sometimes more 
R: Always <1 m–2 
Mytilus edulis 
Ex: ≥80% cover 
S: 50–79% cover 
A: 20–49% cover 
C: 5–19% cover 
F: Small patches, 5%; ≥10 small ind. per 0.1 m2; ≥1 large 
ind. per 0.1 m2 
O: 1–9 small ind. per 0.1 m2: 1–9 large ind. m–2; no patches 
except small ind. in crevices 
R: <1 m–2 
 

Pomatoceros sp. 
A: ≥50 tubes per 0.01 m2 
C: 1–49 tubes per 0.01 m2 
F: 1–9 tubes per 0.1 m2 
O: 1–9 tubes m2 
R: <1 tube m–2 
Spirorbinidae 
A: ≥5 cm–2 on appropriate substrata; >100 per 0.01 m2 
generally 
C: Patches of ≥5 cm–2; 1–100 per 0.1 m2 generally 
F: Widely scattered small groups; 1–9 per 0.1 m2 generally 
O: Widely scattered small groups; <1 per 0.1 m2 generally 
R: <1 m–1 
Sponges, hydroids, bryozoa 
A: Present on ≥20% of suitable surfaces 
C: Present on 5–19% of suitable surfaces 
F: Scattered patches; <5% cover 
O: Small patch or single sprig in 0.1 m2 
R: <1 patch over strip; 1 small patch or sprig per 0.1 m2 
Lichens, lithothamnia 
Ex: More than 80% cover 6 S 50–79% cover 
A: 20–49% cover 
C: 1–19% cover 
F: Large scattered patches 
O: Widely scattered patches all small 
R: Only 1 or 2 patches 
Algae 
Ex: >90% cover 
S: 60–89% cover 
A: 30–59% cover 
C: 5–29% cover 
F: <5% cover, zone still apparent 
O: Scattered plants, zone indistinct 
R: Only 1 or 2 plants 

Abundance scales used for intertidal organisms, after Crisp & Southward (1958) modified by Hiscock (1981). Ex: extremely abundant; S: 
super abundant; A: abundant; C: common; F: frequent; O: occasional; R: rare. Organisms not seen during a 45 minute site visit despite 
searching were recorded as N: absent 

 

Adapted from Burrows et al. 2008 



Redundancy Analysis 



Choldertoo: 
 
• Slope = 16.3° 
• Openness (Local) = 198° 
• Median Site Bearing = 276°N 
• Aspect = 256°N 
• Complexity = 3 
• Exposure = 5 
 
 

West Mainland Orkney 



 
Outshore Point: 
 
• Slope = 4.2° 
• Openness (Local) = 176° 
• Median Site Bearing = 271°N 
• Aspect = 281°N 
• Complexity = 2 
• Exposure = 4 
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Redundancy Analysis 



Species Abundance Data: 
 
SACFOR (enumerated [0-6 pt scale] and averaged) 

Rocky Shore Sites n Nucella F. distichus F. vesiculosus Alaria Laminaria 
Orkney – More Energetic 6 0 5.2 0 5.7 0.7 
Orkney – Less Energetic 6 2.8 0.7 4.2 3.7 5.2 
Lewis – NW orientation 6 3.7 0 4.2 2.8 4.3 
Lewis – NE orientation   1* 0 1 0 6 0 

*Stathanais, Port Nis only 

Non-SACFOR 
Rocky Shore Sites n P. ulyssiponensis (%**) 
Orkney – More Energetic 6 90 
Orkney – Less Energetic 6 63 
Lewis – NW orientation 6 31 
Lewis – NE orientation   1* 95 

**% of total Patella 
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West Mainland Orkney 
L. hyperborea          Corallina           Mastocarpus 

Alaria       Mytilus             Verrucaria 

Patella        F. distichus anceps   Semibalanus 

   Palmaria           Porphyra           Chthamalus 

Illustrations: Anne Bignall 

12° 



West Mainland Orkney 
   Corallina               Palmaria              Himanthalia 

Mastocarpus             Mytilus                 L. digitata 
Patella        Nucella           Semibalanus 

F. vesiculosus          Chthamalus         L. hyperborea 

  Porphyra  Verrucaria 

Illustrations: Anne Bignall 

5° 



Depth (metres) 

Bathymetric data courtesy of The Crown Estate 

A 

B 

C 

A = 16.3° 
B = 12.0° 
C = 8.2°  



Redundancy Analysis 



Terobuoy – Bob Beharie  

Wave-action measurements, 1 March to 12 August 2010, given in mass loss per immersed hour 
showing three discrete energetic events over this period. At higher levels of offshore Hm0, a 
significant difference is found between the shoreline wave action at the two sites. 
 
 

West Mainland Orkney 

From: Want, Beharie, Bell and Side (2014). In: Humanity and the Sea: Marine Renewable Energy Technology and Environmental Interactions. 



West Mainland Orkney 

 
 
 
 
 

Brough of Bigging and the Bo Skerry 



Conclusions: 
 
•Littoral sites observations may reveal important processes occurring in harder to access 
 nearshore waters; 
•Comparisons between sites of varying exposure can provide examples of 
 associated biological communities which may augment our ability to predict 
 impacts following energy extraction; 
•Fetch-based cartographic models may be improved with the inclusion of 
 topographic indices; 
•Variation in exposure owing to topography is a major determinant in observed 
 differences in the rocky shore littoral community along West Mainland Orkney;  
•Topographically, Orkney features relatively ‘stream-lined’ shores; Lewis is more 
 complicated; 
•On the rocky shores of Lewis, owing to the role of increased substrate complexity and 
 lower shore slope in wave energy dissipation, organisms associated with 
 relatively lower exposure can survive;  
•On the more complex and gentler slopes of Lewis, we would not expect wave energy 
 extraction to have profound effects on the littoral community and would 
 recommend sublittoral studies to monitor environmental impacts of wave 
 energy extraction. 
 
  
 
 

West Mainland Orkney 



 
Continuing projects… 

 
•Include additional sites and data from Lewis and Orkney  

 (to be collected in summer 2014) 

•Merging with bathymetric, meteorological and wave data 

•Detailed Barnacle and Patella data 

•Incorporate surf-zone hydrodynamic models 

 

 

 

 

West Mainland Orkney 

Pelamis below Black Craig 



Thank you to: 
Co-authors: Mike Bell and Jon Side 
Bob Beharie 
LCC 
Mike Burrows, Robin Harvey and Gail Twigg (SAMS) 
SuperGen UKCMER 
SULA Diving 
Anne Bignall 

West Mainland Orkney 



Thank You 

Any Questions or 
Comments? 

 
 

a.want@hw.ac.uk 
The image part with relationship ID rId6 was not found in the file.



Fratercula arctica: 
  a cautionary tale… 

West Mainland Orkney 
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Principal Component Analysis: Flora 



Environmental Variable PC1 PC2 PC3 
Slope + 
Complexity 
Openness - - - 
Site Bearing – x 
Site Bearing - y (+) 
Aspect - x + 
Aspect - y 
Exposure + + + - - 
R2 (%) 43.1 44.5 32.7 

Stepwise Regression:  
Flora v Environmental Variables 

Principal Component Analysis:  
Flora 

Species PC1 PC2 PC3 
Fucus distichus anceps + + 
F. spiralis nanus + 
F.  vesiculosus linearis - 
F. serratus - 
Red Turf 
Mastocarpus stellatus 
Palmaria palmata + 
Corallina officinalis - 
Himanthalia elongata 
Alaria esculenta + - 
Laminaria digitata - 
Scytosiphon lomentaria + 
Porphyra umbilicalis 
Cladophora spp. 
Ulva intestinalis + 
PCA Proportion (%) 29.4  14.0  11.0  



Principal Component Analysis: Fauna 



Stepwise Regression:  
Fauna v Environmental Variables 

Species PC1 PC2 PC3 
Barnacle + - 
Patella + + 
Mytilus edulis + 
Nucella lapillus + - 
Actinia equina + - 
PCA Proportion (%) 47.1 24.4 12.3 

Principal Component Analysis:  
Fauna 

Environmental Variable PC1 PC2 PC3 
Slope - 
Complexity (+) 
Openness + + 
Site Bearing – x 
Site Bearing - y (+) 
Aspect - x 
Aspect - y - - 
Exposure + + - - - 
R2 (%) 41.4 38.9 39.6 
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