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Effects of off-bottom shellfish aquaculture on winter habitat use by







(Stott and Olson, 1973; Guillemette et al., 1993; Lovvorn and

Gillingham, 1996). The extent of rocky shore was considered

as an indicator of substrate type in the adjacent nearshore

area, which also has been shown to be important (Stott and

Olson, 1973; Bustnes and L�nne, 1997; Esler et al., 2000a, b).
Finally, this study was designed to evaluate the effect of

shellfish aquaculture on sea duck distribution and abundance;

therefore, the area of aquaculture coverage was included as an

environmental attribute in the analysis.

Intertidal width was measured as the distance between the

shoreline and chart datum (0.0m isobath) digitized from

nautical charts at a scale of 1:10 000. Using ArcView 3.2

(ESRI, 1999), points were generated every 100m along the

shoreline using the extension ‘Add Points Evenly Along a Line’

(Lead, 2003), and the shortest distance to the 0.0 depth isobath

measured using the ‘Nearest Feature’ extension. Using all of

these distances, the average intertidal width for each survey

polygon was calculated.

Presence or absence of reefs within survey polygons were

recorded based on rocks emerging above chart datum but

separated by water from the shore, as represented in nautical

charts at a scale of 1:10 000.

Mussel densities in intertidal habitats were estimated

throughout the study site, as described by Kirk et al. (2007).

Using the Random Point Generator extension in ArcView 3.2

(ESRI, 1999; Jenness, 2005), two points were selected

randomly in each survey polygon as start points for transects



RESULTS

Surf scoter

Numbers of surf scoters in the study area ranged from 1168 to

3308 per survey and averaged 2100� 201 (�SE) during the

surveys used for analyses. Densities of cumulative surf scoter

numbers averaged 1666� 330 (� SE) birds km





intertidal mussels, suggest that feeding on aquaculture plots is

an advantageous foraging decision (Pyke et al., 1977).

Differences in availability and morphology of mussels may

result from either differential settlement on structures and

intertidal areas, from differential predation between habitats,

or both. One of the main mussel predators, the intertidal sea

star Pisaster ochre, is effectively excluded from off-bottom

aquaculture structures, and these predators are known to have

strong effects on mussel availability and morphology (Paine,

1974; Navarrete and Menge, 1996).

The interactions between sea ducks and shellfish aquaculture

in the Malaspina Complex were very different from those found

in Baynes Sound, the most intensive shellfish farming area in

British Columbia. Surf scoter and Barrow’s goldeneye

distributions were primarily driven by shellfish aquaculture

in the Malaspina Complex, while in Baynes Sound surf and

white-winged scoter habitat use was almost exclusively explained

by natural environmental attributes and few effects of shellfish

aquaculture, either positive or negative, were detected

(Žydelis et al., 2006). The primary differences between these

two sites are the dominant habitat types and shellfish

farming practices: off-bottom culturing of oysters on longlines

suspended in the water column takes place in the Malaspina

Complex, and clams are farmed over broad and soft-sediment

intertidal flats in Baynes Sound. The composition of sea duck

species also differed between these sites: surf scoters were

abundant in both areas, but white-winged scoters were

numerous only in Baynes Sound, and Barrow’s goldeneyes

only in the Malaspina Complex. These habitat preference

patterns agree with existing knowledge about winter ecology of

these species. Surf scoters are known to occur over both soft

bottom and rocky coastal habitats, where they forage on either

infaunal and epifaunal bivalves (Vermeer and Ydenberg, 1989;

Lewis et al., 2007b). White-winged scoters prefer soft-bottom

habitats and are clam specialists (Vermeer and Ydenberg, 1989),

whereas Barrow’s goldeneyes prefer rocky shorelines and

primarily feed on mussels (Vermeer, 1982; Vermeer and

Ydenberg, 1989).

The extent of intertidal area, which was identified as an

important predictor of surf scoter distribution in the

Malaspina Complex, also was an important environmental

factor determining surf scoter distribution in Baynes Sound

(Žydelis et al., 2006) and has been shown to be important for

other sea ducks (including Barrow’s goldeneye) in other studies

(Esler et al., 2000a, b; Hamilton, 2000). Although habitats in

the Malaspina Complex habit53e



this study. We also thank the Centre for Wildlife Ecology,

Simon Fraser University for providing equipment and logistic

support. The following people provided field assistance: B.

Bartzen, R. Dickson, S. Iverson, D. Lacroix, T. Lewis, A.

McLean, P. Ridings and D. Rizzolo. Carol Ogborne,

representing Integrated Land Management Bureau, Ministry

of Agriculture and Lands, Province of British Columbia,

granted us access and gave permission to use Biophysical

Shore Zone Geodatabase of British Columbia. We also thank

all shellfish farmers within Malaspina Complex who granted us

access to their leases. Two anonymous reviewers provided

valuable suggestions to improve the manuscript.

REFERENCES

Bartoli M, Nissoli D,Viaroli P, Turolla E, Castaldelli G, Fano
A, Rossi R. 2001. Impact of Tapes philippinarum farming on
nutrient dynamics and benthic respiration in the Sacca di
Goro. Hydrobiologia 455: 203–212.

BC Shellfish Growers Association. 2006. British Columbia
Shellfish Industry Strategic Plan. BC Shellfish Growers
Association. http://www.bcsga.ca/bcsga info/24.php (last
accessed 26 December 2006).

Beadman HA, Kaiser MJ, Galanidi M, Shucksmith R,
Willows RI. 2004. Changes in species richness with
stocking density of marine bivalves. Journal of Applied
Ecology 41: 464–475.

Bendell-Young LI. 2006. Contrasting the community structure
and select geochemical characteristics of three intertidal
regions in relation to shellfish farming. Environmental
Conservation 33: 21–27.

Burnham KP, Anderson DR. 2002. Model Selection and
Inference: A Practical Information-theoretic Approach. (2nd
edn). Springer-Verlag: New York.

Bustnes JO. 1998. Selection of blue mussels, Mytilus edulis,
by Common Eiders, Somateria mollissima, by size in
relation to shell content. Canadian Journal of Zoology 76:
1787–1790.

Bustnes JO, L�nne OJ. 1997. Habitat partitioning among
sympatric wintering Common Eider Somateria mollissima
and King Eider Somateria spectabilis. Ibis 139: 549–554.

Caldow RWG, Beadman HA, McGrorty S, Kaiser MJ, Goss-
Custard JD, Mould K, Wilson A. 2003. Effects of intertidal
mussel cultivation on bird assemblages. Marine Ecology
Progress Series 259: 173–183.

Caldow RWG, Beadman HA, Mcgrorty S, Stillman RA,



Lewis TL, Esler D, Boyd WS. 2007b. Effects of predation
by sea ducks on clam abundance in soft-bottom
intertidal habitats. Marine Ecology Progress Series 329:
131–144.

Lovvorn JR, Gillingham MP. 1996. Food dispersion and
foraging energetics: a mechanistic synthesis for field studies
of avian benthivores. Ecology 77: 435–451.

Markowitz TM, Harlin AD, Würsig B, McFadden CJ. 2004.
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