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Abstract

Shellfish aquaculture is an expanding industry in coastal British Columbia, Canada, and occurs in important wintering areas for surf

scoters (Melanitta perspicillata) and white-winged scoters (M. fusca). We quantified habitat use by scoters in relation to natural

environmental attributes and habitat modifications associated with shellfish aquaculture. We found that, despite the extensive clam

and oyster farming in our study area, densities of wintering surf scoters and white-winged scoters were related primarily to natural

environmental attributes, particularly intertidal area, clam density, and sediment type; shellfish aquaculture variables were generally

poor predictors of bird densities. We conclude that current levels and forms of shellfish aquaculture in our study site were not an

important determinant of scoter distribution and abundance, suggesting that winter scoter populations and the shellfish

aquaculture industry may be mutually sustainable. We caution that intensification or further industrialization of shellfish aquaculture

in British Columbia could eventually lead to detrimental effects if some threshold level of habitat modification is exceeded.
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In coastal British Columbia, Canada, some nearshore
habitats have been modified for the benefit of the
commercial shellfish aquaculture industry. This industry is
expanding, leading to questions about potential effects on
wildlife populations, as well as other environmental impacts.
Previous research has suggested that a different form of
commercial shellfish exploitation, harvest of wild shellfish
stocks, can have deleterious effects on bird populations. For
example, overharvesting of bivalves in the Dutch Wadden
Sea was thought to be the main cause of starvation, mass
mortality, and reduced reproductive output of common
eiders (Somateria mollissima), and reduced condition and
survival of oystercatchers (Haematopus ostralegus; Camphuy-
sen et al. 2002, Oosterhuis and Van Dijk 2002, Verhulst et
and Morgan 1989, Price and Nickum 1995, Bendell-Young
2006), directed studies on the interactions between shellfish
farming and bird populations are lacking.

We conducted this study to quantify relationships between
the shellfish aquaculture industry and habitat use of surf
scoters (Melanitta perspicillata) and white-winged scoters
(Melanitta fusca). We conducted our research in Baynes
Sound (Fig. 1), British Columbia, Canada, an important
area both for the shellfish aquaculture industry and for
wintering scoters. Baynes Sound produces approximately
50% of British Columbia’s cultured shellfish (Ministry of
Sustainable Resource Management 2002), with Manila
clams (Venerupis philippinarum) and Pacific oysters (Crassos-

trea gigas) accounting for the vast majority of the crop.
Unlike most of coastal British Columbia, Baynes Sound is
particularly suitable for clam culture because of the presence
of broad intertidal flats with sand and gravel sediments.
Baynes Sound is also recognized as a globally significant area
for scoters (Booth 2001), with thousands of surf and white-
winged scoters wintering in the area, where they forage
primarily on clams (Lewis et al. 2006). Scoters are of
conservation concern continentally due to long-term, broad-
scale numerical declines (Sea Duck Joint Venture 2003,
2004), the causes for which are unknown. A lack of data on
the basic biology of scoters has hampered researchers’ efforts
to discern mechanisms leading to reductions in scoter
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numbers. Because scoters spend most of their annual cycle
on nonbreeding areas, understanding the key factors
associated with their winter habitat use is particularly
relevant.

Given the overlapping distributions and high densities of
both scoters and shellfish aquaculture activities, there is
significant potential for interaction, both positive and
negative. The presence of shellfish aquaculture could be







respective model in the set. We also calculated Akaike
weights to compare the relative likelihood of each model in
the candidate set (Burnham and Anderson 2002), and we
presented R2 values to describe overall model fit. To
determine the relative importance of each explanatory
variable within a candidate model set, we summed Akaike
weights for all candidate models containing the explanatory
variable under consideration, providing a parameter like-
lihood value, which is a measure of the strength of the
variable for explaining variation in the response. Because we
included or excluded BASE variables as a group, the
parameter likelihood values for these variables are con-
strained to be the same. Finally, we calculated model-
averaged parameter estimates and unconditional SE for each



had a positive association with white-winged scoter density,
but our data did not support a relationship with density of
Manila and Pacific littleneck clams (Table 3). Parameter
estimates and associated SE of other natural environmental
attributes indicated that their values and 95





the event of industry expansion. Similarly, studies of other
aspects of wintering ecology would be valuable for fully
understanding potential effects of shellfish aquaculture on
scoter populations. For example, studies of foraging ecology,
movement, and survival of scoters in areas modified by
shellfish aquaculture would provide important insights into
effects of the industry, beyond habitat use described here.
Finally, shellfish aquaculture may affect many other wildlife
species. We chose scoters because of the overlap between the
shellfish industry and important wintering sites, as well as
the plausible mechanisms that might disproportionately
affect scoters in comparison to other species. However,
attention to other wildlife species, as well as other aspects of
environmental quality, structure, and function is necessary.

Management Implications

We demonstrated that current intensities and practices of
shellfish aquaculture in Baynes Sound do not strongly affect
habitat use by surf scoters and white-winged scoters. This is
encouraging, as there is strong pressure for economic
development in coastal British Columbia that is environ-
mentally sustainable. Because researchers have documented
habitat alterations associated with wild shellfish harvesting
to have effects on waterbirds (Camphuysen et al. 2002,

Oosterhuis and Van Dijk 2002, Atkinson et al. 2003,

Verhulst et al. 2004), managers should recognize that

intensification or further industrialization of shellfish

aquaculture in British Columbia could eventually lead to

detrimental effects if the level of habitat change approaches

that associated with wild shellfish harvest. Careful consid-

eration and planning of industry activities is necessary to

ensure that managers maintain carrying capacity for scoters

in a working landscape.
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