The Spatial Association of Predators and Prey at Frontal Features
in the Northern California Current: Competition, Predation, or Co-occurrence?

D.G. Ainley H.T. Harvey & Associates, Los Gatos CA 95032 dainley@penguinscience.com  K.D. Dugger Department of Wildlife & Fisheries, Oregon State University, Corvallis OR 97331 R.G. Ford R.G. Ford Consulting, Portland OR 97232S.D. Pierce College of Oceanic & Atmospheric Sciences, Oregon State University, Corvallis OR 97331 D.C. Reese College of
Oceanic & Atmospheric Sciences, Oregon State University, Corvallis OR 97331 R.D. Brodeur NOAA Fisheries, Northwest Fisheries Science Center, Newport, OR, USA 97365 C.T. Tynan Associated Scientists of Woods Hole, West Falmouth MA 02578 J.A. Barth College of Oceanic & Atmospheric Sciences, Oregon State University, Corvallis OR 97331

SUMMARY We investigated variation in the small- to meso-scale abundance and distribution of top predators in the northern California Current System (CCS) during the
upwelling season of 2000 and 2002. Included were adult salmon Onchorhynchus spp., the two most abundant seabird species (83.7% of seabird biomass) --- sooty shearwater
Puffinus griseus and common murre Uria aalge --- and humpback whales Megaptera novaeangliae. Emphasis was on seabirds.

We first explored variation in seabird density. Covariates, with importance assessed using general linear and information theoretic modeling, included physical features, such
as sea-surface temperature, dynamic height and pyncnocline depth; biological factors, such as chlorophyll maximum; and food web factors, such as the density of three size
classes of zooplankton, the density of potential piscine predators, such as adult salmon, and abundance of fish prey, such as anchovies Engraulis mordax. Flux-adjusted seabird
density was estimated using continuously collected data; covariates were estimated using towed Seasoar and four-channel hydroacoustics arrays, as well as trawls for fish.

The most important factors explaining seabird occurrence were proximity to the alongshore upwelling front, the abundance of prey-sized fish, year-season, and association
with certain inshore vs offshore ‘biomes’. Overlap in occurrence of murres and shearwaters with adult salmon was interpreted as co-occurrence and, perhaps, competition for
prey species; a negative relationship between shearwaters and abundance of forage fish was interpreted as evidence for prey depletion by co-occurring predators. Humpback
whales co-occurred with the birds and salmon as well.

These predators occurred at the edges of some forage fish ‘hotspots’ but not others, and overlapped the areas of fish concentration mainly in the frontal region. Such a pattern
has implications for modeling food web structure and trophic transfer, where data are assigned by cells of arbitrary size. Results indicate that better resolution of spatially explicit
data on predator and prey species would likely improve validity of food web modeling.
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