Spatial-temporal variations in shifting ecosystems:  A GWR analysis in the Northwest Atlantic
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Ecological relationships within large marine ecosystems often are determined by averaging population and environmental data over broad geographic areas.  In such instances, important regional variability in the relationships between species and their environment (i.e. spatial non-stationarity of ecological processes) may be overlooked.  We apply a local modelling technique, geographically weighted regression (GWR), to a time-series of autumn multispecies trawl survey data from the Newfoundland region (NAFO 2J3KLNO) to examine how spatial relationships among key ecosystem components have changed against a backdrop of severe fishing pressure, trophic regime shifts, and variability in ocean climate.  For the period of 1985-1994 (pre-collapse of ground fish stocks), GWR predicted the distribution of Atlantic cod using a key prey species (capelin), species richness and diversity indices, and environmental variables (bottom temperature, salinity, depth, surficial sediments).  A subsequent GWR analysis for the period 1995-2008 predicted cod distribution, with the previous predictive variables supplemented by additional co-located prey species (snow crab and northern shrimp).  The GWR analyses generally outperformed global regression and generalized additive models (GAMs).  Mapped outputs of GWR coefficients revealed that spatial relationships between cod, prey species and environmental variables differed significantly within years.  The spatial variation of relationships remained relatively consistent during 1995-2008, perhaps as a result of decreasing population levels of cod and capelin and restricted distributions of invertebrate species.  A k-means cluster analysis based on GWR t-values delineated distinct zones of temporally-dynamic species–environment relationships to illustrate the ecosystem changes that have occurred.
