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CHANGING CLIMATE, SHIFTING FISHERIES1 
 
 

Julia Whitty© 

 
A new model has been developed to study rising ocean temperatures and fishing rates on a 
single fish population, which might also forecast the combined impact of climate change and 
fishing on other species. NOAA researchers developed the model to forecast the future of the 
Atlantic croaker fishery in the mid Atlantic under various climate and fishing scenarios. The 
results for various temperature and fish population scenarios through 2100: 
 

 At current fishing levels, the spawning population of Atlantic croaker will increase 
between 60 and 100 percent. 
 

 The center of the Atlantic croaker population will shift 30 to 65 miles north. 
 

 The maximum sustainable yield will increase 30 to 100%. 
 
Lead author Jon Hare of the Northeast Fisheries Science Center lab in Rhode Island explains: 
 

"Some fish populations will increase and others decrease as a result of climate change. 
Understanding and quantifying the effect of climate change on populations, in 
combination with the effect of exploitation, is a major challenge to rebuilding and 
maintaining sustainable fisheries in the coming decades." 

 
Atlantic croaker (Micropogonias undulatus) is a coastal marine fish of the eastern US 
supporting an $8 million commercial fishery annually. Previous studies have shown a strong 
link between croaker abundance and winter temperatures.  The population model was based on 
the expectation that ocean temperatures will increase through the 21st century. It was also based 
on the hypothesis that recruitment—the survival of juveniles to adulthood—is determined by 
water temperatures. Although Atlantic croaker spawn in the ocean, their larvae migrate to 
Delaware Bay, Chesapeake Bay, and Pamlico Sound, where they overwinter. Winter 
temperatures in the bays strongly affect larval survival. 
 
The problem with current fisheries models is twofold. First, they tend to be short-sighted, says 
Jon Hare: 
 

"Most stock assessments that inform fishery management decisions do not include the 
effect of a changing environment because they are conducted annually or every few 
years and do not provide a long-term view." 

 
On the other hand, climate models tend to forecast on 50 to 100 timescales, and that's too long 
for fisheries management, says Hare: 
 

"Fishery management does not operate on these long time scales, and shorter-term 
forecasts are required. In the future, a range of climate forecasts that include both the 
effects of fishing and climate on fish populations over time intervals of 5 to 20 years, 20 
to 50 years and 50 to 100 years could be provided. These kinds of coupled models will 

                                                           
1  Mother Jones Econundrums, March 24, 2010 
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help provide the best scientific advice for managing fisheries under changing climate 
conditions in the future." 

 
The paper's in the March 2010 issue of Ecology Applications published by the Ecological Society 

of America.2 
 
 
 

                                                           
2  Hare, J.A., M.A. Alexander, M.J. Fogarty, E.H. Williams and J.D. Scott.  2010.  Forecasting the dynamics of a 

coastal fishery species using a coupled climate–population model.  Ecology Applications.  Ecological Society of 
America. 

 
ABSTRACT 
Marine fisheries management strives to maintain sustainable populations while allowing exploitation. However, 
well-intentioned management plans may not meet this balance as most do not include the effect of climate change. 
Ocean temperatures are expected to increase through the 21st century, which will have far-reaching and complex 
impacts on marine fisheries. To begin to quantify these impacts for one coastal fishery along the east coast of the 
United States, we develop a coupled climate–population model for Atlantic croaker (Micropogonias undulatus). 
The model is based on a mechanistic hypothesis: recruitment is determined by temperature-driven, overwinter 
mortality of juveniles in their estuarine habitats. Temperature forecasts were obtained from 14 general circulation 
models simulating three CO2 emission scenarios. An ensemble-based approach was used in which a multi-model 
average was calculated for a given CO2 emission scenario to forecast the response of the population. The coupled 
model indicates that both exploitation and climate change significantly affect abundance and distribution of 
Atlantic croaker. At current levels of fishing, the average (2010–2100) spawning biomass of the population is 
forecast to increase by 60–100%. Similarly, the center of the population is forecast to shift 50–100 km northward. 
A yield analysis, which is used to calculate benchmarks for fishery management, indicates that the maximum 
sustainable yield will increase by 30–100%. Our results demonstrate that climate effects on fisheries must be 
identified, understood, and incorporated into the scientific advice provided to managers if sustainable exploitation 
is to be achieved in a changing climate. 
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