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ABSTRACT 
 

Concern over the impacts of incidental catches of Alewife, Alosa pseudoharengus and 

Blueback Herring, A. aestivalis (collectively managed as ‘river herring’) in the 

commercial Atlantic Herring (Clupea harengus) and Atlantic Mackerel (Scomber 

scombrus) fisheries has resulted in the recent implementation of river herring incidental 

catch limits. These incidental catches are highly variable in frequency and magnitude, 

and the environmental conditions associated with these catches are poorly understood. 

We used generalized additive models (GAMs) to describe habitat associations of 

Alewife, Blueback Herring, Atlantic Herring, and Atlantic Mackerel. Bottom 

temperature, bottom depth, bottom salinity, solar azimuth and elevation, and region of the 

Northeast U.S. continental shelf were all significant in the habitat models; GAMs 

explained 25.2, 16.9, 18.9, and 20.6% of the deviance observed for the presence/absence 

of Alewife, Blueback Herring, Atlantic Herring, and Atlantic Mackerel.  A subset of the 

data was omitted from the model and the probability of presence was compared with 

observations; 66–77% of observations were correctly predicted. The individual 

probabilities of presence were used to quantify and evaluate the accuracy of modelled 

overlap of Alewife and Blueback Herring with Atlantic Herring (68–72% correct 

predictions) and Alewife and Blueback Herring with Atlantic Mackerel (57–69% correct 

predictions). Our findings indicate that environmental gradients influence the 

distributions and overlap of Alewife, Blueback Herring, Atlantic Herring, and Atlantic 

Mackerel, and with further testing and refinement these models could be developed into a 

tool to aid industry in reducing incidental catches of river herring. 



 

 

DISCUSSION EXCERPTS: 

 

Evaluating the accuracy with which the models can predict where 

two species overlap showed that multiplying the probabilities from 

individual species’ models is an accurate method for predicting 

where species will co-occur. This is an important step towards developing 

an incidental catch avoidance tool. If observed overlap primarily 

occurred where one species model had a high rate of false-negative 

predictions, co-occurrence would be under-predicted by overlap 

models. Conversely, if model-predicted overlap predominantly occurred 

where the individual models had high rates of false positives, 

overlap models would predict overlap at higher rates than observed. 

The models predicted Alewife and Blueback Herring overlap with 

Atlantic Herring more accurately than for overlap with Atlantic 

Mackerel. This is partially related to the lower prediction accuracy 

for Atlantic Mackerel compared with the other individual species’ 

models. Relatively few previous studies have compared habitat associations 

for different species, for different populations utilizing discrete 

habitats, or have modelled and evaluated species’ overlap 

(Maravelias 2001; Langøy et al., 2012). 

 

Potential utility to commercial fisheries 

 

Commercial fisheries directly and indirectly affect other parts of 

the target species’ ecosystem. Strategies to mitigate these impacts 

are becoming increasingly common in fishery management plans, 

especially regulations aiming to minimize mortality of non-target 

species. Many of these measures involve some form of spatial 

and/or temporal closures to fisheries, which have varying degrees of 

success that can at least partially be attributed to variability in environmental 

conditions (Hall and Mainprize, 2005; Cieri et al., 2008; 

Bethoney et al., 2014; Ianelli and Stram, 2015). Programmes facilitating 

communication of bycatch/incidental catches within fleets are being 

used by some commercial sectors. “Fleet communication networks” 

are the result of management policies that penalize bycatch by 

triggering closures when caps of non-target species are reached or 

incentivize bycatch reductions (Gilman et al., 2006; Bethoney et al., 

2013; Stram and Ianelli, 2015). 

 

 

 



Understanding the spatial and temporal relationships between 

the environment, species’ distributions, and distribution overlap 

at spatial scales relevant to the species’ overall marine ranges will 

provide insight into how dynamic environmental conditions influence 

parts of migration circuits. Further, by addressing these issues 

at spatial and temporal scales relevant to fisheries, ecological models 

can help fishers optimize their operations. Habitat modelling has the 

potential to improve fisheries management by increasing economic 

potential and minimizing ecological damages from commercial 

fisheries. Fleet communication programmes allow quick responses 

in fishing behaviour to minimize incidental catches, but we propose 

to take this concept a step further. If coupled oceanographic forecast 

models and habitat association models can accurately predict 

overlap between target and non-target species, this will allow commercial 

fisheries to further reduce non-target harvests. While this 

approach is, in theory, relatively straightforward, we anticipate complications 

may arise from the relatively small spatial scales at which 

industry fish (compared with the scale of the survey used for model 

development). Complications may also be associated with variables 

that cannot be quantified, such as fisher knowledge and technology 

(i.e. acoustics). These issues will be addressed by refining models via 

commercial catch data and collaboration with industry for their 

input and to conduct fishery-dependent sampling. The work presented 

here provides an important starting point for the development 

of species overlap/mixing forecast tools to further decrease 

ecosystem impacts of commercial fisheries. 


