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Executive summary 

Title: Changes in availability of Mid-Atlantic fish stocks to fisheries-independent surveys 

This proposal addresses Research Need #1 to “Investigate NEFSC trawl survey efficiency, 

catchability, and availability” for three of the species identified in this priority; summer flounder, 

black sea bass and spiny dogfish.  It is often assumed that abundance indices from fisheries-

independent trawl surveys are not prone to the pitfalls of fisheries-dependent catch rates.  That is, 

we assume that catchability does not change with fish density or interannual environmental 

variability.  This assumption is dangerous in light of the fact that many stocks in the Northeast 

US have shifted their distributions and/or have experienced range contractions and expansions 

that are related to both population size and rapid warming (Nye et al. 2009).  The implications 

for these shifts in distribution have not been fully addressed despite there being important 

ramifications for stock assessments (Link et al. 2011).  In particular, shifts in distribution can 

alter availability and subsequently catchability of a stock to fisheries-independent surveys upon 

which many stock assessments are dependent, especially for seasonally migrating stocks whose 

distributions may fall outside of the survey area (Walters 2003, Wilberg et al. 2009).   

Like many Mid-Atlantic species, our three focal species (summer flounder, black sea bass and 

spiny dogfish) all undertake seasonal migrations where in winter they move generally south and 

offshore to the edge of the continental shelf where water temperature is warmer than in the 

coastal ocean.  This offshore movement can potentially shift a proportion of their population out 

of the NEFSC trawl survey area.  The NEFSC bottom trawl survey extends from Cape Hatteras 

to the Gulf of Maine and occurs over a two-month interval in both the spring and the fall when 

the temperature on the shelf is rapidly changing.  Thus, the timing of the survey combined with 

variability in the timing and rate of spring warming and fall cooling in each season may impact 

availability of species to the survey, particularly those with temperature-induced migration 

patterns.  Because temperature strongly modifies their movement offshore and south in the 

winter, there is high interannual variability in their distribution on the shelf, consequently 

changing the availability of each of these species to the survey.   Here we propose to quantify the 

degree to which multiple habitat variables affect availability and catchability in the NEFSC trawl 

survey for summer flounder, black sea bass and spiny dogfish. Evaluation of time-varying 

catchability in these three species is critical to the stock assessments for each species, but also 

enables a comparison of the degree to which time-varying catchability among fishes with 

different life histories and habitat requirements might impact stock assessments. 

Temperature is likely the most important variable influencing distribution and availability to the 

NEFSC survey of fishes in this region.  Indeed, developing a habitat model based on temperature 

improved the biomass estimates and reduced uncertainty for the pelagic butterfish.  However, 

our three focal species are more demersal in nature and furthermore, other variables have been 

identified as important habitat requirements.  For summer flounder and black sea bass, access to 

estuaries and bottom habitat type are also important determinants of distribution and availability.  

Both species use estuaries as nursery habitat and forage there as adults.  Summer flounder are 

known to prefer sandy habitat whereas black sea bass are known to aggregate on high-

complexity habitat.  Salinity is also an important factor in predicting black sea bass abundance 

(Miller et al. 2016).  For spiny dogfish, habitat associations revealed a selection for warmer, 

more saline, and more southerly locations during spring (Sagarese et al. 2014b). In contrast, 

during autumn, larger dogfish occupied relatively warmer, shallower, and less saline waters. 

Seasonal occurrence was tightly linked to environmental factors such as bottom temperature 



during both spring and autumn, with ecological factors (e.g., squid abundance) also influential 

during autumn (Sagarese et al. 2014a).  To summarize, it is vital to assess the importance of both 

dynamic variables (temperature, salinity, oceanographic fronts) and static variables (distance to 

estuary and bottom type) in determining the availability of these species to the NEFSC survey.  

As dynamic variables change and static variables do not, the spatial mismatch between multiple 

variables may dramatically change the availability of each species to the survey. 

Brief overview of methods 

For each species, we will take a similar approach to understand how habitat modifies their 

availability to the NEFSC trawl survey in three steps or objectives.  Briefly, we will: 

1. Identify habitat variable(s) for which each species and if necessary each sex, age or size 

class selects for habitat using cumulative distribution functions (cdfs). 

2. Develop a habitat model for each species using Generalized Additive Models (GAMs) 

that will allow incorporation of multiple habitat parameters if necessary. 

3. Create hindcasts of availability to the survey by combining habitat models with hindcasts 

of dynamic oceanographic variables (temperature, salinity and fronts) to create a time 

series of catchability during the spring and fall NEFSC surveys. 

The use of cdfs will allow us to determine if fishes are actively selecting for habitat variables 

while GAMs are a flexible modeling technique that allows for the incorporation of multiple 

habitat variables, the functional form of which may vary from strictly linear to complex 

nonlinear relationships. 

Measurable outcomes 

1. Critical habitat needs for three economically and ecologically important species: black 

sea bass, summer flounder and spiny dogfish 

2. Time series of catchability for three Mid-Atlantic species that can be directly 

incorporated into each stock assessment 

3. Habitat models for three species that can be used in applications other than changing 

availability to the stock assessment 

4. A model of availability of summer flounder to shore-based recreational fishers 

5. Training of at least one student in quantitative fisheries science 

6. At least three peer-reviewed publications in fisheries and ecology journals 

 

Qualifications 

Nye, Frisk and Sagarese have been studying fish distribution, developing habitat models and 

modeling fish population dynamics for a combined total of over 35 years.  Nye is a Fisheries 

Oceanographer who will lead the project and has developed GAMs for other Northeast US fish 

stocks such as Atlantic croaker, cusk and river herring.  Nye and Frisk are currently developing 

similar models for estuarine-dependent species.  Frisk’s experience on the Science and Technical 

Committee for the MAFMC brings a wealth of knowledge about the issues with the stock 

assessments for each species.  Frisk and Sagarese are both NOAA Sea Grant fellows in 

Population Dynamics with Sagarese’s dissertation work focused on developing stage and sex 

specific habitat models for spiny dogfish.  She is currently an assessment scientist for the 

Southeast Fisheries Science Center and as such has the skills and knowledge to develop habitat 

models and catchability indices that can be incorporated into stock assessments. 



Changes in availability of Mid-Atlantic fish stocks to fisheries-independent surveys 

Background 

It is often assumed that abundance indices from fisheries-independent trawl surveys are not prone 

to the pitfalls of fisheries-dependent catch rates.  That is, we assume that catchability does not 

change with fish density or interannual environmental variability.  This assumption is dangerous 

in light of the fact that many stocks in the Northeast US have shifted their distributions and/or 

have experienced range contractions and expansions that are related to both population size and 

rapid warming (Nye et al. 2009).  The implications for these shifts in distribution have not been 

fully addressed despite there being important ramifications for stock assessments (Link et al. 

2011).  In particular, shifts in distribution can alter availability and catchability of a stock to 

fisheries-independent surveys upon which many stock assessments are dependent, especially for 

seasonally migrating stocks whose distributions may fall outside of the survey area (Walters 

2003, Wilberg et al. 2009).   

Despite the recognition of this pervasive problem, only a few studies have illustrated that 

consideration of oceanographic processes and habitat models can greatly improve stock 

assessments and management advice.  By incorporating an accurate model of habitat availability 

to adjust catchability, the estimate of population size for butterfish changed and importantly, 

uncertainty in the estimate of total biomass was greatly reduced in the most recent stock 

assessment (NEFSC 2014).  The combined finding of high biomass and reduction in uncertainty 

allowed fisheries managers to increase the catch limit for butterfish with confidence.  Similarly, in 

Gulf of St. Lawrence cod, temperature-dependent availability was incorporated into an age-

structured model that affected abundance estimates, but to a lesser degree than butterfish (Swain 

et al. 2000).  Although the implementation was different in these two cases, the effect of time-

varying habitat and its effect on catchability improved both stock assessments, and notably, 

impacted management advice for butterfish. 

Like many Mid-Atlantic species, our three focal species (summer flounder, black sea bass and 

spiny dogfish) all undertake seasonal migrations where in winter they move generally south and 

offshore to the edge of the continental shelf where water temperature is warmer than in the coastal 

ocean.  This offshore movement can potentially shift a proportion of their population out of the 

NEFSC trawl survey area.  The NEFSC bottom trawl survey extends from Cape Hatteras through 

the Gulf of Maine and occurs over a two-month interval in both the spring and the fall when the 

temperature on the shelf is rapidly changing.  Thus, the timing of the survey combined with 

variability in the thermal transition in each season may impact availability of species to the 

survey, particularly those with temperature-induced migration patterns.  Because temperature 

strongly modifies their movement offshore and south in the winter, there is high interannual 

variability in their distribution on the shelf, consequently changing the availability of each of 

these species to the survey depending on their life history and migratory behavior.  Here we 

propose to quantify the degree to which oceanographic features and particularly temperature 

affect availability and catchability in the NEFSC trawl survey for summer flounder, black sea 

bass and spiny dogfish. Evaluation of time-varying catchability in these three species enables a 

comparison among different life histories and habitat requirements. 

Temperature is likely the most important variable influencing distribution and availability to the 

NEFSC survey of fishes in this region.  Indeed, developing a habitat model based on temperature 

alone improved the biomass estimates and reduced uncertainty for the pelagic butterfish (Adams 



et al. 2014).  However, our three focal species are more demersal in nature and furthermore, other 

variables have been identified as important habitat requirements.  For summer flounder and black 

sea bass, access to estuaries and bottom habitat type are also important determinants of 

distribution.  Both species use estuaries as nursery habitat and forage there as adults.  Summer 

flounder are known to prefer sandy habitat whereas black sea bass aggregate on high-complexity 

habitat.  Salinity was also an important factor in predicting black sea bass abundance (Miller et al. 

2016).  For spiny dogfish, habitat associations revealed a selection for warmer, more saline, and 

more southerly locations during spring (Sagarese et al. 2014b). Therefore, it is vital to assess the 

importance of both dynamic variables (temperature, salinity, oceanographic fronts) and static 

variables (distance to estuary and bottom type) in determining the availability of these species to 

the survey.  As dynamic variables change and static variables do not, the spatial mismatch 

between multiple variables may dramatically change the availability of each species to the survey. 

Objectives 

For each species, we will take a similar approach to understand how habitat modifies their 

availability to the NEFSC trawl survey in three steps or objectives: 

1. Identify habitat variable(s) for which each species and if necessary each sex, age or size 

class selects for habitat using cumulative distribution functions (cdfs) 

2. Develop a habitat model for each species using Generalized Additive Models (GAMs) that 

will allow incorporation of multiple habitat parameters if necessary. 

3. Create hindcasts of availability to the survey by combining habitat models with hindcasts 

of dynamic oceanographic variables (temperature, salinity and fronts) to create a time 

series of catchability during the spring and fall NEFSC surveys  

 

Methods 

Our methods are based on the fundamentals of fisheries science, specifically that abundance (N) 

is a function of the catch (C), sampling effort (E) and catchability (q) according to the following 

equation:  

      N=C/Eq 

Catchability is one of the most important parameters in stock assessment models and can be 

further decomposed into availability (qa) and sampling efficiency (qe): 

q=qa x qe 

We will create time series of catchability by modifying qa, habitat availability, to the survey for 3 

different stocks, all of which have different 

habitat requirements and as such the model 

used to alter qa will have different impacts on 

their respective stock assessments.  Stock 

assessment models have evolved to enable 

direct linkage of environmental variables to 

processes such as catchability and recruitment, 

greatly enhancing our ability to incorporate 

ecosystem considerations within stock 

assessments as mandated by the Reauthorized 

Magnuson-Stevens Fishery Conservation and 

Management Act of the United States. 

Figure 1: Comparison of temperatures sampled by the NEFSC 
trawl survey (gray bars) to black sea bass (left panels) and spiny 
dogfish (right panels) occurrence using presence-absence data 
(open circles and lines).  Note that the occurrence as a function 
of temperature for both species is somewhat bimodal indicating 
differences in distributions by sex or size class or the importance 
of another habitat variable. 



For each species, we will first identify the habitat variables for which each species selects such as 

sea surface temperature, bottom temperature, oceanographic fronts and bottom type, accounting 

for differences in habitat selection for different stages of each species.  To test the hypothesis that 

fish select for certain habitat variables we will use cumulative distribution functions, which is an 

objective method to compare the range of environmental conditions sampled in a trawl survey to 

the environmental conditions at which fishes are found (Perry and Smith 1994).  If the 

distribution of environmental conditions is different from the distribution at which the species is 

found, the fish is selecting for a particular habitat type.  As is the case with black sea bass, the 

temperatures sampled in the spring NEFSC survey (gray bars) are much lower than the 

temperatures at which black sea bass are found (points connected with line in Figure 1).  It is also 

important to consider the impact of size class on preferences.  Both black sea bass and spiny 

dogfish have somewhat bimodal distributions (Figure 1).  In spiny dogfish, this is supported by 

previous work that indicated that males and females as well as different life history stages had 

different habitat preferences (Sagarese et al. 2014b). 

Once we determine whether each species is selecting for certain variables, we will develop habitat 

models using Generalized Additive Models (GAMs) with which the PIs have considerable 

experience (Hare et al. 2012, Lynch et al. 2014, Sagarese et al. 2014b).  GAMs are flexible non-

parametric techniques that are especially useful to model the nonlinear combined effects of 

multiple habitat variables. We will use stepwise backward selection of variables for each species 

and the best model will be based on the lowest Akaike information criteria.  We will evaluate the 

predictive performance of these models by retaining a portion of the data as a test dataset. We will 

follow a similar approach to Adams et al. (2014) and express the availability of the stock to the 

survey for each species as the index, h: 

 
where HSI is a value ranging from 0-1 that represents the modeled estimate of habitat suitability 

for sample k, occurring in location j on day i.  Values closer to 0 indicate poor habitat suitability 

and values closer to 1 indicate high suitability.  This value is essentially extrapolated to the area 

of the survey, k, divided by the total number of samples, p, taken within a strata sampled for each 

survey. 

We will use hindcasts of daily bottom water temperature and daily bottom salinity between 1959 

and 2012 from the Regional Ocean Modelling System parameterized for the Northeast US 

hindcast.  ROMS is a ‘free surface, terrain following primitive equations ocean model” 

(http://www.myroms.org/index.php) and for the Northeast shelf ROMS has a resolution of 7 km x 

7 km and is able to estimate bottom water temperature at depths within 1m from the seafloor. This 

ROMS model has already been “debiased” to correct for slight differences in the modeled 

temperature from observed temperature and projected to a smaller spatial scale so that a value can 

be obtained for each survey station (Adams et al. 2014).  A terrain ruggedness index will be used 

as a measure of bottom type for each species following Hare et al. (2012).  Below we discuss the 

specific objectives and habitat modeling that will be conducted for each species. 

Summer flounder- Summer flounder is an estuarine-dependent flatfish that uses estuaries as 

nursery habitat as juveniles and as foraging grounds in the summer as adults.  The stock was at 

low abundance in the 1990s, but with effective management, the stock recovered.  As the stock 

recovered to historic population sizes, their range expanded and center of biomass shifted north 

http://www.myroms.org/index.php


(Nye et al. 2009).  Although there is some debate on the role of climate, 

it is generally believed that the northward shift is primarily caused by 

the expansion of age structure and recovery of the population (Bell et al. 

2014), density dependent range expansion does not explain the range 

contraction in the southern part of its range off North Carolina (Figure 

2).  In addition to this uncertainty, the most recent stock assessment 

conducted for summer flounder in 2014 indicates that overfishing is 

occurring (Terceiro 2015).    

As the most important commercial fishery in the Mid-Atlantic, 

allocation of catch to individual states is quite contentious and will only 

worsen if catch limits decrease.  Therefore, understanding 

environmentally-induced changes in spatial distribution has two 

consequences.  First, even small changes in availability of summer 

flounder to the NEFSC survey may induce observation error that can 

affect biomass estimates and increase uncertainty in the stock 

assessment.  Quantifying a portion of this observation error will refine 

biomass estimates and reduce uncertainty that will allow managers to more precisely set catch 

limits.  Second, environmentally-induced changes in spatial distribution also impact the 

availability of summer flounder to the fishery and have important ramifications for state 

allocation issues.  Therefore, in addition to estimates of habitat suitability and time-varying 

catchability, we will provide spatially explicit estimates of the biomass available to recreational 

fisheries as a function of distance from the shoreline of each state, temperature, depth and fish 

size.  This builds on work investigating the potential impact of climate on stock structure of 

summer flounder as part of a Regional Sea Grant awarded to Nye and colleagues.  

Black sea bass- Adult black sea bass (BSB) in the northern extent of their range spawn in the 

coastal ocean in August-October after which juveniles rapidly grow in estuaries and the coastal 

ocean.  In the southern extent of their range, BSB have high site fidelity and do not undertake 

extensive migrations, but in the northern Mid-Atlantic stock, adults and presumably juveniles 

migrate to the edge of the shelf to overwinter where bottom temperature is warmer.  In contrast to 

summer flounder, hard substrate is known to be a desired habitat for BSB.  Recent work has 

shown the importance of environmental factors in predicting the abundance and distribution of 

black sea bass, but the importance of bottom habitat type was not investigated nor how available 

habitat may impact survey indices of abundance (Miller et al. 2016).   

A habitat model will be developed that will incorporate at least two variables that have been 

shown to be important to BSB; a dynamic variable, bottom temperature, and a static variable, 

bottom rugosity. A similar approach was used for a fish species at the southern extent of its range 

(Cusk; Brosme brosme) that predicted a steep decline in suitable habitat as water temperatures 

warm because of the spatial mismatch between suitable water temperatures and high complexity 

habitat (Hare et al. 2012). We hypothesize the opposite may be true for BSB where high 

complexity habitat at the northern edge of its range may become more available for settlement of 

juvenile BSB as water temperatures warm, opening up habitat that was previously unavailable.  

Furthermore, if both of these variables are important habitat parameters for BSB, it is critical that 

we identify the areas with both high bottom complexity and optimal thermal habitat.  Considering 

only one of these variables would incorrectly estimate the amount of habitat available to BSB.  

Incorporation of time varying catchability in the black sea bass stock assessment is particularly 

Figure 2: Fall distribution of 
summer flounder for 2 time 
periods (NEFSC survey) 



important because the estimates of spawning stock biomass and stock status for the last stock 

assessment in 2011 were not accepted and so the status of the stock is unknown (Shepherd 2012).  

This assessment is also highly dependent on the survey index of 

abundance. 

Spiny dogfish - A habitat model using GAMs that includes both biotic and 

environmental variables has already been developed for different sexes and 

life stages of spiny dogfish (Sagarese et al. 2014a).  The availability of 

spiny dogfish to the NEFSC survey varies with environmental conditions, 

particularly bottom temperature. Even a small change in temperature and/or 

the timing of the survey changes the availability of the stock to the survey 

(Figure 3).  Relatively warmer spring temperature cues earlier migration 

from wintering grounds off of Cape Hatteras to feeding grounds in northern 

US and Canada. Thus, earlier migration may initiate movement into 

Canadian waters that are outside the area of the survey.   

The stock assessment for this species is highly dependent on the NEFSC 

survey abundance index and, although we know that distribution changes 

interannually in response to biotic and abiotic variables, this knowledge has 

not been incorporated into the stock assessment. For this stock we will (1) 

refine the existing habitat models for spiny dogfish to predict biomass 

availability to the NEFSC trawl survey and (2) create a time series of 

availability that can be included in the next stock assessment.  

Specific results expected 

1. Critical habitat needs for three economically and ecologically important species: black sea 

bass, summer flounder and spiny dogfish 

2. Time series of catchability for three Mid-Atlantic species that can be directly incorporated 

into each stock assessment 

3. Habitat models for three species that can be used in applications other than changing 

availability to the stock assessment such as projecting effects of climate change 

4. A model of availability of summer flounder to shore-based recreational fishers 

5. Training of at least one student in quantitative fisheries science 

6. At least three peer-reviewed publications in fisheries and ecology journals 

Timeline and work plan 

 May-July August-October November-January February-April 

Year 1 Develop habitat model for summer flounder                            Develop habitat model for black 

sea bass 

Refine habitat model for spiny dogfish 

Year 2 Combine habitat models with ROMS hindcasts to 

create time series of time varying catchability 
Present results to 

stock assessment 

scientists and 

MAFMC 

 

 Estimate proportion of summer flounder available 

to fishery by state 

 

 Prepare manuscripts for publication End of project  

Figure 3: Predicted 
occurrence of mature 
female spiny dogfish in an 
average, warm or cold 
year. 



Budget 

Item Total cost ASMFC/MAFMC requested 

PI summer salary $ 2,096 $ 2,096 

Student salary $ 43,500 $ 43,500 

PI Fringe benefits $ 314 $ 314 

Student fringe benefits $ 7,830 $ 7,830 

Tuition (no IDC applied) $ 6,282 $ 6,282 

Travel $ 1,750 $ 1,750 

Equipment and supplies      --      -- 

Administrative personnel      --      -- 

Indirect costs (IDC at 25%) $ 13,873 $ 13,873 

Total $ 75,645 $ 75,645 

Personnel 

 

Summer salary is requested in each year for approximately 4% of Nye’s effort to advise the 

student on data analysis and oversee the project.  

 

The bulk of the funds requested is to support a student to perform the habitat modeling.  Salary is 

requested for 1 MS student a full year in Year 1 ($29,000) and ½ a year in Year 2 ($14,500) 

 

Fringe Benefits 

 

The University charges 15% for faculty summer fringe benefits and 18% for graduate student 

fringe benefits.   

 

Permanent Equipment 

 

NONE 

 

Travel 

 

Funds for travel to communicate our work to the MAFMC and stock assessment scientists at the 

NEFSC and for partial travel to one regional or national fisheries meeting such as AFS. 

 

Other Direct Costs 

 

Tuition for 1 student for a full year in Year 1 and for half a year in Year 2 is requested. 

 

Indirect costs (Facilities and Administrative Costs) 

 

The agreed upon rate by the sponsor is 25%. 



 

Statement of qualifications and staffing plan 

 

Nye, Frisk and Sagarese have been studying fish distribution, fish population dynamics and 

developing habitat models for fishes for a combined total of over 35 years.  Nye, a Fisheries 

Ecologist and Oceanographer, will lead the project and has developed GAMs for other Northeast 

US fish stocks such as Atlantic  croaker, cusk and river herring.  Nye and Frisk are currently 

developing similar models for estuarine-dependent species for Great South Bay, New York.  

Frisk serves on the Science and Technical Committee for the MAFMC.  Frisk and Sagarese are 

both NOAA Sea Grant fellows in Population Dynamics.  Sagarese’s dissertation work involved 

developing stage and sex specific habitat models for spiny dogfish.  Now she is an assessment 

scientist for the Southeast Fisheries Science Center and as such has the skills and knowledge to 

develop habitat models and catchability indices that can be incorporated into stock assessments.   

 

Skyler Sagarese will be responsible for refining the habitat model for all life stages and sexes of 

spiny dogfish.  A student, Emily Markowitz, has already been identified to conduct the habitat 

modelling work for summer flounder and black sea bass as soon as funding is available.  She has 

experience working with the statistical techniques outlined in the proposal and as an 

undergraduate at Stony Brook University examined NEFSC CTD data and the ROMS output.  

Nye, Frisk and Sagarese work frequently with the lead stock assessment scientists for each 

species at the NEFSC and will communicate with them as progress is made on the habitat models 

for each species so that our measures of time-varying catchability can be considered in the next 

stock assessment for each species.  We will also present the results in at least one public forum 

on Long Island and of course to the MAFMC. 
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