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Background  
Scup 

The scup stock in the Northeast US had been considered to be a data-poor stock, because 
there was limited reliable biological information and little fishery dependent and independent 
information for the fishery management (Vasconcellos and Cochrane 2005). An age structured 
assessment program (ASAP) was successfully applied in the latest NEFSC scup stock 
assessment (Miller et al. 2009); but more data are required in order to estimate the abundance of 
older scup more accurately (Terceiro 2010). 

A fixed-station ventless trap survey has been conducted by the University of Rhode 
Island (URI) to monitor the relative abundance of scup in areas between Sakonnet Point, RI and 
Buzzards Bay, MA since 2005 (Borden et al. 2008). A research recommendation of the last stock 
assessment was to incorporate the RI trap survey in future scup stock assessments (Terceiro 
2010). However, the efficacy of the survey data serving as a stock abundance indictor for the 
Northeast US scup stock has not been evaluated. 

Selection of survey indices for stock assessments is a critical analytical decision that 
benefits from performance criterion. In this study, we developed a set of systematic methods to 
analyze the URI ventless trap survey data. The methods developed in this study could also be 
applied to other fisheries species, e.g. winter flounder in northeast US. 

 
Black Sea Bass 

The stock assessment model for black sea bass was developed by the Data Poor Working 
Group meeting in December 2008 (NEFSC 2009) and was updated in 2011 (NEFSC 2011).  The 
assessment indicates that the sea bass stock is not overfished and overfishing was not occurring.  
However, the assessment has substantial uncertainty and the peer review panel concluded that “a 
pot survey for black sea bass should be considered” (NEFSC 2011).  A fixed-station ventless trap 
survey was conducted to monitor the relative abundance of scup and sea bass in areas between 
Sakonnet Point, RI and Buzzards Bay, MA (Borden et al. 2008).   
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Methods 

Scup 
Survey indices were provided by RIDEM including the mean catch of scup by age, from 

2005 to 2011 (Table 1).  Note that the 2010 indices were updated with revised age composition 
data.  The 2011 age-based indices are derived from age-length keys pooled including: key from 
the 2011 NMFS trawl survey (fall and spring) and the 2010 RI commercial fish trap. RI didn't 
sample or age fish in 2011, so 2010 RI samples were used as a proxy for the purpose of 
representing larger fish caught in the ventless trap survey.  Survey evaluations were performed 
on the updated 2010 data and preliminary 2011 data. 

 Performance of the RI trap survey data was evaluated using two criteria 1) internal 
consistency across years for tracking annual cohorts; and 2) the ability to track the cohort effect, 
age effect and year effect within RI trap survey index.  Previous years also looked into: 3) 
consistency between URI ventless trap survey and other available surveys; 4) evaluating 
parameters that are derived from the survey-based analysis (SURBA); and 5) evaluating 
performance of survey data as a tuning index in the scup stock assessment model.  The 
consistency between surveys was not investigated because no other 2011 survey data was 
available at the time of analysis, and the stock assessment model could not be updated, because 
2011 fishery and survey data were not available.  The analyses for 2011 data are consistent with 
the work performed last year, updated with an additional year of data.   

 
1.  Cohort tracking – Survey indices of abundance typically have high noise-to-signal ratios, 
because many fish stocks like scup have patchy spatiotemporal distributions, and sample sizes 
(i.e., number of stations) are low compared to the total number of possible samples. The value of 
survey indices can be evaluated based on how well they reflect trends in abundance: 

1)  

… where Iy,a is an observed survey index for age a in year y, Ny,a is the underlying population 
abundance of age a in year y, qa is the survey catchability for age a (the proportion of fish in the 
sampled area caught by the survey) and εy is an annual deviation in year y that represents random 
error, measurement error or noise. Measurement errors in survey indices of fish stocks are often 
assumed to be multiplicative, justifying a lognormal error. For example, the stock assessment 
model applied to scup (Legault and Restrepo 1998) assumes lognormal measurement error. 
Therefore, the evaluation of scup trap survey indices were based on log transformed estimates: 

2)  

… where is the mean number of scup per trap per day. 

The utility of a survey for stock assessment can be evaluated by determining its signal-to-
noise ratio using several methods. One measure of signal strength is how well the survey tracks 
the abundance of cohorts over time value (i.e., ) using parametric correlation analysis: 
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3)  

Given the relatively short series and potentially noisy indices, nonparametric methods (e.g., 
Spearman rank correlation) and exploratory analyses (e.g., graphical evaluation of pairplots, 
evaluation of linearity) were also be applied to evaluate performance of cohort tracking.  
 
2.  Partitioning cohort and year effects – The relative contribution of signal and noise in the trap 
survey index was more formally evaluated using a Generalized Linear Model (GLM) of year 
effects, age effects and cohort effects (Sinclair and Choinard 1991): 

4)  

… where  is the average survey index (related to mean recruitment and survey catchability 
over the time series),  is the year effect (an annual deviation from the mean survey 

catchability),  is the age effect (related to average survival rate), and  is the cohort effect 
(related to annual deviation from mean recruitment). The approach assumes that the age effect 
(survival or mortality rate) is constant over time. Significance of  is a measure of how well the 
survey monitors relative abundance, and its relative magnitude to  is an approximate measure 

of signal to noise. Significance of  is a measure of how well the survey monitors survival or 
mortality. Similar to the approach used for measures of cohort tracking (#2), GLMs were applied 
to all survey data available for the scup stock assessment, so that performance of the scup trap 
survey could be evaluated in context of other survey’s performances. Although the full model 
(with cohort, age and year effects) is over-parameterized (i.e., each parameter is not uniquely 
identifiable), model selection techniques (e.g., Akaike’s Information Criterion, AIC) were used 
to evaluate the relative significance of each effect. 
 
Black Sea Bass 
The performance of the RI trap survey data will be evaluated by comparing size frequencies to 
other fishery samples in the region in two sections. 
 
1.  Analysis of Variance within the Fixed gear survey – The length-frequency data from the pot 
survey will be examined using a One-way Analysis of Variance (ANOVA) to investigate if the 
location factor had a significant effect on black sea bass length.  This test will address the 
question whether or not there is a difference in means across the location under the assumption 
that the sampled populations are normally distributed.  Even though the test is based on 
normality for the data distributions, the ANOVA test is not sensitive to small deviations from 
normality (Glass et al., 1972), so even for non-normally distributed data, ANOVA test is still 
appropriate.  Multiple comparisons will also be conducted to compare the length among 
locations.  
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2.  Comparison of length-frequency distributions to commercial catch data – The length-
frequency distribution of black sea bass will also be examined using Kolmogorov-Smirnov tests 
(K-S) to investigate differences in length-frequency distributions between sampling gear.   
 
 
Results 
Scup 
1.  Internal consistency across annual cohorts–  Using 2005-2010 data under the parametric 
method, the correlation coefficients between the survey indices in years y, and ages a and those 
in years y+1 and ages a+1 are larger than 0.8 for age-1 to age-5 (Table 2a). However, the 
correlation coefficients for young fish (age 0) and old fish (age-6) were low. The weaker 
correlation for young fish and old fish might be due to the selectivity of the traps. Similar 
correlations can also be found in the nonparametric results and exploratory analysis (Table 2b 
and Fig. 1). All the results described above indicate that strong linear relationship existed 
between the survey indices within year classes among adjacent years for ages one to four. When 
the 2011 data are added, the strong linear relationships still exist between the survey indices in 
years y, and ages a and those in years y+1 and ages a+1 for scups between age 1 to age 5, but 
indicate a diminished relationship for age 2 scup (Table 2c and 2d).  The significance of the 
strong age-1 to age-5 correlations increased with the additional year of data. 
 
2.  Partitioning age, cohort and year effects– Because of the over parameterized model, some 
coefficients could not be estimated to track the year effect, age effect and cohort effect 
simultaneously. Therefore, we tried different selection of variables and compared their AIC 
value (Table 3). The first three AIC suggest that the model with age effect fitted the survey 
indices best, indicating there was a relatively significant age effect. By forward model selection, 
adding the cohort effect as the second variable produces the lowest AIC.  

Consistent results can be found in the coefficient result tables (Table 4) that 1) age effect 
was the most significant among three effects; 2) year effect is not significant, except for 2010; 3) 
cohort effect was also not significant when the other effects were not being considered; and 4) 
when combined with the age effect, the cohort effect was significant in 2006 and 2007. 
 
Black Sea Bass 
1.  Analysis of Variance within the fixed gear survey- Results of the ANOVA’s on the fixed gear 
survey length frequency data indicated that the length distributions were significantly different 
between the three areas (p<0.0001).  The results were further investigated to look at specific 
groupings of the areas which revealed that the WE and W areas as well as W and E areas were 
significantly different (p<0.0001, p<0.0001), while the WE and E areas were not significantly 
different (p=0.3811).   
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Kolmogorov-Smirnov tests were also performed on the fixed gear survey data, and the K-S tests 
confirmed the results of the ANOVA’s, with WE and W as well as W and E were significantly 
different from each other, while WE and E were not significantly different from each other 
(Table 5).  Graphical depiction of the length-frequency information for the fixed gear survey is 
shown in Figure 2.   
 
2.  Comparison of length-frequency distributions to commercial catch data-  Kolmogorov-
Smirnov tests were performed on the total fixed gear survey lengths and commercial and 
recreational catch data.  The results indicated that the length distribution of the fixed gear survey 
is significantly difference than the Total Catch, commercial catch and recreational catch data (all 
tests p<0.0000).  The length-frequency information was plotted as proportion at length due to the 
substantial differences in sample size (Figure 3).   
 
Discussion 
Scup 

In summary, strong linear relationships exist between the RI trap survey index within 
year classes among adjacent years for ages 1 to 4, and the strongest model included age and 
cohort effects, with no discernible year effect in any of the models.  These analyses demonstrate 
that performance evaluation of survey indices should be a routine task for regular stock 
assessments. We expect that the methods and results derived from this project can be used to 
consider the survey data for inclusion in the scup stock assessment.  
 
Black Sea Bass 

The analyses performed on the black sea bass data indicate that there are differences in 
length distributions between areas in the fixed gear survey (Table 5, Figure 3) as well as a 
substantial difference in abundance between areas (W-2265 fish, WE-826 fish, E-405 fish; 
Figure 3).  The analyses also indicated that there are differences in length distribution between 
three gear types assuming the commercial catch is dominated by otter trawl vessels and the 
recreational catch is dominated by rod and reel fishing (Table 5; Figure 2).  The fixed gear 
survey appears to sample the smaller sizes more efficiently, while missing some of the larger fish 
compared to the commercial and recreation catch data.  These analyses demonstrate the 
importance of the fixed gear survey due to the differences in length distribution.  We expect that 
the expansion of the time-series for this survey will increase the utility of this data set for future 
use in the stock assessment for black sea bass.   
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Tables 
 
Table 1. Rhode Island scup ventless trap survey index (fish/pot/soak time). 

Year age-0 age-1 age-2 age-3 age-4 age-5 age-6 age-7 age-8 Total 
2005 0.014 0.306 0.904 0.980 0.352 0.391 0.071 0.026 0.003 3.047 
2006 0.031 0.472 1.337 0.803 0.263 0.214 0.189 0.125 0.046 3.481 
2007 0.041 0.661 1.397 2.204 0.385 0.199 0.628 0.170 0.051 5.735 
2008 0.005 0.794 1.664 2.875 0.824 0.352 0.202 0.039 0.068 6.823 
2009 0.028 1.557 2.313 3.840 1.150 0.578 0.436 0.068 0.051 10.021 
2010 0.112 0.699 4.311 3.897 1.985 0.481 0.408 0.134 0.002 12.029 
2011 0.018 0.413 1.551 2.080 1.421 0.710 0.164 0.092 0.010 6.458 
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Table 2. Correlation coefficients for RI ventless trap survey between the survey indices in year y 
age a and those in year y+1 and age a+1, a) using 2005-2010 data under a parametric method, b) 
using 2005-2010 data under a nonparametric method, c) using 2005-2011 data under a 
parametric method, and d) using 2005-2011 data under a nonparametric method. 
 
a) 
 
Age/Age 1 2 3 4 5 6 7 8+ 

0 -0.597        
1  0.950       
2   0.908      
3    0.958     
4     0.891    
5      0.017   
6       -0.528  

7+               -0.006 
 
b) 

Age/Age 1 2 3 4 5 6 7 8+ 
0 -0.100        
1  0.991       
2   0.986      
3    0.822     
4     0.915    
5      -0.164   
6       -0.457  

7+               0.464 
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c) 

Age/Age 1 2 3 4 5 6 7 8+ 
0 -0.738        
1  0.912       
2   0.436      
3    0.959     
4     0.925    
5      -0.191   
6       -0.512  

7+               -0.045 
 

d) 

Age/Age 1 2 3 4 5 6 7 8+ 
0 -0.438        
1  0.940       
2   0.509      
3    0.866     
4     0.939    
5      -0.371   
6       -0.445  

7+               0.314 
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Table 3. General Linear Model selection and their corresponding AIC values. 

Model name Model equation AIC 
age-effect model Iy,a~β0+ βaa+ε 143.63 

cohort-effect model Iy,a~β0+ βcc+ε 182.37 
year-effect model Iy,a~β0+ βyy+ε 185.72 

year & cohort-effect model Iy,a~β0+ βyy+ βcc +ε 189.12 
year & age-effect model Iy,a~β0+ βyy+ βaa +ε 135.68 

age & cohort-effect model Iy,a~β0+ βaa+ βcc +ε 130.97 
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Table 4. Coefficient results for different General Linear Models, a) age-effect model, b) cohort-
effect model, c) year-effect model, d) year & cohort-effect model , e) year & age-effect model, 
and f) age & cohort-effect model. Significant codes: “***”: 0~0.001, “**”: 0.001~0.01, “*”: 
0.01~0.05, “.”: 0.05~0.1, “”: 0.1~1. 
 
a) 

 Estimate Std. Error t value Pr(>|t|)  
β0 0.026 0.264 0.099 0.921  
a1 0.611 0.373 1.638 0.107  
a2 1.356 0.373 3.639 0.001 *** 
a3 2.416 0.373 6.482 0.000 *** 
a4 1.158 0.373 3.108 0.003 ** 
a5 0.607 0.373 1.628 0.109  
a6 0.284 0.373 0.762 0.449  
a7 0.106 0.373 0.286 0.776  

a8+ 0.027 0.373 0.072 0.943  
 
b) 

  Estimate Std. Error t value Pr(>|t|)   
β0 0.003 0.914 0.003 0.997  

c1998 0.033 1.120 0.029 0.977  
c1999 0.079 1.056 0.075 0.940  
c2000 0.202 1.022 0.197 0.845  
c2001 0.254 1.002 0.253 0.801  
c2002 0.306 0.988 0.310 0.758  
c2003 0.468 0.977 0.479 0.634  
c2004 0.829 0.977 0.848 0.401  
c2005 1.148 0.977 1.174 0.246  
c2006 1.798 0.988 1.820 0.075  
c2007 1.773 1.002 1.770 0.083  
c2008 1.035 1.022 1.013 0.316  
c2009 0.608 1.056 0.576 0.567  
c2010 0.227 1.120 0.202 0.841  
c2011 0.015 1.293 0.011 0.991   
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c) 
  Estimate Std. Error t value Pr(>|t|)   

β0 0.339 0.329 1.029 0.308  
y2006 0.048 0.465 0.103 0.918  
y2007 0.299 0.465 0.642 0.523  
y2008 0.420 0.465 0.902 0.371  
y2009 0.775 0.465 1.665 0.101  
y2010 0.998 0.465 2.146 0.036 * 
y2011 0.379 0.465 0.814 0.419   

 
d) 

  Estimate Std. Error t value Pr(>|t|)   
β0 0.003 0.938 0.003 0.997  

y2006 -0.138 0.458 -0.300 0.765  
y2007 -0.053 0.470 -0.112 0.911  
y2008 -0.005 0.481 -0.010 0.992  
y2009 0.346 0.494 0.701 0.487  
y2010 0.603 0.508 1.186 0.242  
y2011 0.002 0.529 0.004 0.997  
c1998 0.102 1.171 0.087 0.931  
c1999 0.143 1.116 0.128 0.899  
c2000 0.250 1.088 0.230 0.819  
c2001 0.224 1.072 0.209 0.836  
c2002 0.180 1.062 0.170 0.866  
c2003 0.360 1.055 0.341 0.735  
c2004 0.721 1.055 0.683 0.498  
c2005 1.040 1.055 0.985 0.330  
c2006 1.672 1.084 1.542 0.130  
c2007 1.594 1.102 1.446 0.156  
c2008 0.799 1.128 0.708 0.483  
c2009 0.291 1.167 0.249 0.804  
c2010 -0.076 1.239 -0.061 0.951  
c2011 0.013 1.428 0.009 0.993   
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e) 
  Estimate Std. Error t value Pr(>|t|)   

β0 -0.391 0.308 -1.269 0.211  
y2006 0.048 0.298 0.162 0.872  
y2007 0.299 0.298 1.004 0.320  
y2008 0.420 0.298 1.410 0.165  
y2009 0.775 0.298 2.604 0.012 * 
y2010 0.998 0.298 3.356 0.002 ** 
y2011 0.379 0.298 1.274 0.209  

a1 0.611 0.337 1.810 0.077 . 
a2 1.356 0.337 4.020 0.000 *** 
a3 2.416 0.337 7.160 0.000 *** 
a4 1.158 0.337 3.433 0.001 ** 
a5 0.607 0.337 1.798 0.079 . 
a6 0.284 0.337 0.842 0.404  
a7 0.106 0.337 0.316 0.754  

a8+ 0.027 0.337 0.079 0.937   
 



14 
 

f) 
  Estimate Std. Error t value Pr(>|t|)   

β0 -1.174 0.731 -1.605 0.116  
a1 0.709 0.329 2.156 0.037 * 
a2 1.593 0.341 4.674 0.000 *** 
a3 2.810 0.353 7.955 0.000 *** 
a4 1.670 0.367 4.556 0.000 *** 
a5 1.324 0.381 3.474 0.001 ** 
a6 1.225 0.397 3.081 0.004 ** 
a7 1.185 0.416 2.845 0.007 ** 

a8+ 1.177 0.437 2.694 0.010 * 
c1998 0.029 0.737 0.039 0.969  
c1999 0.061 0.705 0.086 0.932  
c2000 0.151 0.690 0.219 0.828  
c2001 0.115 0.682 0.168 0.867  
c2002 -0.082 0.677 -0.122 0.904  
c2003 0.076 0.675 0.113 0.911  
c2004 0.503 0.693 0.726 0.472  
c2005 0.992 0.701 1.415 0.165  
c2006 1.623 0.713 2.278 0.028 * 
c2007 1.593 0.727 2.193 0.034 * 
c2008 0.934 0.745 1.253 0.217  
c2009 1.017 0.772 1.317 0.195  
c2010 1.049 0.819 1.280 0.208  
c2011 1.191 0.938 1.271 0.211   
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Table 5.  Kolmogorov-Smirnov test results.  The factors W, E and WE are specific areas for the 
Fixed gear survey.  Fixed gear is the total of all areas in the fixed gear survey and Total Catch 
2011is recreational and commercial catch data (landings +discards) and Commercial and 
Recreational Catch 2011 are landings + discards of each respective fleet. 
 

Factors D p-value 
W-E 0.242 <0.0000 

W-WE 0.2762 <0.0000 
WE-E 0.0576 0.3292 

Fixed gear-Total Catch 2011 0.0878 <0.0000 
Fixed gear-Commercial Catch 2011 0.3374 <0.0000 
Fixed gear- Recreational Catch 2011 0.3374 <0.0000 
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Figures 

Figure 1. Graphical evaluation of the survey indices in year y age a and those in year y+1 and 
age a+1. 
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Figure 2.  Length-frequency plot of all fixed gear survey areas.   

 
 
Figure 3.  Proportional length-frequency plot of the total fixed gear survey, total commercial 
catch and total recreational catch.  This plot shows the proportional at length for each survey due 
to the extreme differences in sample size between the fixed gear survey and the commercial and 
recreational catch.   

 


