
1 
 

 

 

 

 

 

Variations in Walleye Pollock Size at Maturity and Implications on Harvest Strategies 

 

 

 

 

Final Report to:  

Pollock Conservation Cooperative Research Center 

School of Fisheries and Ocean Sciences 

University of Alaska Fairbanks 

P. O. Box 757220 

Fairbanks, AK 99775-7220 

 

 
 
 

Principal Investigator: 

 

Dr. Gordon H. Kruse 

School of Fisheries and Ocean Sciences 

University of Alaska Fairbanks 

17101 Point Lena Loop Road 

Juneau, AK 99801 

Email: Gordon.Kruse@alaska.edu 

 

 

 

 

 

Lead Report Author: 

 

Benjamin Williams 

School of Fisheries and Ocean Sciences 

University of Alaska Fairbanks 

17101 Point Lena Loop Road 

Juneau, AK 99801 

Email: bcwilliams2@alaska.edu 

 

 

 

 

 

 

 

 

March 2014 



2 
 

Abstract 

 

Walleye pollock (Gadus chalcogrammus) is the dominant species in the groundfish fishery off Alaska. 

Catch quotas for pollock and other groundfish are set by applying harvest control rules to annual 

estimates of spawning stock biomass (SSB) from age-structured stock assessments. Stock assessments 

often assume that the spawning season is constant among years; however, environmental conditions and 

population abundance influence the seasonal timing and location of maturation and spawning. Further, the 

sampling design for evaluating maturity can have implications for observed maturity rates. Adult 

abundance and stage of reproductive maturity have been monitored in early spring in Shelikof Strait in the 

western Gulf of Alaska for almost three decades. The maturity sampling structure has been largely 

directed by opportunistic sampling during hydroacoustic surveys. Utilizing these data, we developed 

generalized additive models to examine spatial patterns in pollock maturation sampling and the influence 

that such spatial structure has on SSB estimates. Current stock assessments estimate SSB using annual 

estimates of numbers and weight-at-age and estimates of mean maturity-at-age over 1983-2013. This 

strategy appears to be generally conservative as it tends to underestimate SSB when compared to our 

estimates of SSB based upon mean maturity-at-age (all years combined) that accounts for spatial 

structure. However, the current strategy occasionally overestimates SSB when compared to estimates that 

incorporate spatially-structured annual maturity rates. Spatially explicit information of pollock maturity 

has implications for estimates of stock productivity and therefore the harvest control used to manage this 

valuable fishery. 
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Introduction 

 

Walleye pollock (Gadus chalcogrammus; hereafter referred to as pollock) support the largest fishery in 

the U.S., and account for 24% of the total U.S. fisheries landings (NMFS 2010). Pollock populations are 

managed by applying a harvest rate toward an assessment model estimate of spawning stock biomass 

(SSB). SSB is based in part upon a maturation schedule (Dorn et al. 2013; Ianelli et al. 2010), 

representing the percentage of female fish that are mature at a given length or age. Maturity estimates for 

the eastern Bering Sea (EBS) are fixed for a given age (Ianelli et al. 2010), whereas maturity estimates for 

the Gulf of Alaska (GOA) are taken as the average of maturity rates from 1983 through the most recent 

winter assessment (Dorn et al. 2013). Inherent in both models is the assumption that SSB is proportional 

to total egg production (TEP) (Lambert, 2008; Marshall 2009), which is the total number of eggs 

produced by female pollock or the reproductive potential. This is a key assumption because SSB is used 

for status determinations and to implement the acceptable biological catch (ABC) and overfishing (OFL) 

control rules (Dorn et al. 2013). Furthermore, because the ABC control rule requires that fishing mortality 

be reduced linearly below an inflection point (B40%, the biomass corresponding to 40% of the unfished 

stock level when fishing at F40%), yield can be highly dependent on spawning biomass. 

 

Interannual variability has been observed for EBS pollock maturity (Stahl and Kruse 2008a) that 

indicates, at least in some years, a greater contribution to the SSB for younger fish than is currently 

modeled (Ianelli et al. 2010). Similarly, TEP can vary in relation to fish length and condition, the quality 

and availability of food resources, environmental conditions (e.g., temperature) and as a response to stock 

biomass and fishing pressure (Lambert 2008). TEP in EBS pollock has been observed to have 

spatiotemporal variability, but has not been examined since Hinckley (1987). There has been no robust 

analysis of potential spatiotemporal variability for GOA walleye pollock maturity or TEP to date. 

Additionally, stock abundance has declined since the early 1980s (Figure 1) and weight-at-age has 

increased dramatically since 2000, particularly for female pollock older than age-5 (Figure 2). 

 

Examinations of variations in fecundity (in lieu of SSB) of other gadoids, such as Atlantic cod (Gadus 

morhua), showed different responses to reductions in stock size (e.g., fecundity was not found to be time-

invariant per unit of biomass [Marshall 2009]). Spencer and Dorn (2013) used simulation modeling of the 

GOA pollock stock assessment to show how reproductive dynamics affect stock productivity.  They 

found that the effect of applying weight-specific relative fecundity (i.e., increasing fecundity per unit 

mass with increasing body weight) was to increase the estimate of FMSY (fishing mortality rate that 

produces maximum sustainable yield) relative to an estimate using SSB as reproductive potential.  This 

resulted from a higher level of stock productivity being associated with greater reproductive output 

(relative to an unfished stock) with positive weight-specific fecundity. 

 

In the GOA trawl catches from the Alaska Fisheries Science Center’s (AFSC) echo integration-trawl 

(EIT) surveys provide an opportunity to assess macroscopic maturity of pollock in Alaska waters.  

Macroscopic maturity estimations (without the aid of a microscope) are based on the external and internal 

appearance of ovaries from samples collected during GOA pollock surveys from 1983 to 2012 employing 

a 5-stage key developed specifically for walleye pollock.  The key was expanded into an 8-stage scale in 

1996 and was in use until 2007 (Williams 2007), and then reverted back to a 5-stage scale (Stahl and 

Kruse 2008b). Fish length and weight are measured in association with maturity and a portion of the 

samples are aged as well.  
 
The AFSC hydroacoustic surveys are performed on a grid within Shelikof Strait, near Kodiak, Alaska 

(Figure 3), typically in March. These surveys are used to generate estimates of pollock abundance by 

location and fish fork length (cm). EITs are utilized to examine the structure of schools of pollock 

observed via hydroacoustics, and to “ground truth” that the observed fish are pollock. Maturity samples 

are collected from random trawls EITs (Figure 3) and are not indicative of localized abundance. As the 
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hydroacoustic sampling scheme is not necessarily designed to address maturity questions there is concern 

that estimates of maturity may be biased. That is to say that fish are collected at a number of different 

locations but the maturity estimates are calculated without regard to sampling location. Indeed annual 

estimates of maturity-at-age are sometimes asynchronous between ages with generally erratic patterns 

(Figure 4), which may represent spatial bias.   

 

Though GOA pollock are considered to be one stock (Dorn et al. 2013), spatial variability in the 

prevalence of mature pollock may be misreported by the current sampling design raising the possibility 

that fishery management decisions may be made on biased estimates of SSB, resulting in errant annual 

catch specifications. Similarly, any analysis of changes in maturity with population abundance or 

environmental conditions may be biased if spatial variability is prevalent in maturity samples. This 

project seeks to more fully explore the maturation of GOA pollock by analyzing pollock maturity data 

collected from NMFS survey trawls throughout the spawning season in Shelikof Strait. Analyses will 

include examinations for spatio-temporal bias in the estimation of a pollock sexual maturation schedule 

and the influence of observed bias on catch specifications. Further, the pollock stock assessment for the 

GOA may be improved by incorporating contemporary maturity estimates under current stock levels and 

climate regimes.   
 
Methods 

 

We employed a fishery independent data source to determine if pollock maturity-at-age has a spatial 

component.  Stage of gonad maturity has been determined for female pollock in February/March in the 

western GOA from 1983 through 2012 from AFSC EIT surveys using the previous 5-point or 8-point 

scales. Fish length and weight are also measured at this time. For this project the maturity scales were 

reduced to a 2-point scale (mature/immature) with fish identified as prespawning or further developed 

(called “mature”) and fish identified as immature and developing (called “immature”).  Survey locations 

within the GOA have not been sampled in all years, so there are gaps in the dataset. Therefore, samples 

for this analysis were limited to Shelikof Strait, the area with the most continuous samples (Figure 5). 

Biomass surveys did not occur in 1999 and 2011, thus no maturity samples were collected in those years 

(Table 1).  

 

Maturity-at-age was examined with logistic regression (Dorn et al 2013; Table 1.14) to graphically 

examine maturity stage (Figure 4) via generalized linear models for each year, the same methods used for 

the stock assessment. The logistic regression model was: 

 

     (   )                    , 

 

which is the probability of a fish being mature (     at age (i) in year (j). 

 

Generalized additive models (Wood 2011, R Core Team 2013) provide a way to examine potential spatial 

structure in the maturity data. Spatial variability in pollock maturity (M) was examined with the full 

generalized additive model (GAM) of the form:  

 

    (       (        (                      (         . 

 

Variants of the full model were examined, with the “best” model chosen using the Akaike Information 

Criterion (AIC; Akaike 1973). Observed spatial structure from the GAM was partitioned via a 

classification and regression tree (CART) model (Loh 2011, R Core Team 2013). The CART model 

provides regions with similar probabilities of a fish being mature. The CART model structure was: 
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                    . 

 

The regions were incorporated into a mixed-effects model (Pinheiro and Bates 2000) to examine maturity 

by location and year, allowing us to account for unequal sampling by location among years. The mixed-

effects model had form: 

 

                                              , 

 

where      is the probability of a fish being mature at age (i), given its length, in year (k) and region (l). 

The mixed-effects model was weighted by the number of maturity samples in each region. 

 

The number of pollock-at-age and -year was obtained from Table 1.17 in the GOA stock assessment and 

fishery evaluation report (Dorn et al. 2013). Pollock weight-at-age was provided by M. Dorn (Pers. 

comm., NMFS). Estimates of pollock biomass were obtained from Table 1.18 in the GOA stock 

assessment (Dorn et al. 2013).  SSB was also calculated for a given year (k) as: 

 

     ∑        , 

 

where   is the mean fish weight at age (a),   is the proportion of mature females (provided by the 

mixed effects model) at age (a), and    is the number of fish of age (a) in year (k). 

 

 

Results 

 

The “best” GAM model incorporates smoother terms for age, year, and location; length was incorporated, 

but as a linear component. The maximum degrees of freedom for age was restricted to 4 to limit the 

analysis to biologically reasonable relationships. Partial residuals from the GAM model show a trend in 

maturity whereby there is a greater probability of a fish, at a given age, being mature in the northeast 

portion of Shelikof Strait (Figure 6). This indicates that there may be a bias in the maturity samples. For 

example, if more maturity samples originate from the area in the Southwest portion of Shelikof Strait then 

the general trends would be to underrepresent mature fish in the population, and vice-versa. While GAMs 

are excellent for examining the structure of data, due to the nature of the analysis, no parameters are 

generated. As this analysis is a component of a larger project that will be examining forecasted trends, 

GAM results of value to forthcoming analyses that will produce parameters for future predictions.  

 

A CART model was used to identify spatial structure groups based solely upon the location where a fish 

was captured. The plotted CART results show a trend similar to that observed from the GAM, with 

“breaks” in maturity trends. However, the CART model is confined by the grid structure of latitude and 

longitude, though it appears to be breaking on a diagonal within Shelikof Strait (Figure 7). To address this 

diagonal break the coordinates were rotated 30° clockwise and the CART model was refitted (Figure 8). 

The rotation reduces the number of breaks in the maturity data and allows for four separate regions to be 

used to examine maturity through time (Figure 9). A mixed effects model was used to generate maturity 

estimates holding year and region as random effects. 

 

Pollock maturity for each region was then estimated from the mixed-effects model and averaged to 

generate a single maturity estimate for each year (Figure 10). These annual maturity estimates were also 

averaged by age for comparison to maturity used in the current stock assessment (Figure 11). A 

substantial amount of annual variability is present in maturity-at-age (Figure 10), though the trends 

between age groups have greater synchrony than originally observed (Figure 4). The spatially adjusted 

maturity rates lead to a slightly greater proportion of mature pollock-at-age than the currently utilized 

maturity estimates (Figure 11). When applied to the stock assessment weight- and numbers-at-age, the 
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spatially adjusted estimate of SSB (Figure 12) is greater than the current estimate of SSB by 15.4 – 80.5 

thousands of tons (mean SSB of 35.2 thousand tons). The spatially adjusted maturity-at-age values that 

incorporate annual variability far exceeds the current estimate of SSB in the mid-1980s. This might 

indicate error in the data for those years, otherwise the estimate follows reasonably closely with the 

current and spatially adjusted estimates of SSB.  

 

 

Discussion 

 

This study examines the influence of the sampling design on the perceived levels of pollock maturity-at-

age. There is indeed a gradient in the proportion of pollock mature-at-age in Shelikof Strait. Further, a 

cursory examination shows that there is also a spatial gradient in pollock length-at-age (Figure 13). This 

indicates that the current sampling design for maturity estimates is biasing the estimates of average 

maturity-at-age. The questions then become, how do we deal with this spatial gradient? And what are the 

impacts on the estimate of SSB?  

 

There are multiple ways to approach this sampling bias, none of them necessarily incorrect, though the 

resultant estimates are of variable value, dependent upon the intended use. To that end we have chosen a 

fairly course method, the reason being that this research is a portion of a larger project examining how 

maturity and fecundity relate to biotic and abiotic indices and forecasting these relationships via a 

management strategy evaluation (A’mar et al. 2009). Forecasting via a management strategy evaluation 

necessitates having parameter estimates with their associated variability. Given our needs we have 

evaluated these maturity data with a simple CART model. The four regions that are produced from this 

model are sufficiently large to have substantial amounts of data present in each region for most years.  

 

The incorporation of regions into an analysis of pollock maturity has the effect of slightly smoothing the 

annual variability and produces more synchrony within year-classes. Both of these trends are biologically 

reasonable, in that one would expect similar trends in maturity from pollock of similar ages. Additionally, 

biological variability often shows an autoregressive pattern, where trends are similar among years. A 

remaining question is how to address the unequal sampling sizes by year and region. In the case of 

GAMs, different degrees of freedom can be allowed for the smoothers, though there is not a clear 

indication of the “best” smoother to use. The mixed-effects model was weighted by the number of 

samples, however this does not necessarily reflect the local abundance, as such sample sizes may not be 

the best weights to use. The hydroacoustic surveys are used to generate estimates of abundance of pollock 

by length. A future step for this research will be to combine locational maturity rates and abundance 

estimates to produce a weighting for maturity that is more accurate than simply weighting by the number 

of samples. This weighted maturity rate will then be applied to the estimated biomass of pollock to 

produce an estimate of SSB.  

 

Going forward with the sample size-weighted maturity estimates, we see a clear trend of an increase in 

the probability of pollock maturity-at-age (Figure 11). This leads to an increase in the estimate of SSB for 

all years, indicating that the current non-spatially adjusted method represents a precautionary approach. 

However, when examining the spatially adjusted maturity estimates annually (not averaging maturity-at-

age), the trends in SSB are similar, though there are some years when SSB is overestimated using current 

methods. Although pollock in the GOA are considered to be one stock (Dorn et al. 2013), there does 

appear to be spatially explicit variability in maturity rates. This information of pollock maturity has 

implications for estimates of stock productivity and therefore the harvest control used to manage this 

valuable fishery. 
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Table 1. Gulf of Alaska female pollock samples and stage of maturity available for analysis. 

 

Year Immature Mature 

1983 919 1,749 

1984 492 2,657 

1985 840 1,255 

1986 663 515 

1987 390 343 

1988 799 150 

1989 844 514 

1990 914 1,795 

1991 404 341 

1992 767 553 

1993 695 670 

1994 550 2,691 

1995 615 1,348 

1996 854 1,617 

1997 654 893 

1998 804 478 

2000 784 510 

2001 1,417 819 

2002 494 713 

2003 941 832 

2004 462 453 

2005 300 1,013 

2006 301 1,034 

2007 478 621 

2008 547 362 

2009 609 237 

2010 610 490 

2012 349 303 
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Figure 1. Estimates of age-3+ total biomass and spawning stock biomass from Dorn et al. (2013). 
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Figure 2. Female pollock weight-at-age from fishery independent samples in Shelikof Strait, Gulf of 

Alaska.  Lines are generalized additive model estimates; grey shaded areas are 95% confidence intervals. 
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Figure 3. Hydroacoustic transects and sample locations for determining pollock maturity in Shelikof 

Strait,  Gulf of Alaska.  Black lines are the hydroacoustic survey transects; the orange/blue points are 

EITs where maturity samples were collected. 
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Figure 4. Annual maturity estimates taken from Dorn et al. (2013). 
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Figure 5. Collection locations of pollock used for maturity assessment from 1983-2012 in Shelikof Strait, 

Gulf of Alaska. Blue points indicate samples used in this analysis; black points were excluded. 
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Figure 6. Generalized additive model partial residuals for pollock maturity by location. Cooler colors 

indicate a reduced probability of maturity, whereas warmer colors indicate an increased probability of 

maturity. This plot holds all other factors at their median (e.g. year = 1993, age = 5, length = 450 mm). 
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Figure 7. Classification and regression tree model results. 
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Figure 8. Classification and regression tree model results for location data rotated 30° clockwise.  
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Figure 9. Regions utilized from the rotated CART model. Colors indicate the probability of a fish being 

mature in a given region. 
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Figure 10. Annual mixed-effects model maturity probability results incorporating regional differences, 

averaged by age for female pollock in the GOA. 
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Figure 11. The current maturity-at-age used in the GOA stock assessment from Dorn et al. (2013) and the 

spatially adjusted maturity-at-age of female pollock. 
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Figure 12. Three estimates of SSB for Gulf of Alaska walleye pollock. The current estimate is taken from 

Dorn et al. (2013), the spatially adjusted estimate utilizes mean maturity-at-age (see Figure 11), and the 

annual variability estimate utilizes annual estimates of maturity-at-age (see Figure 10). 
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Figure 13. Generalized additive model partial residuals for female pollock length by location in Shelikof 

Strait, Gulf of Alaska. Cool colors indicate shorter pollock, whereas warm colors indicate longer pollock. 

This plot holds all other factors at their median (e.g. year = 1993, age = 5). 

 

 


