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We propose to develop a Jumbo Squid (Dosidicus gigas) Size-Structured Assessment Model (JSSAM) 

which is a statistical size-structured assessment model specifically developed and configured for jumbo 

squid in South-east Pacific. The model was constructed in AD model builder (Fournier et al. 2012). The 

basic model structure and core source code of JSSAM were modified from a size-structured stock 

assessment model that has been developed, peer-reviewed and successfully applied to three species (i.e. 

American Lobster Homarus americanus, Northern Shrimp Pandalus borealis, and Green Sea Urchin 

Strongylocentrotus droebachiensis in the northeast USA; Chen and Hunter 2003, Chen et al. 2005, Cao et 

al. 2017). 

The purpose of this paper is not to provide a Jumbo Squid stock assessment, but rather to demonstrate a 

model which can be potentially used or further developed for the assessment of Jumbo Squid once the 

required data and information are available. To this end, the configuration of JSSAM was described under 

the context of a test model run for jumbo squid in South-east Pacific. Please note that the majority of the 

data used in this study was simulated for the illustration of usefulness of the model.  Thus, the results 

should not be used for any management suggestions. 

The description of the model is for the seasonal time step. Model for the annual time step is feasible 

and similar (but simpler). 

Model Description 

Natural mortality  

The weighted and seasonal M for jumbo squid of size bin k, in year t, season m is calculated as: 

Mk ,t ,m  wt wk Mm           (1) 
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where wt is pre-specified annual weighting factor, wk is pre-specified size weighting factor; and Mm is 

seasonal natural mortality which could be either pre-specified or estimated. 

Most of the squid will die after spawning. Most males and females will only mate once in their lives and 

the SSB could not survive for the next time step, as that the natural mortality for matured stock should be 

abnormally high. In the test run model, wk were properly setting to make high proportion of the matured 

stock being removed due to natural mortality at the end of each season. One implication of this setting is 

that few of SSB could remain or keep benefiting the recruitment in the next time step.  

Growth 

Growth transition matrix, determining the probability of a squid growing from one size class into 

other size-classes, is required in JSSAM. The model allows different growth transition matrixes in 

different seasons to mimic the varying growth rate of squid due to changing environment (e.g. 

temperature).  Two options are provided for the incorporation of growth transition matrix in the 

model: 

1. Created externally and incorporated in the model as an input data set; and 

2. Derived from VBGF function with VBGF parameters being estimated internatally along with other 

parameters of JSSAM. The detailed description of how to construct the growth matrix from 

VBGF function could be found in Chen et al (2003).  

Maturity  

The maturity matrix, determining the probability of a squid being mature in a given size class at a specific 

year, need to be constructed externally. Usually the probability of a squid being mature in a given size 

class k is calculated by logistic function as follows: 

𝑃𝑘 =
𝐺

1+𝑒−𝑘(𝐿𝑘−𝐿0.5)            (2) 

Spawning-Recruitment 

Recruitment is modeled as the product of annual recruitment and the proportion of the annual recruitment 

(Rt) that recruits to each season (λm) and each size-class (λk): 

Rm,t,k  Rt k m                          (3) 

The proportion of the recruitment in each size class can either be pre-specified or estimated along with 

the other parameters of the model. The proportion of the recruitment for each season is pre-specified. 

The annual recruitments have four options to estimate: 
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1. Estimated as free parameters and modeled as 

         𝑅 =
_
𝑅𝑒𝑅𝐷𝑒𝑣𝑡                 (4) 

where RDevt is the recruitment deviation of year t from the expected R (R_bar) and treated as bounded 

parameters. 

2. Assuming temporal autocorrelation in recruitment deviation  

𝑅𝐷𝑒𝑣𝑡 = √𝑅ℎ𝑅𝐷𝑒𝑣𝑡−1 + √1 − 𝑅ℎ𝑒𝑝𝑠𝑡              (5) 

where 𝑅ℎ is the degree of autocorrelation between recruitments of the neighboring years, Rh and epst are 

parameters estimated in the model along with other parameters.  

     3.  The Beverton-Holt Stock Recruitment function 

     4.  The Ricker Stock Recruitment function 

If Beverton-Holt or Ricker function was chosen to calculate the annual recruitment, the amount of 

SSB is needed. The SSB used here is the matured female stock summed up for all seasons at a given 

year.  The JSSAM has the capacity to use environmental effects to inform recruitment dynamics which is 

important under the context of climate change and for a short lived species like squid. 

Fishing mortality 

The fishing mortality for a fleet f, year t, season m, and size bin k is calculated as: 

 Ff,m,t,k  Fmultf,m,t S f,b,k               (6) 

The Fmult for a fleet f, year t and season m is determined by two sets of parameters, Fmultf,m,1, the 

parameter for first year and each season for that fleet, and FDevf,m,t, the deviation of the parameter from 

the value in the first year for that fleet. Both sets of parameters are estimated in log space: 

log(Fmultf,m,t )  log(Fmultf,m1,t )  log(FDevf,m,t )                (7) 

For the selectivity, multiple time blocks are allowed for the time dependence. For each time blocks, 

the selectivity could be estimated by one of the four choices provided in the model: 

1. Estimated as separate parameters for each size bin 

2. Logistic function with 2 parameters (a and b) to be pre-specified or estimated 

𝑆𝑓,𝑏,𝑘 =
1

1+exp (𝑏𝑓,𝑏(𝑎𝑓,𝑏−𝐿𝑘)
                   (8) 
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3. Double logistic function with four parameters (a, b, c and d) to be pre-specified or estimated 

𝑆𝑓,𝑏,𝑘 =
1

1+exp (𝑏𝑓,𝑏(𝑎𝑓,𝑏−𝐿𝑘)
(1 −

1

1+exp(𝑑𝑓,𝑏(𝑐𝑓.𝑏−𝐿𝑘))
)            (9)       

4. Double normal with four or six parameters to be pre-specified or estimated 

 

Population dynamics 

The number of squid in size bin k at the end of year t, season m is calculated as: 

𝑁𝑘,𝑡,𝑚 = 𝑁𝑘,𝑡,𝑚𝑆𝑘,𝑡,𝑚 + 𝑅𝑘,𝑡,𝑚 + ∑ 𝑁𝑘−𝑖,𝑡,𝑚−1𝐺𝑘−𝑖→𝑘,𝑡,𝑚−1
𝑘−1
𝑖=1        (10) 

where 𝐺𝑘−𝑖→𝑘 is the probability that the squid at size k-i will grow to size k; R is the recruitment and S is 

the survival rate.  

Observational models and statistical error assumptions 

The overall objective function in JSSAM is the sum of likelihood functions linking observed and 

predicted values of various life history and fishery processes. There are multiple assumptions for 

statistical error distributions provided in the calculation of the objective function. All are converted to 

negative log likelihoods in ADMB to estimate the parameters by minimization. A penalty function is 

also included in the overall objective function to exclude biologically unrealistic estimates. The 

observational models and likelihood functions with different error assumptions are listed as follows: 

Length composition 

Survey  

𝑃𝑖𝑖𝑛𝑑,𝑡,𝑘
𝑃𝑟𝑒𝑑 =

𝑁𝑖𝑛𝑑,𝑡,𝑘
𝑆𝑢𝑟𝑣𝑒𝑦

∑ 𝑁𝑖𝑛𝑑,𝑡,𝑘
𝑆𝑢𝑟𝑣𝑒𝑦

𝑘

     (11) 

Where 𝑃𝑖𝑖𝑛𝑑,𝑡,𝑘
𝑃𝑟𝑒𝑑  is the proportion of abundance at survey ind, year t, and size-class k. 

Fishery  

𝑃𝑐𝑓,𝑚,𝑡,𝑘
𝑝𝑟𝑒𝑑

=
𝑐𝑓,𝑚,𝑡,𝑘

𝑝𝑟𝑒𝑑

∑ 𝑐𝑓,𝑚,𝑡,𝑘
𝑝𝑟𝑒𝑑

𝑘

      (12) 

where 𝑃𝑐𝑓,𝑚,𝑡,𝑘
𝑝𝑟𝑒𝑑

  is the proportion of predicted catch for fleet f, year t, season m and size-class k; 𝑐𝑓,𝑚,𝑡,𝑘
𝑝𝑟𝑒𝑑  is 

the predicted catch for fleet f, year t, season m and size-class k. 

For length composition data, two likelihood functions are available: 

1. Multinomial distribution 
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𝑙𝑛(𝑃) = 𝑙𝑛(𝐸𝑆𝑆!) − ∑ 𝑙𝑛(𝑥𝑘!)𝑘 + 𝐸𝑆𝑆 ∑ 𝑝𝑘
𝑂𝑏𝑠

𝑘 𝑙𝑛𝑝𝑘
𝑝𝑟𝑒𝑑  （13） 

where ESS is the effective sample size; pobs
k denotes an observed proportion and ppred

k denotes the 

associated predicted proportion. Model estimated ESS is calculated as: 

𝐸𝐸𝑆𝑝𝑟𝑒𝑑 =
∑ 𝑝𝑘

𝑝𝑟𝑒𝑑
(1−𝑝𝑘

𝑝𝑟𝑒𝑑
)𝑘

∑ 𝑝𝑘
𝑝𝑟𝑒

(𝑝𝑘
𝑝𝑟𝑒𝑑

−𝑝𝑘
𝑝𝑟𝑒𝑑

)2
𝑘

      (14) 

2. Robust normal for proportion (Fourier et al. 1990) 

𝑙𝑛(𝑝) = ∑ (−𝑙𝑛 (
1

𝐸𝐸𝑆𝑘 √2𝜋(𝑝𝑘
𝑝𝑟𝑒𝑑

(1 − 𝑝𝑘
𝑝𝑟𝑒𝑑

) +
0.1

𝑆𝑁
))) + 𝑙𝑛 (𝑒𝑥𝑝 (−

(𝑝𝑘
𝑜𝑏𝑠−𝑝𝑘

𝑝𝑟𝑒𝑑
)

2

2(𝑝𝑘
𝑝𝑟𝑒𝑑

(1−𝑝𝑘
𝑝𝑟𝑒𝑑

)+
0.1

𝑆𝑁
(

1

𝐸𝑆𝑆
)

2) + 0.01)) 

(15) 

Catch 

Predicted landings in units of numbers of squid for each fleet, year, season and size-class are derived 

from the Baranov catch equation: 

𝐶𝑓,𝑚,𝑡,𝑘
𝑝𝑟𝑒𝑑,𝑛

=
𝐹𝑓,𝑚,𝑡,𝑘

𝐹𝑓,𝑚,𝑡,𝑘+𝑀𝑚,𝑡,𝑘
(1 − 𝑒𝑥𝑝 (−(𝐹𝑓,𝑚,𝑡,𝑘 + 𝑀𝑚,𝑡,𝑘)))𝑁𝑡,𝑘,𝑚           (16) 

Predicted landings in weight for each fleet, year, season and size-class are calculated: 

𝐶𝑓,𝑚,𝑡,𝑘
𝑝𝑟𝑒𝑑,𝑛

=
𝐹𝑓,𝑚,𝑡,𝑘

𝐹𝑓,𝑚,𝑡,𝑘+𝑀𝑚,𝑡,𝑘
(1 − 𝑒𝑥𝑝 (−(𝐹𝑓,𝑚,𝑡,𝑘 + 𝑀𝑚,𝑡,𝑘)))𝑁𝑡,𝑘,𝑚𝑊𝑡,𝑘    (17) 

 CPUE 

The predicted CPUE for fleet f, year t, and season m is calculated as: 

𝐶𝑃𝑈𝐸𝑓,𝑚,𝑡
𝑝𝑟𝑒𝑑

= 𝑞𝑓,𝑚,𝑏(𝐵𝑓,𝑚,𝑡
𝑒𝑥𝑝𝑙𝑜𝑖𝑡

)𝐸𝑓,𝑚,𝑏          (18) 

where qf,m,b is the catchability for fleet f, time block b, and season m; Ef,m,b is the power parameter; Bexploit 

is calculated as: 

𝐵𝑓,𝑚,𝑡
𝑒𝑥𝑝𝑙𝑜𝑖𝑡

= ∑ 𝑁𝑚,𝑡,𝑘
1−𝑒𝑥𝑝 (−(∑ 𝐹𝑓,𝑚,𝑡,𝑘+𝑀𝑚,𝑡,𝑘)𝑓

∑ 𝐹𝑓,𝑚,𝑡,𝑘+𝑀𝑚,𝑡,𝑘𝑓
𝑘 𝑆𝑏,𝑘𝑊𝑡,𝑘         (19) 

For catch and CPUE, six likelihood functions are provided: 

1. Normal distribution 

𝑙𝑛(𝑃) = − 𝑙𝑛(√2𝜋𝜎𝐼
𝑜𝑏𝑠) −

(𝐼𝑜𝑏𝑠−𝐼𝑝𝑟𝑒𝑑)2

2(𝜎𝐼
𝑜𝑏𝑠)2

      (20) 

2. Log normal distribution 
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𝑙𝑛(𝑃) = − 𝑙𝑛(√2𝜋𝜎𝐼
𝑜𝑏𝑠) − 𝑙𝑛 (𝐼𝑜𝑏𝑠) −

(𝑙𝑛 (𝐼𝑜𝑏𝑠)−𝑙𝑛 (𝐼𝑝𝑟𝑒𝑑))2

2(𝜎𝐼
𝑜𝑏𝑠)2

        (21)     

3. Log normal distribution without the term of observation  

𝑙𝑛(𝑃) = − 𝑙𝑛(√2𝜋𝜎𝐼
𝑜𝑏𝑠) −

(𝑙𝑛 (𝐼𝑜𝑏𝑠)−𝑙𝑛 (𝐼𝑝𝑟𝑒𝑑))2

2(𝜎𝐼
𝑜𝑏𝑠)2

          (22) 

4. Student T distribution 

𝑙𝑛(𝑃) = − 𝑙𝑛 (
1.32934

√4𝜋
) − 2.5𝑙𝑛 ((

𝑙𝑛(𝐼𝑜𝑏𝑠)−𝑙𝑛 (𝐼𝑝𝑟𝑒𝑑)

2𝜎𝐼
𝑜𝑏𝑠 )

2

+ 1)         (23) 

5. Cauchy distribution 

𝑙𝑛(𝑃) = −𝑙𝑛 (0.675𝜋𝜎 (1 + (
𝐼𝑜𝑏𝑠−𝐼𝑝𝑟𝑒𝑑

0.675𝜎
)

2

))        (24) 

6. Robust distribution  

𝑙𝑛(𝑃) = − 𝑙𝑛(√2𝜋𝜎𝐼
𝑜𝑏𝑠) + 𝑙𝑛 (𝑒𝑥𝑝 (−

(𝑙𝑛(𝐼𝑜𝑏𝑠)−𝑙𝑛(𝐼𝑝𝑟𝑒𝑑))
2

2𝜎𝐼
𝑜𝑏𝑠2 ) + 0.01)       (25) 

Environmental index and recruitment deviation 

This component could be turn on/off by users’ discretion. The environmental index, which could be a 

single index or a linear combination of multiple indices, is treated as if it was a survey of annual 

recruitment deviation (Schirripa et al., 2009). If model user turns it on, a likelihood of the deviation is 

added to the total likelihood. The additional likelihood function is expressed as 

𝑙𝑛(𝐿𝑅𝑑𝑒𝑣) = ∑ (
𝐸𝑦−𝑅𝑑𝑒𝑣𝑦

𝜎𝑦
)2

𝑦      (26) 

where Ey is the environmental index in year y, and 𝜎𝑦 is the standard deviation of the observation error of 

the environmental index. 

Penalty  

One penalty function is included for the estimated fishing mortality. It’s a penalty associated with any F 

greater than an input maximum value, calculated as 1000*(F-Max (F))2 for F> Max (F), where Max (F) 

should be a maximum fishing mortality level that the user believes possible for the squid fishery and will 

be defined by the user. It is flexible to add other penalties into the overall likelihood function if necessary.  
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Data used and model setting in the test model run 

Size bins 

The range of size was set from 50-575mm and the interval is 15mm. The number of size classes is 35. 

The range of size used here in the test model excludes the sub-stock of jumbo squid with length more than 

1000mm.   

Weight at size 

W = 0.6 ln(L) – 1.6   

Maturity at size classes 

𝑃𝑘 =
1

1+𝑒−0.03(𝐿𝑘−350)            (simulated data) 

Natural mortality at size classes 

𝑀𝑘 = 5 ×  𝑃𝑘 

The natural mortality at size classes is linked with the Maturity at size classes to mimic the biological 

reality that the squid die after spawning. The value 5 is set to make sure few of the mature stock survive 

to the next time step. 

The size classes to which recruitment recruits 

 The recruitment recruits to the first three size classes (i.e. 50, 65, 80mm)  

Proportions of the annual recruitment recruits to each season 

The occurrence of mature females and hatching in each month suggests that jumbo squid spawn 

throughout the year with a distinct peak between January and March (Liu et al., 2013). The proportions of 

the annual recruitment recruits to four seasons were set to be 0.5, 0.2, 0.15, and 0.15.  

Recruitment-SSB relation 

We treat the annual recruitments as independent parameters to SSB in the test model run. We did not have 

evidence to support function relationship (Beverton-Holt or Ricker) between jumbo squid recruitment 

and SSB. As a r reproduction strategy species, the variation of amount of annual recruitments is subjected 

to the environmental change. In JSSAM, the annual recruitments could be treated as dependent 

parameters related to environment indexes (In equation 4, estimation of recruitment deviation of year t 

RDevt could be conditioned by external indexes).  
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Catch-at-size data  

survey 

Seven different surveys were assumed to be conducted (seven fishing entities have been involved in 

jumbo squid fishery in south-east Pacific). The catch-at-size data in survey were arbitrarily simulated and 

incorporated in the test model run.  

fishery 

The catch-at-size data in survey were arbitrarily simulated and incorporated in the test model run. 

Multinomial distribution was assumed for catch-at-size data in likelihood function and it could be 

weighted given the quality of the data derived from different sources. 

Growth matrix  

Simulated data were used for growth matrix. 

Preliminary results in the test model run 

It is not necessary to describe the results since they largely based on simulated data (Some of them are not 

in accordance with the biological or the fishery reality). The purpose of this section is to show what kind 

of information could be derived from the model.  

 

Figure 1. Weight-length and maturity-length relationship used in the model 
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Figure 2. Male and female seasonal biomass in assessment years 

 

Figure 3. Male and female abundance by length in assessment years 
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Figure 4. Size composition in management years 

 

Figure 5. Fishing selectivity for surveys estimated in the model  
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Figure 6. Predicted length composition and observed length composition of catch in fishery  

 

Figure7. SSB and fishing mortality for assessment years  
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Figure 8. Retrospective patterns of Fishing mortality in season one; Figures of retrospective pattern of 

Fishing mortality in other seasons, SSB and recruitment are not included here.   

 

Discussion 

Catch at size data  

Jumbo squid is a short lived species. If maximum age is assumed to be one year, the stock will “refresh” 

every year. The size structure or the abundance of the stock one year ago would not interact with the size 

structure or the abundance this year like long-lived finfishes and the SSB-Recruitment relationship may 

be very weak. Catch at size data is an essential component in JSSAM. For squid relatively short time 

series of data could get equivalent estimate of the stock for recent years if fishery selectivity and 

catchability are pre-specified or well estimated. It is helpful if catch at size data (even a short time series 

in recent years) could be shared and used in the model.  
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Growth matrix and mature size  

Nigmatullin et al (2001) identified three intraspecific groups distinguished by different sizes at which 

individuals reach maturity. The group that mature at small size (130-260 mm ML for male and 140-340 

mm ML for female) was found predominantly in the area near equator. The group that mature at medium 

size (240-420 mm ML for male and 280-600 for female) was found over the whole species range except 

at the higher latitude. The group that mature at large size (over 400 for male and over 550 for female)  

occurred at the northern and southern peripheries of the species range and the international water off 

Peruvian EEZ (Liu et al., 2013; Nigmatullin et al., 2001). The three groups mixed throughout the fishing 

grounds. How to appropriately deal with the three groups with different growth rates and mature size need 

to be discussed further.  
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