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1) Background  

 

This study focuses on the Chilean Jack Mackerel (Trachurus murphyi) population stock 

distributed throughout the sub-tropical waters of the South Pacific Ocean, and managed 

under the framework of the South Pacific Regional Fisheries Management Organization. The 

present study is part of the objectives of a research project submitted by a consortium 

gathering IMARES, IRD and CLS to the open call for tenders No MARE/2011/16 Lot 1 

released by the EU DG-MARE, and that included the development of a SEAPODYM model 

for jack mackerel to investigate its stock structure. SEAPODYM is a model developed for 

investigating spatial population dynamics of fish, under the influence of both fishing and 

environmental effects.  In addition to fisheries and other fish relevant data (e.g. tagging data, 

acoustic biomass estimates, eggs and larvae density), the model utilizes environmental data 

in a manner that allows high resolution prediction. SEAPODYM was initially developed for 

tuna species and complements the WCPFC Scientific Committee’s MULTIFAN-CL models by 
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providing additional information on how tuna distributions are structured in space and time.  

This report presents the first application of SEAPODYM to the South Pacific Jack Mackerel 

population and fisheries.  

 

2) Material & Methods  

 

a) South Pacific Jack Mackerel and Fisheries  

 

The south Pacific jack mackerel (Trachurus murphyi; hereafter referred as SPJM) is a 

medium-sized pelagic fish distributed from the Chilean and Peruvian coasts to more than 

2000 km off the central coast of Chile with possible continuous extension to the coast of New-

Zealand. It is a species with relatively long life span (> 10 years), mature after 3 years with 

maximum size of ~ 70 cm FL.  

The population structure as described in the literature would include a large nursery 

ground in the coastal zone off southern Peru and northern Chile (north of 30°S), a feeding 

ground in the central-south zone off Chile (30°–40° S), where the recruitment of 2–3 year-old 

individuals occurs and an oceanic spawning area off central Chile, extending up to 1800 km 

offshore during spring (Vasquez et al. 2013). This single stock structure is currently used 

within the SPRFMO assessment studies. However, there are studies proposing alternative 

assumption to the panmictic stock (on single homogenous stock in the entire area) and 

suggesting a more dynamic stock structure that changes under the influence of 

hydrographical conditions. Ignoring this stock structure and dynamics may impact the 

accuracy of stock assessments and effectiveness of management actions. Given the strong 

decrease in catch rates and estimated biomass of SPJM, the on-going debate on stock 

structure becomes an issue with important potential consequences on the management of 

this species.  

 

 

31 Aug 2014 SC-02-JM-07

3



 

 

Figure 1: South Pacific Regional Fisheries Management Area. Dark blue represents 

international waters.  

 

Industrial fishing of SPJM started in the 1970s mainly with fleets from Europe and South 

America. SPJM is primarily exploited during the austral winter (April to October). Purse-seine 

fisheries from Chile and trawl fisheries from Peru and the Russian Federation target adult jack 

mackerels in EEZ and international waters. All together these fisheries represent 90 % of the 

total catch declared to the SPRFMO between 1970 and 2013 (Fig. 2). Caribbean Countries 

(Belize, Vanuatu, Cook Islands), European Countries (the Netherlands, Faroe Islands, the 

Ukraine) and China contribute to the remaining catch, mostly by pelagic trawling. In addition, 

New-Zealand EEZ hosts a purse-seine and trawl fishing fleet since 1985 that represents less 

than 0.5 % of the total recorded catch. 

 

From 1970 to 1980, the main fishing effort was applied with purse-seines in the Northern area 

of the Chilean EEZ (Fig. 2). Since 1980, a trawling fishery has developed in Peruvian and 

Ecuadorian waters and off the Chilean EEZ (Fig. 2). But from 1986 to 2007, the bulk (58%) of 

recorded catches has originated from the Chilean purse-seine fishery in Southern areas (Fig. 

2). Total annual reported landings of SPJM range between 95 000 metric tones (mt) in 1972 

and over 4.7 millions mt in 1995. Since 2000, landings have generally begun to decline and 

reached historically low levels in 2012, that is less than 500 000 mt for the whole South 

Pacific fishing areas.  
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Figure 2: SPRFMO annual catch time series by country and by fleet. Four fishing areas, 

referred as fleets, are defined in SPRFMO for SPJM assessment. Fleet 1 (F1) includes all 

purse-seine fisheries in Chilean northern area (< 37°S) within its EEZ. Fleet 2 (F2) includes 

purse-seine fisheries in Chilean southern area (> 37°S) within EEZ and high seas. Fleet 3 

(F3) includes far northern area fisheries (mainly trawlers in latitudes < 20°S), inside and 

outside the Peruvian EEZ and inside the Ecuadorian EEZ. Finally, fleet 4 (F4) includes the 

international high seas trawl fisheries off the Chilean EEZ. 

 

b) SEAPODYM 

 

SEAPODYM is a model developed for investigating spatial tuna population dynamics, under 

the influence of both fishing and environmental effects (Lehodey et al. 2008). The model is 

based on advection-diffusion-reaction equations, and population dynamics (spawning, 

movement, mortality) are constrained by environmental data (temperature, currents, primary 

production and dissolved oxygen concentration) and simulated distribution of mid-trophic 

(micronektonic tuna forage) functional groups. The model simulates tuna age-structured 

31 Aug 2014 SC-02-JM-07

5



populations with length and weight relationships obtained from independent studies. Different 

life stages are considered: larvae, juveniles and (immature and mature) adults. After juvenile 

phase, fish become autonomous, i.e., they have their own movement (linked to their size and 

habitat) in addition to be transported by oceanic currents. Fish are considered immature until 

pre-defined age at first maturity and mature after this age, i.e., contributing to the spawning 

biomass and with their displacements controlled by a seasonal switch between feeding and 

spawning habitat, effective outside of the equatorial region where changes in the gradient of 

day length is marked enough and above a threshold value. The last age class is a “plus class” 

where all oldest individuals are accumulated.  

 

The model includes a representation of fisheries and predicts total catch and size frequency 

of catch by fleet when fishing data (catch and effort) are available. A Maximum Likelihood 

Estimation (MLE) approach is used to optimize the model parameters (Senina et al. 2008). 

Integration of conventional tagging data has been achieved recently. In addition, prior 

information (a priori average spawning biomass in the whole South Pacific) can also be used 

to constrain the likelihood function and help in stock estimation. This model has been 

described in detail in Lehodey et al. (2008; 2010a), Lehodey and Senina (2009) and Senina et 

al. (2008), and has been used for investigating tuna fishing management scenarios (Sibert el 

al., 2012) and climate change impacts on skipjack (Bell et al., 2013; Lehodey et al., 2013a) 

and bigeye tuna (Lehodey et al., 2010a; 2011; in press). Since the model relies on generic 

mechanisms shared by many populations of pelagic species, it can be easily adapted to the 

SPJM. 

 

c) Environmental forcing  

 

SEAPODYM uses spatially explicit estimates of ocean and biological properties such as 

temperature, current speed, oxygen, phytoplankton concentration and euphotic depth from 

physical-biogeochemical ocean models to constrain fish population dynamics. The outputs of 

SEAPODYM are therefore strongly dependent on the quality of its forcing.  The physical 

variables (temperature and currents) are outputs of ocean circulation models, either from 

hindcast simulations or reanalyses. They both provide the same outputs but in the first case 

the ocean model is forced by atmospheric variables (eg. surface winds) only. In reanalyses, 

the simulation also includes observations of oceanic variables (e.g. Argo profilers, satellite 
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altimetry) that are assimilated in the model to correct the model and produce more realistic 

circulation patterns, especially at mesoscale resolution. The biogeochemical variables 

(primary production, dissolved oxygen concentration and euphotic depth) can be obtained 

from a biogeochemical model that is coupled to the physical model or from satellite ocean 

color sensors from which chlorophyll a, euphotic depth and vertically-integrated primary 

production are estimated. However, in that case the dissolved oxygen concentration is not 

available and needs to be replaced by a climatology (i.e., monthly average based on all 

available observations). All physical reanalyses are used with biogeochemical variables 

derived from satellite ocean color data. 

 

Several forcings were used in a preliminary round of simulations. However, this document 

presents the results of the final configuration achieved with a coupled physical-

biogeochemical model. The physical ocean circulation model is NEMO (Nucleus for European 

Modelling of the Ocean; version 3.5) forced with a mix of “realistic” atmospheric fields 

(provided by an improved ERA-interim reanalysis). The biogeochemical model is PISCES 

(Pelagic Interaction Scheme for Carbon and Ecosystem Studies, Aumont and Bopp, 2006). 

The model grid (ORCA2) has a horizontal resolution decreasing from equator (0.5°) to high 

latitudes 2° in highest latitude. With this method,  we produce simulations of the dynamic and 

biogeochemical state of the ocean which span over the historical (1979-2010) periods. The 

forcing variables are then processed and interpolated on a regular grid of 1 or 2 degrees to be 

used with SEAPODYM. An analysis of this environmental forcing can be found in Nicol et al 

(2014). 

 

d) Fishing data  

 

� Conventional Catch/Effort data  

 

Prior to the optimization experiments, spatially disaggregated fishing data were prepared with 

the objective of limiting the number of fisheries to a reasonable number while defining 

homogeneous fisheries as far as possible according to several criteria, i.e., fishing gear, 

fishing areas, size of the boats, CPUE (Table 1).   
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Table 1: SPJM fisheries and data availability in SEAPODYM. Gears are trawlers (TW), 

purse-seine (S) and acoustic (A). Length frequency data were only available for the two first 

fisheries, i.e. the Dutch trawling fleet operating in international waters. 

 

The first three fisheries (TW1; TW2; TW3) include vessels operating outside the 200 miles 

EEZ and using pelagic trawls with fishing effort expressed in number of tows. TW1 and TW2 

are Dutch fisheries of small (125m length) and large (> 145m length) trawlers respectively. 

Catch and effort data are available daily and at high spatial resolution from 2007 to 2012. 

TW3 has also daily catch and effort data at high spatial resolution but combines several 

Countries (Belize, China, Korea, Vanuatu and Faroe Islands) operating from 2007 to 2012. 

 

It is worth noting that fishing records were not available when less than 3 vessels were 

present in the data unit (e.g. a month and one cell of 1° x1°) as per the agreed data standards 

of SPRFMO. This rule obviously removes a substantial amount of fishing data (eg Fig. 3a) 

with the consequences of underestimating the fishing mortality and eliminating useful 

information for the optimization approach.  

 

Fisheries S4 and TW5 are based on respectively Peruvian and Korean catch and effort data 

for year 2012 with daily temporal resolution and high spatial resolution (< 0.01°). Since the 

environmental forcing stop in Dec 2011, those two fisheries were not used in the optimization 
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experiment but were prepared for future work with predicted physical forcing (see below 

perspectives section).  

 

Fisheries S6 and S7 are based on Chilean 1°x1° grid ded monthly catch and effort data. The 

original data was prepared by the Chilean fishing institute (IFOP) and covers the period 2007 

to 2012, which corresponds to the readily available information (under the SPRFMO 

format/template). The fishing effort is recorded in number of purse-seine actions and Figure 

3b shows that the geo-referenced catch data match the SPRFMO records. 

 

 

 

Figure 3: Difference between the sum of geo-referenced records available for 

SEAPODYM and the nominal catch recorded in SPRFMO  for the same period for (a) the 

fisheries TW1, TW2 and TW3 and (b) the fisheries S6 and S7. Black and grey lines illustrate 

respectively SEAPODYM and SPRFMO data. 
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� Spatial extrapolation of total catch by fisheries  

 

Unfortunately a very large part of the nominal catch is not recorded or available under a geo-

referenced form. However, it is critical to account for this catch in the computation of fishing 

mortality. Therefore it was decided to produce “dummy” fisheries datasets to be used only in 

the fishing mortality computation and not in the MLE approach. Catches since the 1970s were 

extrapolated from published articles and reports. There is no effort associated to these 

catches since they are only used to be retrieved from the SPJM total stock in order to better 

estimate fishing mortality. The code of SEAPODYM was modified to take specifically into 

account the mortality caused by “dummy” fisheries for which there are estimations of annual 

catches but no associated effort. 

 

Four “dummy” fisheries were defined:  

- The New-Zealander Purse-Seine (D8) 

- The New-Zealander Trawlers (D9) 

- The Russian Trawlers (D10) 

- The Chilean Purse-Seine (D11) 

 

Monthly catch data (1985-2010) of the fisheries D8 and D9 were extrapolated from Penney & 

Taylor (2008) assuming a uniform distribution in each of the 3 management areas used by 

New-Zealand for this fishery. The Figure 4a shows the match between catches interpolated 

for SEAPODYM and the SPRFMO catch time series for New-Zealand. 

 

Extrapolated monthly catch data (1980-1991) of the fishery D10 were based on published 

Russian catch data on a 1°x1° grid and with annual temporal resolution (Nesterov, 2007 and 

2009) and according to the average seasonal distribution of geo-referenced SPJM fishing 

data (i.e., the seasonal catch history of fisheries TW1 and TW2). Figure 4b shows that the 

catches match the SPRFMO combined records for the Russian fleet. 

 

The fourth dummy fishery (D11) extrapolates annual Chilean catch data (1970-2012) as 

recorded in SPRFMO according to the average seasonal distribution of SPJM fishing (same 

method as above). Considering that data was aggregated in the whole fishing area (see 

Figure 4 of IFOP 2013 report for Chilean fishing areas and Figure 1 of 10th report of Chilean 

31 Aug 2014 SC-02-JM-07

10



Jack Mackerel Workshop), we defined four decadal average fishing areas (1970-1979, 1980-

1989, 1990-1999 and after 2000). We then spatially interpolated the catch data according to a 

uniform distribution in each of the four areas. Figure 4c shows the match between catches 

interpolated for the SEAPODYM application and the SPRFMO catch time series for Chilean 

fisheries. 

 

 

 

Figure 4: Difference between the sum of geo-referenced records available for 

SEAPODYM and the nominal catch recorded in SPRFMO  for (a) the “dummy” fisheries D8 

and D9, (b) for the “dummy” fishery D10 and (c) the “dummy” fishery D11. Black and grey 

lines illustrate respectively SEAPODYM and SPRFMO data. 

 

� Length Frequency data  

 

Length frequency data were available only for fisheries TW1 and TW2 (Dutch fleets). They 

were extracted with a monthly temporal resolution and spatial resolutions varying from 1° x 1° 

to 10° x 20° (Fig. 5). The resolution used to measu re the fish was based on size-bins of 1cm, 
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2cm and 5cm (Fork Length). The number of samples is well distributed over the entire Dutch 

fishing ground (e.g. international waters) but is only representative of the last years of the 

fishing period. 

 

 

 

Figure 5: Length frequency data available in SEAPODYM. The data samples are 

aggregated at the spatial resolution of 1°x1° illus trated by rectangles with grey shading.. In 

the centre of each region, a circle gives the predicted mean size of fish (the larger the circle, 

the longer the fish) and the variance associated to this mean (colorbar, cm in FL).  
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� Acoustic survey  

 

In addition to geo-referenced catch and effort data, we planned to use biomass estimates 

from acoustic data. They can be introduced in the MLE as additional fisheries with (sampling) 

effort and catch (the biomass estimate) assuming a catchability of 1 and no associated fishing 

mortality. 

 

- Chilean Acoustic Survey (Ac12) 

- Peruvian Acoustic Survey (Ac13) 

For “fishery” Ac12, we used published Chilean acoustic data from 1997 to 1999 (Bertrand et 

al., 2006). And for “fishery” Ac13, we used published Peruvian acoustic data from 1983 to 

2011 (Bertrand et al., 2004). To calculate jack mackerel potential biomass from nautical area 

scattering coefficient (Sa), we used the equation from Bertrand (1999): 

 

B = (Sa * W) / (1852² * 4π * 10^(TS/10)) 

 

with B the acoustic biomass in g.m-2 

with Sa in m².mn-2 

with W the mean weight of jack mackerel (i.e. 275g) 

with TS the target strength estimated to -39.5dB, according to Lillo et al., 1995. 

 

We then estimated the associated captures and effort on a 1°x1° monthly grid. Captures were 

calculated for each pixel and each sampling month as: 

C = a * ΣB 

with C the capture in mt 

with a the sampling surface in nm² (0.25 nm², resp. 1 nm², for Chilean, resp. Peruvian, 

acoustic devices) 

 

Effort was finally calculated for each pixel and each sampling month as: 

E = n * a 

with E in nm² 

with n the acoustic sampling number 
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It is to be noted that the acoustic estimates of catch and effort were cross-multiplied to get 

potential SPJM biomass estimates in the survey areas (i.e. about 500 000km²). In this 

optimization experiment, the acoustic estimates (Fig. 6) were not used in the fishing mortality 

calculation but are intended to serve as a stock availability reference. Since the acoustic 

surveys were conducted in Chilean and Peruvian EEZ (i.e. in coastal waters), those two 

fisheries were not used in the optimization experiment conducted on a 2° grid but were 

prepared for future work with higher spatial resolution physical forcing (see below 

perspectives section).  

 

 

 

Figure 6:  Biomass estimates from acoustic records  from surveys in Chilean (black line) 

and Peruvian (grey line) waters.  

 

� Final Catch, Effort and size-frequency dataset for SEAPODYM modeling  

 

For all available data sources (Table 1, Fig. 7), a careful data screening led to the exclusion of 

a few obvious wrong data (e.g, with geographical coordinates on land). We extracted monthly 

SPJM catch and effort with geographical coordinates at high spatial resolution or no less that 

31 Aug 2014 SC-02-JM-07

14



1°x1° squares. In total for the experiment, five fi sheries and four “dummy” fisheries were used 

for the period 1986-2011 (Table 1, Fig. 7). Globally, “dummy” fisheries allowed to compensate 

for the little number of spatialized catch/effort data, especially prior to 2007 (Table 2). The use 

of “dummy” fisheries avoided the underestimation of fishing mortality that was observed in 

previous optimization experiments. In addition, an average spawning biomass in the whole 

South Pacific (of 38.106 mt) was used to constrain the likelihood function and help in stock 

estimation. 

 

 

Figure 7: Spatial distributions of available data in SEAPODYM. The colour circles 

delineate the fishing areas of the 13 sources of data (acoustic, conventional and dummy 

fisheries). 

 

 

Table 2: Total annual catch 1970–2012 (metric tones) used in SEAPODYM South Pacific 

Jack Mackerel simulations  compared with total annual catch by all fisheries declared in 

SPRFMO database. The three types of data source (conventional catch/effort, dummy and 
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acoustic catch) are presented with associated differences in metric tones and corresponding 

percentages of coverage. 
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3) Results  

 

a) South Pacific Jack Mackerel population structure  

 

The population is structured with 3-month cohorts and a last “+ cohort” that accumulates older 

fish. The age at maturity occurs after cohort 12, i.e., at age 3 yr. Age-length and age-weight 

relationships are derived from the review by Cubillos et al., 1998. 

 

 

Figure 8: South Pacific Jack Mackerel size (FL in cm) and weight at age (yr)  functions used in 

SEAPODYM simulation based on Cubillos et al., 1998.  

 

b) Optimization experiments  

 

This optimization for SPJM was conducted with the dataset presented in the previous section 

(conventional catch/effort data, size frequencies data and “dummy” fisheries). This 

optimization was conducted after the first optimization experiments conducted on NCEP and 

Glorys2 physical forcings (see preliminary reports). Preliminary estimates of the SPJM 

parameterization in SEAPODYM was achieved with the long historical hindcast provided by 

the coupled models NEMO-PISCES forced by the atmospheric reanalysis time series.  
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c) Fit to catch data  

 

The model results were validated using the whole time series, i.e., 1979-2011. The details of 

fit for all fisheries separately are provided in Appendix 1 while a summary is provided below.   

The spatial fit to observed catch is very good in the main fishing grounds, in particular the 

“Jack Mackerel” belt but decreasing towards (i) the coastal areas where the model resolution 

(2°) is not precise enough and (ii) higher latitude s where catch become more occasional 

(Figure Erreur ! Il n'y a pas de texte répondant à ce style dans ce document.  

 

Total catch is very well predicted (r = 0.99), showing a strong seasonality and decreased 

values since the early 2000s (Figure 10). The detail by fishery (Appendix 1) shows a difficulty 

to simulate the high variability observed in catch of purse-seine fishery S7 (offshore Chilean 

fishery). The fit is very high for all fisheries, the lowest (r = 0.87) being for TW2, an 

aggregation of several big trawlers in international waters that may vary in capturability and 

selectivity. 

 

Despite the low number of available size frequency data, the overall fit to size frequencies 

samples are fairly good (Appendix 1). With the exception of large size fish in observed catch 

that are not predicted by the model.  
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Figure Erreur ! Il n'y a pas de texte répondant à ce style dans ce document.: Comparison of fit to 

fishing data over the period 1986-2011 for Interim-Pisces-SPJM.  Left: R-squared goodness of fit 

representing the spatial fit over the period used for optimization (white squares indicate negative 

correlation between observations and predictions; Black circles are proportional to the level of catch. 

Right: relative error in predicted catch for all fisheries. 

 

 

Figure 10: Fit between total observed (dotted line) and predicted (continuous line) SPJM catch .  

 

d) Optimal Parameterization  

 

The optimal spawning temperature was estimated (14.97°C) with a standard error reaching 

the upper boundary value (1.99°C). The value of the  oxygen threshold parameter was 

estimated to 2.0 mL/L which is in accordance with the literature. The movement parameters 

were estimated with a diffusion parameter reaching its lower boundary value (0) but an 

advection coefficient about 0.95 BL/s. The mean natural mortality coefficients are estimated 

between 0.01 and 0.07 mo-1 (0.12-0.84 yr-1) for cohorts older than 1 year (Figure 11). 
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Parameters estimated by the model  Unit 
Interim-

Pisces 

Ts Optimum of the spawning temperature function oC 14.97 

�s  Std. Err. of the spawning temperature function oC 1.99] 

r S
pa

w
ni

n

g 

Maximal number of recruits per adult Nb 137.5 

Ta Optimum of the adult temperature function at maximum age oC [14 

�a 
Slope coefficient in sigmoid function describing tolerance to 

oxygen 
oC 1.13 

Ô 

F
ee

di
ng

 

ha
bi

ta
t 

Oxygen threshold value at �O =0.5 mL ⋅ L-1 0.60 

Dmax Diffusion parameter   [0* 

Vmax M
ov

em

en
t 

Maximum sustainable speed B.L. s-1 0.95 

ep Slope in exponential decrease of predation mortality with age - 0.248 

 Ms Senescence mortality at age 0 mo-1 [3.16*10^-6 

es  Increase of senescence mortality with age - 1.9 

� 

M
or

ta
lit

y 

variability of mortality due to food requirement index % 22.9 

 

Table1: Estimates of habitats, movement and mortality function parameters  for South Pacific 

jack mackerel based on Interim-PISCES forcing. The values marked with ‘[’ or ‘]’ were estimated at 

their minimal or maximal boundary value correspondingly 
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Interim-Pisces-SPJM  

a Mean speed of spjm cohorts 

 

b Mean diffusion rate of spjm 

cohorts 

 

c spjm monthly mortality rates  

 

 

Figure 11: Optimal parameterization for South Pacific Jack Mackerel. a b: Maximum sustainable 

speed and diffusion rates by cohort (depending of age/size and habitat value / gradient) based on 

SEAPODYM parameterization (dotted lines) and predicted means weighted by the cohort density 

(black dots) with one standard error (red bars). c: natural mortality rates (month-1) estimated from 

31 Aug 2014 SC-02-JM-07

22



SEAPODYM optimization experiments. Black dotted line corresponds to the theoretical average 

mortality curve whereas blue dots indicate the mean mortality rates weighted by the cohort density. 

e) Biomass estimates and population dynamics  

 

This parameterization produces a biomass distribution with a core area surrounding the 

eastern and southern part of the South Pacific gyre and the cold currents moving north along 

the South American coasts (Humboldt current). A strong diffusion pattern is observed from 

these core areas while fish cohorts are getting older (Figure 12). It is to be noted that the 

current parameterization of SEAPODYM is based on 3-month cohorts and further 

development is planned in order to investigate in details the migration routes followed by 

juveniles. 

 

The total biomass (adults and youngs) estimate for the South Pacific fluctuates between 39 

and 47 million metric tones on the study period (1986-2011, see Figure 13). An abrupt decline 

to 39 Mt in the 1990’s due to the large increase of catch by purse-seine Chilean fisheries (see 

Figure 1). The largest regional discrepancies between SEAPODYM and SPRFMO biomass 

estimates are from outside the main fishing regions, that is western areas of the South Pacific 

near New-Zealand and Australia.  
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Figure 12: Average spatial distributions of SPJM young and adult 

 

Figure13: Time series of (from top to bottom) South Pacific Jack Mackerel youngs, adults and 

total biomass estimated for the South Pacific Ocean with the new optimization experiment.  
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4) Discussion & Perspectives  

 

a) Progress  

 

Fitting SEAPODYM, incorporating catch, survey and environmental information allow to 

describe the relationships between jack mackerel and its environment, and hence make 

spatio-temporal maps of the species distribution. The spatial population dynamics is based on 

the definition of feeding and spawning habitats with first biological principles. They are 

estimated using all available detailed observations (catch, size, acoustic) and compared to 

the statistical approach above. Both approaches can in the end be used to predict the 

potential habitats and the potential meta-population structure. In SEAPODYM, the equations 

describing the underlying dynamics of the population and of its sensitivity to the environment 

are a priori defined, and their coefficients are estimated through model fitting (Maximum 

Likelihood Estimation approach). In the statistical habitat model, correlation analysis is used 

to identify which factors may be relevant, and what should be there effect.  

 

Fishing data (catch, fishing effort and size frequencies of catch) of South Pacific jack 

mackerel by gear and region were collected from different sources: fisheries management 

organizations (SPRFMO, IFOP etc.), publications in peer-reviewed journals and stock 

assessment reports. These raw data were checked and processed to prepare two fishing 

datasets for SEAPODYM application: one with all available monthly spatialized catch/effort 

and acoustic/effort data and the other with additional annual catch data reinterpolated monthly 

but with no associated fishing effort (“dummy” catch data). 

 

These data were used in a third optimization experiment conducted with a 2° grid resolution of 

the model (2°x month) over the south Pacific domain  and over the period 1986-2011. The 

environmental forcing (2° x month) was obtained fro m a spatio-temporal reinterpolation of the 

available high resolution model configuration (1° x  month) based on Satellite derived primary 

production (Behrenfeld & Falkowsky, 1997) and the ocean reanalysis Interim-Pisces (Nicol et 

al. 2014). 
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This third optimization experiment was conducted in parallel on the two sets of data. In this 

report, we only presented results obtained for the optimization experiment conducted on the 

dataset including “dummy” fisheries. A new version of SEAPODYM was developed to take 

specifically into account the mortality caused by fisheries for which we had estimations of 

annual catches but no associated effort. Both models were able to converge and provided an 

adequate fit to the fishing data both for catch and CPUE. The impact of additional “dummy” 

data, even without appropriate effort, was significant to improve the model spatiotemporal fit. 

Regarding SPJM spatial distribution, the current fit allows to reproduce the whole distribution 

area of South Pacific Jack Mackerel and will be used to investigate stock structure along the 

South American coasts and presumed migration routes between the Western and Eastern 

parts of the population. 

 

b) Perspectives  

 

Though the fit to catch data is good and the population dynamics is reasonable, the spatial 

resolution of the model (2°x2° grid) prevents the f ull use of coastal data (i.e. acoustics and 

catches in EEZ), hence a finer understanding of the impact of the Humboldt oceanographic 

system (upwelling systems, Oxygen Minimum Zone, El Nino Southern Oscillation etc.) on the 

SPJM population behavior. In future work, a finer estimation of SEAPODYM parameters, 

especially in coastal areas, will be obtained by the use of 1-month age cohorts and of a 

spatial resolution of 1°x1°. We will also use the a coustic records as a stock availability 

reference in the next optimization experiment. The population dynamics in terms of 

connectivity between presence areas and potential migration routes will then be investigated. 

Finally, the respective impacts of fishing and environmental variability (ENSO, Pacific Decadal 

Oscillation etc.) will be estimated by the use of the optimal parameterization (obtained on the 

data period 1986-2011) on the 2012-2030 predicted Interim-Pisces forcing.  
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