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Introduction

SEAPODYM is a model developed for investigatingtEpauna population dynamics, under the influeate
both fishing and environmental effects. The projscéffiliated as an independently funded projecthe
SC'’s programme of work (Project 62).

2 Recent and ongoing code developments

Since the previous SC meeting (SC7), the code KPEEDYM has been enhanced both to improve the
skills of the model and to facilitate its use byraevelopers colleagues.

The main changes include:
1.

w

Increased efficiency of the code, especially fdirojzation simulations. This is a key issue to higher
spatial resolution and more data (e.g taggingh@nMaximum Likelihood Estimation (MLE). The code
was enhanced by:

a. avoiding Input/Output during optimization runs

b. reducing the gradient stack (memory required t@ saviables to compute gradients) by 15%.
Flexibility was added into model mechanisms sucbaamibalism on juveniles by adults, the modulation
of mortality through food requirement index for ymuand adults and environment for juveniles.
Parameters for seasonal switch controlling the spayvmigration can be estimated with optimization.
More diagnostic routines were developed to fat#ithe analysis and validation of simulation ousput
(e.g., mean mortality, diffusion and displacemeeighted by cohorts, larvae distribution in relation
SST...).
Preliminary work on the code was conducted to cdmpiomass transfers between regions.

Ongoing key developments are concerning two mdymatives:

1. The optimization of the energy transfer coefficients for the Mid-Trophic Level component (tuna

forage) of the model (PFRP project “Assimilatingn situ bioacoustic data in a mid-trophic level
model”). Optimization experiments are conducted using a@oudstta provided by Réka Domokos and
Rudy Kloser.

The use of tagging data in the optimization approach of tuna population dynamic (PFRP project
“Integrating conventional and electronic taggingadento SEAPODYM?”). Substantial changes in the
code structure are required to use both converitamthelectronic tagging data in the MLE (Seninalet
2012). Thanks to the enhancement of code efficieibéy now possible to use an approach similahé&
one developed by Sibert and co-authors (1999).tagging dataset is split into several cohorts lgy th
size of the tagged fish. The position at recapiareised to fit habitats and movements parameters
through the minimization of negative log-likelihoduhction. For electronic archival tagging datee th
same method is used but assuming that recaptuces at every time step of the model at the tag
recorded positions.



Pacific skipjack

The configuration using the SODA ocean reanalysid°a month with satellite-derived primary
production has been updated and will be used byfSP@gional EEZ analyses.

The pre-operational model using near real time miceanvironment will be used to provide
boundaries for regional high resolution modelling.
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New configuration for skipjack based on SODA 1°x moth. Total average biomass of skipjack (2004-
08) with total catch (circles) and change in spawng (adult) biomass (isopleths give % relative chargy
with respect to unfished biomass).
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Pre-operational model at 0.25°x week. Distributiorof larvae density and total skipjack biomass
predicted without fishing effort, for the calendarweek 25 in 2011 compared to 2012 (18-24 June).

4 Pacific albacore

The projected effects of climate change on theibigion and abundance of south Pacific albacoseleen
investigated after a correction of temperature algmetected in the forcing provided by the Climaedel
IPSL-CM4. The Environmental forcing inputs for SEBBYM are predicted from a biogeochemical model
(PISCES) coupled to the climate model IPSL-CM4. $benario used was the SRES A2 IPCC scenario for
the 21th century, i.e., atmospheric g@ncentrations reaching 850 ppm in the year 2400 historical data
between 1860 and 2000.

The correction of the IPSL CM4 anomaly resulte@stablishing, for the first time, an optimised micide
South Pacific albacore based on the A2 climate ghastenario. The forecasts of albacore population
dynamics under this scenario were strongly infleenby the assumptions of dissolved oxygey) @pplied

in the IPSL CM4 model and the results need to berpneted with some caution as the accuracy obhlied

O, concentration in the IPSL CM4 remains unclear.étheless, the results from the simulation show:

- In the absence of future fishing mortality, theatdiiomass is predicted to stabilize until 2030j an
then either remain stable if there is no changdigsolved oxygen concentration in the ocean or
decrease if the change predicted by the IPSL-CMdahis correct.

- Spatially, the spawning habitat is predicted tdtgtriogressively eastward during the 21st Century
(Figure 2). More favourable conditions for youngladult fish become evident in the south-east of
the species range and become less favourable imastern tropical and sub-tropical region.



Total albacore biomass estimates for the South Pdici Ocean with comparison to the last WCPFC
stock assessment estimate (MFCL 2011) in the WCP®dyle et al. 2011)
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Mean annual density of south Pacific albacore larva (ind. km?) and total biomass (t
km™) predicted from the A2 climate scenario in 2000 ah2099 using dissolved oxyge
concentration from the model or climatology from hitorical observation (WOA).



5 Pacific swordfish

A SEAPODYM application to Pacific swordfish has begeveloped. After definition of the population
structure and initial parameterization, optimizatexperiments were conducted based on accessibiadi
data (catch, effort and size frequency). Fishingdar the eastern Pacific fisheries were not atédd. The
model was able to converge with a reasonable paesizegion and fit to catch data. Three sub-stocks
emerged from the simulation that represented tleeadhvdistribution of catch spatially, in the Nofacific,
South-west Pacific and eastern Pacific. The yoummgature fish are mainly caught in the tropical oegi
(20°N-20°S) and their distribution strongly infleed by the EI Nino Southern Oscillation (ENSO).

The overall Pacific adult stock biomass was estahdietween 3.4 -3.7 million tonnes. This is celyain
overestimated since i) the fishing mortality dudat@e fisheries in the EPO is not taken into aotoand ii)
previous analyses with the model have shown a teryd® increase biomass to achieve a better fisking
data, especially when using coarse resolution 2&gmonth) and when fisheries are defined (ie egagied)
with too much heterogeneity. It would be particlylarseful to revise this study using higher resolut(eg.
1deg x month) environmental forcing and a comgisteng data set.

L1 Hawaii — shallow sets
L2 Hawaii — mixed sets
L3 Hawaii — deep sets
L4 Japan

L5 Koree

L6 Taiwar

L7 Australic

Table 1. Longline fisheries included.

Pearson R-squared and total nb. of observations Relative error for C over 19801 - 2001/12, mean=27.2
C over 198001 — 2001/12, mean=0.53
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Overall spatial and temporal fit to swordfish catch Likelihood comprised CPUE and LF data. Model
predictions were aggregated on the resolution of thdata (5degx30d) before contributing to the
likelihood.



Mean distribution of swordfish > 100cm (Nb/sq.km) over the period 1/1992=12/2001
(Circles = CPUE by fishery L4)
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Mean distribution of swordfish larger than 100 cm (b / km?) over the period 1992-2001 with CPUE
superimposed and proportional to the size of circke

Mean distribution of young swordfish in January
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Distribution of young immature swordfish. Left: mean distribution in January (top) and July
(bottom). Right: distribution during EI Nifio (top) and La Nifia (bottom) events.
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Examples of fit to catch data for the three Hawaiia longline fisheries. Left: selectivity function;
middle: fit between observed (bars) and predictedlifie) size frequencies (all data aggregated); right
observed (dotted line) and predicted (continuoustrie) catch data.
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