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Coupling 3D models of ocean physics and biogeochemistry
to a marine animal population dynamics model
to study
the combined impacts of fisheries and climate change.
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CLS THE MEM TEAM N

Two main activitities :

1) MEM :Development &
exploitation of the SEAPODYM
population dynamics model)

:Development of innovative
tracking techniques applied to
marine animals (biologging) &
fishing vessels (VMS)

One small team : e

4 researchers, 3 PhD students, /‘ AN
1 computer scientist —— :
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CLS CONTEXT £

Oceanic and climatic conditions

Migration POPULATIO

http:/fwww.cls.fr E 2008 Conna’ tre aujourddéhui, mieux vivre demain



ECOSYSTEM MODEL

C

COLLECTE LOCALISATION SATELLITES
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Modelling approach
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CLS First step: predicting the distribution of prey &8

COLLECTE LOCALISATIOR SATELLITES

Mar-ECO station North Atlantic, (IMR, Bergen Norway) showing acoustic detection of micronekton

Epi-pelagiclayer  €— = TP T — 60
W — = S 7
-MESQ >

Bathy-pelagic layer 80

<+
- - - - - - e -100
- Day length
= f(Lat, date) D We have developed a model of micronekton,
s (small prey organisms)

Epipelagic layer
T,U,V The MODEL: 6 functional groups in 3 vertical
Mesopelagic layer layers. Several components exhibit diel vertical
migrations, transferring energy from surface to
deep layers. The biomass of each component
is computed with an energy transfer coefficient
directly from the observed or modelled
vertically integrated primary production
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CL Temperature and development @

COLLECTE LOCALISATION SATELLITES

8- =y

i metabolism of ectotherm animals is linked to
L ambient temperature
o \E\\.\
I
£ o~
= e R L .
= we obtain similar result using age at
oL

maturity and ambient temperature

y=-011x+7.2 of micronekton species
r2=0.74
n=103
0 0 2'0 9 - A Cephalopod
8 4o o ¢ Crustacean
T /(1 +(T/273)) 2 3 o Fish
Gillooly et al. (2002) propose a model 6 -
explaining relation between temperature £ 51
and development time of post-embryonic 5 4 °a
(hatching to adult) zooplankton species 3 1
(rotifers, copepods and cladocerans) 2 1 y=-0.1252x + 7.6541
incubated at different constant 11 R?=0.8834
temperatures ranging from 5to 30 C 0 ' ' ' ' ' ' '
0 4 8 12 16 20 24 28
T/ (1+ (T(/273))
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CL Dynamic of a MTL component Sp

COLLECTE LOCALISATION SATELLITES

| is the mortality coefficient that
control the turn over of the MTL
(Mid-Trophic Level) component,
~ the time of development to the
age at maturity

| is linked to temperature

t. is the recruitment time, i.e. the

mi ni mum ti me bet

coinciding with the apparition of
PP and the age at which
organisms reach a size large
enough to be included
(Arecruitedo) i
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tm=1// + 1/3t,

0 4 8 12 16 20 24 28 32
TO

bhisBd®n alMdnh-few obs., we fixed t, to the
development time needed to reach a weight of 1g,
which is also linked to temperature (with same
slope) and lead to t, ~ %4t )
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Mid-trophic Production (= recruitment)

2

Sm m (")’ ” -
—D Sn (&S™) - (ES”‘) n=1.6,m=1.t, _
% 2 8 i 1Y
S = S;n-l, for1¢m ¢ érij u Initial condition: Sr?u =cE, P
Neumann boundary conditions
(impermeability): Eu‘ :Ej _ HS; _ HS; =0, " (i,j)i W
MX Ly

Mid-trophic biomass
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CLS Results: day/night epipelagic biomass N

COLLECTE LOCALISATION SATE

Epfpelaglc Biomass (g,fm2] 01-2003 W

3 4 5 6 surface

Epipelagic layer

Mesopelagic layer

90°W 60°W 30°W 00 30°E 1~

Bathypelagic Biomass (g/m2) 01-2003 g o s
=, = = — night

thypelagic layer

9 References:

6 Lehodey et al. (1998). Fish. Oceanog.
Lehodey, (2001). Prog. Oceanog.

3 Lehodey et al. (in press) Prog. Oceanog.
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COLLECTE LOCALISATION SATELLITES

Hidaka et al. (2003):

Figure 5. Total micronckron biomass in the upper 200 m layer of the western tropical-subtropical Pacific in January to February

. . . 1998. Number indicates station number referable to the station number in Table 1.
micronekton biomass (Jan-Feb 1998) in the upper 200 m

Day: <1 mg WW m=3 during the day (0.001-0.07 mg WW m-) notable (a) Day (b) night
exception of large anchovy schools (-> 23.3 mg WW m-3) 40°N '

Night: 3-38.8 mg WW m= = 0.3-3.88 mg WW m-2
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EASTROPAC cruises 1967-1968 (Blackburn and Laurs, 1972):

= : : . . . - ST
distributions of micronekton in the EPO in the upper 200m showing an increase -} ’ E
in biomass between day and night from ~1-8 to 10-20 ml/1000 m?, and still some =" g
higher concentration near the coast of Peru.
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2nd step: e

MarEco lander
IMR, Bergen

Kindly from N. O.

(OO RN T N
COoOoOLD00 0

Handegard.

Matrix of Energy transfer coefficients used
for the 3-layer 6-components mid-trophic
levels model, according to the depth and

the number of corresponding layers

Mid-trophic functional groups

Nb of epi meso m- bathy m- hm-bathy
Layers meso bathy
0 0 0 0 0 0 0
1 1 0 0 0 0 0
2 0.34 | 0.27 0.39 0 0 0
= 0.17 | 0.10 0.22 0.18 0.13 0.20
mi eux Vvivre demain
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CL PREDATOR MODEL

COLLECTE LOCALISATION SATELLITES

EULERIAN AGE-STRUCTURED POPULATION DYNAMICS MODEL
C Advection-diffusion equation for each cohort with source/sink terms
(reproduction/ageing/natural mortality/fishing)

HABITAT-DRIVEN MOVEMENT
C Animals move towards favorable habitats (feeding or spawning)

Movement toward

Feeding Habitat =
Food abundance x
accessibility (T,DO)

feeding grounds

ﬂortality o

Age-structured

Population IF I\/IATURIE

Growth S:\?vsi&r;]a

mortality by cohort
awning success Spawning Habitat =
Recrutement Food & T for larvae

Absenceofadul t sépreys
ovement toward

spawning grounds
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CLS  PREDATOR MODEL

Food (nmecton)
Climate Change |

Impacts of

Movement toward

Feeding Habitat =
Food abundance x
accessibility (T,DO)

feeding grounds

ﬂortality o

Age-structured

Temperature

Population IF MATURE
Growth Seasonal
switch

mortality by cohort

awning success Spawning Habitat =
Recrutement Food & T for larvae
Absenceofadul t s6preys

ovement toward Primary

spawning grounds Production
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CL Different tunas, different parameters g
Skipjack (Katsuwonus pelamis) VS Bigeye (Thunnus obesus) W
T Biology

4 yrs + Y Lifespan Y

75 cm / 20 kg Y Max size 180 cm / 225 kg
10-12 months Y Age at malpERVrs

Very high Y Fecundi tESRVEANR

~0.4 per month Y Natural mEEEKIOYEanemlis
Micronekton Y Food Y Micronekton

Warm 207 30 °C Y Thermal habitat Y Large 10-30°C

Low! >3-4 ml I’ ‘A PSRN Cood! >1.5ml I

0-200 m Y Vertical 0-1000 m

Tropical LA R AR BRI EI  Tropical to sub-temperate
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CL MODEL CALIBRATION & VALIDATION %

»

COLLECTE LOCALISATION SATELLITES

Model runs over the period 1948-2005

Biogeochemical + physical forcing

Ocean state (physics+biogeochemistry) from ESSIC (U. Maryland, USA) ocean
model forced by the NCEP 1948-2005 atmospheric reanalysis

Fishing data (Pacific)

AMonthly catch data (spatially-distributed)
Skipjack = 4 purse-seine and 2 pole-and-line
fisheries
Bigeye = idem skipjack + 15 long-line fisheries
(original data on 5-deg resolution)

AQuarterly length frequencies data for each fishery
by 5, 10 or 20 degree squares

1) Optimal estimation of parameters over the period 85-05 (Senina et al, 2008)
2) Verification of coherence of parameters estimates and model realism
3) Check of model skill over a different period (65-85)
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C LS Optimal estimation of parameters

COLLECTE LOCALISATION SATELLITES

PAGE 18

Estimated parameters
e Rl
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COLLECTE LOCALISATION

Hindcasts

Pacific bigeye
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Biomass (10 ® mt)

0 Predicted distribution of adult
biomass and observed (circles)
longline catch

Black curve: SEAPODYM

Red curve: Statistical Stock-
recruitment model (MULTIFAN-CL)
used by the Western Central
Pacific Fisheries Commission

EPO adult bigeye
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cLs Climate variability

COLLECTE LOCALIS:

Skipjack

130E 140E 180E 1BCE 170E 18CE g
I I I I I

1DN—'% - u o
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Observed movement from skipack tagging data

0.0 43.75 B7.5 131.25 175.0

Basin-scale ENSO-linked spatial shifts are also predictable
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CLS APPLICATIONS -
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C Stock assessment of exploited marine species
(reanalyses)

C Adaptation to other species (sardines and anchovies)
within a regional model

C Testing management scenarios (changing fishing effort,
no-t ake areas, etce)

C Seasonal forecast (ENSO, NAO)
C Near Real time monitoring (fisheries, protected species)

C Climate change

http:/fwww.cls.fr e T i e e i s e S U T L G e e ¢ e e mi eux Vvivre demain



Forecast under IPCC A2 scenario

1 I l
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Year

2200
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A2 scenario : PCO, reaches
850 ppm in 2100

IPSL Earth Climate Model

Atmospheric CO2 concentration
1860-2000 : Measured
2000-2100 : IPCC A2 scenario

Atmospheric
model (LMD2Z)

—< N\

Land surface
Model
(ORCHIDEE)

Couple
(OASIS

Ocean General
circulation
Model (OPA)

Sea-ice
model (LIM)

Ocean

Biogeochemical
(NPZD) Model

This model simulates realistic seasonal, interannual and decadal variability

in a statistical sense
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CLS EFFECTS OF CLIMATE CHANGE g

COLLECTE LOCALISATION SATELLITES W
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CLS Forecast using IPSL forcing

COLLECTE LOCALISATION SATELLITES

Adults biomass distribution
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