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Tuna Fisheries within the Pacific Islands
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* |.4 million tonnes annual
catch

NOE

e $2.5 billion annual catch

. landed value
# ¢ $500+ million revenue

+ 17,000 jobs



ENSO influence on tuna
distribution and abundance
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(WCPFC 2016) and
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Index (Lehodey et al
2020; Geophysical
Monograph 253)



To predict future impacts of
climate change on tuna, we need
a numerical model to simulate:

|. tuna population dynamics

2. Influence of key
environmental variables

3. Impact of fishing

Validation based on history of
tuna stocks and fisheries

5. Scenarios for the future
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Features of supporting ecosystem

Fisheries species
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INPUT: PHYS + BIOGEO 3 layers:

Temperature,
2D - 3-layer Currents,
environment Dissolved O2 (pH, ...)
2D fields:
Total Primary production
Euphotic depth

2D — Habitat and population dynamics
Density by cohort (N or biomass) by km?
Catch by size by fleet by grid cell

| - SEAPODYM-LMTL

____________________ Modeling of Low (zooplankton)

w o | and Mid-Trophic Levels (6 groups
________________ of micronekton)

. —— ‘ |
2- SEAPODYM-TUNA % L, Key variables as forage
habitats + movements species of larvae to adult fish

Modeling of Species Habitats Integrated over (tuna), while micronekton is
population dynamics day-night conditions predator of tuna eggs and
and fisheries (Migratory Age- in the 3 vertical layers larvae!

Structured Stock)



SEAPODYM LMTL

Using temperature, oceanic
currents and primary
production (sat. or mod.),
the model SEAPODYM-LMTL
simulates spatio-temporal
dynamics of one zooplankton
and 6 micronekton functional
groups, according to their diel
vertical migration behavior in
3 vertical layers (epi-, upper
meso- and lower meso-

pelagic).
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Ref: Lehodey et al. 1998; Fish.

Oceanog.; 2010, Progr. Oceanog.;
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The relationship to temperature can create large spatio-temporal shifts between the source (PP) and the resulting biomass.

Epipelagic micronekton potential biomass (1st week June 2015)

net primary production of carbon

Epipelagic micronekton potential biomass (g/m2)

-

Non migrant mesopelagic micronekton potential biomass (1st week June 2015)

net primary production of carbon (mmolC/m2/d) -
&: A 1D

10« 0,0, Max = 11353, Mean « 34,

Non migrant mesopelagic potential biomass (g/m2)

1,6



SEAPODYM LMTL

Implemented by Mercator Ocean International as part of the Copernicus Programme.
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Providing products and services for all marine applications

SHORT-CUT

USE CASES NEWS & TO SERVICES

& MARKETS EVENTS

SCIENCE &
MONITORING

TRAINING &
EDUCATION

SERVICES

EHOUILE PORTFOLIO

REGISTER
e NOw/!
SCIENTIFIC
QUALITY

—— ACCESS YOUR OCEAN INFORMATION ——

N . ONLINE
1 TUTORIALS

COLLABORATIVE
FORUM Q

LATEST NEWS FLASH

Essential. ocean variables used to monitor the
ocean’s state. vital health signs. and changes
ine with climate change. -

Comprehensive oceanographic data catalogue

for download or to connect to applications

through an APL- Includes hindcasts, nowcasts and
forecasts on a globalkand regional scale. ’

Extensive annual analysis on the state of the
ocean with coverage of severe and notable .
events. Incudes a peer-reviewed scientific réport
and a summary for policy-makers. = ¥

m EVENTS DATA DRIVEN INNOVATION IN
AGENDA MARITIME WORKSHOP

Subscribe to our newsletter Enter your email

https://marine.copernicus.eu/
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Add layer.. <) i

® Mass concentration of zooplankton x
expressed as carbon in sea water

= 2
x

X L) log &
Global ocean low and mid trophic levels w7

biomass content hindcast 14 =

® Mass concentration of lower highly X | &"
migrant mesopelagic micronekton 4
expressed as wet weight in sea water

L r——

10

£y LS TON ol The Low and Mid-Trophic Levels (LMTL) reanalysis for
global ocean is produced at [CLS](https:/www.cls.fr)

on behalf of Global Ocean Marine Forecasting Cent...

Add to map...
T - S

® Mass concentration of epipelagic x
micronekton expressed as wet weight
in sea water

Details

Case studies on large marine species habitat/behaviour using Zpk and Mnk:

* Pérez-Jorge et al. (2020). Environmental drivers of large-scale movements of baleen whales in the mid-
North Atlantic Ocean. Diversity and Distributions, 26(6): 683-698.

* Green et al. (2020). Modelled mid-trophic pelagic prey fields improve understanding of marine predator
foraging behaviour. Ecography, 43(7): 1014- 1026.

* Romagosa et al. (2020). Differences in regional oceanography and prey biomass influence the presence
of foraging odontocetes at two Atlantic seamounts. Marine Mammal Science, 36(1): 158-179.

* Lambert et al. (2014) Predicting Cetacean Habitats from Their Energetic Needs and the distribution of
Their Prey in Two Contrasted Tropical Regions. PLoS ONE 9(8): e105958.

* Abecassis et al. (2013) A Model of Loggerhead Sea Turtle (Caretta caretta) Habitat and Movement in the
Oceanic North Pacific. PLoS ONE 8(9): €73274. doi:10.1371/journal.pone.0073274
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tO Predict tU na Pre)’ distributions and 6 functional groups in 3 layers:

Epipelagic micronekton Juvenile

S
o . o m
spatial dynamics of tuna population & R e . $ . passive trangport ol| |

D) pelagic micronekton and mortality v n
Migrant, hi%hly-migr_'an‘l'_and non- { J o]

migrant bathy-pelagic micronekton 0 % ~ |€
. \ / W immature m E
» As in stock assessment model, a p S IFH| foraging, active movements [le]| (2
.. ] Anthropogenic forcing h growth and mortality n %
robust statistical approach (Maximum Fishing i\ Il Rl
. . . . . ST Effortand catch by fishery, _l/ adult Qo
likelihood Estimation) using spatialized | size frequency of catch foraging, spawning, active 3
\ movements, growth and 3
fishing data provide estimates of key \ Greenhouse gaz J Kx — y 2

Computing predictions Computing derivatives
of cost function

| (habitats, fish density, catch, ) |
E ]

parameters (population & fisheries) é Outputs M[ Reverse model
[

Cost function (obs. - pred.)

J

Y€S _“minimization o no

« best estimates » < stop and save < errors (obs. - pred.)
Convergence?

References: Lehodey et al 2003, 2008; Senina et al
2008; 2020; see list of papers in
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(catch, size, /'hrtality

Feeding habitat =
Abundance of prey

(micronekton) x
accessibility (T°,0,)

acoustic and

tagging data) Age

structured IF MATURE
population

seasonal
Growth switch

By cohort

1 ' +Umortality
\\\ \pawning success

Recruitment
(passive drift)

Spawning habitat =
Temperature
Prey (zoopl.)
Predators (micronekton)

Nb individuals

ctive movement to
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Water Dissolved |
Temperature Oxygen

Loggerhead turtle
(Abecassis et al
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APPLICATIONS
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Reference parameterisation (~ reanalysis)

Catch by fleet

Mean distribution of larval skj (no.-km—2)
in 1/1980-12/2010

Mean distribution of adult skj (t-km2) in 1/1980-12/2010
(Circles ~ catch by all fisheries)

160°W 110°W

0.1 0.15 0.2

Size frequency of catch i e — 5

Mean length of fish in catches mean FL
60°N ” — — - 160 (] Description
150 Spawning habitat and reproduction
40°N a0 ag Standard deviation in temperature Gaussian function at age 0, °C
Ty Optimal surface temperature for larvae, °C
20°N e ap Prey encounter rate in Holling (type 111) function, day™*
= ap Log-normal mean parameter predator-dependent function, g-m—*
10 B Log-normal shape parameter in predator-dependent function
0° o g— R Reproduction rate in Beverton=Holt function, month-!
b Slope parameter in Beverton-Holt function, no.-km—2
o0
20°8 Natural mortality
" m, Predation mortality rate at age 0, month™
40°s n Bp Slope coefficient in predation mortality
I = @ i, Senescence mortality rate at age 0, month™' "%
100°E 150°E 180°W 10w B, Slope coefficient in senescence mortality
€ Variability of mortality rate with habitat index M, € ('ITNIE) M1+ ¢
o
Tagg| n g d ata Feeding habitat
Ty Optimal temperature for the first young cohort, °C
Ty Optimal temperature for the oldest adult cohort, °C
SKJ tagging data with in 2008-2010 ay Standard deviation in temperature Gaussian function at age K, °C
(¥ Sy relene poeiions) i by Allometric power coefficient for thermal preferences at age
— 12 y Slope of the oxygen function in layer accessibility
{ ; m | 0 Critical value of dissolved oxygen in the layer, mL-L-!
§ 1 E, Contribution of epipelagic forage to the habitat index
L VSR gy . E,, Contribution of mesopelagic forage
=% 8 Exn Contribution of migrant mesopelagic forage
. . Eas Contribution of lower mesopelagic forage
n. ‘ 6 Esa Contribution of migrant lower mesopelagic forage
F ‘\ [ S Es Contribution of highly migrant lower mesopelagic forage
4 Movement
v Velocity at maximal habitat gradient and A = 1, body lengths (BL)-s™
- 2 A Slope coefficient in allometric function for tuna velocity
40°s s ¥ T Multiplier for the theoretical diffusion rate m

100°F 180°F 180°W 110°W

~

Coefficient of diffusion variability with habitat index

Model parameters
(+3to4
parameters by
fishery for q and s)

Senina 1., Lehodey P., Sibert J., Hampton J,,

(2020) Improving predictions of a spatially
explicit fish population dynamics model using
tagging data. Can.J. Aqu. Fish. Sci., 77(3):
576-593
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APPLICATIONS
Validation

Persistence of the fit
(obs/pred) outside
calibration window

Fit to data: correlation,
errors, residuals (bias,
trend)

Model inter-comparison

r=0.83
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Invariance of parameters
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Lehodey et al (2018). Operational
modelling of bigeye tuna (Thunnus
obesus) spatial dynamics in the
Indonesian region. Mar. Pol. Bull., 131:
19-32.

Senina et al. (2020). Quantitative
modelling of the spatial dynamics of
South Pacific and Atlantic albacore tuna
populations. Deep Sea Res. 175, 104667

40°N

0°-A.
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Fisheries vs Environment

Mid-Dec 2007 (La Nifia)

Predicted skipjack density (t/ km2) and observed catch (black circles)

Fishing / management scenarios Ex.: Sibert J, Senina I, Lehodey P, Hampton J (2012). Shifting from marine
What if ... ? reserves to maritime zoning for conservation of Pacific bigeye tuna
(Thunnus obesus). PNAS 109(44): 18221-18225.



10°mt

SEAPODYM FISH ”  one

MERCATOR
OCEAN C L S

ko

* *

Y *x
*

Pacific

H 3 Community
L —, Communauté

TERNASI SAKL COLLECTE LOCALISATION SATELLITES *,* dU PQCi fiCIUG
APPLICATIONS
Impact of climate change on virgin biomass without fishing
Impact of
climate change
WCPO WCPO
7 2.
6' 6_
5 5.
4 - "é" 4 -
[(o]
3 o ;.
2 5]
e HISTORICAL —— GFDL —— MIROC
| —— HISTORICAL —— GFDL —— MIROC
17 «= NoFishing —— IPSL — MPI 14 —— NoFishing —— IPSL — MPI
o] — CC-RCP8.5 —— NorESM .| — ccRcPes — NorEsm
1980 2000 2020 2040 2060 2080 2100 1980 2000 2020 2040 2060 2080 2100
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Skipjack Yellowfin
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climate change
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Tuna-dependent Pacific Island economies
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Pathways to sustaining tuna-dependent Pacific
Island economies during climate change

Johann D. Bell 222, Inna Senina™3, Timothy Adams ©24, Olivier Aumont, Beatriz Calmettes?,
Sangaalofa Clark®, Morgane Dessert™®, Marion Gehlen™®, Thomas Gorgues’, John Hampton®',
Quentin Hanich?, Harriet Harden-Davies?, Steven R. Hare™, Glen Holmes", Patrick Lehodey?,
Matthieu Lengaigne =2, William Mansfield®, Christophe Menkes 5, Simon Nicol 10,

Yoshitaka Ota', Coral Pasisi”, Graham Pilling™, Chis Reid™®, Espen Ronneberg'®, Alex Sen Gupta®®,

sitZ Martin Tsamenyi? and Peter Williams™

srupt the economles of Pacific Small Island Developing States (SIDS)
tuna fishery. Here we show that by 2050, under a high greenhouse
f three tuna specles in the waters of ten Pacific SIDS could decline by an

o iter proportion of fish occurring in the high seas. The potentlal iImplica-
> 3 O A revenue average decline In purse-selne catch of 20% (range= —10% to —30%),

is fees of US590 millien (range=—US540 million to -US$140 million)
o (range=—8% to —17%) for individual Pacific SIDS. Redistribution

3) Is projected to reduce the purse-selne catch from the waters of

o % to +9%), Indlcating that even greater reductions In greenhouse gas
< 3 O /° reven ue provide a pathway to sustainability for tuna-dependent Paciflc Island

DS negotiating within the regional fisherles management organization
m tuna, regardless of the effects of climate change on the distribution

® Government revenues derived from tuna-fishing OPEN
access fees varies between 4% and 84%
®  Where tuna is the dominant primary industry the
revenue varies between 30% and 84 %
47.8% 70.6%
9.4° 47.6%
0- 31.29
o,
4.0% - =
9.6% y 84.29
20° 81
150°E 160° W 110°W

Longitude
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O FAO-SPC project ongoing preliminary study + New project end of 2022
* Revise parameterisation of 4 main tuna species in the Pacific with new forcing ERA5-NEMO-PISCES
* Run ensemble simulation CMIP6 models / scenarios
* Extend to Indian and Pacific Oceans

d NECCTON (EU HORIZON) Jan 2023
* New application to small pelagic species (PhD): Anchovy Bay of Biscay
* Tuna case study (Impact of large High Seas MPA)

O SPC funding
* Revised mechanisms (PhD thesis), mixed layer, oxygen

1 Consortium SPC-CLS-MOi

* Release on Github / open source
* Other species:Atlantic Mackerel (CLS; Guillaume Briand); Swordfish...



