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Ecological sustainability

e |ATTC mandated to ensure ecologically sustainability of EPO tuna fisheries

= Antigua Convention, IATTC Resolutions, and improved reporting (SAC-10-14, SAC-10 INF-B)
= Development of the “EASI-Fish” ERA model for data-poor species (SAC-09-12, BYC-09-01)

e Single species assessments important




Ecological sustainability

e |ATTC mandated to ensure ecologically sustainability of EPO tuna fisheries

= Antigua Convention, IATTC Resolutions, and improved reporting (SAC-10-14, SAC-10 INF-B)
= Development of the “EASI-Fish” ERA model for data-poor species (SAC-09-12, BYC-09-01)

Large squidivores

P S | n g | e S p e C | e S a S S e S S m e nt S | m p O rt a nt — Depredadores grandes de calamares _ Toothed whales-Ballenas dentadas

5.2 5.2
e ™ 5 [ 2 "
: - ./'). : ‘ I\

e But how does tuna fishing affect e
. w 4.8 Aves marinas
ecosystem dynamics? e S ﬁg{is
e Diet analysis in 1990s and 2000s e rem s o S

44T 44 >

e ETP ecosystem model (“ETP7”) L e
e 34

Mesozooplankton

Epipelagic forage fishes

Peces epipelagicos de forraje|

Mesozooplancton

273 .

Microzooplankton
Microzooplancton

25 . BR L/v 5 2 * —
» L ) = __# s g [ .
¢ @ & |
' ) Large phytoplankton
Small producers—Productores pequefios Fitoplancton grande

1 Prochlorococcus spp. 1000 » &
Synechococcus spp. et T

Heterotrophic bacteria

Bacterias heterotréficas e

= =

¥ oz
W 3




ETP7 ecosystem model

e ETP7 used early software (v5.1) from 2003 and not used for reporting
e EwWE (v6.6) improved with many ecological indicators
e In 2017, staff updated the ETP7 model with new data 1970-2014

e Since 2017, staff update ETP7 annually with catch and effort data and
report on indicators in “Ecosystem Considerations” report (SAC-12-12)

e 2021 update (ETP-21) was required to:

= Improve model structure to link ontogenetic stages (e.g., small and large YFT)
= Update biological parameters with new information since 2003
= Rebalance the model after including revised longline catch estimates (SAC-12-12)

= (Calibrate the model to new time series data available for target and bycatch species




ETP7 ecosystem model

e Why not develop a new EPO model?
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e Why not develop a new EPO model? A very long process
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ETP7 ecosystem model

e Why not develop a new EPO model? A very long process

Parameterization Balancing
(Ecopath) (Ecopath)
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ETP7 ecosystem model

e Why not develop a new EPO model? A very long process

Parameterization Balancin Diagnostics
(Ecopath) (Ecopath (Ecopath)

Pre-balance diagnostics
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ETP7 ecosystem model

e Why not develop a new EPO model? A very long process
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e Why not develop a new EPO model? A very long process
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Revising ETP7 model structure s

ETP7

Group name

Pursuit Birds
Grazing Birds
Baleen \Whales
Toothed Whales
Spotted Dolphin
Meso Dolphin
Seg Turtles

-l & N b W b =

10
11

e Lorellaati

Sm Yellowfin

Sm Bigeye

Lg Bigeye

12
13
14
15

Sm Marlins
La Marlins
5Sm Sailfish
La Sailfish

16
17

Sm Swordfish

Lg Swaordfish

18
19
20
21
22
23

Sm Dorado
Lg Dorado
Sm ‘Wahoo
Lg \wahoo
5Sm Sharks
Lg Sharks

e ETP7 contained ontogenetic stages to reflect
known differences in diet and biology

= But stages not linked - act as independent biomass pools



Revising ETP7 model structure s

ETP-21 e ETP7 contained ontogenetic stages to reflect
ETP/ S known differences in diet and biology
1  Pursuit Birds
FrtTEre 2 Grazing Birds = But stages not linked - act as independent biomass pools
3  Baleen \whales
1  Pursuit Birds 4  Toothed Whales . . .
2 Gring i 5 Spated Dolghin e ETP-21 linked 12 groups (6 species) as multi-stanza
3  Baleen \Wwhales &  Meso Dolphin
4  Toothed Whales 7 Sea Turtles .
5 Spotted Dlpin < YELOWFINTORA delay-difference sub-models
& Meso Dolphin B Sm Yellowfin
7 Ses Turtles g Lg Yellowfin
&  5SmYellowfin s~ BIGEYE TUNA
10 Sm Bigeye
10 Sm Bigeye 11 Lg Bigeye
11 Lﬂgﬂ}'ﬂ 12 Sm Marlins
12 Sm Marlins 13 Lg Marlins
13 Lg Marlins »  SAILFISH
14 Em Sailfizh 14 Sm Sailfish
15 | a Sailfish 15 | g Sailfish
16  Sm Swordfish w SWORDFISH
17 _Lg Swordfish s smSwordsish
12  5Sm Dorado
19 Lg Dorado v DORADOD
20 Sm\wahoo 18 Sm Dorade
21 LgWwahoo 19 La Dorado
22 Sm Sharks e WAHOD
23 Lg Sharks 20 Sm Waheo

21 La Wahoo
22 5m Sharks
23 Lg Sharks




Revising ETP7 model structure s

ETP-21
ETP7 Group name
1  Pursuit Birds
L mETE 2 Grazing Birds
3  Baleen'\whales
1  Pursuit Birds 4  Toothed Whales
2 (Grazing Birds 5  Spotted Dolphin
3  Baleen \Wwhales &  Meso Dolphin
4  Toothed Whales 7 Sea Turtles
5  Spotted Dolphin s YELLOWFIN TUMNA
& Meso Dolphin B Sm Yellowfin
7 Seg Turtles K] Lg Yellowfin
&  Sm Yellowfin w  BIGEYE TUNA
10 Sm Bigeye
Sm Bigeye 11 Lg Bigeye
11 Lﬂgﬂ}'ﬂ 12 Sm Marlins
12 Sm Marlins 13 Lg Marlins
13 La Marlins w SAILFISH
14 Sm Sailfish 14 Sm Sailfish
15 la Sailfish 15 Lo Sailfish
16 Sm Swordfish v  SWORDFISH
17 _Lg Swordfish s smSwordsish
18 Sm Dorado
19 Lg Dorado v DORADOD
20 Sm\wahoo 18 Sm Dorade
21 Lg'Wwshoo 19 La Dorado
22 5m Sharks v WAHOO
23 Lg Sharks 20 SmWahoo

21 La Wahoo
22 5m Sharks
23 Lg Sharks

e ETP7 contained ontogenetic stages to reflect
known differences in diet and biology

= But stages not linked - act as independent biomass pools

e ETP-21 linked 12 groups (6 species) as multi-stanza

delay-difference sub-models

~—

Memalized values

Mumbar
—— Stanza sepamtion

Indnvidual waight Population biomass

Spawning age
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Results .

Model Calibration to Time Series Data




Model Calibration

Large YFT-YFT grande

e ETP7 calibrated using time ——- Small YFT-YFT pequefo
N (© 2 - ® CPUE Large YFT-YFT grande
SerieS 1975_1999 from é % 4+ CPUE Small YFT-YFT pequefio
oD
stock assessments ° ®
> 1 -
= Relative biomass © g
O =
= Total mortality (2) s o

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

e Small & Large YFT
= Excellent fit to CPUE data

Year—-Ano



Model Calibration

Large YFT-YFT grande

e ETP7 calibrated using time ——- Small YFT-YFT pequefo
0 © 2 - ® CPUE Large YFT-YFT grande
SerieS 1975_1999 from é % 4+ CPUE Small YFT-YFT pequefio
oD
stock assessments ° @ -
> 1 -
= Relative biomass 5 E W
o .9 *
= Total mortality (2) s .

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

e Small & Large YFT
= Excellent fit to CPUE data

Year—-Ano



Model Calibration

e ETP7 calibrated using time
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Model Calibration

e ETP7 calibrated using time

Large YFT-YFT grande
=== Small YFT-YFT pequefo

0 © 2 - ® CPUE Large YFT-YFT grande
Series 1975_1999 from é _% 4+ CPUE Small YFT-YFT pequefio
o
stock assessments g 8 -
> (e
= Relative biomass 5 E W&
o .2 *
= Total mortality (2) oo .

Large BET-BET grande

e Small & Large YFT —___ Small BET_BET pequefio

® CPUE Large BET-BET grande

4+ CPUE Small BET-BET pequefio
I g

= Excellent fit to CPUE data

e Small & Large BET
= Poor fit to CPUE data

= Small & large stanzas not linked?

Relative biomass
Biomasa relativa

fishery begins |

* Nominal OBJ CPUE # abundance? 0 - ! - - - . ! L
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

e Poor predictive ability Vear-ARo



Model Calibration

0.120000 ¢ Observed data—Datos observados

() Ti m e S e ri e S 0.100000 ] — Ecosim model-Modelo Ecosim

0.080000 -
0.060000 4

= Relative biomass ] Sme yotowtin biomass .
0.040000 7 Biomasa de aleta amarilla pequefio
0.020000

1 1 T T T T T L

= Fishing mortality (F)

0.025000 - Large yellowfin biomass—Biomasa de aleta amarilla grande
-

= Catch (retained + discarded) 002000 |

0.015000 -

0.010000

0.005000 4
T

e 25 functional groups

= Small & large size classes

0.150000 4 Small bigeye biomass—Biomasa de patudo pequefio

0.120000 -

0.0350000 -

0.060000 ==,

0.030000

e Biomass and catch

0.020000
0.015000

= Assessed species

0.010000

Biomass (t km2)-Biomasa(t km?)

0.005000

0.000000

0.002800 ] Small dorado biomass—Biomasa de dorado pequefio
- L]

0.002400 .

0.002000 A ve
- L]

0.001600 o

0.001200

1980 1985 1990 1995 2000 2005 2010 2015



Model Calibration

. . 0.120000 - . (E}bse_rved d;‘ma{:‘l‘l"’ oltz)sen_rados 0001600 ] -89 dorado biomass-Biomasa de dorado grande
. — Ecosim model-Modelo Ecosim : .
® T” I le Serles 0-100000 - 0.001400 . ’
0.080000 - 0.001200 4 \\./C\r.
. . 0.060000 - ]
= Relative biomass ] Sme yotowtin biomass i 0001000 ; .
0.040000 1 Biomasa de aleta amarilla pequefio 0.000800 - *
. . . 0.020000 L T T T T T T T 0.000600
= Fishing mortality (F) e harke biomace.Biomasa do tharons o
g y 0.025000 | Large yellowfin biomass—Biomasa de aleta amarilla grande 0.000400 Large sharks biomass-Biomasa de tiburones grandes
e . i
1 R ]
. : ~—  0.020000 -
= Catch (retained + discarded) § . 0000300 -
£ 0015000 - 0.000200 -
=< 0.010000 - ]
= : ] 0.000100 -
° 2 5 f . I g 0.005000 0.000000 -
T T T Ll L) T L} L | T T T
unctional groups © T
e 0.150000 - Small bigeye biomass—Biomasa de patudo pequefio 0.070000 J Toothed whales biomass-Biomasa de ballenas dentadas
o . 0.060000
. e 0.120000 A 1 .
= Small & large size classes e 0050000 3 . .
| 0.090000 - 0.040000 ] .
a . . 0.030000 I e
; 0.060000 = 0.020000 ] . . .
= °e * 0.010000 ]
o B . d h = - . . . : : . 0.000000 1+ T T T - - - -
lIomass and catc = . AN
w 0.020000 0.004400 -4 Spotted dolphins biomass—Biomasa de delfines manchados
R - -
. % 0.004000
= Assessed species S oorsooo 0003600 ] :
O  0.010000 0.003200 LS
00 oo0s000 0.002800 - . ' .
0.000000 L T T T T T T T 0.002400 - T T T T T T T
0.002800 ] Small dorado biomass-Biomasa de dorado pequefio 0.022000 4 MesopelagiE dolphins biomass-Biomasa de delfines mesopelagico!
- L]
0.002400 . 0.020000 - . .
1 . 0.018000 - .
0.002000 o ————
| . 0.016000 - .
0.001600 . . 0.014000 ., .
0.001200 0.012000

1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015



Model Calibration

[ ) 1 I o Observed data—Datos observados
TI m e Se rl es 0.012000 ; — Ecosim model-Modelo Ecosim 0.000500 ; Albacore—Albacora .o
_ _ 0.010000 - 0.000400 -
= Relative biomass 0.008000 0.000300 -
. L : 0.006000 - 0.000200 -
|
Fishing mortality (F) 0.004000 | 0.000100
= Catch (retained + discarded)  ~ %% 0.000000
S 0.000175 ] 0.000300 -
- 0.000140 0.000250 -
. = 0.000200
0.000105 -
e 25 functional groups o 000 0.000150
S ' 0.000100 -
_ S 0.000035 - ]
= Small & large size classes § 0.000000 e
&_L 0.000500 1 0.000500 1
. S 0.000400 - 0.000400 1
e Biomass and catch S o000 oo
: £ 00000y 0.000200 1
= Assessed species G 0.000100 -
8 0.000000 0.000100

0.000100 -
0.000080 -
0.000060 -

o
Catch Only 0.000040 -
0.000040 -

= Non-assessed & bycatch species 0.000020 0000020

0.000000 L— . ; . : 0.000000 L, , , , ,
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

0.0000860 -




Model Calibration
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Results

Historical changes in the structure of the ETP
ecosystem for the period 1979-2018




Fishing-based indicators
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Fishing-based indicators
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Esfuerzo de pesca
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Fishing effort relative to 1993

Community-based indicators s

Esfuerzo de pesca
respecto de 1993

Mean TL of Catch
TL medio de la captura

Marine Trophic Index
Indice trofico marino

Fishing in Balance Index
indice de pesca en equilibrio

7.000

6.000

5.000
4.000
3.000
2.000
1.000
0.000

4.800

4.750

4700 3

4.650

4.600

4850 -

4.800
4.750

4.700

4.650

4.600
1.000

0.600 -

0.200

-0.200
-0.600
-1.000

1 — PSOBJ

T 1
1980 1985 1990 1995 2000 2005 2010 2015

6102 @p UQIOBN|BAT—JUBWSSSSSY 6102

Shannon's index
indice de Shannon

Community biomass

(TL>4.0)-Biomasa
comunitaria (TL>4.0)

Community biomass
(TL3.25-4.0)-Biomasa

comunitaria (TL>2.0-3.25) comunitaria (TL>3.25-4.0)

Community biomass
(TL2.0-3.25)-Biomasa

1.455

1.450

1.445

1.440

1435
4.495

4490
4485 ]
4480 ]
4475
4470
4465

3.830

3.820

3.810

3.800

3.790
3.110

3.105
3.100 -
3.005 -
3.090 -
3.085 -

1980 1985 1990 1995 2000 2005 2010 2015

0Z0Z ©p UQIOEN|BAS—JUBWSSSSY 60T

e Declining “evenness”
= Changing relative biomass

e Alternating biomass
trends by TL

= Decline of predators (>4.0)

" Increase of prey (3.25-4.0)
e Minor trophic cascade
e Continued trends,

certainly requires
monitoring




Results

Simulating the potential impacts of FAD fishing on
key species and ecosystem structure




Modelled scenarios

1. Average no. of OBJ sets for 2018-2019 maintained from 2018 to 2024
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Modelled scenarios

2. Increase OBJ sets following the trajectory from 2004-2019

= Effort for all other fisheries maintained at 2018 levels
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e Biomass of tunas {,1-5%, retained bycatch 1~1-6%, sharks {,11-14%

Predicted biomass in 2024 relative to 2018 (%)
Biomasa predicha en 2024 respecto de 2018 (%)
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————

Changes to ecosystem structuress

e Continued decline of TLc & TL>4.0; increase FIB & TL 3.25
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Summary ——

e ETP-21 improved realism of the ETP ecosystem and calibration improved
reliability of forecasts by reproducing past population trends.

e The structure of the ETP substantial changed over the history of the EPO
tuna fishery, and more pessimistic than 2019 assessment.

e Changes most significant since the early 1990s coinciding with the
increase in OBJ sets, increasing by “50% every 5 years; 7-fold since 1993.

e Maintaining 2018-2019 effort levels resulted in biomass declines of target
species, but especially small and large sharks.

e Increase in OBJ effort predicted to result in further biomass declines for
tuna and sharks and compromise the ETP structure.




Future research

e |f ETP-21 or new model used, data improvements are required
e Data for catch (retained and discards) & effort (SAC-12-09)

= Longline (especially shallow vs. deep sets)
= Purse-seine class 1-5 by set type

= Coastal ‘artisanal’ fleets (longline & gillnets)

e Foundation of the model is diet data from early 1990s

= EPO has experienced some of the strongest El Nino events on record

= FAD impacts may have altered predator-prey dynamics

e EPO ecological sampling program required to update diet matrix and key
model parameters (e.g. consumption rates, SAC-10 INF-E)




© ISST (2013) " Photo: Jeff Muir
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