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Ecosystem Research in the Eastern Tropical Pacific Ocean
Robert J. Olson, Leanne M. Duffy o Inter-American Tropical Tuna Conmission e 8901 La Jolla Shores Drive o La Jolla, Califorma USA 92037 rolson@hatte.org

The Inter-Amesican Tropical Tuna Commission (IATTC) is charged with management of the tropical tuna and bilfsh stocks in the eastem Pacific
Ocean (EPD), while taking inbe account ofher companents of the ecosystem that are 1) affected by fishing or 2) dependent upon or associated

with the target fish stocks (Figure 1). Fisheries effects on ecosystems
indirect effects (Le. interactions via the food web).
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Dither food-web components

Apex pradation on troplcal ungs,
Tunas are commanly conskiered apex predators,
but tropical lunas, even a5 adults, are subject o
predation by |arge-body predators. Dist data for
much of the apex-predator guild In the ERO over
50Me 50 y2ars revealed Mat yelowin and skipacs
tunas are consumed by sharks and bimshes In
gquaniiies and at izes that can make a
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Movel method of diet data analysis
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Tunas were sampled during ihe first two periads, while the predator
community (enive purss-seine catchiycaich) was sampled during the
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Food-web structure and function

 Ecological research at the IATTC largely focused on the structure and
function of the pelagic food web in the EPO

» Effects of tuna fisheries on ecosystem
— Direct effects: e.g. bycatches of non-target species (some sensitive)

— Indirect effects: e.g. predator-prey connections and competition via the
food web

« Anticipating changes induced by fishing requires understanding of
food web structure and function

» Diet studies are necessary for investigating pathways of energy flow in
exploited ecosystems

« Knowledge of trophic position and linkages is essential for informing
ecosystem models

 Knowledge of pelagic food webs is still rudimentary, in many aspects




Trophic interactions

Predation habits of yellowfin tuna: a wide-ranging generalist predator
with high energy requirements (samplers of forage community)

Olson RJ, Duffy LM, Kuhnert PM, Galvan-Magafia F, Bocanegra-Castillo N, Alatorre-Ramirez V (2014) Decadal diet
shift in yellowfin tuna (Thunnus albacares) suggests broad-scale food web changes in the eastern tropical Pacific

Ocean. Marine Ecology Progress Series 497: 157-178

Novel classification tree methodology developed for analyzing

complex diet data

Kuhnert P, Duffy L, Young J, Olson R (2012) Predicting fish diet composition using a bagged classification tree
approach: a case study using yellowfin tuna (Thunnus albacares). Marine Biology: 1-14

Two sets of diet data separated by a decade

— 1992-1994
— 2003-2005




Trophic interactions: set locations, yellowfin tuna diet study

(1990s, 2000s) 6,810 YFT sampled from 300 PS sets
B . on 212 observed trips spanning 4
30°N — years. (3,362 stomachs in analysis)
20°N —
10°N -
0 -
10°S —
| 2 1992-1994 (n=4831)
20°s -| 2 2003-2005 (n=1979)
e 1992-1994 stomachs with food (n=2485)
_| ® 2003-2005 stomachs with food (n=877)
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Olson et al. 2014




Trophic interactions: classification tree analysis (YFT)

® Argonautidae
@ Dosidicus gigas

1 SE tree.

® Sthenoteuthis oualaniensis

@ Pleuroncodes planipes

@ Portunidae
@ Other crustaceans

Engraulis mordax
Vinciguerria lucetia
Myctophidae
Exocoetus spp.
Other Exocoetidae

Carangidae

Auxis spp.
Scomber japonicus
Cubiceps spp.
Lactoria diaphana

Oxyporhamphus micropterus

0.376, R? = 62%

Cetengraulis mysticetus
Lat>17.34

| Lat< 17.34

Cross-validated error rate low:
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Trophic interactions: cla

ssification tree analysis (YFT) diet shift

® hode 15; Years 19921984 (n=1332)
* Node 14: Years 2003-2005 (n=473)

Simultaneously widespread reductions in:
Biological production

Phytoplankton community composition
Expansion & intensification of OMZ
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Pleuroncodes planipes
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Aggregate indicators: trophic levels and a simplified food-web

diagram in the EPO
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Aggregate indicators: yearly mean trophic level of the catches

4.8 —g—- DEL (Dolphin—Delfin)
8 —Ai— OBJ (Floating objects—Objeto flotante)
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Antigua Convention

ARTICLE VI1I. FUNCTIONS OF THE COMMISSION

(f) adopt, as necessary, conservation and management measures and recommendations for species
belonging to the same ecosystem and that are affected by fishing for, or dependent on or associated
with, the fish stocks covered by this Convention, with a view to maintaining or restoring populations
of such species above levels at which their reproduction may become seriously threatened;

(g) adopt appropriate measures to avoid, reduce and minimize waste, discards, catch by lost or discarded
gear, catch of non-target species (both fish and non-fish species) and impacts on associated or
dependent species, m particular endangered species;

Direct associations | Indirect associations

Bt Boats |
-

 Sets |

5.5

5.0

Mess. Dolphm Sm. Wahoo |5m. Saifish =
ye [Sm. Yellowdin
Swardish

Meso. Fish =

4.0

3.5

Sm. Zooplankton

1.0 ETP Sm. Producers La. Producers |




Resolutions to reduce incidence of bycatch of non-target species
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INTER-AMERICAN TROPICAL TUNA COMMISSION

74™ MEETING

PUSAN (KOREA)
26-30 JUNE 2006

RESOLUTION C-04-05 (REV 2)
CONSOLIDATED RESOLUTION ON BYCATCH

The Inter-American Tropical Tuna Commission (IATTC):

Recalling and reaffirming the Resolutions on Bycatch adopted at the 66™, 682, and 69 Mectings of the
Commission in June 2000, 2001, and 2002, respectively:

Recognizing the value of consolidating the operative parts of these resolutions into one comprehensive

resolution on byecatch:

Believing that any additional measures on bycatch should also be incorporated into this single resolution:

Has agreed as follows:
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Ecological Risk Assessment: vulnerability of
non-target species
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y of a stok to be
diminished by direct and indirect fishing pressure. PSA:

vulnerability is combination of a stock’s productivity and its
susceptibility to the fishery.

e Productivity — capacity to recover if stock is depleted
(function of life history characteristics)

o Susceptibility — degree to which a fishery can negatively

impact a stock (propensity of species to be captured by and
incur mortality from a fishery). Can differ by fishery.
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Ecological Risk Assessment: PSA scatter plot

Vulnerability (v) is
measured as Euclidian
distance from plot origin

E | | |
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Preliminary Ecological Risk Assessment: productivity attributes for EPO

PSA

TABLE J-2. Productivity attributes and scoring thresholds used in the IATTC PSA.
TABLA J-2. Atributos de productividad y umbrales de puntuacion usados en el APS de la CIAT.

Ranking — Clasificacion

Productivity attribute Low — Moderate — High —

Atributo de productividad Bajo (1) Moderado (2) Alto (3)
Intrinsic rate of population growth (¥)
Tasa intrinseca de crecimiento de la poblacién ()  <0.1 >0.1, =13 >1.3
Maximum age (years)
Edad maxima (afios) =20 =>11,<20 =11
Maximum size (cm)
Talla maxima (cm) =350 = 200, =350 = 200

von Bertalanffy growth coefficient (k)

Cocticiente de crecimiento de von Bertalanffy (k) <0.095  0.095-10.21 =>0.21
Natural mortality (M)

Mortalidad natural (M) <0.25 0.25-0.48 >0.48
Fecundity (measured)

Fecundidad (medida) <10 10 —-200,000  >200,000
Breeding strategy

Estrategia de reproduccion =4 1to-a3 0
Age at matunty (years)

Edad de madurez (afios) =7.0 =27.<7.0 <27
Mean trophic level

Nivel tréfico medio =>5.1 45-5.1 <4.5




Preliminary Ecological Risk Assessment: susceptibility attributes for EPO

TABLE J-3. Susceptibility attributes and scoring thresholds used in the IATTC PSA.

R . Ranking
Susceptibility attribute Low (1) Moderate (2) High (3)

Management strategy Management and  Stocks specifically named in No management
proactive conservation resolutions; measures; stocks
accountability closely monitored closely
measures in place monitored

Areal overlap - Greatest Greatest bycatches outside areas  Greatest

geographical bycatches outside  with the most sets and stock bycatches in

concentration index

areas with the
most sets and

concentrated (or rare), OR

Greatest bycatches in areas with

areas with the
most sets and

stock not the most sets and stock not stock
concentrated (or  concentrated (or not rare) concentrated (or
not rare) rare)

Vertical overlap with gear < 25% of stock Between 25% and 50% of the > 50% of the
occurs at the stock occurs at the depths fished stock oeccurs in
depths fished the depths fished

Seasonal migrations Seasonal Seasonal migrations do not Seasonal
migrations substantially affect the overlap  migrations
decrease overlap  with the fishery inerease
with the fishery overlap with the

fishery

Schooling/Aggregation Behavioral Behavioral responses do not Behavioral

and other behavioral responses substantially affect the responses

responses fo gear decrease the catchability of the gear increase the
catchability of the catchability of
gear the gear

Potential survival after Probability of 33% < probability of survival < Probability of

capture and release under  survival > 67% 67% survival < 33%

current fishing practices

Desirability/value of Stock is not Stock is moderately valued or Stock 1s highly

catch highly valued or  desired by the fishery (33-66%  valued or desired

(percent retention) desired by the retention) by the fishery (=
fishery (< 33% 66% retention)
retention)

Catch trends Catch-per-set No catch-per-set trend over time  Catch-per-set

increased over
time

decreased over
time

Patrick, W.S., P. Spencer, J. Link, J. Cope, J. Field, D. Kobayashi, P. Lawson, T. Gedamke, E. Cortés, O. Ormseth, K. Bigelow, and W.
Overholtz. 2010. Using productivity and susceptibility indices to assess the vulnerability of United States fish stocks to overfishing. Fish.
Bull. U.S. 108: 305-322.



Preliminary Ecological Risk Assessment: species for EPO PSA

TABLE J-1. Annual bycatch per set (in kilograms) averaged over 2005-2011 for purse-seine vessels
with carrying capacity greater than 363 metric tons, by three set methods. *“n/a™ indicates the tuna species f
that were included in the PSA analysis, but no values were given because tunas are not bycatches of these ’/
fisheries. Only species with a catch value (or n/a) were used in the PSA for the corresponding set type.
Species Byvcatch (kg) per set ‘
Group Common name Scientific name DEL | NOA T OBJ
Tunas Yellowfin tuna Thunnus albacares n/a n'a n/a
Bigeye tuna Thunnus obesus - wa n/a
Skapjack tuna Katsuwonus pelamis - wa n/a
Billfishes Black marlin Makaira indica 1.0 1.1 10.7
Blue marln Malkaira nig?'icans" 11 18 233
Striped marln Kajilia audax 11 16 23
Indo-Pacific sailfish Istiophorus platypterus 2.3 1.4 -
¢ Dolphins Spotted dolphm Stenella attenuata 22 - -
) Spiner dolphin Stenella longirostris 23 - -
sitd AL AMAE =S *'r_ Common dolphin Delphinus delphis 1.6 - -
L Large Fishes Common dolphinfish Coryphaena hippurus - 32 1696
Pompano dolphinfish Coryphaena equiselis -- - 10.8
Wahoo Acanthocybium solandri -- - 393
Rambow runner Elagatis bipinnulata - - 95
Bigeye trevally Caranx sexfasciatus - 42 -
Yellowtail amberjack Seriola lalandi - 35 18
Ocean sunfish Mola mola - 5.0 1.4
Rays Giant manta Manta birostris 26 29 0.5
Spinetail manta Mobula ,r':;'_p(micg;"i 1.3 2.7 0.3
Smoothtail manta Mobula thurstoni 03 1.4 0.1
. . Carcharhinus
Biomass importance (> 1 t/set) Sharks Silky shark Sfalciformis® 41 91 358
. . Carcharhinus
1 . N umeri Cal Im pO rtance Oceanic whitetip shark longimanus” =0.1 -- 04
« ” Bigeye thresher shark Alopias superc.iﬁqmsz 03 0.6 01
2 5 VU I nerable I U C N StatUS Pelagic thresher shark Alopias pelagicus* 03 0.6 0.2
Common thresher shark Alopias vulpinu =0.1 0.2 =0.1
3. ° Endangered” IUCN status Scalloped hammerhead shark Sph‘irna :minf3 3 0.1 0.7 23 @
7 ” Great hammerhead Sphyima mokarran =0.1 =0.1 02 n
4 . N ear th reate ned I U C N Status Smooth hammerhead shark Sphvima zygaena’? 0.1 03 45
Shortfin mako shark Isurus ax}!r’:’nchmz =0.1 0.3 0.2
Small Fishes  Ocean triggerfish Canthidermis maculatus -- - 7.7
Bluestriped chub Sectator ecyurus -- - 2.0
Scrawled filefish Aluterus scﬁp!wsl - - 02
Turtles Olive Ridley turtle Lepidochelys olivacea” =0.1 =0.1 =0.1
! Included due to numerical importance in bycatch (=1 individual per set)
2 "ulnerable" status, IUCN Red List of Threatened Species
3 "Endangered” status, [IUCN Red List of Threatened Species
4 "Near threatened” status, [UCN Red List of Threatened Species




Preliminary Ecological Risk Assessment: species for EPO PSA
Tuna catch and bycatch in floating-object sets




Preliminary Ecological Risk Assessment:
PSA scatter plot for all species and all purse-seine fisheries
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Ecological Risk Assessment: the PSA
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| * PSA: a relative measure of risk
. among group of species examined.

"« No indication from PSA if highest risk =
species are truly unsustainable & ‘
vice versa.

e Other newer methods (“SAFE” Zhou
& Griffiths 2008; “ERAEF” Hobday et
al. 2011) also use aspects of the PSA
or need to estimate catchability.

e PSA provides comparison with other
tuna fisheries (W Pacific, Atlantic)




Ecological Risk Assessment: PSA used by other organizations

Marine Stewardship Councill

Fisheries Assessment Methodology
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Guidance to Certification Bodies

Including Default Assessment Tree
and Risk-Based Framework

Risk Values (Low? 54, Haghad 10

L FSA. Target Spacien
_‘---\-"-\-\__“‘-
5 e
vy -
i -
z By . e,
-3 G AN
& T
i i ‘-\_\_\
.
H , M
LA . \x
: 9
b LY %
\
. AN \
15 -l W an B T
1% . 15 3 {rdgh  Prodecoviry  (Lewer)
- WOGH] Evaductraty Scom [LOW 3]

Figure A2. Examples of diagnostic charts for displaying PSA values for each species. Left: Low
risk species have high productivity and low susceptibility, while high risk species have low
productivity and high susceptibility. The curved lines divide the potertial risk scores into thirds on
the basis of the Euclidean distance from the origin (0,0). Right. Example PSA plot for a set of
target species. Mote the curved lines that divide the risk space into equal thirds, as descnbed in
the text

P3SA Step 4: Convert PSA scores Into MSC scores and feed back into default
assessment tree
A3353 Using the Excel worksheet FSA for MSCxls, or the formula provided in Paragraph

442 corvert the PSA scores resulting from this analysis into MSC scores. Follow
guidance in Section 4.4 as well for sconng a Pl using PSA results for mulliple species,




Ecosystem considerations in the
eastern Pacific Ocean
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