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SUMMARY

The Inter-American Tropical Tuna Commission (IATTC) has annually reported on 7 ecological indicators
derived from the “ETP7” ecosystem model since 2019 as one of several strategies to facilitate an
ecosystem approach to the management of tuna fisheries in the eastern Pacific Ocean (EPO) as mandated
by the Antigua Convention. Reporting of bycatch interactions and ecological indicators provide a
transparent long-term view of the EPO ecosystem and the potential impacts that may be attributed to the
tuna fishery. New bycatch data have been added to the model annually from 2019. However, since 2003
when the ETP7 model was developed, it has not been revised to include new longline bycatch estimates
or re-calibrated to time series data that have since become available from stock assessments. The model
was restructured to contain multi-stanza delay-difference models for small and large sizes of 10 taxa, and
biological parameters of functional groups were updated where possible and the model rebalanced to
ensure the model was thermodynamically stable using the new “PREBAL” diagnostic tool in Ecopath
software. The Ecosim model was then fit to time series of relative biomass or abundance, fishing mortality,
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the EPO has also increased the catch of numerous FAD-associated non-target species (Hall and Roman
2013; Lezama-Ochoa et al. 2017) (Figure 1), which has raised concerns by scientists regarding less
productive species, such as elasmobranchs, which have been identified in ecological risk assessments to
be among the most vulnerable taxa to becoming unsustainable in the EPO as a result of tuna fisheries
(Griffiths et al. 2018; Duffy et al. 2019).

The objective of the present paper was to update the Ecopath with Ecosim model of the eastern tropical
Pacific Ocean (ETP) ecosystem developed by Olson and Watters (2003) with new time series of catch data
to calculate updated values for a range of ecological indicators as a means of assessing the historic and
recent (2018) status of the ecosystem. Given the increasing use of FADs in the EPQ, a secondary aim of
the paper was to simulate the potential consequences of increasing and decreasing fishing effort on FADs
over the next 10 years on the biomass of target tuna species, bycatch species, and the structural integrity
of the ecosystem.

2. METHODS
2.1. Updating procedure for the ETP7 Ecopath ecosystem model

Ecological analyses were conducted using the ETP7 EwWE model Olson and Watters (2003) that was
updated from EwE software version 5.1 to 6.5 in 2019 by Griffiths and Fuller (2019) and further updated
to version 6.6 in the present study. The model area covers 20°N—-20°S and 150°W to the continental shelf
break along the coast of the Americas, covering approximately 32.8 million km?. The data initially used to
parameterize the model, the balancing procedure, and calibration to time series data are described in
Olson and Watters (2003).

Three fisheries were included in the model: purse-seine, pelagic longline, and pole-and-line. However, to
properly characterize the purse-seine effort in a modelling environment, the fishery was divided into three
separate fisheries defined by their predominant set type: sets in association with natural or artificial
floating objects (OBJ), sets on free-swimming tuna schools not associated with floating objects (NOA), and
sets made on dolphins (DEL). Annual catch of each species from the IATTC tuna, bycatch, and discard
databases were assigned to a relevant functional group defined in the model.

2.1.1 Characterization of the eastern tropical Pacific Ocean ecosystem in Ecopath

The year 1993 was the initial Ecopath model reference period chosen by Olson and Watters (2003) to
characterize the static description of the trophic flows in the ETP model, since predator dietary data and
high quality observer data for Class 6 purse-seine vessels were available. The reference year remained
unchanged in the present assessment since insufficient additional dietary information has been collected
across multiple trophic levels in the intervening years (but see Olson et al. 2014; Duffy et al. 2015; 2017;
2021) to warrant updating the model’s diet matrix.

During 2019-2020, IATTC staff improved the catch estimates for bycatch species reported to the IATTC by CPCs
as Task | data for a range of smaller coastal fisheries (e.g. longline, gillnet), which had previously been
aggregated into a general category called “other fisheries”. Upon disaggregation it became apparent that
significant catches of species (e.g. silky shark) were taken in coastal longline fisheries (also see IATTC, 2014).
Therefore, data for “other fisheries” was disaggregated into its constituent fisheries and added to the Ecopath
model, which resulted in the model requiring rebalancing since the additional catches increased the fishing
mortality for several functional groups. This required reparameterization of the production to biomass ratio
(P/B) ratio, which is equivalent to total mortality (Z), as the model interprets the additional fishing mortality as
a loss in net biomass available for predators and prey. As a consequence, the consumption to biomass ratio
(Q/B) also requires adjustment in order for the P/B ratio to fall within biologically plausible range, generally
0.05-0.3 for most living, non-planktonic groups (Christensen et al. 2009).
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The model was also improved by using available stock assessment data and life history parameters for
commercially-important species to define multi-stanza delay-difference sub-models within Ecopath.
These sub-models link energy flows between the different ontogenetic stanzas believed to have very
different ecological and biological characteristics, in particular diet composition. In the original ETP7
model there were several species represented as separate ontogenetic functional groups (e.g. small and
large yellowfin tuna) but they were not linked, resulting in these groups acting as independent biomass
pools. In other words, the biomass of an older life stanza for a particular species was not directly
influenced by changes in the biomass of the young life stage. Each multi-stanza delay-difference model
required input parameters of biomass, Z (xP/B) and consumption (Q/B) for a “leading” stanza, and the
model then calculates values for these parameters for the remaining stanza.

2.1.2 Rebalancing the ETP7 model

Once all model parameters were estimated from the available datasets and literature for 1993, multi-
stanza models were constructed for yellowfin tuna, bigeye tuna, swordfish, sailfish, dorado, and wahoo.
Balancing then began by first focusing on the functional groups for which the most reliable information
was available, such as from stock assessments or quantitative population surveys. The model was
attempted to be balanced by first focusing on preliminary ecotrophic efficiency (EE) values, which is the
proportion of a group’s biomass that is utilized within the system, and production to consumption ratios
(P/Q) estimated by Ecopath for these key species. For most living groups, the primary aim during balancing
is to allow Ecopath to estimate an EE of around 0.95 for species that are either heavily fished or are
expected to experience high predation rates (Christensen et al. 2009). In contrast, highly abundant and/or
highly productive species (e.g. microzooplankton), or high trophic level predators that have very few
natural predators in the absence of fishing (e.g. large sharks) are expected to have low EE values of 0.1-
0.3. This indicates that only a small percentage of the species’ biomass is utilized within the system, while
the remainder is transferred to detritus or exported from the system.

In cases where the EE value was unrealistic—for example large yellowfin tuna initially had an EE of over
1,000,000—the biomass estimate was checked, followed by an inspection of the predation mortality and
fishing mortality calculated by Ecopath. Commonly, the most scientifically defensible option to reduce the
EE of a group—when all other parameters appear plausible—is to slightly reduce the proportion it
contributes to the diets of predators that have a very high biomass or are highly productive. The converse
applies where the EE is too low, requiring greater predation mortality when all other parameter values
are considered valid. These are common approaches used by Ecopath practitioners since the diet
composition of most marine predators is often highly variable in space and time and an Ecopath model
attempts to capture this variability for a single year. In many respects the initial diet composition of a
group should be viewed as a reasonable starting point with an expectation of fine-tuning using knowledge
of the species and the system (see Christensen et al. 2009).

After the EE values were considered reasonable, the P/Q estimate for each group was checked to ensure
it was biologically realistic. In most cases, P/Q should be 0.1-0.3. In cases where P/Q was unrealistic, such
as for large bigeye tuna initially having a P/Q of 0.004, the P/B and Q/B values were inspected and revised
appropriately. It was often the case that daily ration estimates from the literature were underestimated
or unreliable, while the P/B value was underestimated due to mis-specified von Bertalanffy growth
parameters from which natural mortality (M) was estimated, or a lack of reliable fishing mortality
information, which was generally the case for bycatch species. Further searches of the literature or
sourcing unpublished work or expert opinion often provided more reliable information that assisted in
producing more reasonable P/B estimates.

Once the aforementioned process was completed for the groups having the most reliable information, it
was then applied sequentially to prey of these groups occupying lower trophic levels, and so on.
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FIGURE 1. Time series of annual number of sets on dolphins (DEL), unassociated tuna schools (NOA) and
floating objects (OBJ) in the EPO purse-seine fishery for 1979-2018 (top panel), with the total annual
reported catch from OBJ sets for the predominant retained bycatch species of dorado, wahoo and
billfishes (middle panel), and target species of skipjack, yellowfin and bigeye tunas (bottom panel). The
dashed vertical line indicates the approximate year (1993) when the fishery began to increasingly set on
artificial drifting floating objects and when reporting of non-target species began.

FIGURA 1. Series de tiempo del nimero anual de lances sobre delfines (DEL), cardimenes de atunes no
asociados (NOA) y objetos flotantes (OBJ) en la pesqueria de cerco en el OPO para 1979-2018 (panel
superior), con la captura anual total notificada de lances OBJ para las especies de captura incidental
retenidas predominantes, a saber el dorado, el peto y los peces picudos (panel central) y especies objetivo,
a saber el atun barrilete, aleta amarilla y patudo (panel inferior). La linea de trazos vertical indica el afio
aproximado (1993) en que la pesqueria empezo a realizar cada vez mas lances sobre objetos flotantes
artificiales a la deriva y se empezd a informar sobre las especies no objetivo.
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FIGURE 2. Ecosim model fits (solid lines) to observed® annual time-series data (black dots) for biomass (t
km2) and catches (t km) for 10 functional groups in the ETP-21 ecosystem model for 1979-2018.
FIGURA 2. Ajustes del modelo Ecosim (lineas sélidas) a datos observados® de series de tiempo anuales
(puntos negros) para la biomasa (t km™) y las capturas (t km™) para 10 grupos funcionales en el modelo
ecosistémico ETP-21 para 1979-2018.
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FIGURE 3. Ecosim model fits (solid lines) to observed annual time-series of catch data (t km2) (black
dots) for 14 functional groups in the ETP-21 ecosystem model for which catch data were available.
FIGURA 3. Ajustes del modelo Ecosim (lineas sélidas) a series de tiempo anuales observadas de datos de
captura (t km?) (puntos negros) para 14 grupos funcionales en el modelo ecosistémico ETP-21 para los
gue se disponia de datos de captura.
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FIGURE 4. Annual values derived from a trophic mass-balance model of the eastern tropical Pacific Ocean
ecosystem for seven ecological indicators that describe the changes in different components of the
tropical EPO ecosystem, 1979-2018. The indicators include: mean trophic level of the catch, Marine
Trophic Index, Fishing in Balance index, Shannon’s index and the mean trophic level of the community for
trophic levels 2.0-3.25, 3.25-4.0, and >4.0. Solid gray lines on each graph show the results from the 2019
assessment, prior to new longline data being added. An index of fishing effort—represented as effort
relative to the ecosystem model’s reference year of 1993—is shown for the same time period for purse-
seine fisheries (OBJ, DEL, and NOA sets), the longline fishery, and the pole and line fishery. Vertical gray
dashed lines denotes the approximate year (1993) when the purse-seine fishery began to change their
fishing strategy to fish on artificial drifting floating objects.

FIGURA 4. Valores anuales derivados de un modelo tréfico de balance de masas del ecosistema del
Océano Pacifico oriental tropical para siete indicadores ecoldgicos que describen los cambios en
diferentes componentes del ecosistema del OPO tropical, 1979-2018. Los indicadores son el nivel tréfico
medio de la captura, el indice tréfico marino, el indice de pesca en equilibrio, el indice de Shannon y el
nivel tréfico medio de la comunidad para los niveles tréficos 2.0-3.25, 3.25-4.0 y >4.0. Las lineas grises
solidas de cada grafica muestran los resultados de la evaluacién de 2019, antes de la incorporacién de
nuevos datos de palangre. Se muestra un indice de esfuerzo de pesca, representado como el esfuerzo
respecto del afo de referencia del modelo ecosistémico de 1993, para el mismo periodo de tiempo para
las pesquerias de cerco (lances OBJ, DEL y NOA), de palangre y de cafia. Las lineas grises verticales de
trazos indican el afio aproximado (1993) en que la pesqueria cerquera empezo a cambiar su estrategia de
pesca para pescar sobre objetos flotantes artificiales a la deriva.
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FIGURE 5. Ecosim predicted relative changes in the biomass of key functional groups representing
principal target tuna species and predominant bycatch species caught by the purse-seine fishery in the
eastern tropical Pacific Ocean in 2024 relative to 2018 under two hypothetical management scenarios.
The scenarios included: 1) maintaining the status quo of 11,871 OBJ sets in 2018 until 2024, and 2)
imposing a linear increase in the number of OBJ sets by Class 6 purse-seine vessels from 11,871 sets in
2018 to 13,883 in 2024. Effort for all other fisheries remained at their 2018 levels for both scenarios.
FIGURA 5. Cambios relativos predichos por Ecosim en la biomasa de grupos funcionales clave que
representan las principales especies de atun objetivo y las especies de captura incidental predominantes
capturadas por la pesqueria cerquera en el Océano Pacifico oriental tropical en 2024 respecto de 2018,
bajo dos escenarios hipotéticos de ordenacion: 1) el mantenimiento del statu quo de 11,871 lances OBJ
en 2018 hasta 2024 y 2) un aumento lineal en el nimero de lances OBJ por parte de buques cerqueros de
clase 6, de 11,871 lances en 2018 a 13,883 en 2024. El esfuerzo de todas las demads pesquerias se mantuvo
en su nivel de 2018 en ambos escenarios.
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FIGURE 6. Estimated changes in annual values for seven ecological indicators after the simulation of two
hypothetical scenarios changing the effort of the purse-seine fishery on floating objects (OBJ) over a 6-
year period initiated in 2018 and concluding in 2024. The scenarios included: 1) maintaining the status
quo of 11,871 OBJ sets in 2018 until 2024, and 2) imposing a linear increase in the number of OBJ sets by
Class 6 purse-seine vessels from 11,871 sets in 2018 to 13,883 in 2024. Effort for all other fisheries
remained at their 2018 levels for both scenarios. The vertical gray dashed lines denote the year (2018)
when the simulations began.

FIGURA 6. Cambios estimados en los valores anuales de siete indicadores ecolégicos tras simular dos
escenarios hipotéticos en los que cambia el esfuerzo de la pesqueria cerquera sobre objetos flotantes
(OBJ) alo largo de un periodo de 6 afios que empieza en 2018 y termina en 2024: 1) el mantenimiento del
statu quo de 11,871 lances OBJ en 2018 hasta 2024 y 2) un aumento lineal en el nimero de lances OBJ
por parte de buques cerqueros de clase 6, de 11,871 lances en 2018 a 13,883 en 2024. El esfuerzo de
todas las demas pesquerias se mantuvo en su nivel de 2018 en ambos escenarios. Las lineas grises
verticales de trazos indican el afio (2018) en que empezaron las simulaciones.
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