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1. INTRODUCTION

The tropical tuna purse-seine fishery in the Eastern Pacific Ocean (EPO) is one of the biggest in the world,
with recent annual catches exceeding 600,000 tons (SAC-12-03). Also, recently, about 60% of the catches
correspond to the floating object (OBJ) fishery, which includes man-made fish aggregating devices (FADs)
and natural objects (logs). However, the vast majority of activities conducted by purse seiners (e.g. sets,
deployments) since mid-90s are on FADs (SAC-12-03).

Despite being a very efficient fishing tool, the continual increase in the use of FADs by the purse seine
fishery raises the possibility of several potential negative impacts on ecosystems and tuna populations.
Examples include i) a reduction in yield per recruit of some tuna species, ii) increased bycatch and
perturbation of pelagic ecosystem balance, iii) increased amount of marine debris and stranding events
on sensitive habitats, and, iv) alteration of the normal movements of the species associated with FADs
(Dagorn et al. 2012; Escalle et al. 2019). Because of the multi-dimensional potential impacts of the fishery,
it must be holistically monitored through a series of comprehensive metrics and indicators that capture
its evolution and dynamics at different spatial and temporal scales. Considering a wide variety of
indicators can improve both the integral assessment of the impacts of the fishery and the utility and
interpretation of the results, whereas single indicators can be misleading and lead to conservation
measures that do not meet management objectives.

The importance of monitoring the FAD fishery as a whole has widely been claimed by scientists, managers
and other stakeholders, who, during the 1™ joint t-RFMO Working Group (WG) on FADs meeting in Madrid
in 2017, agreed to establish a small technical working group (TWG) to progress on key areas for future
action. These aspects, largely technical or of scientific nature, range from the development of harmonized
definitions to the coordination of regional and international research plans, but also include the
development of fishery indicators, a task led by the IATTC staff within the TWG since 2018. An extensive
list with more than 40 indicators grouped in 8 categories (Table 1), from catch and effort to ecosystem
indicators (Lopez 2019), was presented and discussed during the 2" joint t-RFMO Working Group on FADs
meeting in San Diego in 2019. The process resulted in 4 of the categories considered as “major” priority
indicators: catch and effort, activities on FADs, satellite buoy-based indices, and capacity (Table 1).
Indicators related to the technology onboard and ecosystem impacts were classified as “moderate”
priority level. Socio-economic and biology, ecology and behavior indicators, although important, were
considered as “minor” priority level by this first assessment, particularly due to the difficulties to regularly
obtain reliable and significant amounts of data on these matters.

Based on the recommendations and guidelines of the TWG (Lopez 2019), as well as the repeated requests
by some member countries on the production of specific data and analyses (e.g. IATTC-93 INF-A), this
document compiles a comprehensive series of spatial and temporal indicators for the floating-object
fishery in the EPO with the aim to better monitor and assess its potential impacts in the short, medium
and long term. It will also serve to identify and shape data collection and reporting needs on FADs and
prioritize future actions for conservation and management of target and non-target species.
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B tended to be west of 100°W and were primarily on FADs deployed by the vessels themselves or on FADs
that were “given”. The number of vessels in Cluster B ranged from 40 to 50 in the study period and the
2020 value was 42 (Figs 1-2). Cluster Cis comprised of vessels that mostly made a lesser proportion of OBJ
sets and a greater proportion of UNA sets, as compared to the vessels in Cluster B, with few vessels making
DEL sets. Vessels in Cluster C tended to make more OBJ sets east of 100°W and a greater proportion of
their OBJ sets were on FADs that were “taken” or were on unmonitored drifting objects, presumably logs.
The number of vessels in Cluster C ranged from 27 to 79 in the study period and the 2020 value was 66
(Figs 1-2). The patterns for 2020 are similar to those found by Lopez et al. 2019 (FAD-05-INF-A) for 2018-
2019 and by Lennert-Cody et al. (2018) for 2012-2015, suggesting that these fleet segment
characterizations are not the result of an anomalous year. All three fleet segments seem to represent
different OBJ-fishing strategies (e.g. Cluster B — nearly pure OBJ-oriented, fishing FADs monitored by
themselves, so there should be, for example, a clearer connection between active FADs and number of
sets). Therefore, the cluster analysis results were used to break down the indicators by cluster when
possible, so that a better understanding of the relationship between the different metrics and the trends
included in this document is possible.
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Figure 1. Fleet segments identified by the cluster analysis, 2020. Cluster A, B and C include 19, 42 and 66 vessels,
respectively.

Figura 1. Segmentos de la flota identificados por el analisis de conglomerados, 2020. Los conglomerados A, By C
incluyen 19, 42 y 66 buques, respectivamente.
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Figure 2. Evolution of the proportion of Clusters A, B, and C, 2015-2020.
Figura 2. Evolucion de la proporcidn de los conglomerados A, By C, 2015-2020.

3.2. Catch and effort

The catch (section 3.2.1; catch by set type, Fig. 3; catch by species in mt and numbers, Fig. 4-5; spatial
distribution of catches, Fig. 6) and effort (section 3.2.2; Number of set per set type, Fig. 7; OBJ sets by
class, Fig. 8; Sets by OBJ type, Fig. 9; Cumulative number of OBJ sets, Fig. 10) indicators included in this
section were taken/modified/updated from documents SAC 11-03, SAC 11-05 and IATTC-93 INF-A,
whereas the catch per set indicators (section 3.2.3; Fig. 11) were estimated using Class-6 observer data
only to depict cluster-specific differences based on different OBJ-fishing strategies.

3.2.1. Catch
3.2.1.a Catch by set type
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Figure 3. Evolution of purse-seine catches, by set type (OBJ: floating object; DEL: dolphin; NOA: unassociated), 2005-
2020. Source: Document SAC-12-03, Table A-7.

Figura 3. Evolucidn de las capturas cerqueras, por tipo de lance (OBJ: objeto flotante; DEL: delfin; NOA: no asociado),
2005-2020. Fuente: Documento SAC-12-03, Tabla A-7.

3.2.1.b Catch by species (in weight)
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3.2.2.a Number of set per set type
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Figure 7. Evolution of the number of purse-seine sets, by set type (OBIJ: floating object; DEL: dolphin; NOA:
unassociated), 2005-2020. Source: Document SAC-12-03, Table A-7.

Figura 7. Evolucidn del nimero de lances cerqueros, por tipo de lance (OBJ: objeto flotante; DEL: delfin; NOA: no
asociado), 2005-2020. Fuente: Documento SAC-12-03, Tabla A-7.

3.2.2.b OBIJ sets by class

Figure 8. Evolution of the number of floating-object sets by Class 1-5 and Class 6 vessels, 2005-2020. Source:
Document SAC-12-03, Table A-7.

Figura 8. Evolucidon del nimero de lances sobre objetos flotantes por buques de clases 1-5 y clase 6, 2005-2020.
Fuente: Documento SAC-12-03, Tabla A-7.

3.2.2.c Sets by OBJ type

Figure 9. Evolution of the number of floating-object sets by Class-6 vessels, by type of floating object, 2004-2019.
Source: Document SAC-12-03, Table A-8.

Figura 9. Evolucién del nimero de lances sobre objetos flotantes por buques de clase 6, por tipo de objeto flotante,
2004-2019. Fuente: Document SAC-12-03, Table A-8.

3.2.2.d Cumulative number of OBJ sets
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Figure 10. Cumulative number of floating-object (OBJ) sets, by month, 2015-2020: Class-6 vessels (top); Class 1-5
vessels (bottom). Updated from Document IATTC-93 INF-A.

Figura 10. Numero acumulativo de lances sobre objetos flotantes (OBJ), por mes, 2015-2020: buques de clase 6
(arriba); buques de clases 1-5 (abajo). Actualizada del Documento IATTC-93 INF A.

3.2.3. Catch per set
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Figure 11. Top left: Evolution of catch per set, by cluster, 2015-2020 (see section 3.1 for details); Top right: Density
plot of catch per set for 2015-2019 average and 2020, by cluster; Center left: average catch per set, by 1°-area, for
2020; Center right: differences of average catch per set, by 1°-area, 2020 vs 2015-2019; Bottom left: average catch
per set, by 1°-area and quarter, for 2020; Bottom right: average catch per set, by 1°-area and cluster, for 2020.

Figura 11. Panel superior izquierdo: evolucién de la captura por lance, por conglomerado, 2015-2020 (ver seccion
3.1 para mas detalles); panel superior derecho: grafica de densidad de la captura por lance del promedio de 2015-
2019y de 2020, por conglomerado. Panel central izquierdo: captura promedio por lance, por area de 1°, 2020; panel
central derecho: diferencias de la captura promedio por lance, por drea de 1°, 2020 vs. 2015-2019. Panel inferior
izquierdo: captura promedio por lance, por area de 1° y trimestre, 2020; panel inferior derecho: captura promedio
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4. FUTURE PROSPECTS

Although this document presents the first holistic assessment for the OBJ fishery in the EPO through a set
of ~50 indicators, there is still room for improvement. Some of the categories, particularly the socio-
economic, the ecosystem impacts, or the biology-ecology and behavior are underrepresented due to the
difficulties to systematically obtain large amounts of reliable data. Future versions of this document will
try to extend the number of indicators to meet the TWG recommendations (Lopez 2019). Indeed, the staff
is currently involved in projects that could produce additional indicators. Examples are the buoy-derived
abundance index (i.e. a pilot project in collaboration between the IATTC staff, AZTl, OPAGAC and Cape
fisheries), the quantification of the impact of stranding events in sensitive areas by lost or abandoned
FADs (project M.5.b), and the analysis of class 1-5 vessels observer data voluntarily collected in
TUNACONS vessels.

The data collected through different methodologies and used to produce the indicators in this document
have proven to be remarkably useful for the monitoring of the OBJ fishery and its evolution. However,
many key aspects remain unknown. For example, catch per set analyses are purely descriptive and have
not been standardized. The staff has reiterated the need of collecting additional data (e.g. high-resolution
buoy data, including buoy ID and acoustic samples) to connect databases and advance the scientific
analysis and management advice. However, this information is not available for the staff yet. We hope
that initiatives like this work are well received by the scientific community and stakeholders in general,
and that will help promote, potentially, data exchange between institutions for a better assessment of
fishery impacts and sustainability.

In addition, the staff is planning to increase interaction with the fishing community, an endless source of
first-hand information about the stock, the environment, and the fishery in general. Skippers workshops
have been conducted over the years with the participation of the staff members for different reasons.
The staff sees those forums as a great opportunity to build capacity, but also increase staff’s sensitivity to
changes in the fleet behavior and strategy, the species, or the dynamics of the environment in a more
tangible and immediate way. Because of that, starting in 2020, workshops have been accompanied with
a series of brief questionnaires on the most urgent matters, as well as basic questions about the fishery.
Results of those consultations will be included in future versions of this document too.

5. RECOMMENDATIONS

This section will be developed in the due course and will match the reccomendations for the FAD fishery
in the future staff recommendations document, including data collection and any other matters, as
needed.
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APPENDIX 1. OBJ bycatch rates, 2015-2020.
Source: from SAC-12-12, Tables J-2 to J-6.

Table 8. Purse-seine interactions and mortalities reported by onboard observers in numbers of turtles for size-class
6 vessels with a carrying capacity >363 t (2015—-2020). Data for 2020 are considered preliminary. Adapted from SAC-
12-12, tables J-2a and J-2b.

Tabla 8. Interacciones y mortalidades cerqueras reportadas por observadores a bordo, en nimero de tortugas, para
buques de clase 6 con una capacidad de acarreo >363 t (2015—-2020). Los datos de 2020 se consideran preliminares.
Adaptada de SAC-12-12, tablas J-2a y J-2b.

Chelonia
Lepidochelys agassizii, Caretta Eretmochelys | Dermochelys
olivacea, Chelonia caretta, imbricata, coriacea,
mydas, Unidentified
Year turtles
olive ridley e_a_s,tern loggerhead hawksbill leatherback
Pacific green
Interaction | Mortality | Int. Mort. Int. Mort. Int. Mor. Int. Mort. Int. Mort.
2015 195 2 54 0 28 0 2 0 4 0 174 0
2016 333 4 78 0 19 0 14 0 2 0 307 2
2017 285 2 39 0 31 0 7 0 2 0 243 0
2018 150 2 50 2 17 0 7 0 3 0 160 0
2019 170 1 72 0 14 0 5 0 0 0 193 0
2020 89 0 29 0 17 0 5 0 2 0 107 1
Average 204 2 54 0 21 0 7 0 2 0 197 1
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Table 9. Estimated purse-seine OBJ catches in metric tons (t) of sharks for size-class 6 vessels with a carrying capacity
>3631(2015-2020). Data for 2020 are considered preliminary. “Other sharks” include whale shark (Rhincodon typus),
basking shark (Cetorhinus maximus) and unidentified sharks (Euselachii). Adapted from SAC-12-12, table J-3.

Tabla 9. Capturas OBJ cerqueras estimadas de tiburones, en toneladas (t), para buques de clase 6 con una capacidad
de acarreo >363 t (2015-2020). Los datos de 2020 se consideran preliminares. “Otros tiburones” incluyen el tiburén
ballena (Rhincodon typus), el tiburdn peregrino (Cetorhinus maximus) y tiburones (Euselachii) no identificados.
Adaptada de SAC-12-12, tabla J-3.

Carcharhinidae Sphyrnidae
. . . Other
Carcharhinus | Carcharhinus | Prionace Sphyrna Sphyrna Sphyrna
. . . Carcharh . . Sphyrna spp.
falciformis longimanus glauca inidae zygaena lewini mokarran
Year
silkv shark oceanic blue requiem smooth scalloped great hammerheads
¥ whitetip shark sharks hammerhead | hammerhead | hammerhead nei
2015 540 3 <1 31 32 9 <1 9
2016 488 5 1 35 24 12 5 11
2017 665 4 <1 54 11 8 <1 6
2018 397 3 <1 28 11 <1 6
2019 392 5 <1 26 17 11 1 5
2020 332 4 <1 87 7 13 <1 5
Average 469 4 <1 43 17 10 1 7
Continued
Alopiidae Lamnidae Triakidae
Alopias Alopias Alopias Alopias Isurus Lamnidae Triakidae
pelagicus | superciliosus vulpinus spp. spp. spp. spp.
Y
ear C:‘thcle(r All sharks
mackerel sharks
pelagic bigeye thresher thresher mako sharks, houndsharks
thresher thresher shark shark, nei sharks porbeagles nei
nei
2015 <1 <1 <1 <1 <1 - - 18 645
2016 <1 <1 <1 <1 1 - - 19 602
2017 <1 <1 - <1 <1 - - 16 766
2018 <1 <1 <1 <1 2 - - 5 460
2019 <1 <1 - <1 <1 - - 6 465
2020 <1 <1 - <1 2 - - 3 454
Average <1 <1 <1 <1 1 - - 11 565
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Table 10. Estimated purse-seine OBJ catches in metric tons (t) of rays for size-class 6 vessels with a carrying capacity
>363 t (2015-2020). Data for 2020 are considered preliminary. “Other rays” include Chilean torpedo (Torpedo

tremens), Pacific cownose (Rhinoptera steindachneri), and unidentified eagle rays (Myliobatidae). Adapted from
SAC-12-12, table J-4.
Tabla 10. Capturas OBJ cerqueras estimadas de rayas, en toneladas (t), para buques de clase 6 con una capacidad
de acarreo >363 t (2015-2020). Los datos de 2020 se consideran preliminares. “Otras rayas” incluyen la raya

temblara (Torpedo tremens), raya gavilan dorado (Rhinoptera steindachneri), y aguilas de mar (Myliobatidae) no

identificadas. Adaptada de SAC-12-12, tabla J-4.

Mobula

Mobula Mobula . Mobula Mobula | Mobulida | Pteroplatytrygon | Dasyatidae
, munkiana . . f
Year thurstoni | mobular tarapacana | birostris e spp. violacea spp. Oth | All
’ rays | rays
smoothtail | spinetail munk's chilean giant mobulid L. stingrays,
. . . pelagic stingray .
manta manta devil ray devil ray manta rays, nei nei
2015 <1 3 <1 1 <1 1 <1 <1 - 7
2016 <1 <1 <1 1 4 3 <1 <1 - 10
2017 <1 3 <1 <1 5 7 <1 <1 - 18
2018 <1 3 <1 5 6 <1 <1 - 17
2019 <1 2 <1 <1 4 <1 <1 - 11
2020 <1 2 <1 <1 4 <1 <1 - 11
Average <1 3 <1 2 4 <1 <1 - 12
FAD-05-INF-C Floating object fishery indicators: a 2020 report 35




Table 11. Estimated purse-seine OBJ catches in metric tons (t) of large fishes for size-class 6 vessels with a carrying
capacity >363 t (2015-2020). Data for 2020 are considered preliminary. “Other large fishes” include unidentified
mackerels (Scombridae), luvar (Luvarus imperialis), and large fishes nei (not elsewhere identified). Adapted from
SAC-12-12, table J-5.

Tabla 11. Capturas OBJ cerqueras estimadas de peces grandes, en toneladas (t), para buques de clase 6 con una
capacidad de acarreo >363 t (2015-2020). Los datos de 2020 se consideran preliminares. “Otros peces grandes”
incluyen caballas (Scombridae) no identificadas, pez emperador (Luvarus imperialis), y peces grandes nep (no
identificados en otra parte). Adaptada de SAC-12-12, tabla J-5.

Coryphaenidae | Acanthocybium Elagatis i Caranx Seriola, Molidae
. .. Seriola spp.
spp. solandri bipinnulata spp. Caranx spp. spp.
Year . amberjacks,
. . jacks, X
rainbow amberjacks, jacks, molas,
dorado wahoo . crevalles, i
runner nei nei crevalles, nei
nei
2015 1,167 357 15 6 9 2 6
2016 949 318 26 12 4 7 10
2017 1,557 335 18 12 4 4 8
2018 1,483 230 20 62 9 2 5
2019 1,208 201 21 12 5 3 2
2020 774 127 23 9 2 <1 1
Average 1,190 261 21 19 6 4 6
Continued
Lobotes Sphyraenidae | Lampris | Gempylidae | Bramidae
surinamensis, spp., spp., spp., spp., . .
urt ! PP PP PP PP Other Unidentified "
Year large X All fishes
snake fishes fishes
tripletail barracudas opahs mackerels, P on:;Zets,
nei
2015 2 <1 - - <1 <1 2 1,568
2016 2 <1 - <1 - <1 <1 1,328
2017 5 <1 - - - <1 1 1,944
2018 3 <1 - - - <1 - 1,816
2019 2 <1 - - - <1 <1 1,455
2020 2 <1 - - - <1 <1 940
Average 3 <1 - <1 <1 <1 1 1,509

FAD-05-INF-C Floating object fishery indicators: a 2020 report 36



Table 12. Estimated purse-seine OBJ catches in metric tons (t) of small forage fishes for size-class 6 vessels with a
carrying capacity >363 t (2015-2020). Data for 2020 are considered preliminary. “Epipelagic forage fishes” include
various mackerels and scad (Decapterus spp., Trachurus spp., Selar crumenophthalmus), Pacific saury (Cololabis
saira), and tropical two-wing fly-ingish (Exocoetus volitans). “Other small fishes” include various Tetraodontiformes,
driftfishes (Nomeidae), Pacific chub mackerel (Scomber japonicus), Pacific tripletail (Lobotes pacificus), remoras
(Echeneidae), longfin batfish (Platax teira), and small fishes not elsewhere identified (nei). Adapted from SAC-12-12,
Table J-6.

Tabla 12. Capturas OBJ cerqueras estimadas de peces forrajeros pequefios, en toneladas (t), para buques de clase 6
con una capacidad de acarreo >363 t (2015-2020). Los datos de 2020 se consideran preliminares. “Peces
epipelagicos de forraje” incluyen varias caballas y jureles (Decapterus spp., Trachurus spp., Selar
crumenophthalmus), paparda del Pacifico (Cololabis saira), y volador tropical (Exocoetus volitans). “Otros peces
pequefios” incluyen varios Tetraodontiformes, derivantes (Nomeidae), estornino del Pacifico (Scomber japonicus),
dormilona del Pacifico (Lobotes pacificus), remoras (Echeneidae), pez murciélago teira (Platax teira), y peces
pequefios (nep) no identificados en otra parte. Adaptada de SAC-12-12, tabla J-6.

Small
Auxis spp., istidae, Kyphosidae . . .
uxis spp Ballstlf:lae yphost Epipelagic | Carangidae spp. Other
Year Monacanthidae spp., forage small
bull.et and triggerfishes and fishzs . . fishes
frigate filefishes sea chubs carangids, nei
tunas
2015 177 140 5 6 <1 1
2016 189 416 8 21 <1 3
2017 131 83 3 <1 <1
2018 276 54 10 5 <1 <1
2019 182 57 7 5 <1 <1
2020 437 47 2 3 <1 <1
Average 232 133 7 7 <1 2
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