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Spatio-temporal interactions between whale sharks,
cetaceans and the European tropical tuna purse seine

fishery in the Atlantic and Indian Oceans

Lauriane Escalle’

Introduction

Various natural and anthropogenic threats impact marine
megafauna species worldwide. This denomination for large
marine vertebrates includes several taxonomic groups, such
as mammals, chondrichthyans (sharks and rays), turtles and
seabirds (Lewison et al. 2004). The threats that their popu-
lations have to face consist of target and non-target fishing
or harvesting, habitat destruction, pollution, ship traffic,
pathogens, climate change and non-lethal human interac-
tions (Hoffmann et al. 2010). Yet, in this array of threats
from human activities, the major ones are considered to
be targeted fisheries and bycatch (i.c. incidental capture of
non-targeted species) (Read et al. 2006; Stevens et al. 2000;
Wallace et al. 2011). This overall extensive and increasing
pressure that is applied by humans has led to the decline of
many species, especially species with particular inherent bio-
logical characteristics, such as late maturity, low fecundity

and high longevity (Musick et al. 2000; Zydclis etal. 2009).

In the open ocean, tropical tuna purse seiners actively search
for signs at the surface of the sea that can indicate the pres-
ence of tuna schools. These may include flocks of birds,
the deformation of the water surface that is linked to tuna
feeding behaviour, the presence of floating objects (natural
or artificial) or the presence of marine megafauna species
(i.e. cetaceans, or whale sharks, Rhincodon typus). Indeed,
several marine species, including tropical tunas, aggregate
under any floating object. Some tuna species may also asso-
ciate with marine megafauna species — mainly to feed on
the same prey species. Fishers use these known tuna behav-
iours in order to increase their fishing efficiency. For data
management purposes, the various fishing modes are classi-
fied according to the cues for sighting a tuna school. In the
eastern Atlantic Ocean and the western Indian Ocean, most
fishing sets are made on free-swimming tuna schools (‘free
school set’), or associated with a floating object (natural
or artificial drifting fish aggregating devices ‘FAD set’). In
both oceans, sets are also made in association with cetaceans
and whale sharks. In the 1980s, these megafauna-associated
fishing sets were estimated to represent 8% of the fishing
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sets in the eastern Atlantic Ocean (Stretta and Slepoukha
1986) but little information existed for the Indian Ocean
(Romanov 2002). Nowadays, the whale shark- and whale-
associated modes of fishing are considered relatively rare
and are not well studied.

In the framework of the ecosystem approach to fishery
(EAF) management, the impact of the tropical tuna purse
seine fishery on targeted species — but also on incidentally
captured and encircled species — should be investigated. In
relation to cetaceans and whale sharks, the fact that all these
marine species are referenced in international conventions
for conservation (e.g. the International Union for Con-
servation of Nature, or the Convention on International
Trade in Endangered Species of Wild Fauna and Flora) led
regional tuna fishery organisations (the International Com-
mission for the Conservation of Atlantic Tunas, and the
Indian Ocean Tuna Commission), as well as ecological and
non-governmental organisations, to call for detailed infor-
mation on megafauna/purse seine fishery interactions.

The results presented in this newsletter are extracted from my
PhD, which was completed at the French Instituz de Recherche
pour le Développement in Sete, France between 2013 and
2016 The aims were to investigate the spatio-temporal
interactions (fishing nets set in the vicinity of these species
and potentially lead to encirclement) and/or co-occurrences
(presence in the purse seine fishing grounds) between whale
sharks, cetaceans and the tuna purse seine fishery in the east-
ern Atlantic and western Indian Oceans, and to assess the
potential impacts on the species that are involved. To address
these objectives, I have mainly used fishery data from Euro-
pean fleets (France and Spain): i) logbook records systemati-
cally filled out by vessel captains since 1980; and, ii) data from
scientific observers onboard fishing vessels since 1995 (con-
tinuous data collection programmes since 2003). Observers
tend to record more detailed and complementary informa-
tion than captains. However, the number of purse seiners that
carried an observer onboard was historically low (<10%), but
has increased to 100% in the Atlantic Ocean and ~40% in the
Indian Ocean since 2014.
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Interactions between whale sharks and
the tropical tuna purse seine fishery in the
Atlantic and Indian Oceans

Whale shark sightings have mainly been recorded by cap-
tains and onboard scientific observers when directly inter-
acting with purse seine fisheries, i.e. when whale sharks
are encircled in tuna purse seine nets. According to these
records, ~1,5% of all fishing sets were made in association
with whale sharks in both oceans (8650 fishing sets recorded
between 1980 and 2011 in the logbook datasets and 180
between 1995 and 2011 in the observer datasets) (Capi-
etto et al. 2014). Whale shark-associated sets were mostly
incidental, given that whale sharks were not seen prior to
the setting of the net. Distribution maps of sightings per
unit of effort (SPUE) highlight main areas of interactions
between fisheries and whale sharks: i) in the coastal area
from Gabon to Angola in the Atlantic from April to Sep-
tember; and, ii) in the Mozambique Channel in the Indian

Ocean between April and May (Figure 1a). The incidence
of apparent whale shark mortality due to fishery interac-
tion is low (two of the 145 whale sharks encircled by the net
between 1995 and 2011 died, i.c. 1.38%) (Figure 1b). Post-
capture mortality rates in the longer term have then been
investigated using pop-up archival tags. In 2014 and 2016,
cleven large whale sharks (8-12 m in length) that were
encircled in tuna purse seine nets were tagged before being
released, in the area of the Atlantic Ocean and at the period
that had been previously identified as having the highest
rates of whale shark encirclements. These whale sharks were
released from the encircling purse seine nets using, when
possible, a ‘good practice’ method (see Escalle et al. 2016
for details). Seven individuals survived at least 21 days after
release, three tags detached after 3 and 7 days and the fate
of these individuals remains unknown, and one tag failed to
provide a report. Although the sample size remains limited,
the results indicate high post-encirclement survival rates.
The tagging of additional individuals, including juveniles,
should be pursued worldwide, such as in the Pacific and
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Figure 1. a) Distribution maps of sighting per unit effort (SPUE) of whale sharks in the Atlantic and
Indian Oceans from 1980 to 2011 (logbook data) estimated using Poisson kriging. b) Distribution of
sightings, encirclements and mortalities of whale sharks in the Atlantic and Indian Oceans from 1995
to 2011 (scientific observers’data). (source: Figure 1 in Capietto et al. 2014).
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A whale shark (Rhincodon typus) stranded in a closed purse seine (image: L. Escalle, ©Orthongel-IRD, 2014).

Indian Oceans, to precisely assess whale shark post-release
survival rates in tuna purse seine fisheries and to develop, if
needed, management measures to limit fishery impact on
whale shark populations.

Interactions between cetaceans and tropical
tuna purse seine fisheries in the Atlantic and
Indian Oceans

As was done for whale sharks, the co-occurrence and inter-
action between various cetaceans species (divided in three
groups: baleen whales, dolphins and the sperm whale
Physeter macrocephalus) and tuna purse seine fisheries has
been studied in the Atlantic and Indian Oceans. In these
oceans, the majority of cetacean sightings involved baleen
whales (94% of the cetacean sightings recorded in the log-
book dataset), which are mostly observed during a fishing
set and therefore are directly interacting with purse seine
fisheries. In both oceans, whale-associated fishing sets repre-
sented ~3% of all fishing sets (14,900 fishing sets recorded
between 1980 and 2011 in the logbook dataset, and 450
between 1995 and 2011 in the observer dataset) (Escalle
et al. 2015). Baleen whales are, however, rarely encircled,
as most of the time they escape by themselves by diving
before the closure of the net or by going through the net.
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It should be noted that in the case of whale-associated fish-
ing, the sets are intentional in the way that fishing crews use
baleen whales as indicator of tuna schools before setting
nets in their vicinity. While dolphins are also present in fish-
ing areas, very few interactions with fisheries were detected
(258 and 85 dolphin-associated fishing sets recorded in the
logbook and observer datasets), which highlights the strik-
ing difference between the eastern Pacific Ocean where half
the sets are associated with dolphin pods (Hall 1998). Dis-
tribution maps of cetacean SPUE highlighted main areas
of relatively high co-occurrence: i) east of the Seychelles
from December to March); ii) the Mozambique Channel
from April to May; and, iii) offshore waters of Gabon from
April to September (Figure 2a). Finally, the mortality of
eight pantropical spotted dolphins (Stenella attenuata) and
three humpback whales (Megaptera novaeangliae) has been
recorded by observers in the Atlantic Ocean (Figure 2b)
leading to relatively low immediate apparent mortality rates
following encirclement (Atlantic Ocean: 8%, Indian Ocean:
0%). These high survival rates suggest setting nets close to
cetaceans has a low immediate apparent impact on the spe-
cies involved. It is important to note that the non-lethal
impacts of cetacean-associated sets have not been assessed
and would be very difficult to measure. Overall, these find-
ings, as those related to whale sharks, should contribute to
the development of EAF management and accurate ceta-
cean conservation measures.




Spatio-temporal interactions between whale sharks, cetaceans and the European tropical tuna purse seine fishery in
the Atlantic and Indian Oceans
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Humpback whale (Megaptera novaeangliae) encircled in a purse seine (image: L. Escalle, ©Orthongel-IRD, 2014).
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Figure 2 a) Distribution maps of Sighting Per Unit Effort (SPUE) of all cetaceans combined, in the
Atlantic and Indian Oceans from 1980 to 2011 (logbook data) estimated using Poisson kriging.
b) Distribution of sightings, encirclements and mortalities of cetaceans in the Atlantic and Indian
Oceans from 1995 to 2011 (scientific observers’data). (source: Figure 2 in Escalle et al. 2015).
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Environmental factors and megafauna
spatio-temporal co-occurrence with tropical
tuna purse seine fisheries

Following the identification of specific areas and periods
with high whale shark and cetacean co-occurrence with
purse seine fisheries, it was then relevant to investigate
possible links between these main areas of co-occurrence
and specific environmental conditions. In fact, various
environmental variables such as water temperature or pri-
mary production may directly influence the distribution of
megafauna species, as well as tuna distribution (and there-
fore fishery distribution), or indirectly affect them through
influences on the distribution of their prey. To investigate
these hypotheses, we analysed a ten-year (2002-2011) data-
set from logbooks in the Atlantic and Indian Oceans, with
the aim of identifying the principle environmental variables
under which the megafauna/fishery co-occurrence appears.
We applied statistical models (Delta-model approach using
Generalized Additive Models and Boosted Regression Trees
models) separately by ocean and megafauna group. The vari-
ables that contributed most in the models were chlorophyll-
a concentration in the Atlantic Ocean, as well as depth and
monsoons in the Indian Ocean (Escalle et al. 2016¢). It was
therefore highlighted that high co-occurrence between
whale sharks, baleen whales and tuna purse seine fisheries
were mostly observed in productive areas during the par-
ticular seasons that are previously mentioned, which was
expected as both megafauna groups are filter feeders.

Management considerations

Management conservation measures for whale sharks and
cetaceans have been implemented in the Indian Ocean
(resolution IOTC 13/04 and 13/05), which prohibit the
intentional setting of purse seine nets around these animals.
This has been implemented due to the ecological impor-
tance and vulnerability of these species, as shown by their
inclusion in various conservation lists. It should be noted
that as whale sharks are often not seen prior the setting of
the net, this measure will have relatively low consequences
on the number of encirclements and ‘good practice’ meth-
ods that are carried out to release encircled whale sharks
should be mandatory in case of incidental encirclements.
On the contrary, no conservation measures toward whale
sharks and cetaceans exist in the Atlantic Ocean. To investi-
gate the consequences that such measures may have on the
number of megafauna-associated fishing sets, as well as on
the tuna catch and bycatch, we simulated the ban of whale
or/and whale shark-associated fishing sets in both oceans.
These could lead to an increase in the number of FAD and
free school sets but no change in the tuna catch, as well as
a slight decrease in bycatch (Escalle et al. 2016a). Similarly,
management measures toward FAD fishing (no take zones
or moratoria, i.c. area and period where all FAD activities
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are prohibited) have been implemented in both oceans to
protect stocks of tropical tunas. However, the fishing effort
relocation toward other fishing modes (ie. free school,
whale-associated and whale shark-associated fishing sets)
may lead to increasing impacts on encircled megafauna spe-
cies, but also on bycatch species. The potential side effects
and consequences of these FAD fishing management meas-
ures were therefore also investigated. Real and simulated
(larger and longer than the existing ones) FAD moratoria
showed limited impacts on the number of megafauna-asso-
ciated fishing sets. This is due to the fact that in both oceans
the main FAD fishing seasons and areas do no correspond
with the areas and periods with higher megafauna-associ-
ated fishing sets (Escalle et al. 2016a, 2017). However, the
large six-months FAD moratoria that have been simulated
in each of the oceans could be beneficial for juvenile tuna
and some bycatch species, by highly decreasing the num-
ber of FAD-associated fishing sets at the scale of the whole
ocean during a fishing year (Escalle et al. 2017). Neverthe-
less, it should be noted that contrasted results were found
depending on the ocean and the fleet considered (..
French or Spanish).

Conclusion and comparison with the Western
and Central Pacific Ocean (WCPO)

Overall, this study led to an increase in the knowledge on
megafauna/fishery interactions, which is essential for the
general framework of setting up EAF management in for
tropical tuna purse seine fisheries. While megafauna-asso-
ciated fishing sets were relatively high before 2000 in the
Atlantic and Indian Oceans they have become less frequent
in recent years. However, whale shark- and baleen whale-
associated fishing sets are localised in specific areas and
periods that are characterised by highly productive envi-
ronments. In addition, in the Atlantic and Indian Oceans,
purse seine fisheries appear to have a relatively low appar-
ent impact on these megafauna species. In relation to whale
sharks, post-release mortality rates also appear low but addi-
tional studies are needed to precisely estimate survival in
the longer term. In relation to baleen whales, while encircle-
ment and mortality rates appear low, the non-lethal impacts
of whale-associated fishing sets have not been assessed.
However, given the ecological importance and vulnerabil-
ity of these species, intentional setting of purse seine nets
around whale sharks and cetaceans has been prohibited in
the Indian Ocean.

In the Western and Central Pacific Ocean (WCPQ), whale-
and whale shark-associated fishing sets have also been
recorded. Whale shark-associated sets represent 0.3-0.7%
and whale-associated sets 1.6-2.5% of the total number
of sets performed between 1980 and 2014 (Molony 2005;
WCPFC 2010; Clarke 2015). These megafauna-associated
fishing sets are mostly located in the Papua New Guinea
Economic Exclusive Zone (i.e. Bismarck and Solomon
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Seas) (WCPFC 2010). In addition, onboard observers have
recorded the mortality of two Bryde’s whales (Balaenop-
tera edeni) between 2007 and 2010 (WCPFC 2010) and
88 whale sharks between 2007 and 2014 (WCPFC 2010;
Clarke 2015). This corresponds to apparent mortality rates
of 6% for baleen whales and 7—14% for whale sharks, which
is higher than in the Atlantic and Indian Oceans. This has
prompted the Western and Central Pacific Fisheries Com-
mission (WCPFC) to ban the intentional setting of nets
on cetaceans and whale sharks since January 2013 (CMM-
2011-03) and January 2014 (CMM-2012-04), respectively.
In addition, WCPFC has drafted ‘good practice’ method
guidelines on how to release whale sharks that are inciden-
tally encircled.

References

Capietto A., Escalle L., Chavance P., Dubroca L., Del-
gado de Molina A., Murua H., Floch L., Damiano
A., Rowat D. and Meérigot B. 2014. Mortality of
marine megafauna induced by fisheries: Insights
from the whale shark, the world’s largest fish. Bio-
logical Conservation 174, 147-151. doi:10.1016/j.
biocon.2014.03.024

Clarke S. 2015. Understanding and mitigating impacts to
whale sharks in purse-seine fisheries of the Western
and Central Pacific Ocean. WCPFC Scientific Com-
mittee SC11-2015/EB-WP-03. 10 p.

Escalle L., Capietto A., Chavance P., Dubroca L., Delgado
De Molina A., Murua H., Gaertner D., Romanov
E., Spitz ], Kiszka J.J., Floch L., Damiano A. and
Meérigot B. 2015. Cetaceans and tuna purse seine
fisheries in the Atlantic and Indian Oceans: Interac-
tions but few mortalities. Marine Ecology Progress

Series 522:255-68. doi:doi:10.3354/meps11149

Escalle L., Gaertner D., Chavance P., Molina A.D. de, Ariz
J. and Meérigot B. 2016a. Consequences of fishing
moratoria on catch and bycatch: The case of tropi-
cal tuna purse-seiners and whale and whale shark

associated sets. Biodiversity Conservation 25:16-37.
doi:10.1007/s10531-016-1146-2

Escalle L., Murua H., Amande J M., Arregui L., Chavance
P, Delgado de Molina A., Gaertner D., Fraile I,
Filmalter J.D., Santiago J., Forget E, Arrizabalaga
H., Dagorn L. and Mérigot B. 2016b. Post-capture
survival of whale sharks encircled in tuna purse-
seine nets: tagging and safe release methods. Aquatic

Conservation: Marine and Freshwater Ecosystems.
doi:10.1002/aqc.2662

Escalle L., Pennino M.G., Gaertner D., Chavance P., Del-
gado de Molina A., Demarcq H., Romanov E. and
Merigot B. 2016c. Environmental factors and mega-
fauna spatio-temporal co-occurrence with purse-
seine fisheries. Fisheries Oceanography 25:433-47.
doi:10.1111/fog.12163

Escalle L., Gaertner D., Chavance P., Delgado de Molina
A., Ariz ]. and Mérigot B. 2017. Forecasted conse-
quences of simulated FAD moratoria in the Atlan-
tic and Indian Oceans on catches and bycatches.
ICES Journal of Marine Science 74 (3):780-92. doi:
10.1093/icesjms/fsw187

Hall M.A. 1998. An ecological view of the tuna-
dolphin  problem: impacts and trade-offs.
Review in Fish Biology and Fisheries 8:1-34.
doi:10.1023/A:1008854816580

Hoffmann M., Hilton-Taylor C., Angulo A., Bchm M.,
Brooks T.M., et al., 2010. The impact of conservation
on the status of the world’s vertebrates. Science (80-)
330:1503-1509. doi:10.1126/science.1194442

Lewison R.L., Crowder L.B., Read A.J. and Freeman S.A.
2004. Understanding impacts of fisheries bycatch on
marine megafauna. Trends in Ecology and Evolution
19:598-604. doi:10.1016/j.tree.2004.09.004

Molony B. 2005. Estimates of the mortality of non-target
species with an initial focus on seabirds, turtles and
sharks. WCPFC Scientific Committee SC1-2005/
EB-WP-01. 84 p.

Musick J.A., Burgess G., Cailliet G., Camhi M. and Ford-
ham S. 2000. Management of sharks and their

relatives  Elasmobranchii.  Fisheries  25:9-13.
doi:10.1577/1 548—8446(2000)025<0009:MOSAT
R>2.0.CO;2

Read A, Drinker P. and Northridge S. 2006. Bycatch
of marine mammals in US and global fish-
20:163-69.

eries. Conservation Biology

doi:10.1111/j.1523-1739.2006.00338.x

Romanov E.V. 2002. Bycatch in the tuna purse-seine fish-
eries of the western Indian Ocean. Fishery Bulletin
100:90-105.

Stevens ].D., Bonfil R., Dulvy N.K. and Walker P.A. 2000.
The effects of fishing on sharks, rays, and chimae-
ras (chondrichthyans), and the implications for
marine ecosystems. ICES Journal of Marine Science
57:476-94. d0i:10.1006/jmsc.2000.0724

Stretta J.-M. and Slepoukha M. 1986. Analyse des facteurs
biotiques et abiotiques associés aux bancs de listaos.
Proceedings of the ICCAT Conference on the Inter-
national Skijack year Program 1:161-69.

Wallace B.P., DiMatteo A.D., Bolten A.B., Chaloupka M.Y.,
Hutchinson B.J., et al. 2011. Global conservation
priorities for marine turtles. PLoS One 6, €24510.
doi:10.1371/journal.pone.0024510

WCPFC. 2010. Summary information on whale shark and
cetacean interactions in the tropical WCPFC Purse
seine fishery. WCPFC Summary Report of Regular
session WCPFC7-2010-IP/01. 8 p.

Zydelis R., Wallace B.P., Gilman E.L. and Werner T.B. 2009.
Conservation of marine megafauna through mini-

mization of fisheries bycatch. Conservation Biology
23:608-616. doi:10.1111/j.1523-1739.2009.01172.x

35





