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Abstract

Sea turtles are long lived marine species thatanmently endangered because
their life history and population dynamics hindeerm from withstanding modern
anthropogenic threats. Worldwide, fisheries bycatabn the major threats to the
survival of sea turtles and that is also the caghe Eastern Pacific. To establish regional
conservation priorities for the mitigation of byclat it is essential to first obtain a
comprehensive picture of the regional sea turteaiph situation. This comprehensive
analysis was lacking for the Eastern Pacific; tfttgeeone component of this dissertation
(the first chapter) is focused on delivering a oegil bycatch analysis for the Eastern
Pacific. A literature review was conducted to obtaiimbers of turtles captured,
frequencies, bycatch and mortality rates per sgeae country in trawl, longline, and
gilinet fisheries, and to compile results of mitiga measures. Moreover, estimates for
current annual capture rates in trawl fisheriesewadtained and compared with
population numbers.

This regional bycatch used all the information cdetpand synthesized to give
conservation priorities at the regional level. Teeiew underlines the high bycatch rates
in trawls for Costa Rica, Guatemala, and El Salvadal the detrimental impact that
these captures could have specially for hawk&sdtmochelys imbricatdue to its
reduced population numbers and for green t@tielonia mydaslue to its highest
mortality rate. It also emphasizes the continuagk bf use of TEDs as a bycatch

mitigation measure. In longline fisheries, the esvidentifies the high bycatch rates in
v



pelagic longline fisheries of Costa Rica, Ecuadod Nicaragua in a global context but
given that olive ridley.epidochelys olivaces the most common species captured in
these countries, it highlights the capture of labgadCaretta carettaand leatherback
Dermochelys coriaceaff Peru and Chile due to their small populatiamyers. Bottom
longlines have high mortality rates compared wethagic longlines in the region and the
review identifies a need for further research is trea due to the scarce information but
high mortality rates. The review also noted thamhsanitigation measures for pelagic
longlines like circle hooks and hooks with apperegagould bring improvements in the
mitigation of bycatch in longline fisheries in thegion, there is still considerable work to
be done in technology transfer, sea turtle handing estimates of post-release mortality
rates.

For gilinet fisheries, the most important highlighhow little information exists
for the region given the high rates of bycatchsfea turtles in this gear. However, the
difficulties of studying bycatch in highly dynamand artisanal fisheries are recognized
as the major impediment for this situation. Neveleks, the high bycatch rates in areas
where sea turtles congregate in high numbers fikeraging grounds for loggerhead in
Baja California, Mexico and for greens in Paragas Sechura, Peru, calls for either gear
modifications (which has not been that successthidnge of gear, or areas closed for
gilinets.

The second half of the dissertation is focusedooading ecology of oceanic sea

turtles in the Southeast Pacific Ocean. Sea turilése oceanic stage are the least known
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stage due to the difficulty of accessing theseviddials. However, it is a very important
stage in the life cycle and can be critical for pogulation dynamics of sea turtles as
some population models have shown. Thereforedibgertation is filling a gap in the
life cycle of sea turtle populations in the Easteatific.

To study foraging ecology, we used Stable Isotopalysis (SIA) of turtle tissues
as well as potential prey items from the ocearsdnmne SIA is a great tool because it gives
an integrated view, from days to weeks, of preyrfiaconsumer tissue. SIA also can be
used to link consumers to habitats when elemeatdidive spatial trends are used. In
chapter two, we investigate the foraging ecologthoée species of sea turtles to
compare trophic status and to observe if spatid@kpe were shown in the SIA signatures
of sea turtles. To our knowledge this is the fstsidy employing SIA to research the
ecology of three species of sea turtles from tineesame and space. Our results show
that spatial patterns if°N and °C were observed in sea turtle’s tissues as coiwakat
with latitude. We also found that loggerhead’s aitgines differed significantly from
green and olive ridleys, especially in terms GN. Loggerheads had higher values of

>N and also a wider nitrogen trophic niche. Grearsdalive ridleys were similar in
isotopic nitrogen values but they were significaulifferent in carbon. When analyzing a
smaller group of animals captured in a more rdsuiarea, nitrogen differences were not
found which suggests that latitudinal spatial pagelay an important role in the
nitrogen signature. On the contrary, carbon sigeatstill differed among turtles in the
restricted area which suggest that the inshordroféstrend is strong and made us
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conclude that loggerheads are restricted to ocemaas but that greens and olive ridleys
could be using both coastal and oceanic areas.

In chapter three, we conduct a mixing model analysing the Bayesian program
SIAR to identify the most important prey items @yeen, olive ridley, and loggerhead off
Peru. Also, we wanted to identify the contribut@riongline baits in the diet of oceanic
turtles. The analysis was restricted to the ceatvak of our study area to avoid spatial
trends in nitrogen. To use as sources in the madetollected potential prey items
offshore Peru during trips on longline fishing va@ssand obtained their stable isotope
signatures. Results from our mixing models showfithagreens and olive ridleys,
crustaceans, mollusks, and coaktisla (indicator of coastal prey) were the only
important food items. In the case of greens, cogstas had a very high proportional
contribution and due to the fact that nitrogen ealof crustaceans were the lowest ones
among the sources it seems that greens would lvgy @ata lower trophic level. The
importance of coastéllva for greens and olive ridleys is a confirmatioroaf findings
from chapter two where we suggest that these twoigp could be using oceanic as well
as coastal areas.

Results for loggerheads showed cnidarians, moljuskskerel and squid bait as
foraging items and highlights the differences amthng species and the other two. The
lack of importance of coasthllva again suggests that loggerheads remain only in
oceanic areas off Peru. Moreover, the importanceafkerel and squid, the most
common longline baits, suggests this species istieanteracting the most with longline
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fisheries and that cumulative effect of multipléeiractions could have a detrimental

effect in this population.
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1. Bycatch of sea turtles in the Eastern Pacific: a
regional review

1.1 Introduction

Bycatch is generally the unintentional capture rgiamisms while fishing for (a)
target species but it also includes discards ofdhget species (Crowder and Murawski
1998). Bycatch can be composed not only by fislstaiceans, and mollusks but also of
large air breathing vertebrates like seabirdsjseies, and cetaceans. Also, juveniles of
the target species are usually considered byc&tmme fishing gears have small amounts
of bycatch, but others like trawls have large antewf bycatch because of its lack of
selectivity for target species.

Sea turtles are long lived species with slow groanttl slow maturation that had
been able to adapt to a changing world for 10sithioms of years. Nowadays all extant
species of sea turtles are taken as bycatch imomany fishing gears (Frazier et al.
2007). Bycatch is a recent threat for these orgamiand it increased in intensity in a
short period of time is leaving sea turtles wittlditime to adapt and many populations
became endangered because of interactions witbrigsh(Eckert and Sarti 1997,
Crowder and Heppell 2011). For this reason, itipartant to study bycatch of sea turtles
in order to identify the capture and mortality lpmtts and to concentrate mitigation
efforts in these areas.

Despite many local and national efforts to studyititidental capture of sea
turtles in the Eastern Pacific (EP), a comprehensgional study is lacking. In order to
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fill in this gap and to understand the impacts ydich on the EP populations, we began
this study. Our aim was to obtain a comprehensie® wf sea turtle bycatch in the

region and determine the fisheries that are hathiadiggest impacts on sea turtle
populations. We compiled all available bycatch infation (total bycatch numbers,
bycatch rates, mortality rates, developmental stagetured, use of mitigation measures)
for various species and fisheries within the reggmour conclusions reflect only the
accessible data. The fishing gears included ingliw are: trawls, longlines, and gill

nets/entanglement nets/trammel nets. No pursessdia@s, or other gears are included.

1.2 The study area

The Eastern Pacific for this review was definedh&socean that extends to the
west of the coastlines of the eleven Latin-Americaantries in the Pacific basin until the
meridian 120° West. These countries are Mexicot&uala, El Salvador, Honduras,
Nicaragua, Costa Rica, Panama, Colombia, Ecuaéon, Bnd Chile (Figure 1). The
study area includes 4 large marine ecosystemsfo@ah Current, Gulf of California,
Pacific Central American Coastal, and Humboldt €ntywhose oceanographic

characteristics are different and particular.



Figure 1: Map of the study area showing the countas included in the review (in green), and
their Exclusive Economic Zones or Territorial Seagin skyblue).



1.3 Sea turtles in the Eastern Pacific

In the Eastern Pacific, five species of sea tudlasir: Green turti€helonia
mydas Loggerhead turtl€aretta caretta Hawksbill turtleEretmochelys imbricata
Olive ridley Lepidochelys olivaceand Leatherback turtBermochelys coriaced hese
species have different distributions with some emgassing the entire study area and
others only half of it. The specific ecology andlbgy of each species is particularly
important in determining the fishing gears with erhthey most often interact.

The green turtle has the widest distribution inEastern Pacific, from California
(outside of the study area) in the north to thigudé of Punta Arenas, 53.15°S, in Chile
(McDonald and Dutton 1990, Troncoso and Urbina 20GTreen turtles in the EP seem
to belong to the same population as evidenced bgtgeanalysis conducted in several
nesting beaches and marine habitats (Chassin-Rbalk 2004, Velez-Zuazo and Kelez
2010) although there are occasionally wanderetsidnge been found in the central north
Pacific (Dutton et al. 2008). The trend of this fdpulation has been determined as
declining based in the last data available fortéthe most important rookeries in the
region, the Galapagos Islands in Ecuador and Micdmoan Mexico (Seminoff 2004).

The leatherback turtle is also widely distributedhe Eastern Pacific ranging
from California in the north to Chiloe Island (48°3) in the south of Chile (Pritchard
1980, Frazier and Brito 1990, Starbird et al. 198&ti et al. 2007). There is evidence
from satellite tags and genetic analysis to supibaitleatherbacks distributed from

Mexico to Chile belong to the same population (Ecked Sarti 1997, Dutton et al.
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1999, Shillinger et al. 2008) while the ones fowfidCalifornia belong to the Western
Pacific population (Dutton et al. 2000). Howevéere seems to be some population
mixing because around 16.3% of individuals foun&auth America seem to come from
Western Pacific origin and there are also sométiftom EP origin around Hawaiian
Islands (Dutton in Sarti et al. 2000). The EP ledthck population is in a very critical
situation as observed in the nesting records ofrtbst important rockeries in Mexico
and Costa Rica which have been declining for &t lv@o decades (Spotila et al. 1996,
Spotila et al. 2000, Reina et al. 2002, Santidfiamillo et al. 2007, Sarti et al. 2007).
Olive ridley turtles seem to be the most abundpaties in the Eastern Pacific
ranging from Mexico to Punta Lavapie (37.09°S) ml€ (Cliffton et al. 1982, Troncoso
and Urbina 2007). Genetic analysis of turtles istimg beaches and also of aggregations
of turtles in foraging areas suggest all turtlethm EP belong to the same population
(Bowen et al. 1998, Brisefio-Duefias 1998, CamachseMera et al. 2008, Velez-Zuazo
and Kelez 2010). However, there seems to be someglaphic independence in a
short-time span among rookeries like Nancite antib@al in Costa Rica, Baja
California, and mainland Mexico - Escobilla and ttkeer arribada beaches in Jalisco and
Guerrero, Mexico (Lopez-Castro and Rocha-Oliva@352 Bernardo and Plotkin 2007).
Nevertheless, from Mexico to Chile all olive ridéestre considered one population
(Wallace et al. 2010). In spite of being very atbamt, its population seems to be

declining in the Eastern Pacific based on nest&agnds analyzed during the last IUCN



Marine Turtle Specialist Group global assessmetthisfspecies (Abreu-Grobois and
Plotkin 2007).

The hawksbill turtle in the Eastern Pacific isicatly endangered (Mortimer and
Donnelly 2008). It ranges from Mexico to Peru (Bd&rown and Brown 1982, Seminoff
et al. 2003). Genetic studies show that the EP bhilVkurtles belong to the same
population (Zuniga et al. 2010). Higher abundarazesound in Mexico and Central
America with highest nesting records in El Salva@&aos et al. 2010, Liles et al. 2011).

The fifth sea turtle species in the EP is the lolggad. This species is markedly
different from the rest in three ways. First, thisrao loggerhead nesting beaches along
the entire Pacific coast of South America, Cenrakrica, or North America. Second,
the individuals that occur in the EP are geneljalgniles or subadults that were born in
the other side of the Pacific Ocean. And thirdreéhere two distinct populations, the
north Pacific with rookeries in Japan and juvefol@ging sites extending to Hawaii and
Baja California and the south Pacific populatiothwbokeries in Australia and New
Caledonia and juvenile foraging sites that reaatn Bad northern Chile (Bowen et al.
1995, Kelez et al. 2003, Seminoff et al. 2004, Batl al. 2009). The loggerhead
populations were severely declining during the E&0d 1990s (Kamezaki et al. 2003,
Limpus and Limpus 2003). Since 2000 the north paoiiokeries in Japan were showing
an increasing trend until 2006 when a deep droproed. However in 2007 the
population increased again but they are still fanf past levels (Conant et al. 2009). The

south Pacific populations in Australia also staghdwing an increase in the number of
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females nesters since 2000 but data has not beds pudlic after 2003 so the current
trend is not known (Limpus 2008, Conant et al. 2008erefore, considering the most

updated information the two Pacific populations stk considered at risk of extinction.

1.4 Results
1.4.1 The sources

Our review includes 97 sources that are journatled, reports, book chapters or
symposium abstracts. Most of the studies focus quaatitative measure of bycatch, but
some that only mentioned bycatch were included whennteraction mentioned (among
a specific species and a specific gear in a spemiiuntry) that was not reported
elsewhere. Data from sources were added to a dataipacifically design for the
bycatch review by Project GIoBAL and were separatetifferent entries for each
species and gear depending on the degree of déthi bycatch report. When data from
one source was included in a more recent sourceise® the more recent source.
Honduras was mentioned only once in the literatevéeewed and this may be due to its
small marine territory in the Pacific and the ladkbycatch information even though the
Gulf of Fonseca seems to be an important areadwksbills. As a consequence, we

focus mainly on data from 10 countries rather thams initially planned.



1.4.2 Legal protection of sea turtles

To put bycatch into perspective, we reviewed tistony of protection by the
countries in the region, including the prohibitioihcapture, killing, and sale of turtles
(but not their eggs). This information is partialyamportant when reviewing
information about captures and landings of turtlesotection to sea turtles started to
occur in the EP in the 1980s (Table 1). In thisadiecGuatemala protected all sea turtles,
eight other countries joined them in the 1990s, @osta Rica was the last one to do it in
2002. Nicaragua is a special case in the regioausecthey only fully protect
leatherbacks, hawksbills, loggerheads, and Pagiéens while olive ridleys and
Caribbean greens are still captured legally follmywpen and closed seasons. As a
comparison, US gave legal protection to all setetgpecies in 1973 with the

Endangered Species Act, around nineteen yeargetirdin most EP countries.

Table 1: Years when Pacific Latin-American countries gave full protection to sea
turtles (does not includes protection to eggs)

Prohibition to capture turtle | yeai
Guatemal 1981
Ecuador 1990
El Salvador 1990
Mexico 1990
Colombia 1991
Chile 1992
Panama 1995
Peru 1995
Nicaragua 1999*
Costa Rica 2002

*Nicaragua only protects leatherbacks, hawkshtjgerhead and Pacific greens

8



1.4.3 Trawl fisheries
1.4.3.1 Fishery description and fishing area

Trawling fisheries in the EP generally target shr&nbut also some fishes.
Targeted shrimps can be divided in two groups deipgon fishing depths: shallow and
deep. Shallow species like white shriliifppenaeuspp, brown shrimp
Farfantepenaeus californiensigink shrimp Farfantepenaeus brevirostris, amghiimp
Xiphopenaeus rivetare targeted generally at depths from 9 to 85 dnd&ep species
like nylon shrimpdHeterocarpusspp and the titi shrim@Solenocera agassizii
Rimapenaeus byrdiom 100 to 1000 m (INP 2000b, Ulloa 2003, Gug&r2004,
Bolafios 2005).

Industrial trawling for shrimp in the EP startediwe 1950’s and grew rapidly
during the 1980s and 1990s. Trawling for shrimgeeas mainly from Mexico to
Ecuador. In Peru, this fishery is very small andstmined to the northernmost areas
with higher efforts occurring during El Nino yeahs.Chile, trawling is important but
they only target deep shrimp species like the slplsterCervimunida johnand the
pelagic red craPleuroncodes monodan depths that range from 150 — 300 m (Palma
1994). Peru and Chile also trawl for South PadiikeMerluccius gayand other fish
species at depths ranging from 50 to 500 m (Waoa+Mendo and Guevara-Carrasco
2000).

Spatially, the extents of bathymetric ranges ideathallow and deep shrimping
are shown in the map in Figure 2, where the areasange for shallow shrimps and the
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areas in red for deep shrimp. These areas withp@ieceof the offshore areas (e.g.
around Galapagos, Cocos ridge or Carnegie ridgendeed the areas most trawled.
This is also evidenced by the presence of the mygstrtant trawling ports, which are
located close to areas for shallow shrimping (Fégzix. Due to the proximity of the
Middle America and the Peru-Chile trench to thestloze of the Americas, the areas
ideal for shrimping are not as extensive as forgda the ones in the Gulf of Mexico
and are concentrated very close to the coast.lifilied extension will create a higher

density of neritic turtles and trawler vessels Wwhaall overlap a higher degree.

* Ports
bathymetry (m)
[o--85
I 55 - 1,300

Figure 2: Areas bathymetrically ideal for shallow prange) and deep (red) shrimp
trawling. Black dots are the most important shrimptrawling ports.
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1.4.3.2 Bycatch numbers, rates and mortality

The total number of sources that included some rdddited to sea turtle bycatch
by trawlers was 32. From this total, two sourcderr® strandings attributed to bycatch
in trawls (Juarez and Muccio 1997, Alava et al.20@nd seven sources do not give any
numerical data about the incidental capture (@liffet al. 1982, Green and Ortiz-Crespo
1982, Hays-Brown and Brown 1982, Araya 2006, Za2@@6, Ordonez and Duchez
2007, Gaos et al. 2010). The remaining sources usad to tally observed bycatch
events and to summarize bycatch rates and estimsatinfortunately, most of the
information containing bycatch rates from the ERasn the 1990s, before mitigation
measures were required. The sources were publsttacten 1982 and 2009 and include
data collected from 1973 to 2009.

In Table 2, there is a summary of the abundantieemecords for each species of
sea turtle and each country. Olive ridley is bythar species with the highest quantity of
records which is not surprising giving the abundaotthis species in the EP (Eguchi et
al. 2007). On the contrary, loggerheads and leb#uoss are rarely mentioned as bycatch
in trawl fisheries. The low abundance of loggertseanld leatherbacks must be related to
their pelagic nature given the fact that all lodigeds in the EP are juveniles or subadults
and rarely come to neritic areas (but see Semetadf. 2004, Peckham et al. 2007) and
that leatherbacks only come close to the coasa@accasions when strong currents
push gelatinous plankton towards coastal areadli(fgler et al. 2008). The countries
with fewer records are Panama with none, Peru anitit one mention of bycatch in the
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north of the country (Hays-Brown and Brown 1982)jl€ with one record of
leatherbacks captured in a South Pacific hake t{Bwvitto 2001) and Ecuador with two
records that only mention that the interaction es¢Green and Ortiz-Crespo 1982,
Zarate 2006). In general, the species with thedsgbapture records in the EP is olive
ridley, followed by a lesser degree by green tuatld hawkshbill.

A total of 767 turtles have been reported as ind@éy captured in trawl fisheries
in the EP (Table 3). From this, at least the 39% £99) died. The precise number of
mortalities was not able to be calculated becaosessources did not report the fate of
the turtles captured. As in the abundance of re;aidve ridleys are the majority of the
total identified individuals representing the 87,9&hile green, hawksbill, and
leatherback are the 11.1%, 0.9% and 0.1% respéctiVable 3). The low capture of
hawksbills (Table 3) is explained by the low nunsbef this EP population which is why
this species has been considered rare in the regioa the 1980s (Gaos et al. 2010). In
the case of Ecuador, if we consider all the stragelreported in Alava et al (2005) as
trawl bycatch, then Ecuador will add 1686 olivdeys, 76 greens, 11 hawksbills, 1
leatherback and 87 unidentified turtles to the ¢oah but three turtles included in Table
3 were captured by industrial shrimp trawlers. Thttsee turtle records were captured
by artisanal trawlers in Colombia (Gomez-Cubillosl &morocho 2008). Also, 17 hauls
of artisanal trawlers in Peru were observed builted in no capture of sea turtles

(Caceres-Bueno et al. 2010).
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Table 2: Abundance of records of bycatch in trawlper country

Countny Olive ridley Greer Hawksbil Loggerhea: Leatherbac
Mexica high low low low

Guatemala high low low
El Salvador high low low

Nicaragua high

Costa Rica high low low

Panama lod

Colombia high low low

Ecuador low low! low* low*
Peru lovd

Chile low

Two sources mention the interaction without moredaonly one source mentioning this
interaction,? only one source with 1 record in hake trawling.

Table 3: Total numbers of turtles captured and moralities recorded in the EP. Data
by country and species. Mortalities are between pantheses. Question mark denote
that at least one source did not report mortality nformation. No data for

loggerheads.
Countny Olive ridley Greer Hawksbil Leatherbac nn
Mexico 165 (107 15 (5 3 (2 45 (1,
Guatemala 27 (227?) 2(?)
El 29 (47) 15 (5?) 1(2)
Nicaragua 1(?) 15 (12)
Costa Rica| 317 (94?) 34 (16) 1(0) 26 (?)
Panama
Colombia 57 (257?) 9 (3) 1(2) 3(?)
Ecuador
Peru
Chile 1(1)
totals 596 (2527 75 (29? 6 (4 1(1 89 (13?

The mortality number is from turtles butchered oarl, bycatch mortality was not mentioned.
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BPUEs

Bycatch per unit effort (BPUE) was obtained forfiountries (Duque-Goodman
1988, Stromme 1988, Arauz 1996, Arauz et al. 1988tn-Mejia and Rueda 2007,
Santana 2008, M Jolon 2010 pers. comm.) The rasecalaulated as the number of
individuals captured per hour of trawling in a v&gsulling two nets. The BPUEs are
from fishing hauls that did not use any mitigatrapasure. The results show that the
highest BPUEs for all turtles combined occur in @dgica (0.0999 turtles/hour) and
Guatemala (0.0775 turtles/hour) and the lowestalo@bia (0.0225 turtles/hour) and

Mexico (0.0264 turtles/hour) (Figure 3).
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Figure 3: Bycatch per unit effort (BPUE) of sea tutles in trawl sets (turtles/ trawl
hour in the EP. Total rates and per species rates i5 countries (from north to
south).
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The total BPUE is driven almost entirely by the BPUhlues for olive ridley.

This species has the highest BPUEs in all the cmsntanging from 0.0221 to 0974
turtles/hour. Hawksbills on the other hand, shogvltdwest bycatch rates from 0O to
0.0005 turtles/hour. Greens also have low BPUEsnmiththigher values in El Salvador
and Costa Rica (0.0170 and 0.0125 respectivelyat rates seem to be consistent
with the abundances of these three species iretiierr. Moreover, the higher values for
olive ridley BPUE from Guatemala to Costa Rica ddoog related to the proximity to the
most important arribada beaches in the EP: Eseabilthe South of Mexico, Ostional in
Costa Rica and La Flor in Nicaragua (Abreu-Grolamid Plotkin 2007). The data in
Figure 3 are a combination of several studies pantty and is not divided by trawl
fishery. But there seems to be a lower bycatchwéien trawling at deeper fishing depths
as observed in studies conducted in the Cariblirar§outhern North Atlantic, and the
Mediterranean (Henwood and Stuntz 1987, Laureak 001, Alio et al. 2010).

To compare BPUESs in the EP region with other regjiove standardize catch
rates from literature to hours and 2 nets per badlsummarize this information in Table
4 and Figure 4. BPUEs in EP are low when compattfdbycatch in the northern
prawn trawl fishery in the Gulf of Carpentaria, Anasia, whose BPUE is twice the
BPUE in Costa Rica (Brewer et al. 2006). Howevdremwcompared to BPUES in
Venezuela, Greece, and the Gulf of Mexico theyhagher (Table 4, Figure 4).

Therefore, we consider BPUEs in the EP as of a imgbnitude especially in Costa Rica.

15



Table 4. Bycatch rates from this review and otheregions. BPUEs are standardized
to individuals/trawl hour in a vessel pulling 2 nes.

Region Fishery BPUE Species Reference
Venezuela, CAR Fish, shrimp 0.0022 Ei Cm Cc Dc Alial. 2010
Greece, Med. fish 0.0037 CcCm Laurent et al 2001
Gulf of Mexico shrimp 0.0062 Cc Lk Cm Henwood & Btn 1987
Colombia, EP shrimp 0.0225 Lo Cm this review
Mexico, EP shrimp 0.0264 Lo Cm Ei this review
Italy, Med. fish, shrimp 0.0429 Cc Laurent et ab20
El Salvador, EP shrimp 0.0510 Lo Cm this review
Guatemala, EP shrimp 0.0775 Lo this review
Southern NA shrimp 0.0974 Cc Lk Cm Henwood & Sturfig7
Costa Rica, EP shrimp 0.0999 Lo Cm Ei this review
Queensland prawn 0.2011 Nd Cc Lo Brewer 1998
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Figure 4: Bycatch rates from this review (in red) ad other regions (in blue). BPUEs
are standardized to individuals/trawl hour in a vesel pulling 2 nets.
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Mortality rates

Mortality rates were calculated for all turtles dmmed and also for each species
per country from the sources that included thisrmiation (Duque-Goodman 1988,
Arauz 1996, Arauz et al. 1998b). Overall mortatdyes per country ranged from 37% to
58%, with overall mortality following the behaviof the mortality rates for olive ridleys
because of the large frequency of its capture (Eig). Green turtles show higher
mortality rates in El Salvador and Costa Rica mit@olombia. Also, when we combined
all the data together, the mortality rate for geesmd7% while the one for olive ridley is
40% and the one for hawksbill is 0% (based on thseovation of 309 olive ridleys, 47
greens and 1 hawksbill). Although there are notagraphic data associated with the
mortality rates included in this review, data freome of the other sources show that
olive ridleys captured are adults while greeng@areniles or subadults (Cornelius and
Robinson-Clark 1986, Alava et al. 2005). This d#fece in life stage could be
responsible for the higher mortality rates of greenause younger sea turtles are less
resistant to involuntary submergence than oldeleti{Lutcavage and Lutz 1991,

Lutcavage and Lutz 1997).
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Figure 5: Mortality proportions of sea turtles captured during trawl fisheries in the
EP. Data is shown for three countries, for each spe&s and all turtles combined.

1.4.3.3 Bycatch mitigation — TEDs

Mitigation methods for trawl fisheries include thee of several bycatch
reduction devices as well as modification of tl@vrduration and areas. For sea turtles,
the most common device used is the TED (Turtle &kt Device) which was developed
by the National Marine Fisheries Service in coliaion with commercial fishermen in
1980 (Epperly 2003). TEDs became mandatory in sstates and for some seasons but
they finally became mandatory in all inshore andladre US waters in 1994 after studies
found that it will help stop the decline and promtte recovery of the Kemp’s ridley and

the Northwest Atlantic loggerhead population (Ceasal. 1987, Crowder et al. 1994,
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Watson and Smith 1998, Epperly 2003, Crowder angpi2011). In 1988, while the
U.S. shrimp industry was fighting against TEDs, th8. passed the Public Law 101-162
which prohibited the importation of shrimp or shpiproducts from foreign countries if
those countries were not certified for using TED$heir trawl fisheries. This law was
not interpreted as mandatory until a court decisias made in May of 1996 (Epperly
2003).

In the EP, all countries with large shrimp travelhieries (i.e. except Peru and
Chile), have made the use of TEDs mandatory. MeXsuatemala, El Salvador, Costa
Rica, Panama, Colombia, and Ecuador enacted taganal TED’s regulations in 1996
and Nicaragua did it the following year. The reagorthis similarity seems to be the
fulfillment of the requirements that the U.S. impd<o the importation of shrimp in
1996. And, to the best of our knowledge, only three Mexico, Costa Rica and El
Salvador) of all these countries conducted TEDstfi@fore making mandatory its use
while Guatemala did it the same year, 1996 (Ares@@6] Arauz et al. 1998a, Salaverria
Reyes 1998, Santana 2008). Only five other stuahesit TED efficacy have been
conducted in three of all these countries (i.e yAra999 cited in Arauz 2000, 2006,
Rico-Mejia and Rueda 2007, Lopez 2009) after theeaiSTED was mandatory.

Results from the TED trials against the overallrdopyBPUES can be seen in
Figure 6, the BPUESs for Mexico, Costa Rica, andt&uala are for both nets using
TEDs, but the rates from El Salvador were repoaed combination of one net with
TED and the other without and that is why it is kinghest BPUE. However, in all cases
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the sea turtle bycatch reduction is more than 766ugp to 92% in the case of Costa Rica
with a mean of 86%. These studies show that TED% ¥aw reducing sea turtle bycatch
in these EP countries as it has been shown in &#taries around the world (Crowder et
al. 1995, Brewer et al. 2006). Usually, when a tna@t with a TED catches a turtle is
either because the turtle was smaller than the B&Dseparation or the TED got
obstructed with logs and other debris resultinthencapture of turtles in the anterior
portion of the net (in front of the TED). Moreovéhis obstruction of the TED and the
loss of catch are the main reasons why fishermeosgthe use of TEDs (Herrera 2001).
As a consequence and despite the legislation, rirstmsrmen in the EP are not using
TEDs or are not using them properly being the mostmon modification to the TED to
sew shut the opening (Arauz 2000, 2006, Ruiz-SktdrAcevedo 2006, PRETOMA

2009, Martinez 2010, UNIVISION 2010).
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Figure 6: Sea turtle BPUEs in trawl fisheries withait the use of a TED, with a TED
in one net and in both nets. Data shown per country

To enforce the use of TEDSs, inspections are sugptwsbe conducted in all EP
countries from Mexico to Ecuador. However, thespattions are basically conducted in
ports before the fishing trips. At-sea inspectiaresnot very common or sometimes are
not conducted at all (Arauz 2000, SERMANAT 2005aéz 2006, Giron 2006,

MARENA 2007). In Guatemala for example, 125 atisspections were conducted from
2001 to 2005, which represent only around 8% otoked fishing effort (Jolon, M. pers.
comm.). Country certifications are conducted by N8ificers who do an on-site visit
once a year. Usually these visits are announcechsa officers arrive all trawlers have

TEDs. However some unannounced inspections angtigagions had resulted in shrimp
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trade embargos of Costa Rica in 1999, 2003, ané 266 Mexico in 2010 and an
improvement in the use of TEDs. Nonetheless, thktyas that TEDs are not being
properly used in the EP, and there is an urgerd teework collaboratively with
fishermen to improve the compliance of TED use ab &s to conduct more research to

find the best TED model for specific fishery raabtin each country in the region.

1.4.3.4 Fishery size and sea turtle impact

Current shrimp trawl fleet sizes in the EasternifRaare shown in Table 5. As a
way to compare the fleets among countries, vessdity was calculated by dividing the
fleet size by kilometers of coastline and multiplyiby ten. These values show us that
countries like Guatemala, Mexico, El Salvador, Badama have high densities of
fishing vessels and might be likely to have higiogal bycatch of sea turtles per area

(Table 5).

Table 5: Industrial shrimp trawl fleet size and dersity of vessels (v) per 10 km of
coastline in each EP country with shrimp trawl fiskeries.

Country fleet size  density year
(v/10km)

Guatemala 65 2.6 2007
Mexico 1371 1.9 2010
El Salvador 57 1.9 2009
Panama 218 1.3 2008
Ecuador 159 0.7 2011
Colombia 93 0.6 2006
Costa Rica 55 0.5 2010
Nicaragua 16 0.5 2006
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Since 1990 the shrimp resource has been overegglaitd many countries have
been limiting or downsizing the fleets to maximyzeld per vessel or establishing closed
seasons. For example in Nicaragua, due to thebugHuctuating yields during the
1990s the fleet size experienced continuous grewtih 1999 when the fishery collapsed
(Figure 7). Since then the fleet had been redutatze but the fishery has not recovered
(Figure 7). As a consequence, the Nicaraguan gowvamhdeclared a permanent closure
of the shrimp fishery in their Pacific waters int&j2007. Up to 2009 the shrimp

resource has not recovered and therefore the elasstill in effect (Gutiérrez 2009).
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Figure 7: Time series of Nicaraguan shrimp trawl| ative fleet size and yield (pounds
per fishing day). Data from INPESCA (2009).
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To understand the magnitude of the threat thatl tiiaheries represent for sea
turtle populations in the EP, we need to estimati& bycatch numbers. The total impact
of a country’s trawl fishery had been calculatedame studies as seen in Table 6 and
Figure 8 (Cornelius 1982, Duque-Goodman 1988, Ad880, 1996, PRETOMA 2009).
In 1979, the annual bycatch estimate for Costa Resibased on a fishing fleet of 61
vessels and a small fishing effort that increagadhatically since the late 1980s and
1990s as in the Nicaraguan example (Figure 7)9881Arauz (1996) estimated a total
of 60,043 sea turtles captured only by four CerArakrican countries due to the
increased fishing effort (Table 6, Figure 8).

Estimates of total annual bycatch (TAB) for theipeér2008-2010 were
elaborated using the following equations:

TAB = AV * FD/V * Ha/D * H/Ha * BPUE
or
TAB = AV * Ha/V *H/Ha * BPUE (used for Nicagua only)
were:
AV: most updated number of active vessels
FD/V: average of annual fishing days per viedsesed on the most updated
information for some countries and on the average 2002 to 2006 for Nicaragua)
Ha/D: average hauls per day
H/Ha: average hours per haul
BPUE: bycatch per unit effort (turtles/hour)
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Ha/V: average from 2002 to 2006 of annual fipelr vessel for Nicaragua only

We calculated two quantities of total annual bylcatme assuming that all the
fishing effort was conducted using TEDs and onemagsg TEDs were not in use. The
BPUEs used are shown in Table 4 and BPUEs with T&B$rom Figure 6. When
information about fishing effort for a specific adry was not found, we used the
following regional averages: 199 for annual fishdays, 4.5 hauls per day, and 3.5 hours
per haul. For countries with no BPUE informatidme towest regional value was used to
be conservative in the estimates (i.e. 0.0226)fandountries with no BPUE with TEDs,
we used the BPUE value without TED with a reductb86%, the regional reduction
average. In the case of Costa Rica, the total drforygatch number was taken from
PRETOMA (2009) and in the case of Nicaragua noutalions were made due to the
fishing closure in place since 2006.

Our estimates result in an annual bycatch of sei@$ in the EP ranging from
14,300 when using TEDs and 103,300 without TED®Ig &, Figure 8). Knowing that
TED use is uncommon (section 1.4.3.3), we argugthigatotal number must be closer to
103,300 than to 14,300. The country which mostyikentributes with the highest total
bycatch is Mexico due to its large fleet size,dwled by Costa Rica due to its high
bycatch rate. Olive ridleys are the most impacfeeties because they represent the 89%
of the captures and include adults or large sultsllich have a high per capita
reproductive value for the population. A total nienbetween 12,500 and 90,400 olive
ridleys could be getting captured in trawlers, vahiall result in between 5,000 — 36,200
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mortalities annually. In the case of greens, bytatpacts are of a lesser extend with
capture and mortality numbers between 1,600 — D1a8@ 800 — 5,500 individuals
annually. Moreover, demographic information sholat greens captured in shrimp
trawls are juveniles; therefore the impact on thpypation would be smaller than in the
case of olive ridleys because juveniles generaleHower reproductive values than
adults. For hawksbill, even though the numbersbmawery low, from 100 to 900, due to

the small size of the population it could haveghloverall impact.

Table 6: Estimates of total annual bycatch of turtes in trawl fisheries per country.
Numbers for the 2008-2010 (no TED and TED) period &s calculated in this review
except the estimate for Costa Rica with no TED.

Country 1979 1987 1993 2008-201@008-2010
no TED TED
Mexico 47,954 6,185
Guatemala 10,000 9,756 2,322
El Salvador 21,280 5,825 816
Nicaragua 8,000 closure closure
Costa Rica 1,300 20,000 20,762 15,000 1,463
Panama 11,212 1,570
Colombia 8,231 8,460 1,269
Ecuador 5,100 714
total 1,300 28,231 60,042 103,307 14,339
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1.4.4 Longline fisheries
1.4.4.1 Fishery description and fishing area
In the EP region, longline fisheries are dividegb@tagic and bottom longlines.

Pelagic longline fisheries generally target turilees yellowfin Thunnus albacoredigeye

this review except the estimate for Costa Rica witho TED.

T. obesusand skipjackkatsuwonus pelamisharks like shortfin makisurus

oxyrinchus blue sharkPrionacea glaucahammerheadSphyrnaspp, silky shark

Carcharhinus falciformesoull sharkC. leucasand pelagic threshédopias pelagicus

mahi mahiCoryphaena hippurysand billfishes like swordfisKiphias gladiusand Indo-
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Pacific blue marlirMakaira mazaraAlso, bottom longlines target sharks like silky
shark, bull shark, hammerheads, and fish spedieshappers. Pelagic fisheries are
conducted generally in an area that goes from 2@igz miles from the coast as far as
international waters (>200 miles offshore). Besidagonal fisheries, international fleets
also operate in the region; most of this fleetalgahese, Korean, Taiwanese, and Chinese,
with 294, 193, 152, and 123 authorized vesselsas@ly (IATTC 2011). The EP is
also used as fishing grounds by lllegal, Unregdladéad Unreported fleets (IUU). The
international fleets moved into the Eastern Paaifithe 1960s targeting mainly bigeye
tunaThunnus obesubut current catches are composed of large praparof yellowfin
tuna and albacoréhunnus alalungan addition to bigeye. The fishing effort of these
fisheries changes intensity and areas from yegeao. For example, effort in 1990
(Figure 9, panel A) was high along the entire Penueoast, however in 2002 (Figure 9,

panel B) the effort was higher in the western Racif
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Figure 9: Fishing effort in the Pacific Ocean by iternational fleets. Circles
represent catch and vary accordingly to catch maghide. A) 1990, B) 2002. Green =
albacore, red = bigeye tuna, yellow = yellowfin tua, black = swordfish. Maps by the

Secretariat of the Pacific Communities.
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1.4.4.2 Bycatch numbers, rates and mortality

A total of 44 sources were useful for sea turtledigh in longline fisheries. The
majority of sources had a quantitative componedtranst of them included information
on fishing effort which greatly helped in the bydagnalysis. References included
information from 1986 to 2010 and were publishetiieen 1992 and 2011. Three of the
sources did not include specific quantitative infation but were important in the review
because of reported interactions or sizes of suddgptured that were not included in the
other sources (Ordonez and Duchez 2007, Barretb 2008a, de Paz et al. 2008).
Overall, a total of 5,217 sea turtles have beeorted as incidentally captured in
longlines (pelagic and bottom) in the EP with aistethe 3% (n = 168) reported as
mortalities (Table 8). Also, 3 dead green turtled & live olive ridley were recorded as

captures in hook and line fishing in Michoacan, MexRuiz-Slater and Acevedo 2006).

Olive ridley

As in trawl fisheries, olive ridley is the mostdreent turtle captured in the EP
(Table 7) with 3,341 capture records and 54 maali representing the 68% of all
identified records (Table 8). The capture of olikey shows spatial differences in its
frequency. From Mexico to Costa Rica olive ridleys the most common species
captured with a peak of records in Costa Ricafrom Colombia south to Chile other
species become more frequent than olive ridleybl€Ba7 and 8). Bycatch rates of olive
ridleys in pelagic longlines also show the saméepas of the records (Table 9 and
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Figure 10). BPUE is low in Mexico (0.3058), incresto the south until it reaches a
maximum of 9.5641 turtles/1000 hooks in Costa Ritd subsequently decreasing to
values of 0.0343 in Peru and 0.0011 in internatiorzders off Peru and Chile (Table 9
and Figure 10). This capture frequency and rateside be related to the olive ridley
distribution and abundance in the warmer watetsopical countries like the ones in

Central America and the northern part of South Acaer

Green turtle

Overall, 561 green turtles, 11% of identified retgrwere documented as
captured by longlines in the EP, with a mortaldgerof at least 1% (Table 8). This
species had been recorded in a low frequency setbountries where olive ridleys show
high capture records (Table 7). In Colombia andafloun, records of greens in longlines
are as frequent as olive ridleys (Table 8). Howewdteru, greens become even more
frequent in longlines as 43% of all records coneenfithis country. Nevertheless, bycatch
rates vary from low values in the northern and Iseut areas of the EP (i.e. Mexico with
0.0503 and Chile with 0.0005 turtles/1000 hooksyl high values in the central area
having a peak in Ecuador with 2.3226 turtles/1000kis (Table 9 and Figure 10). The
bycatch of green turtles in longlines seems to particular characteristic of this species
in the Eastern Pacific as the majority of worldwrdeords of bycatch in longline either
don’t include green turtles or its catch is veny I(Witzell 1999, Ferreira et al. 2001,
Lewison et al. 2004, Carranza et al. 2006, Gilntead.e2007, Brazner and McMillan
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2008, Petersen et al. 2009, Echwikhi et al. 20B0gsSet al. 2010). The reasons for this
high interaction between green turtles and longlisdikely to be related with the fact
that this species is the very common in EcuadorRerd and that greens in the southeast
Pacific seem to have a more carnivorous diet wioempared with other populations
which is further evidenced by high proportions oéens biting longline hooks (Hays-

Brown and Brown 1982, Aranda and Chandler 1989 rgjal 1997, Kelez et al. 2010).

Leatherback

Leatherbacks represent the 8% of the identifietletuecords and are the most
common species captured in Chile, as they havéabeof all leatherback capture
records in the EP (287 out of 411), but have logords in other countries (Tables 7 and
8). BPUEs available from Chile, Peru, and foreilgets fishing off these countries show
general low bycatch rates, 0.0268, 0.0064, and2®.@2tles/1000 hooks respectively,
when compared to BPUESs for olive ridley and greetid in the region (Table 9 and
Figure 10). In the Eastern Pacific leatherbacksageanic waters off Peru and Chile as
foraging grounds (Eckert and Sarti 1997, Shillingeal. 2008) and the overlapping of
those foraging areas with longline fishing actestiseems to be responsible for the

interaction.
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Loggerhead

Loggerhead captures in longliners in the centrah af the EP where warmer
waters occur has not been reported as in the ¢dseatch in trawlers (Table 7). In
colder waters, a total of 537 individuals had besaorded off Mexico, Ecuador, Peru
and Chile with 44 mortalities (Table 8). RecordmirMexico are from bottom longline
fisheries in Baja California, areas that abundawénile loggerheads from the North
Pacific population use as foraging habitats (Peckbtal. 2007, Peckham et al. 2008).
Due to the abundance of loggerheads in that ayeatdh rates are of a high magnitude,
29.3 turtles/1000 hooks (Peckham et al. 2008). Hewdoggerheads had also been
reported in the medium scale shark longline fislidfyMexico (Santana Hernandez and
Valdez 2003); but due to the combined species tepihrey bycatch numbers are
included in the “nn” category of Table 8. In Sodtmerica, records of loggerhead
captures come from pelagic longline fisheries indttor, Peru, and Chile (Tables 7 and
8) with the highest records in Peru (389 individg)ialBPUES were also obtained for
Peru, Chile, and two international fleets fishirifReru and Chile (Table 9 and Figure
10). The highest BPUE was recorded in Peru (0.@9a&2s/1000 hooks). Individuals
captured off South America belong to the SouthfiRagopulation and the bycatch
recorded shows an overlap among pelagic longlitieites and loggerheads that use
oceanic water as foraging grounds. Comparing biiaaies for both populations, the
bottom longline BPUE in Baja California is 20 timesger than the pelagic longline off
Peru and Chile.
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Table 7: Abundance of records of bycatch in longlia fisheries (pelagic shallow,

pelagic deep, and bottom) per country.

Country Olive ridley Green Leatherback Loggerheaiawksbill
Mexico medium low low" low

Guatemala high low!

El Salvador low* low

Nicaragua high low low

Costa Rica high low low low
Panama low low

Colombia medium medium low!
Ecuador medium low low low low
Peru low medium low medium

Chile low high low

'Only one mention of the interaction.

Table 8: Total numbers of turtles captured in longines and mortalities recorded in
the EP. Data by country and species. Foreign flee(slruguayan and Spanish)
fishing in internationals waters mainly off Peru ard Chile are also included.
Mortalities are between parentheses. Question marétenote that at least one source

did not report mortality information.

Country Olive ridley  Green Leatherback Loggerheatlawksbill nn
Mexico 115 (167?) 16 (2?) 48 (43) 113 (?)
Guatemala 22 (22)

El Salvador

Nicaragua 673 (3?) 50 (?) 55 (?)

Costa Rica 2,235 (9?) 98 (0?) 4 (0) 1(0)

Panama

Colombia 25 (2?) 22 (1?)

Ecuador 211 (2) 125 (1) 2 (0) 24 (0) 45 (0) 47 (42)
Peru 59 (0?) 244 (0?) 43 (0?) 389 (1?)

Chile 7(3) 288 (4) 59 (0) 15 (0)
Foreign fleets 1(?) 20 (?) 17 (?)

total 3,341 (54?) 561 (7?) 411 (4?) 537 (447?) 46 (0 321 (59?)

Hawksbill

Hawksbill is the least frequent species recordeoeasy captured in longlines as

there are only 46 records of this species, reptegpthe 1% of all identified turtle
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records (Tables 7 and 8). Bycatch records come frelagic longlines targeting
dolphinfish or tuna/shark/billfishes mostly in Edaa but also in Costa Rica (Table 8,

Largacha et al. 2005, Solano 2010).

BPUEs

Overall per country bycatch rates in pelagic lomggi show highest values in
Costa Rica and Ecuador and lowest values in Chdélé 9 and Figure 10). In the case
of bottom longlines, two BPUEs were obtained shgwow rates in Colombia (0.3
turtles/1000 hooks) but extremely high in Baja @atia (Gomez-Cubillos et al. 2008,
Peckham et al. 2008). Comparing pelagic longlin&B®in the EP with countries in
other regions, it can be observed that the rat&$ofountries fall either in the high
extreme or the low extreme of the range (TableariDFigure 11). The higher BPUEs
were found in the most tropical countries (i.e. @drica, Ecuador, and Nicaragua) and
the lowest BPUES in countries with comparativelyreniemperate waters (i.e. Chile,

Mexico, and Peru, Tables 10, and Figures 10 and 11)

Bottom longlines

Published information from bottom longline fisherie scarce in the EP but
records show interaction principally with oliveleg, loggerhead, and green and in a
lesser degree with leatherbacks (Brito 2001, Peukdwad Nichols 2006, Ruiz-Slater and
Acevedo 2006, Barreto et al. 2008b, Gomez-Cubélos. 2008, Peckham et al. 2008,
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INAPESCA/WWEF 2009, WWF 2009). Bycatch rates shoghhrariation having an
extremely high BPUE in Baja California for loggeals (29.3 turtles/1000 hooks), but a

low olive ridley BPUE in that same fishery (0.8388tles/1000 hooks) (Peckham and

Nichols 2006, Peckham et al. 2008).
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Figure 10: Bycatch per unit effort (BPUE) of sea tules in pelagic longline fisheries

(turtles/ 1000 hooks) in the EP. Rates of each spes and for all sea turtles combined

per country (from north to south) and international fleets from Uruguay and Spain
fishing mainly off Peru and Chile.
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Table 9: Bycatch per unit effort (BPUE) of sea turtes in pelagic longline fisheries
(turtles/ 1000 hooks) in the EP. Rates of each spes and for all sea turtles combined
per country for 6 countries (from north to south) and international fleets from
Uruguay and Spain fishing mainly off Peru and Chile No data for hawksbill.

Country Olive ridley Green Loggerhead Leatherback all turtles
Mexico 0.3058 0.0503 0 0 0.2465
Nicaragua 2.5037 0 0 0 2.5037
Costa Rica 9.5641 0.2981 0 0 9.8622
Ecuador 4.6452 2.3226 0 0 6.9677
Peru 0.0343 0.1420 0.0943 0.0064 0.2771
Chile 0 0.0005 0.0056 0.0268 0.0342
Foreign fleets 0.0011 0 0.0192 0.0225 0.0605

Table 10: Bycatch rates in pelagic longline fisheeis from this review and countries
from other regions. BPUE unit is turtles per 1000 boks.

Region BPUE Species Reference
Chile, EP 0.034 Dc, Cc, Cm this review
South Africa, SEA 0.040 Cc, Dc, Ei, Cm Peterseal ef2009)
Mexico, EP 0.215 Lo, Cm this review
Peru, EP 0.277 Cm, Cc, Lo, Dc this review
US, NWA 0.291 Dc, Cc Garrison (2005)
Guinea's gulf, ECA| 0.480 Lo, Dc Carranza et al0@0
Canada, NWA 0.750 Cc Brazner & McMillan (2008)
Tunisia, Med 1.173 Cc Echwikhi et al. (2010)
Brazil, SWA 1.500 Cc, Dc Pinedo & Polacheck (2004)
Azores, NEA 1.700 Cc Bolten et al.(2002)
Brazil, SWA 1.893 Cc, Dc, Cm Sales et al. (2010)
Nicaragua, EP 2.504 Lo this review
Ecuador, EP 6.968 Lo, Cm this review
Costa Rica, EP 9.862 Lo, Cm this review
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Figure 11: Bycatch rates in pelagic longline fishees from this review (in red) and
from countries other regions (in blue).

Mortality rates

Mortality rates in pelagic longline fisheries weadculated for all turtles
combined and also for each species using all thecee that included mortality numbers
(Segura and Arauz 1995, Arauz et al. 2000, Britel2Gantana Hernandez and Valdez
2003, Arauz 2004, Largacha et al. 2005, Swimmat.&t005, Mejuto et al. 2007, Alfaro
et al. 2008, Rodriguez-Valencia et al. 2008, Doravsb Dutton 2010, Elias and Castro
2010, Kelez et al. 2010, Swimmer et al. 2010a, Snaémet al. 2010b). The overall
mortality rate for all turtles was calculated tob&% (Table 11) and the low value is

explained by the fact that most pelagic longlirshéries in the EP are shallow and turtles
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can reach the surface to breathe, especially wieetatget is dolphinfish. The high

mortality rate of unidentified turtles is the resoll the high mortality rate of the Spanish

fleet fishing for swordfish off Peru and Chile. $hiigher rate could be because

monofilament lines, which are used by commerciabeés like the Spanish fleet ones,

sink as opposed to multiflament ones that are byeattisanal vessels.

Table 11: Mortality rates in pelagic longlines fisteries of the EP, all countries
combined. Only sources with data on fate of turtleare included.

Species BycatchMortality = Mortality rates (%)
Olive ridley 1563 5 0.3
Green 269 1 0.4
Leatherback 290 3 1.0
Loggerhead 448 1 0.2
Hawksbill 18 0 0.0
unidentified 189 20 1076

All turtles 2777 30 1.1

YIncludes records of unidentified turtles or of coneal species (Arauz et al. 2000, Mejuto et al.

2007, Donoso and Dutton 2010).

Table 12: Mortality rates in bottom longline fishenes of the EP, all countries
combined. Only sources with data on fate of turtlesre included

Species BycatchMortality ~ Mortality rates (%)
Olive ridley 20 13 65.0
Green 8 5 62.5
Loggerhead 48 43 89.6

All turtles 76 61 80.3

In the case of bottom longline fisheries, mortestivere calculated also for all

turtles combined and for each species using thiesbesces available (Brito 2001, Ruiz-
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Slater and Acevedo 2006, Barreto et al. 2008b, GeGwbillos et al. 2008, Peckham et
al. 2008). Overall mortality rates were on aver@Qe8% (Table 12) but the highest rates
were for loggerheads. Mortality rates in bottomglame fisheries are much higher than in
pelagic longline fisheries. These mortality ratembined with high bycatch rates in the
case of Baja California as well as mortalities thugillnets seem to have been
responsible for an exceptionally high mortalitytie north Pacific loggerhead population
(Peckham et al. 2008). If fishing effort is nohealered, it is noticeable that bottom
longlines are a larger threat for sea turtles beeatf the combination of medium or high
bycatch rates and extremely high mortality rategenh the case of pelagic longlines
even when bycatch rates are particularly high mescountries, mortality rates are so
low that the resulting impact on sea turtles emubecoming extremely small. However,
post released mortalities and accumulated effddalmsequent recaptures still need to be
considered. Calculating these mortality rates lrgproven to be an easy task but some
studies suggest a mortality proportion between 20%40% depending on the hooking
location and others suggest no mortalities forthghooked turtles (Chaloupka et al.
2004, Parker et al. 2004, Swimmer et al. 2006)r&@uMNOAA mortality criteria ranges
from a mortality rate of 1% in the case of entangdat of a hard-shell turtle that is fully
disentangled before release to a mortality ra®@50b in the case of a leatherback hooked
in esophagus at or below level of the heart, rel@agth hook and entangled (Ryder et
al. 2006). Nevertheless, there is still a need&iter mortality estimates by hooking
location not only in pelagic longlines but alsdiottom longlines.
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Developmental stages

Information on sizes of turtles captured was abégldrom some sources. This
information let us deepen in the overall impactbyfatch as the relative importance of
individual turtles on a population depends onegzroductive value (Crouse et al. 1987,
Heppell et al. 2005). In the case of loggerhead$iyiduals captured in pelagic longlines
in the southeastern Pacific are juveniles of sirasrange from 33 to 93 cm of curved
carapace length (CCL) but 1 adult size loggerh€421 (108 cm) was captured in
international waters off Peru and Chile. In thetieast Pacific, loggerheads captured in
bottom longlines are also juveniles of an averdgéror cm of CCL.

Olive ridleys captured in pelagic longlines variadizes with larger turtles
captured in Costa Rica and Nicaragua as evidengéuelsize averages of 64 cm of CCL
in Nicaragua and the averages from various stutlesanged from 56.3 to 67.3 cm of
CCL in Costa Rica which suggest that at least 50%eturtles are adults. Moreover, in
Guatemala olive ridleys captured had been idedtdie adults. In Peru, CCL ranges from
21 to 75.2 with an average of 54.9 cm and only D8%dults. In bottom longlines, adults
are the most common stage captured in Colombidveaxico.

When considering that adult size for green tuitiethe EP is at least 82 cm CCL
in Michoacan nesting beaches and 86 cm of CCL iagagos Islands (NMFS and U.S.
Fish and Wildlife Service 1998, Zarate et al. 20@&nost all green turtles captured in
pelagic longline fisheries are juveniles or subtsd(range 32 -86 cm of CCL). Only a
few individuals captured in Peru could be considex@ults based on their size. The same
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is true for turtles captured in bottom longlineattranged from 63.9 to 75 cm of CCL. In
the case of leatherbacks, one record from Permons & juvenile that measured 109 cm of
CCL. In Chile, were the highest bycatch rate fatherbacks occur, the majority of
individuals captured are adults of a mean of 142aacha range of 80 -200 cm of CCL
(Donoso and Dutton 2010).

Considering all species, olive ridley and leathekoare the species that have
largest individuals being captured in longlines dines that have highest relative
reproductive values. In the case of leatherbaakg #ine captured by pelagic fisheries
with very low mortality rates but in the case awvelridleys they are not only being
captured in pelagic longlines but also in bottomglnes which makes that fishery a

higher threat for the olive ridley EP population.

1.4.4.3 Bycatch mitigation

Several techniques had been tested to reducersleabtycatch in longline
fisheries worldwide. The most common practice wwitte has been to test the efficiency
of circle hooks to reduce sea turtle bycatch addce the proportion of swallowed hooks
as it was demonstrated to be efficient in swordést tuna longline fisheries in the
North Atlantic (Watson et al. 2005). In those expents, larger and wider circle hooks
compared to J hooks reduced turtle bycatch by %¥90% depending on the species and
bait used while maintaining fishing efficiency ftoma and swordfish when using squid

and mackerel bait respectively (Watson et al. 2005Brazil, an experiment of 18/0
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circle hooks also reduced captured rates by 55%merheads and 65% for
leatherbacks when compared against 9/0 J hookseg®ahl. 2010). However, other
circle hook experiments have not been successfigmonstrating a reduction of sea
turtle bycatch, but only a reduction in swallowexbks (Bolten et al. 2002, Read 2007,
Domingo et al. 2008). The size of the hook is aty waportant factor because a small
circle hook will not be more effective in reducitgtle bycatch than a large J hook
(reviewed by Gilman et al. 2005).

In longline fisheries of the Eastern Pacific, thistfexperiment conducted was the
use of blue-dyed bait in pelagic longline fishetiggyeting dolphinfish in Costa Rica in
2003, but results did not show a reduction in seetbycatch (Swimmer et al. 2005).
Fishermen in Costa Rica commonly use circle hookkret J hooks as in the rest of the
region. Therefore, experiments in Costa Rica didmamlve a comparison between those
types of hooks. From 2004 to 2006, experimentgde$toffset circle hooks (14/0) will
reduce bycatch rates but significant differencesew®t found (Swimmer et al. 2008). In
2004, several J vs. circle hook experiments stant&tuador, Mexico, and Colombia. In
Mexico, trials compared 9/0 J and 9/0 tuna hookk W6/0 circle hooks in the shark
pelagic longline fishery. Due to the low numbercaptures statistical comparisons were
not made, but turtle bycatch was similar among3tiypes of hooks with 15, 16, and 11
turtles captured with 9/0 J hooks, 9/0 tuna hoaksl, 16/0 circle hooks respectively
(Santana and Valdez 2006). In Ecuador, from 20@D@b, experiments compared J
hooks of several sizes to 18/0 and 16/0 circle Baokhe tuna fishery and to 14/0 and
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15/0 circle hooks in the dolphinfish fishery. Riésevidenced a reduction in turtle
bycatch rates especially for 18/0 circle hookshmtuna fishery where the reduction was
89% and was statistically significant (Largachale2005). Trials in Colombia were
conducted in bottom longline fisheries but bycatae results of the experiment were not
published (Barreto et al. 2008b).

After the trials in Ecuador and Colombia, the pergrexpanded to other
countries in the region. In 2005, Panama, Peruta®&a, Guatemala, and El Salvador
joined the Eastern Pacific Regional Sea Turtle pnaog(aka circle hook program) that
started in Ecuador and was mainly run by the IA®merican Tropical Tuna Commission
(IATTC) and WWEF (Hall et al. 2006, Valqui et al. @) Mug et al. 2007a, Mug et al.
2007b, Pacheco et al. 2007). In the second yeilwegbrogram, the 16/0 hooks compared
to the traditional J hooks in the tuna, billfishdashark fisheries reduced sea turtle
bycatch from 60% to 80% maintaining the catch efficy. On the other hand, in the
dolphinfish fishery the 14/0 and 15/0 circle hoo&duced target catch and were less
accepted by fishermen than in the shark fishergZdntral American countries were
fishermen were already using circle hooks, the ranogtested larger circle hooks with
positive results (Hall et al. 2006). Hooks with &vappendages that were used in New
Zealand were also tested in Peru and Ecuador xjrerienent resulted in great bycatch
reduction even for small circle hooks, from 53%808% reduction (Hall et al. 2006,
Mituhasi et al. 2008). The program was not onlyitgscircle hooks but also trying and
providing tools for handling and dehooking of sedlés like dipnets and dehookers. In
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2005, Mexico also conducted trials of 14/0, 16/8 &8/0 circle hooks in the coastal
shark longline fishery. They got positive resutis target catch specially with the 14/0
circle hook and sea turtle bycatch rates showediaation of 44% with circle hooks
compared to J hooks (Rodriguez-Valencia et al. 2008

By the third year of the circle hook program, Mexand Nicaragua joined the
program and turtle bycatch results were still posiin the shark and tuna fishery and
dolphinfish fishery but the low catch of dolphirffisemains a problem only on some
areas (Mug et al. 2008). Other components of tbgeprr are hooking location and
entanglements. In the first case, the proportiotudfes that swallowed hooks also
decreased with circle hooks in both fisherieshim¢econd case, it was observed that the
majority of entanglements occurred in lines thatrmade by polypropylene and in the
float lines more than in the branch lines (Mugle2@08). A possible solution could be
to replace polypropylene lines with monofilamengb, but given the artisanal nature of
the fleet that will be a great challenge.

Hooks with wire appendages were also tested inad®sia in 2007 with great
bycatch reductions. The hooks used were 14/0 datdks with and without the wire
appendage and the turtle bycatch reduction was(&@8immer et al. 2010b). Even when
there was also a reduction in the catch of marketstecies, hooks with appendages
seems to be a promising solution to bycatch intapg of hook. Other two sources
reported the use of circle hooks in fisheries imkiscale fisheries in Colombia and
Mexico. In the case of Mexico only 13/0 circle heakere used in pelagic and bottom

45



artisanal fisheries resulting in hook efficiencycapture commercial species like sharks,
rays, snappers among other fish species but afgarea sea turtles with a bycatch rate
of 0.5833 turtles/1000 hooks which is actually l@gthan the rate in pelagic commercial
longline fisheries in Mexico (INAPESCA/WWF 2009nh Colombia, circle hooks were
tested in the bottom longline fishery with goodulesfor fish catch but data on the
efficiency of the circle hook to reduce turtle bigtawas not included in the report
(Gomez-Cubillos et al. 2008).

In general, circle hooks seem to be working foatwshark, and billfish fisheries,
but for all fleets in the region to use those hoaksild need to be made available to the
fishermen given that usually there is a shortageooks. In the dolphinfish fishery,
hooks with appendages seem to be the best solutidmore trials should be
encouraged. Also, in order to attend the other amapt of bycatch which is survival
after release, fishermen need to participate irkaluwps to learn the best handling and
release techniques. Moreover, handling tools ned® tmade available to fishermen,
especially dipnets given that most of the injut@sea turtles occur during the process of

bringing the turtle on-board of the vessel (pebsewsvation).

1.4.4.4 Fishery size and sea turtle impact
The only fishing effort information available sa fa for the swordfish and shark
pelagic longline fishery of Chile. In this fishethe annual fishing trips average (last 5

years: 2005-2009) is 36.6 and had an observer agearf 85% (Azdcar et al. 2009).
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Considering that during each fishing trip an averafj22.7 sets are made with an
average of 1338.9 hooks per set and that the BBOEBB42 turtles/1000 hook (Donoso
and Dutton 2010), we calculated an annual bycat@8 sea turtles which will be
composed by 78% leatherbacks, 10% loggerheads/i@éormileys and 4% green turtles.
Due to the fishing effort and bycatch rates thigrdoy could have the lowest total annual

captures in the region.

1.4.5 Gillnet fisheries
1.4.5.1 Fishery description and fishing area

Gillnets are the most common fishing gear usetiénBP and largely varies in
sizes and types depending on the target speciss, #idhing areas and methods vary
greatly not only depending on the target speci¢slso on the country. Unfortunately,
this fishing gear had been the least evaluateldendgion for sea turtle bycatch
compared to trawls or longlines mainly due to thek-scale nature of gillnet fisheries
and the rapid change of gear and target speciegitimet fisheries implement
seasonally. Nevertheless, the limited informatieailable shows that fisheries targeting
sharks, rays, flounder, and swordfish are the timtsmost commonly result in sea turtle
bycatch.

The driftnet swordfish fishery in Chile had beenagnized as a threat for sea
turtles since 1990 (Frazier and Brito 1990). Tiskdry started around 1986 and operates

all year round but with higher fishing effort besveMarch and August. Swordfish is
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usually fished in water temperatures from 14°CQ@®&2and operates from Chile’s
northern border to 40°S with higher catches at laemperatures, higher latitudes, and
higher chlorophyll concentrations (Yarez et al. @,99afiez et al. 2003, Yafez et al.
2009). From 1987 to 1998, the swordfish stock erpeed an 80% reduction due to
overexploitation and by 2001 the driftnet fleet lahinished (Brito 2001, Yafiez et al.
2003). The driftnet swordfish fishery in Peru idrernely small as most fishermen target
sharks instead (Arauz 1999). In Mexico, swordfigftriets operated since 1986 in Baja
California off the first 50 nm up to 2007 when these was banned (DOF 2007, 2010).
Nets for sharks and rays with mesh size of 20 @mare widely spread in the EP than
swordfish driftnet and seem to be highly associatigd sea turtle bycatch. In addition,
gilinets that target other species like floundentagfish, and lobster also capture sea
turtles in the EP.

One problem with evaluating gillnet bycatch is tHmect capture is still going on
in some places of the EP in spite of being illegad it usually employs gillnets. In
Mexico during Easter, sea turtles are capturedhfeir meat due to the religious practice
that prohibits eating “red meat” and the fact tha¥lexico sea turtles are not considered
to be “red meat”. However, in Baja California, tensumption of turtle meat is a regular
habit and it has been estimated that the annuaIrtadrtality of green turtles is 30,000
individuals (Nichols 2004). In Peru, in the aredPadco-Paracas, the capture of turtles

and commercialization of its meat is still comm@Quinones pers. comm.). In both
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places, special turtle nets are used, usually avittesh size between 20 and 60 cm (de

Paz et al. 2002, Nichols 2004, Gilman et al. 2009).

1.4.5.2 Bycatch numbers, rates and mortality

The gillnet review includes 31 sources with infotima on interactions, bycatch
numbers, bycatch rates, and/or mortality rates.nidtare of the data is very specific to
particular fisheries and countries; therefore, ffag of the review will focus mainly on
countries and particular fisheries instead of seidetspecies like in the case of trawls and
longlines. Also, this part of the review is theyphrt to include Honduras due to the
availably of one source referring to bycatch of getes in gillnets (Sotelo 2010).

The abundance of records per species and couatgeshown in Table 13 and the
total numbers recorded of captured turtles and thertalities are shown in Table 14.
There was no information on interactions amonggth and sea turtles for two countries
in the region, El Salvador and Nicaragua, which lwamttributed to the difficulty of
recording the interactions and not the lack ofrextéons (Table 13). Moreover, records
from Panama and Ecuador are limited to statingritegaction occurs (Zarate 2007,
Abrego 2010, Gaos et al. 2010).

The summary of all the records show a total of @,2@tles reported as captured
by gillnets in the region and at least 470 moiitdi{(36%). Olive ridley is the species
most frequently captured with 38% of all recordadlofved by green and leatherback with

32% and 24% of the records respectively (Table U&ygerhead and hawksbill were the
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least frequent species in the records, with 25ntegor hawksbill in Mexico, El Salvador

and Peru and 34 for loggerhead in Mexico, Peru,Gmte. The overall mortality rate

calculated from studies that used observers irthiee region reaches 49%, which is the

highest among all gears. Species specific mortediys were 100%, 76%, 66%, 52%,

and 40% for hawksbills, olive ridleys, loggerheddatherbacks and greens respectively.

Also, as mentioned before, there is a lack of imi@iion on bycatch in gillnets in many

countries of the region, and in the case of tudfeorts only 6 out of 11 countries have

available data. Moreover, the majority of the relsocome from Peru with the 70% of the

total reports (Table 14).

Table 13: Abundance of records of bycatch in gillniefisheries (bottom gillnets,
driftnets, mid-water gillnets) per country.

Country Olive ridley Green Leatherback Loggerheadawkshbill
Mexico medium low low low
Guatemala low

El Salvador high
Honduras low

Nicaragua

Costa Rica high low*

Panama low

Colombia low low?

Ecuador low? low!
Peru medium medium low low low
Chile low low high low
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Table 14: Total numbers of turtles captured in gilhets and mortalities recorded in
the EP. Data by country and species. Mortalities @& between parentheses. Question
mark denote that at least one source did not repontnortality information.

Country Olive ridley Green Leatherback Loggerhead awishill nn
Mexico 92 (72) 11 (2) 40 (277?) 15 (15) 28 (?)
Guatemala
El Salvador 8 (8)
Honduras
Nicaragua
Costa Rica 4(?)
Panama
Colombia 2(?)
Ecuador
Peru 385 (63?) 393 (1677?) 113 (7?) 2(0) 2(1?7) 4)4(
Chile 1(0) 4 (4) 183 (977?) 3(3)

total 482 (135?) 408 (173?) 296 (104?) 45 (307?) (22 34 (4?)
Mexico

In Mexico, the majority of sea turtle bycatch reto(53%) are from gillnets of
20cm mesh size that targeted California flourél@ralichthys californicusn Baja
California or snappers (Lutjanidae) and tripletélilsbotidae) in Michoacan (Nichols
2004, Ruiz-Slater and Acevedo 2006, Peckham €08B). Loggerhead bycatch rates in
the California flounder fishery of Puerto Lopez lgles were calculated for two fishing
depths, no turtles were captured when fishing ptitdep to 32 m, but 0.37 turtles/km of
net (or 0.8 turtles/day) were captured at deptiwdren 32 and 45 m. (Peckham et al.
2008). The mortality rate associated with the figta higher depths was found to be
68% and only large juvenile loggerheads were cegtufurthermore, a total of 830 +
102 loggerhead had been estimated to being can@®07 by this fishery (Peckham et

al. 2008). In addition, green turtles and olivdays also get captured in this flounder
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fishery but bycatch rates are very low, only 0.0fi87les/set for each species (Peckham
and Nichols 2006). In the Michoacan records, byctaates were not available but
mortality rates were estimated to the 91% forwatlés captured by 20cm gillnets (i.e.
olive ridleys, hawksbills and greens) (Ruiz-Slated Acevedo 2006).

Gillnets of mesh size of 15cm targeting snapperdetails, and lobster in
Michoacan were also observed resulting in 63 bycegcords, the 45% of all records for
Mexico. Turtles captured were olive ridley, hawlisbiand greens and 76% of them
resulted in mortalities (Ruiz-Slater and Aceved0&0 In the same area, gillnets of 3.5”
mesh size also captured one olive ridley and oaergbut no mortalities occurred. The
study did not report bycatch rates for either elsehfisheries. In addition, gillnets had
also been reported to capture olive ridley andmgtadles in Guerrero and Oaxaca and to
capture sea turtles in driftnets for swordfish ffsloore areas off Baja California, but no

more information about the interaction was givésH12000a, WWF 2009).

Guatemala

In Guatemala, there is only one source citing titeraction with gillnets from
1980 and 1984, when adult olive ridleys tagged wiesting in Costa Rica were
recaptured by fishermen in Guatemala. A total ofutBes were recaptured by fishermen
in that country and many of them indicated thaytba&ptured the olive ridleys in gillnets
but the exact number or the target species wasaationed (Cornelius and Robinson-
Clark 1986).
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El Salvador, Honduras, Costa Rica, Colombia and&eiou

Only one was source was obtained from El Salvaddritareported the mortality
of 8 subadult hawksbills in lobster bottom gilingtd.os Cobanos (Liles et al. 2011).
One source was found for Honduras as well whichtioeed that olive ridleys get
incidentally captured by gillnets in the Gulf of#s®ca but that the impact is low (Sotelo
2010). Similarly, only one source was obtained fil@alombia the one that reports the
interaction of two turtles (green and/or olive egl) with gillnets targeting “corvina”
(probably weakfistCynoscion squamipinnisn Gorgona (Rojas and Zapata 2006,
Gomez-Cubillos and Amorocho 2008). Very few soumese found for Costa Rica and
Ecuador, for the former country the sources citgeractions among olive ridleys and
greens with gillnets and for the latter the intéiats cited were among greens and
hawksbills (Cornelius and Robinson-Clark 1986, AA&2906, Zarate 2007, Gaos et al.
2010). The only quantitative data comes from Causednd Robinson-Clark (1986), who
recorded four adult female olive ridleys captunedjiilnets for sharks in Costa Rica. No

more information is available from any of theserfoauntries.

Peru

Peru is the country with the highest quantity abrels, 70% of all records in the
region, but also with the largest quantity of sgdlé bycatch studies (de Paz et al. 2002,
Majluf et al. 2002, Alfaro-Shigueto et al. 2007 fab-Shigueto et al. 2008, Alfaro et al.
2008, Beteta 2009, Caceres-Bueno et al. 2010, &Cessél. 2010, Gonzales 2010, Rosales
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et al. 2010). The most frequent species reported geen and olive ridley which
represented the 44% and 43% of total records raésphc(Table 14). Leatherback
records were only the 13% and loggerhead and halvk&e rarely recorded as bycatch
in gillnets with only 2 individuals recorded forawaspecies (Table 14). Most of the
turtles were captured in gillnets of 20cm mesh sihech is commonly used in Peru to
capture many species of sharks and rays, Pacifiarish Rhinobatos planiceps
flounder, and green spiny lobstanulirus gracilis Even though it was not specified in
most of the studies, we assumed most gillnets aetrat the bottom due to the target
species. A minority of turtles were also capturedriftnets and trammel nets.

Bycatch rates from Peru were available from thiéferént studies from
departments in the northern half of the countrycd&gh rates for all species combined
range from 0.253 to 3.070 turtles/set and in aksahighest rates are for green turtles
(Table 15). The high values of Constante coulddteted with the fact that the village is
located in Sechura Bay, a shallow water bay witlmalance of algae which has been
identified as an important foraging area for graetles (Hays-Brown and Brown 1982,
de Paz and Alfaro 2008). Constante had been a plaeee fishermen specialized in
fishing sea turtles and in the months of SepterahdrOctober it was easy to capture
between 80 to 100 turtles per boat in a fishing @&rgas et al. 1994). Therefore, green
turtle density in the area is likely to be high aehsequently bycatch rates would be
high as well. Moreover, fishermen from Constaniié®nsume green turtles that get
entangled in their nets (Caceres-Bueno et al. 200@he case of olive ridleys, they show

54



the second highest bycatch rate after green wésithérbacks, hawksbills, and
loggerhead show the lowest bycatch rates (TableQdnparing these BPUESs with the
only other one available for the region (0.8 twfibet in Baja California, Mexico,
Peckham et al. 2008), the values from Mexico fadlde the ranged of BPUEs from Peru.
Moreover, the BPUE in Constante is more than ttirees higher than the one in

Mexico, highlighting even more the problem thattbot gilinets represent for sea turtles
in that area.

As many turtles captured in gillnets are sacrifitmdconsumption (de Paz et al.
2002), instant mortality rates were calculated fisiodies that used on-board observers
and had that information available (Alfaro et &08, Caceres-Bueno et al. 2010,
Rosales et al. 2010). The overall mortality rate foaund to be 25% from a total of 169
turtles observed. However, high variation was olesgiamong studies as can be seen in
Table 15. Different fishing practices in each amad for the variety of target species
could be responsible for this high variation. Imsocases fishermen leave the nets in the
water and only check they once a day while in otlases fishermen make more than 1
set per day.

To identify the developmental stage of turtles aegd, their size was compared
to the average size of nesting females in the nediothe case of green turtles, CCLs
ranged from 45.5 to 85.5 cm); all turtles captureslessmaller than the mean size of
nesting females recorded in Galapagos (86 cm CBA. of the three sources with olive
ridleys size data show adult sizes (69.8cm and) lout the third source, which had the
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largest sample size, shows a size avéragtjghtly smaller than the average size for
nesting females at La Cuevita in Colombia (64.9Q@L). Therefore, adult and subadult
sizes seem to be represented fairly equal amoniyittkes captured in gillnets in Peru.
Leatherbacks are a mix of adults and juvenilesymeably with a large proportion of

juveniles while all loggerheads and hawksbills wjakeniles.

Table 15: Bycatch rates (turtles/set) and mortalityrates (%) in gillnet fisheries in
Peru. Data presented by species and locality. Penan departments cited among
parenthesis.

Species / Bonanza & Punta Mgncora & Constante .
locality Picos (Tumbes) (I_3|ura), Salaverry _(La Constante (Piura)
Libertad), Supe (Lima)

Green 0.440 0.221 3.070

Olive ridley 0.133 0.016

Leatherback 0.013 0.013

Hawksbill 0.013

Loggerhead 0.003

all turtles 0.600 0.253 3.070

mortality 73% 6% 12%

sets 75 312 14

reference Rosales et al. 2010 Alfaro-Shigueto.et al Caceres-Bueno et al.
2008 2010

Chile

In Chile, 98% of all bycatch records in gillnetsnee from the swordfish driftnet
fishery reported during the period 1982 — 1998 aitiotal mortality of 102 individuals,

the 54% of all captured in driftnets (Frazier an@d1990, Chandler 1991, Brito 1998,

! Data from de Paz et al. 2000 was transformed 8@h to CCL using the formula CCL=1.0103SCL + 2.7 WMch
was calculated using data from ecOceanica’s databas
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Arauz 1999, Brito 2001). The majority of the 18&les captured in driftnets were
leatherbacks (96%), while the rest were greengiddgeads and olive ridleys with the
2%, 1%, and 1% respectively (Table 14). The avheldiata on turtle sizes seems to
indicate that the majority of the leatherbacks wadelts and even one turtle with a tag
from Costa Rica was encountered (Frazier and B6&0D, Chandler 1991, Brito 1998,
2001). The rest of the records from bycatch imgtk in Chile (n=3) are from gillnets
for corvina drunCilus gilbertiand a beach net (Brito 2001).

Bycatch of sea turtles in the swordfish fisherinle was first cited by Frazier
and Brito in 1990 and they estimated that onlyan 8ntonio Port a total of 350
leatherbacks were taken annually and that mortadigs were around 80%. By 1997,
Eckert and Sarti (1997) estimated that around Batherbacks were taken only in that
same port while the entire Chilean fleet could tat@®uind 1700 leatherbacks. The level
of bycatch and mortality rates of around 86% legstéhauthors to speculate that this
fishery was the major reason for the reductiorhefdastern pacific leatherback
population in the 1990s. Around those same ysargrdfish stocks diminished and the
fleet also experimented a large reduction dimimglrom more than 500 vessels in 1991
to 49 in 2003 (IFOP 2004). However, it seems thrates2007 the fleet has being growing
again and a quick search on the Artisanal Fish&ezgstry of Chile in May 2011
(http://www.sernapesca.cl) resulted in 727 vesséls license to fish swordfish with nets
although the number of active vessels was not shblwnetheless, the fleet had grown
since 2003 and therefore on-board observationdbgoatch reduction studies must be
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conducted to conserve the east pacific leatherpapllation, as well as those of other

sea turtle species.

1.4.5.3 Bycatch mitigation

Some mitigation methods that involve technical riodiions to the fishing gear
had been tested in some areas to try to redudeigksabycatch in gillnets. Diminishing
the gillnet profile has proven a good techniqueréatucing sea turtle bycatch for both
bottom and surface gillnet fisheries. Low profilgtom gillnets reduced sea turtle
bycatch and maintained acceptable levels of taxggeh in the southern flounder
Paralichthys lethostigméshery in Pamlico Sound, North Carolina (Pricel aan
Salisbury 2007). Also, low profile surface driftlgets reduced leatherback bycatch in
the mackerel (king macker8comberomorus cavalland serra Spanish mackegel
brasiliensig fishery in Trinidad and resulted in less damagthe nets (Eckert 2008,
Eckert et al. 2008, Gearhart et al. 2009). Howeliging area and depth seems to affect
the performance of the low profile net (Eckert &whrhart 2009).

In the EP, some bycatch mitigation techniques leshliested. In the bottom
gilinet California flounder fishery off Baja Califbia, lower profile nets with shorter
suspenders were tested but bycatch was too lowernduct statistical comparisons
(Maldonado et al. 2006). Also, only shorter susges@nd shorter suspenders at three
different depths were tested which resulted intatistical significant bycatch reduction

(Maldonado et al. 2006). Another technique testetthis same fishery was the use of
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light-emitting diode (LED) to illuminate gillnetshich resulted in a sea turtle bycatch
reduction of 54%, a very promising reduction thiatmbt reduce target catch rates (Wang
et al. 2009). However, these results seem casellizgendent due to the fact that white
vs. red LED lights and lights vs. no lights wersoalested in the mackerel gillnet fishery
in Trinidad with no significantly results in eithease (Eckert and Gearhart 2008). Shark
silhouettes in the flounder gillnet fishery in B&alifornia were also tested with good
sea turtle bycatch reduction proportions but tihgddarget catch reduction found makes
this technique highly unlikely to be adopted by&smen (Wang et al. 2009). Buoy-less
nets were also compared to control nets in thigefig an even with a reduction of sea
turtle bycatch in the experimental nets, the redactvas not significantly different
(Peckham et al. 2009).

Other mitigation methods for bycatch in gillnetfetient than gear modification
had been proposed. Switching gears from gillnetsolbng seems to be promising in the
mackerel fishery of Trinidad because earnings sacveptable levels and sea turtle
bycatch gets eliminated (Eckert 2008, Eckert e2@D8). In the EP, fishermen from
Puerto Lopez Mateos had expressed interest inlswgdrom bottom gillnets to hook
and line and even trolling in the deeper fishingaarwhere the highest loggerhead

bycatch rates occur (Peckham et al. 2009).
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1.4.6 Relative impact of fisheries to sea turtle po  pulations in EP

Bycatch rates and total annual captures of sel@sureed to be compared with
population sizes estimate the impact of each fisbeer each species. However,
estimating the sea turtles population size is gaarpossible. Nevertheless, we can use
data on portions of the population to at least remmember that will allow putting
bycatch in context. These numbers are not intetmléé used as a precise humber but to
be used as comparison indicators among differeztiep populations.

Sea turtle nests and nesting females are usedrnagement to assess population
trends and categorize the level of threat of sgketpopulation. Therefore | compiled
information on the total number of nesting femalesest numbers per population in the
Eastern Pacific. Nesting numbers from the mosteritryears available were used
averaging numbers of six years for green, loggethaad hawksbill, and three years for
leatherback and olive ridley. When only nest nurelvegre available, they were
transformed to nesting females dividing them byawerage clutch per season parameter
for that species population if available or thebglloaverage (Hirth 1997, Miller 1997,
Abreu-Grobois and Plotkin 2007, Santidrian Tométaal. 2008) Despite the fact that
not all nesting sites had the amount of years regddien confident that the compilation
represents the best information available for gggan.

The annual average of nesting females was usealdolate total adult females

for each population by multiplying these annualrages by the remigration interval for
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each species (Miller 1997). Results from theseutalions can be seen in Table 16. Note
the reduced number of hawksbills and leatherbackgpared with olive ridleys.

Annual captures of sea turtles in trawls in thealBProportions of total adult
females are shown in Table 17. These values alkt visualize how critical it is to
minimize bycatch in trawls for populations like tB® hawksbill whose reduced numbers
make this interaction critical. On the other hagwekn though the amount of olive ridleys
is significantly high, compared to its total adiginale population, the interaction is low
(Table 17). Nevertheless, bycatch mitigation invisafor one sea turtle species usually
brings benefits to the other species (unless sfirehces are high). Therefore, it should
be a regional priority to mitigate bycatch in trawd help recovery the population of

hawksbills, especially in Mexico, Costa Rica, armeh&ma.

Table 16: Total adult females for each populationn the eastern Pacific estimated
from annual nesting averages and remigration interal. Letters after species names
note population name. EP: Eastern Pacific, NP: Noh Pacific, SP: South Pacific.
Minimum and maximum values were calculated for poplation whose raw included
binned numbers.

Population Total adult females
Min Max

Olive ridley EP 1'490,247

Green EP 13,268

Loggerhead SP 1,334 1,722

Loggerhead NP 1,354

Leatherback EP 611

Hawksbill EP 284 554
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Table 17: Annual bycatch in shrimp trawl relative to adult female population
numbers. Data per country and regional. Minimum vaue is for all fishing effort
using TEDs and maximum value for all fishing effortwithout TEDs.

Country Olive ridley Green Hawksbill

min max min max min max
Mexico 0.35 2.70 6.53 50.60 22.33 337.47
Guatemala 0.16 0.65 0 0 0 0
El Salvador 0.04 0.26 2.03 14.49 0 0
Costa Rica 0.09 0.89 1.26 12.89 0.79 15.83
Panama 0.09 0.66 1.50 10.73 0.43 5.92
Colombia 0.07 0.49 1.34 8.93 0 0
Ecuador 0.04 0.29 0.75 5.38 0 0
Regional 0.83 5.95 13.41 103.02 23.55 359.22

1.5 Regional priorities

Due to the large threat that bycatch in fishingvétgts represent for sea turtles, it
is necessary to conduct mitigation activities. Amarder to try to solve the most
pressing issues, managers, financial agenciegypolakers and researchers need to have
regional priorities. Therefore, we used the reviefermation and the population size
indexes to generate these priorities. Populatiom isidex, catch frequency per species
and mortality rates per species were ranked fan gaar to build a weighted table of
ranking. Population size was weighted by two, cétequency by one and mortality rates
by half (0.5). Then all the weighted ranks wereeatith obtain overall rankings (Table
18). Priorities that obtain the higher ranks imeal mostly hawksbills and leatherbacks
which are the two critically endangered speciethéregion and whose population

numbers are the smallest. Some of the prioritiesn élrough they are separated by
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species, will also benefit other species like & thse of priority number 1 that involves

trawls. Solving bycatch of hawksbills in trawls lgblve bycatch of greens and olive

ridleys in trawls as well.

Table 18: Table of multiple criteria weighted ranksto obtain conservation priorities
per species and gear in the EP.

Species gear populationcatch frequency mortality  total priority
rank x 2 rank x 1 rank x 0.5 rank
Hawksbill trawl 12 4 2 18 1
Hawksbill gillnets 12 2 3 17
Leatherback longline 10 3 3 16 3
Leatherback gillnets 10 4 1 15 4
Hawksbill longline 12 1 0.5 13.5 5
Green trawl 4 5 3 12 6
Loggerhead SP longline 6 4 15 115 7
Green longline 4 5 2.5 115 8
Loggerhead NP gillnets 6 3 2 11 9
Olive ridley gillnets 2 6 2.5 10.5 10
Olive ridley trawl 2 6 2.5 10.5 11
Olive ridley longline 2 6 2 10 12
Green gillnets 4 5 0.5 9.5 13
Loggerhead NP longline 6 2 15 9.5 14
Loggerhead SP gillnets 6 1 2 9 15
Leatherback trawl 10 0 0 10 0
Loggerhead SP trawl 6 0 0 6 0
Loggerhead NP trawl 6 0 0 6 0

1.6 Conclusions

This regional bycatch review underlines the highdigh rates in trawls for Costa
Rica, Guatemala, and El Salvador and the detrirhanfact that these captures could

have specially for hawksbill due to its reducedydapon numbers and for green turtle
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due to its highest mortality rate. It also emphesithe continuous lack of use of TEDs as
a bycatch mitigation measure. In longline fishertbs review identifies the high bycatch
rates in pelagic longline fisheries of Costa REeaador, and Nicaragua in a global
context but given that olive ridley is the most ¢oan species captured in these
countries, it highlights the capture of loggerhaad leatherback off Peru and Chile due
to their small population numbers. Bottom longsifeave high mortality rates compared
with pelagic longlines in the region and the revidentifies a need for further research
in this area due to the scarce information but Inigintality rates. The review also noted
that some mitigation measures for pelagic longliftescircle hooks and hooks with
appendages could bring improvements in the mibgadif bycatch in longline fisheries in
the region, there is still considerable work tado@e in technology transfer, sea turtle
handling, and estimates of post-release mortaditys.

For gilinet fisheries, the most important highlighthow little information exists
for the region given the high rates of bycatchsea turtles in this gear. However, the
difficulties of studying bycatch in highly dynamaad artisanal fisheries are recognized
as the major impediment for this situation. Neveleks, the high bycatch rates in areas
where sea turtles congregate in high numbers fikeraging grounds for loggerhead in
Baja California, Mexico and for greens in Paragas Sechura, Peru, calls for either gear
modifications (which has not been that successthidinge of gear, or areas closed for

gilinets.
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2. Oceanic Isoscapes and the feeding ecology of sea
turtles in the southeastern Pacific Ocean: a stable
isotopic analysis

2.1 Introduction

Stable isotope analysis (SIA) is a technique uséehsively in ecological studies.
In marine ecosystems, SIA had been used to stugsation between foraging and
reproductive areas of several species of wild alsrfRubenstein and Hobson 2004,
Phillips et al. 2009), to reconstruct diets, anéstmate trophic levels as well as trophic
niches (Dalerum and Angerbjorn 2005, Estrada &0f15, Newsome et al. 2009, Jaeger
et al. 2010). The most common elements used ina&”Carbon and Nitrogen. The
general consideration for both elements is thasifpeatures of the consumers would be a
function of the signatures of their prey, the pndloms of each prey item in the
consumer’s diet, the consumer diet-tissue fractiongalso known as discrimination),
and the spatial variability in basal isotopic sigmas (Steele and Daniel 1978, DeNiro
and Epstein 1981, Tieszen et al. 1983). Carboses sgommonly as a food source
indicator (e.g. C4 vs. C3 plants) or spatial intbca@ue to the inshore-offshore, benthic-
pelagic and latitudinal gradients observed in issrdbution in the world oceans
(Rubenstein and Hobson 2004) and also becauséisbows a small enrichment, only
1% **C, from prey to consumer tissues. In SIA, the rafioarbon 13 to carbon 12 is
used for this element.

For nitrogen, we use the ratio between nitrogearibnitrogen 14 and this

element is considered a trophic level indicatore Tétio value has proven to increase
65



with trophic level due to enrichment in a consuradissue relative to its prey. This
enrichment is a consequence of isotopic fractiomafi.e. different isotopic values of
source and product after a metabolic reaction)duexcretion, amino acid amination
and transamination and the differential routingsotopes to specific tissues (Steele and
Daniel 1978, Macko et al. 1986, Hobson and Clai$)9A stepwise increase in°N

from one trophic level to the next of about 2.5%6%» has been observed (e.g. DeNiro
and Epstein 1981, Hobson and Clark 1992, Bearhap 2002) and the most current
average is 2.75 + 0.10%o (Caut et al. 2009). Theeefanimals occupying higher trophic
levels have higher proportions of nitrogen 15.

As mentioned before, carbon is commonly used asplatial indictor and
nitrogen as the trophic level indicator. Howevenrtain processes occurring in marine
environments like denitrification and nitrogen fiien can also generate different
nitrogen signatures in space and time at the biade dood web (Cline and Richards
1972, Liu and Kaplan 1989, Voss et al. 2001). Oo@ean basis scale, the effects of
nitrogen fixation and denitrification had been sinaw explain the large differences in

15N of loggerheadGaretta carettj and leatherback turtle®érmochelys coriacda
from the North Atlantic Ocean (high nitrogen fixatiarea) and the Eastern Pacific
Ocean (high denitrification area) (Wallace et &l0@, Pajuelo et al. 2010). These effects
have been also observed in smaller scales whegistugooplankton and several species
of tunas in the Northeast Pacific Ocean and olisgthat the variation along a
latitudinal gradient in zooplankton’s isotopic sagare for nitrogen was the same as in
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tunas (Popp et al. 2007, Allain et al. 2008). Assult, it is necessary to consider all the
factors that can affect isotopic signatures ofahienals being studied and their prey
species not to mistake a trophic level change sitopic changes at the base of the food
web.

The southeastern Pacific is a unique and highlyadyo area. It encompasses
three of the six ocean ecosystems as defined indB&2001): a coastal upwelling, an
Eastern Boundary Current (EBC) and the equatopalelling. The first two ecosystems
occur because of the presence of the Peru Curtanhwuns northward parallel to the
South America coast. One part of the equatorialaliivg occurs in the northern part of
the southeastern Pacific from the coasts of Sontlerica to the west. The Peru Current
coastal upwelling and EBC together form the mostipctive ecosystem in the world, as
the upwelled waters bring great quantities of muitts to the surface, which sustains large
populations of phytoplankton. This productivity wbifs great zooplankton and fish
populations and generates the highest productidistoper unit area in the world oceans
(Bakun and Weeks 2008, Chavez et al. 2008, Morema Lange 2009). This area
experiences cyclical oceanographic changes geddogt&l Nino which reduces
availability of nutrients and therefore fish protluity (Taylor et al. 2008).

In addition to the high plankton and fish abundanices area is also rich in
marine mega-vertebrates like cetaceans, seabirdsea turtles (Ballance et al. 2006,
Eguchi et al. 2007). Five of the seven existingcsgs of sea turtles inhabit the
southeastern Pacific during one or more of thigrdtages. The olive ridley sea turtle,
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Lepidochelys olivacedahe smallest of the five, can nest in arribadasms of thousands
females (Penaflores 2007). This highly pelagic Eeis the most abundant sea turtle in
the eastern Pacific; due to its preference foritadpvaters, it inhabits the southeastern
Pacific with higher abundances towards the equ&itson et al. 2000, Olson et al.
20014, Olson et al. 2001b, Eguchi et al. 2007).tA@ohighly pelagic sea turtle, the
leatherback, is currently one of the least abuntlaties in the eastern Pacific. It
inhabits oceanic waters of the southeastern Patifimg non-nesting seasons as
evidenced by satellite tracking of post-nestingdésa (Eckert and Sarti 1997, Shillinger
et al. 2008).

Green turtlesChelonia mydasare one of the most common sea turtle species
found in coastal areas in the eastern Pacifid, lages in shallow bays and feeds on algae
and associated species. However, subadult andgreeln turtles are also found in
foraging grounds in oceanic waters in the soutleeadRacific (Seminoff et al. 2008), a
behavior uncommon for this neritic sea turtle spec{but see Hatase et al. 2006). The
rarest sea turtle in the eastern Pacific, the hbiVkartle, Eretmochelys imbricatas
generally distributed in tropical and coastal wsités southern limit occurs in northern
Peru (Hays-Brown and Brown 1982). On the contrdrg,loggerhead in the eastern
Pacific is distributed in the temperate waters igmare in tropical areas. Differently from
the other turtle species whose distribution goea@gthe Pacific Coast of The Americas,
loggerheads have a transoceanic distribution flenatest to the east side of the Pacific

Ocean and with one population in the north Paaifid another in the South Pacific.
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Loggerheads in the southeastern Pacific are onBnjiles whose rookeries are in
Australia and New Caledonia (Boyle et al. 2009).

All but one of the species of sea turtles founthmsoutheastern Pacific are
categorized worldwide as threatened (endangeredtmally endangered), the
exception, the olive ridley, is considered vulnéeglUCN 2010). The conservation
status of these turtles has motivated researchetsily many aspects of their life history
and ecology to develop the best conservation giegeSome of these studies focus on
foraging ecology, which is one of the most impoti@spects of their ecology because it
clarifies the role of sea turtles in the marinessstems as well as their links to other
species and to environmental factors. In oceanrc@mments, understanding the factors
that contribute to good foraging times or locatiocas aid management plans.

Sea turtles in the open ocean are extremely diffioistudy and many aspects of
their ecology remain unknown (e.g. what they eab® they find food?, do they conduct
seasonal migrations?, etc). A few studies havengsegne insights on their oceanic lives
but nearly all of them have focused on the loggadisea turti€aretta carettabut see
Polovina et al. 2003). These studies have proviaedmation on diet, diving behavior,
and movements in the North Pacific Ocean (Poloeira. 2000, Parker et al. 2005) and
survival probabilities and somatic growth in thertidoAtlantic Ocean (Bjorndal and
Bolten 2003, Bjorndal et al. 2003). However, oceada turtles remain the least studied

life stage (Bolten et al. 2010).
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The feeding ecology of sea turtles living in odeamvironments has been rarely
studied due to the difficulty in gaining accessnaividuals on the high seas. Most of the
information on oceanic turtles (besides observatior. without handling) comes from
individuals incidentally captured during fishingesptions, especially during longline
fisheries targeting pelagic fishes (e.g. Polovinal €2000, Bjorndal and Bolten 2003,
Bjorndal et al. 2003, Polovina et al. 2003, Polavet al. 2004). However, the feeding
ecology of sea turtles in the open ocean needs stualied because it is necessary to
know the food items sea turtles are depending ngrimwvth and survival and also the
habitat areas they are selecting in which to farage

In Peru, research on longline bycatch has not prdyided insights into the
interaction among turtles and longline operatiouisdiso allowed researchers, as in other
regions, to access individuals in oceanic enviramserhis research on longline bycatch
allowed scientists to confirm the presence of dggérhead turtle in Peru (Kelez et al.
2003, Alfaro-Shigueto et al. 2004), to determire genetic analysis that the rookeries for
this population are in Australia and New CaleddBiayle et al. 2009) and to provide
insights into the genetic composition of turtle eggations off Peru (Velez-Zuazo and
Kelez in prep.). In this study, our fisheries bytatesearch has enabled us to conduct
foraging ecology studies loggerheads, greens, bwvel ridleys in the southeastern
Pacific.

A variety of SIA studies have also been conducted gea turtles and results of
these studies have given new insights on the egabgea turtles like the differences
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among co-occurring species and among tissues (etled. 1998, Biasatti 2004,
Revelles et al. 2007a, Bjorndal and Bolten 201t ,differences on foraging habitats and
foraging strategies in females from the same ropldatase et al. 2002, Hatase et al.
2006, Reich et al. 2010), the ontogenetic diethanges in several green turtle
populations (Reich et al. 2007, Arthur et al. 2008rdona et al. 2009), the foraging
strategies of several loggerhead populations (lResvet al. 2007b, Arthur et al. 2009,
Wallace et al. 2009, McClellan et al. 2010, Vandanden et al. 2010) and that sea
turtles can be indicators of isotopic differencesAeen ocean basins (Wallace et al.
2006, Pajuelo et al. 2010). Also, stable isotopgerdnination factors of sea turtle tissues
with respect to diet have been determined for greleggerheads, and leatherbacks
(Seminoff et al. 2006, Reich et al. 2007, Semirebfil. 2009).

In this study we aimed to investigate if the oceaphic differences in the
southeastern Pacific that could generate stablepss variability at the base of the food
web were observed in sea turtles, so they coulddeators of these differences. We
also aimed to study foraging ecology of sea tutikiag stable isotopes by comparing
trophic niche of oceanic greens, loggerheads, &ne ndleys. To our knowledge, this is
the first study employing SIA to research the egglof three species of sea turtle within
the same time and space. The results will idesdid light on the ecological variation
between these species and generate informatiowttha&ielp develop appropriate

conservation strategies for these taxa.
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2.2 Hypothesis

2.2.1 Oceanic indicators

The study area spanned two different marine ecesystthe equatorial upwelling
in the north of Peru where the coastal upwellecevgatollide with warmer and tropical
waters coming from the north (Montecino and Langeé® and the Peru Current System
from 4 South to the south, which is composed by an Bageundary Current system
and a Coastal upwelling system (Barber 2001). Thesereas had also been classified
in the large marine ecosystems (LME) division balmgnorthern one inside the Pacific
Central-America Coastal LME and the other one nakhaaiboldt Current LME. The
Humboldt Current LME is characterized by a narr@mtmental shelf, especially in the
south; a strong eastern boundary upwelling whicthpa large quantities of nutrient rich
waters to the surface thus enhancing productiVitye Humboldt or Peru-Chile current
which runs north is the major current in the LMk the other hand, the portion of the
study site inside the Pacific Central-America CabsME is characterized by warmer
waters than the Humboldt Current LME and re-cirtnfpcoastal currents, being the
most important one in the study site the PacanaeGur

The Humboldt Current system can be divided in twieient zones at the latitude
15°S. In this study we will call the area from 58SL5°S central zone and the area south
of 15°S south zone. These two zones have diffetemtacteristics and the three most
important ones are continental shelf, productiaitgl Oxygen Minimum Zone (OMZ).
The continental shelf is wider in the central zasecompared to the south zameere it
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is extremely narrow. The central zone is highlydquative, having high chlorophyll a
concentrations extending wider areas next to tlastcand a year round upwelling system
while the south zone has lower productivity thadlso seasonal (Montecino and Lange
2009) (Figure 12). The OMZ is thicker and wideatmut 1,000 km offshore in the
central zone while in the south zone it extensiecrelases from 1,200 km at 20°S to 25
km at 30°S as well as it thickness decreases fil@dm3to less than 50 m (Fuenzalida et
al. 2009) (Figure 13). Considering all these chiarastics our study area can be divided
in three different zones: north (from the nortlbt&), central (from 5°S to 15°S), and

south (from 15°S to the south).
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Figure 12: Annual average of chlorophyll a concentation for 1953 - 2001 along the
coast of Peru. Figure shows that south of 15°S cld.concentration is lower. Source:
F. Chavez.
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Figure 13: Oxygen minimum zone, extension and thialess color coded as in the bar
(m). The upper layer is noted by black lines. Soues Fuenzalida et al. 2009.

Given the differences in oceanographic characiesiste expect stable isotopic
signatures to also differ among these zones. fnrdgard, there is some evidence of
differences in nitrogen isotopic signatures in@ioe in the southeast Pacific that
encompasses our study area. Farrell et al. (1988yzed surface sediment and found a
core of low N in an area that corresponds with our central zand **N increasing
sharply to the south and offshore (Figure 14). Plaitern seems to be inversely
correlated with nitrate concentration in the wéi®iada and Hattori 1976, Farrell et al.

1995).
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Our stable isotopic hypothesis for nitrogen andbearare as follow: 1) Higher
values of nitrogen in the south zone and loweresia the central and north zone, 2)

Higher values of carbon in the north zone and lovedues in the central and south

zZones.
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Figure 14. Spatial distribution of surface (Holocer) sediment **N values from
Farrell et al. (1995).

2.2.2 Trophic niches

Based on the foraging ecology of loggerheadsediidieys and greens in their
subadult and adult stages and also on the wideidigon of green turtles in the study
area compared with olive ridleys and greens oupthgsis for trophic niches are as

follows: 1) Loggerheads and olive ridleys will havigher average nitrogen values than
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green turtles, and 2) Green turtles will show aewidistribution of nitrogen and carbon

values compared with loggerheads and olive ridleys.

2.3 Methodology
2.3.1 Study area

This study was conducted in the Southeastern Raadean, offshore of the
Peruvian coast but also extended to marine aré&coador and Chile and international
waters (Figure 15). All the fishing sets observetewconducted off the continental shelf

up to 88.2°W and from latitudes 3°S to 23°S.

2.3.2 Sample collection

From 2003 to 2009, observers collected data frothlédgline fishing sets on
board of Peruvian fishing vessels (Figure 15). ®bgerved fishing sets targeted
dolphinfishCoryphaena hippuruer sharks (mainly shortfin makeurus oxyrinchus
blue sharkPrionace glaucaand hammerhead sh&Bkbhyrnaspp.) and spanned almost
the entire Peruvian coast from the latitude 3°®018°S, around 1600 km. We also
observed some trips targeting swordfi§phias gladiudurther south (around latitude

23°S).
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Figure 15: Study site showing the longline fishingets observed off Peru.

Sea turtle skin samples were collected using gstal a biopsy punch from the
neck-shoulder area or from the rear flipper. Thagas were preserved immediately
after collection in either 70% EtOH (ethanol) olt.safter each fishing trip, the observer
sent the samples to Lima and after a re-labelinyg there refrigerated. Besides the skin
sample collection, each turtle was identified teaes, the curved carapace length notch

to tip (CCLn-t) and minimum curved carapace ler(@&Lmin), the total tail length and
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the post-cloacal tail length was measured witlezilfle tape measure as specified by
Bolten (1999). Each turtle’s weight was determimgith a spring scale, and the
interaction type was recorded (e.g. hooked in tbatim hook swallowed, entangled with
mainline, etc.). Pictures were taken of all induads although some pictures were lost
due to malfunction of the cameras. These pictu®gwsed to confirm the species

identification.

2.3.3 Laboratory analysis

Sea turtle tissue samples were prepared at thén8esit Fisheries Science Center
facilities in La Jolla, California. We used papewtls to dry remains of ethanol or a
scalpel to remove the salt from the samples. Atidas were subsequently diced into the
smallest possible pieces with a scalpel and thied @ither in an oven at 60°C for 2.5
hours or freeze dried for 2 hours. The dry sampie® ground to a fine powder. Lipids
were extracted with an ethyl ether and petroleumretolution (1:1) using a Soxhlet
apparatus for ca. 10 hours. After the lipid exiagtsamples were air-dried for one hour
and oven-dried at 60°C for one hour to eliminatg @maining ether. Finally, samples
were ground again (if needed) and a portion ofstraple weighting between 0.8 — 1 mg
was placed in tin cups for analysis.

Stable isotope analyses were conducted at theeS&dibpe Laboratory at the
Department of Geosciences, University of Florida W¢ed a Costech ECS 4010

elemental combustion system interfaced via a ColiFtevice (Finnigan MAT,
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Bremen, Germany) to a DeltaPlusXL gas isotope-ratss spectrometer (Finnigan
MAT). The international standard, USGS40 L-glutamiid ( **C%. -26.39, °> N -
4.52%0) was used to check the calibration of thespmeter. Five USGS40 samples
were run with each 44 unknowns to standardizedhelts and avoid potential drift.
Hundreds of replicate assays of standard matendisated measurement errors of
0.05% and 0.095%for carbon and nitrogen, respdgtive

To express the isotope values of the samples, e the notation. This
notation expresses in parts per thousands (%o)iffezehce between ratios of the heavier
to the lighter isotope compared to a standardckdyon, the standard is PeeDee
Belemnite (Ratio, 13C/12C = 0.011180) and for mj&o the standard is Air (Ratio,

15N/14N = 0.0036765) (Fry 2006). The calculationhe&f values is as follows:

element: [( Ratl(},amme/ Ratthandard_ 1)] * 1000

2.3.4 Statistical analysis

We used the R program (R Development Core Team)20kfnduct all the data
exploration and statistical tests. We obtainedohigtms, densities, boxplots, and
QOQplots to observe the distribution of the values'@N and °C per species, to
compare distributions among species and to exathandata for normality. To compare
means of *°N and *C among the three species, we used the Kruskalig\tesit and the

Mann—-Whitney U test for post-hoc comparison tebtsexplore spatial patterns we
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conducted correlation tests amortg\ and *°C values with latitude, using Spearman
Rank Correlation or Pearson’s correlation test (t&s). Also, to observe spatial patterns
of the stable isotope values, we used the Inversilre Weighted Interpolation
technique (IDW) in ArcGIS. To specify the interptobe area, we created buffers of 2
degrees around each turtle location and dissolveduffers borders to obtain only one
polygon and used it as a mask to run the IDW.

Due to the correlations encountered between thepsadata and latitude, we
conducted a focal analysis of means in a smalea & factor out spatial patterns in
carbon and nitrogen and observe if the differemaersy species will persist in this
scenario. We used Kruskal-Wallis tests to compagam among species. The area
selected was off the central coast of Peru ané# ehosen because it included the

highest density of individuals.

2.4 Results
2.4.1 Turtles captured

During the fishing sets, we observed a total of 288es that were incidentally
captured. Some turtles were not evaluated (n=2&use they either got free when they
were pulled up, were not brought on-board, or veerg back by fishermen crew. We
evaluated 240 individuals and 141 skin samples weltected to conduct stable isotope
analysis. A total of 139 stable isotope signhatwere obtained from 76 green turtles, 36

loggerheads, and 27 olive ridleys.
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Figure 16: Capture location of 139 sea turtles whasskin was collected for stable
iIsotope analysis.

The 139 turtles included in the analysis (Figurgweére captured from January
2003 to November 2004 and from May 2007 to Febr@@B® mostly during the
dolphinfish fishing season (85%, n=118) but alsordyuthe shark fishing season (15%,
n=21). The majority of the interactions among setds and the longline gear was a
result of turtles trying to ingest the bait with4%hooked in the mouth (including
maxillas and tongue) and 23% in the esophagus I@wed) but turtles were also hooked
in the fins (15%) and entangled with the branckdi{9%). A minority where hooked in

other places like neck, eyes, and shoulders (4%9.hboks were removed from the
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majority of individuals, but from all the turtle®bked in the mouth and esophagus, a
17% (n=17) were liberated without removing the htwmkvoid further injuries to the
turtles. All turtles were sent back to the wateéreal

Individuals in the study varied in size (Table 1Based on the CCLn-t,
loggerheads were on average the biggest turtlesvfed by greens and then olive
ridleys. Based on the mean size of nesting femaldg closest major rookeries for each
population (95.76 cm for loggerhead in Mon Repasstralia, Limpus 1985, 86.7 cm for
green turtles in Galapagos Islands, Zarate eD83264.9 cm for olive ridley in La
Cuevita, Colombia, Barrientos and Ramirez 2008)ogljerheads, all greens and 96% of
olive ridleys will be considered juveniles or subls. However, the 15% of the olive
ridleys and 20% of the green fall between the mummand the mean size of nesting
females in the before mentioned rookeries, whichmeehat the proportion of adults for
these species could be higher. Due to the lifeestaf the individuals captured, gender
was difficult to determine, but at least two oliéleys were categorized as males

because they showed secondary sex characteristics.
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Table 19: Mean size (CCLn-t), standard deviation (B), and size range of
individuals included in the SIA. Note that the °N axis units are double the units of

the °C axis
Species CCLn-tcm SD Range n
Caretta caretta 54.5 8.5 34 - 69 36
Chelonia mydas 53.0 8.6 27-71.2 75
Lepidochelys olivacea 52.8 9.5 25-65 26

2.4.2 Stable isotope data

We obtained stable isotope signatures from 13@etamples (Figure 17). The
5N data show a higher spread of values comparetf@and there appear to be
significant differences among species. Compariegtieans, loggerheads showed the
lowest mean value for carbon (-16.53) while oliktay showed the highest, -15.80
(Table 20, Figures 18 and 19). In contrast, themuddhe nitrogen isotope for
loggerheads was the highest, 13.69, and was 2igip¢than the mean values for greens
and olive ridleys which were 11.58 and 11.71 respely (Table 20, Figures 18 and 19).

The means for carbon were more similar to eachr ¢tia® the means for nitrogen.

Table 20: Stable isotope values fo€. mydasC. caretta and L. olivacea(mean, SD,
and range)

Species BN d3c n

Mean SD Range Mean SD Range
C. mydas 11.58 1.43 7.68-16.26] -16.12 0.71 -18.02 - -14.576
C. caretta 13.69 2.48 8.42-17.87] -1653 0.76 -19.10 --15/336
L. olivacea | 11.71 1.57 8.76-15.42] -1580 0.90 -19.01--14/427
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Figure 17: Scatter plot of *C and *N values.C. mydasn green,C. carettain red
and L. olivaceain blue.
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Figure 18: **C and N mean values and standard deviations for each saatle
species. Rhombus foC. mydastriangle for C. carettaand square forL. olivacea
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2.4.3 Oceanic indicators

To observe if sea turtles could be oceanic indisabd isotopic differences in a
wide oceanic region, we explored if there wereigppatterns in the stable isotope
signatures of their skin tissue and the 3 zoneslirstudy area. We created maps of
interpolated values derived from each spefizanydas, C. carettandL. olivaceg and
isotope (carbon and nitrogen). The maps in FigOrar2 for carbon and there seems to
be a zone with higher values in the north for huive ridleys and greens but not for
loggerheads for which values of carbon do not seeshow any pattern. This high
carbon zone agrees with our hypothesis. The mapgure 21 are for nitrogen and it can
be observed that nitrogen tends to be higher imtithern and southern portion of the

study area. Also, it appears that there is a nfaspot of high nitrogen signatures for
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loggerheads in the south (Figure 21, left map)e m@sults of high values of nitrogen in
the south zone and low values in the central zgnees with our hypothesis. Moreover,
results from statistical analysis show a signiftaaggative correlation between nitrogen
and latitude for loggerhead and green turtle btiforoolive ridley (Table 21). For
carbon, significant positive correlations were ated for olive ridley but not for green

turtle or loggerhead (Table 21).

Table 21: P-value and correlation coefficients ofarrelation tests among latitude
and stable isotopes foC. mydas, C. carettand L. olivacea

C. mydas C. caretta L. olivacea
Carbon
p-value 0.1593 0.7519 0.005339
correlation coefficient cor =0.1630764 rho =5187588 cor =0.5208916
Test Pearson Spearman Rank Pearson
Nitrogen
p-value 0.04541 0.0003037 0.4628
correlation coefficient  cor =-0.2302292 rho = 168618 cor = 0.1475100
Test Pearson Spearman Rank Pearson
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Figure 20: Maps of interpolated zones of **C values derived fromL. olivacea(left), C. mydag(center) andC. caretta(right).
All maps were created using the same scale. Blacktd are sea turtle capture locations.
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Figure 21: Maps of interpolated zones of °N values derived fromC. caretta(left), C. mydag(center) andL. olivacea(right).
All maps were created using the same scale. Blacktd are sea turtle capture locations.



2.4.3 Trophic niches

The trophic niches of each sea turtle specieselipat], in this case, by the
distribution of the C and N values. The distributions can be observed in the
histograms and frequency lines in Figures 22 and-8Bcarbon, contrary to our
hypothesis, olive ridleys show a slightly widertdisution (4.54 units), than the others
(3.52 for greens and 3.71 for loggerheads) bughadiv comparably narrow distributions.
Also, loggerheads have more negative values (cexpanded to the left) than greens and
olive ridleys (Figure 22). In the case of nitrogehye ridleys show the narrowest
distribution (6.66 units) of all three species &mel loggerheads have the widest
distribution (9.45) with a clear bimodal distribani (Figure 23). To observe better the
distributions they were plotted in the same panéligure 24. This figure shows clearly
the large differences in nitrogen values amongdolggads and the other two species.
These findings did not agree with our hypothesid &xpected greens to have the wider

nitrogen distribution as it is the one with the @stldistribution in the study area.
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Without diminishing importance to the shapes ofdistributions, we compare
means per species due to the importance of meaepresent a population in foraging
ecology studies. For example, to calculate thehimjevel of a species in a food web,
only the mean of the nitrogen signature is usekewise, to calculate the importance of
food items in the diet of a consumer using mixingdel analysis, only the isotope means
are used as inputs to represent the consumer hasable species identified as food
items. The nonparametric test to evaluate foediffices in the means resulted in
significant differences of means both for carbod anrogen (Carbon: Kruskal-Wallis
chi-squared = 15.0406, p-value = 0.000542, Nitro¢gnskal-Wallis chi-squared =
19.0273, p-value = 7.3848. Further paired analysis showed that all meansdtbon
were statistically different among each other alnceaidley and loggerheads were
highly significantly different (Table 22). In tlease of nitrogen, greens and olive ridleys
were not different but they were both highly sigrahtly different from loggerheads
(Table 22). The high values of nitrogen for loggeatis and low values for green agree

with our hypothesis but the low values for olivéleys were not expected.

Table 22: Significance of p-values of the Mann-Whitey U-test per pair of species
for *Cand ™N

C.mydas C.caretta L. olivacea
C. mydas ** ns
C. caretta * o B
. pd
L. olivacea * *
13C

ns: no significant, *: significant, **: highly sigicant
93



2.4.4 Focal analysis

The focal analysis included a total of 39 greetidar 19 loggerheads and 10
olive ridleys that were captured in the selectehdFigure 25). Results from the analysis
showed no differences among the mean nitrogen sdtuahe 3 species (Kruskal-Wallis
chi-squared = 4.5097, p-value = 0.10490) but etitounter significant differences in

carbon (Kruskal-Wallis chi-squared = 9.0885, p-eatu0.01063).

Species

¢ |oggerhead
¢ green
olive ridley

Figure 25: Capture locations of sea turtles include in the focal area analysis.
Different dot colors are different species.
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2.5 Discussion

In marine environments off Peru, several procegsiésodify the signature of
the nitrogen 15 in the water. The Peru Upwelling$stem is the most productive
marine ecosystem in the world, due to the greatusrtnof nutrients that enter the system
via upwelling. These nutrients get consumed by mgyas that use oxygen. The high use
of oxygen and the poor ventilation of the regioeate a large area of low oxygen or
oxygen minimum zone — OMZ (Helly and Levin 2004) these hypoxic conditions
denitrification occurs rapidly. Denitrification &process in which organisms like
bacteria, in the absence of oxygen, useINfitrate) as an electron receptor for their
reactions with Mas a sub-product (Montoya 2007). Because dendtibn reactions
favor *'NO; over®NO; these OMZ waters will be highly°N enriched (Saino and
Hattori 1987, Liu and Kaplan 1989) with an enriciminiactor of 30 + 7.5 %o (\Voss et al.
2001). Waters enriched due to denitrification \g#t transported to surface layers by
vertical transport like upwelling but they will al$e transported horizontally by
advection (Voss et al. 2001). In the euphotic zéme phytoplankton assimilates the
lighter nitrate (14) at a higher rate than the Iheyaene (15), resulting again in an
enrichment, with a discrimination factor around Sfcthe surrounding waters which will
also generate spatial trends (Montoya 2007).

We believe that these processes are generatinglsgatation in the °N of
surface waters in our study area off Peru. Morgdhese processes will generate
different effects depending on the particular oocggaphic features present. These
features are particularly different in the threee®identified along the marine

95



environments of Peru. The north zone, where thetabapwelled waters collide with
warmer and tropical waters coming from the nortloffécino and Lange 2009), and the
central and south zone, which are part of the Remient System (PCS), show different
characteristics. The central zone has a year-rapmetlling system, higher concentration
of chlorophyll a, higher productivity, and a thickk&rger, and closer to the surface
OMZ. On the other hand, the south zone has a wegieelling, lower productivity,
higher presence of eddies and thinner and smaNé&z (Chaigneau et al. 2008,
Fuenzalida et al. 2009, Montecino and Lange 20D9¢. weaker upwelling in the
southern part generates a longer transport tinleetgurface, so surface waters are
comparatively older than the waters in the cerdraa of Peru. The older the waters the
more nitrogen 15 enriched they get due to dergaifon and phytoplankton
consumption. Therefore, isotopic signatures obgin will be different in the central
and south zones of the study area having the smuné higher values than the central
one. The north zone will also have higher values tthe central one due to the enriched
that continuously occur while water are movingnirapwelling cores to adjacent areas.
Our results for loggerheads and green turtles@tipipese ideas. In the case of
olive ridley the lack of more than one data pomthie south zone might have prevented
the detection of a spatial correlation for nitrog&ur findings are also supported by the
spatial variability found in other studies. For eyde, yellowfin tuna and omnivorous
copepods sampled in the Eastern Pacific show amadse in *°N values from latitude
10°S to 25°N. In the case of tunas the increasean@md 5 %o (Popp et al. 2007). In the
same region, the™N of samples of sinking particles (pellets formgtalgae, bacteria
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and zooplankton) at 130 m depth ranged from 9 %élal to 11.2%0. at 24°N (Voss et
al. 2001). Moreover, studies conducted on yelloydkipjack and bigeye tunas in the
Pacific Ocean show spatial patterns BN, with the three species having higher values
concentrated around the same areas (Graham @0&).2

Our data also show spatial variation 5iC for olive ridleys with a negative
correlation with latitude. These findings agreelvour hypothesis and other studies that
had also find this spatial correlation with highues observed closer to the equator and
a negative gradient towards the poles (Takai.€2Gfl0, Phillips et al. 2009, Jaeger et al.
2010). The reason for this relationship may beteeléo water temperature, GO
concentration, and phytoplankton growth rates.efksperatures diminish towards the
poles, the amount of GGn the water increases and it seems that theo$itee CQ pool
in the water is negatively correlated witHC (Rau et al. 1990 in Michener and Kaufman
2007). In the case of green turtles, there wagla HPC center in the northern area
(Figure 23) but a correlation was not found. Theklaf correlation could be due to the
possibility that green turtles are not only usimganic areas but also neritic areas close
to the coast. If this is the case, the inshorefshofe pattern of**C will be also affecting
the carbon signatures aSC is highly enriched in coastal areas comparedéaoic
ones (Hobson et al. 1994).

Loggerheads seem to be showing the inshore — offgaitern of *C when
compared to greens and olive ridley. ThéfC is significantly lower than the ones for
greens and olive ridleys not only when comparinged turtles in the study site but also
in the focal area analysis. Loggerheads off Pezlalirconsidered oceanic juveniles and
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have not been observed in neritic areas. Morealsr to this habitat selection, a live
animal of this species was not recorded in Peril amtboard observers were placed in
pelagic longliners for the project that includess tstudy (Kelez et al. 2003).

The values of *°N observed in all oceanic sea turtles off Perueghdmong
species. Loggerhead mean value was around 2 ugiterithan greens and olive ridleys.
Knowing the preference of loggerheads for animealmver plants and algae the high
values of nitrogen were expected. However, loggathand olive ridleys, which also are
supposed to favor animal prey, were significantffecent in their nitrogen values.
Moreover, olive ridleys’ nitrogen values were ndfatent from green turtles which
could mean that these two species are foragingsiemarly in oceanic waters (i.e. same
preys and/or same areas). On the other hand, fmddgsources so scarce in the open
ocean it is interesting to observe the differenndbe values if they indeed reflect prey in
different trophic levels. If this is the case, s#amg and targeting different prey in
oceanic waters will require differential behavitwsncrease their foraging efficiency.

Multispecies studies in the same oceanic area waeiideal to elucidate
differential behaviors, but they are lacking in tierature with the exception of Polovina
et al. (2004). His study, conducted in the northifira satellite tagged loggerheads and
olive ridleys that were caught during longline frelnsets. Tagged individuals separated
spatially by species and loggerheads were obsersiad more northerly and colder
waters when compared to olive ridleys. Besidesfiaial separation they also showed
differential diving behaviors. Loggerheads conddahkallower dives than olive ridleys
(Polovina et al. 2003, Polovina et al. 2004). #4h two species are foraging at different
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depths in our study site off Peru and consequédathging on different species, this
could potentially be responsible for their isotggnature differences.

Besides prey selection, another factor that afféietsis the foraging area. In the
case of sea turtles in the open ocean, it is kritvahin general, different species don'’t
have the same distribution. This is also the cas¢hke sea turtle aggregations off Peru in
this study. Green turtles occurred along the estudy site which corresponds with this
population’s distribution (Figures 24 and 26). Greare known to commonly occur from
Mexico to Chile (Marquez 1990) and they are thetnroosmmon species in Peru (Hays-
Brown and Brown 1982). Moreover, this species aange coincided very closely with
the fishing effort distribution with the exceptiohthe southernmost areas (south of
20.5°S) were no sea turtles were captured (FigyeThe high density of fishing effort
and sea turtles in the central zone might be r@latth the chlorophyll concentration
which in the Peruvian coast is richest betweend@$12°S (Echevin et al. 2008).
Regarding green turtle’s oceanic habitats, studée® investigated mostly their
migration from nesting beaches or from a liberapomt after captivity to neritic
foraging areas crossing oceanic areas (Hays 20@L, Godley et al. 2002, Pelletier et al.
2003, Rice and Balazs 2008). Only one study fowndiesce of foraging in the open
ocean. These turtles were adult females that nest@dlapagos Islands and moved south
from these islands in the southeastern Pacificy Beem to be associated with SST
fronts and 0.2 mg m surface chl. a concentration (Seminoff et al. 3008 our study,

considering the data constraints (longline bycatgtgen turtles did not show oceanic
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spatial preferences and were the most common speaptured which highlights the

importance of oceanic habitats for green turtlehensoutheast Pacific.
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Figure 26: Frequencies of turtles captures along katitudinal gradient. Green line
for green turtle, red for loggerhead and blue for dive ridley. Grey area is the fishing
effort.

Olive ridley occurred more commonly in the nortld aentral zone of the study
area (Figures 24 and 26) being highly more frequetite north zone than expected
based on fishing effort (Figure 26). This is alsosistent with the distribution of the
Eastern Pacific olive ridley population and theeference for more tropical waters.
Olive ridleys are not very common in the south eftPor Chile (Hays-Brown and Brown

1982, Chandler 1991). Habitat preferences foredligleys in the open ocean had been
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studied in some regions. Adult olive ridleys in By of Bengal, Indian Ocean, migrated
through oceanic areas using pathways between ooddand warm core eddies which are
areas that concentrate floating prey (Ram et &92MHowever, in Australia, adult
females did not forage in oceanic areas but travatigight to neritic feeding grounds
(Whiting et al. 2007). In the north Pacific, olikidleys were found in the center of the
Subtropical Gyre, occupying waters with SST randmg 23°C to 28°C, a deep
thermocline at 100 m. but were not associated stittng surface chlorophyll gradients
(Polovina et al. 2004). The preference of olivéayd for warmer SSTs will result in the
consumption of prey that are more abundant in sgelanic waters and could result in
differential isotopic signatures.

In the case of loggerheads, they were not encaethiarthe north zone of the
study area but occurred commonly in the centralssmdh zones (Figures 24 and 26).
However, based on the fishing effort distributitrey were highly more frequent in the
south than expected (Figure 26). Once more, tiisillution is not surprising because
loggerheads are not as common in tropical wateoshess turtles (Marquez 1990,
Pritchard 1997). Also, the northernmost part ofshely site, were loggerheads were not
found, is not under the influence of the Peru aurbait superficial tropical waters
coming from Ecuador (Zuta and Guillen 1970). Jukesiibadult loggerhead’s oceanic
foraging areas had been the most studied onethe Inorth Pacific, this species had been
associated with convergence fronts (temperaturechlzdophyll) where floating
organisms accumulate (Polovina et al. 2000, Pokoeiral. 2004) and seem to move
latitudinally following the chlorophyll front's maments (Polovina et al. 2004).
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Distinctively, in the north Atlantic, loggerheadem® not associated to a specific
oceanographic region but limited by cold sea sa@rtamperatures (SST) with the
hypothesis that turtles could be taking advantddkeeospring blooms during warmer
months but retreating to the warm waters of the Gtream during colder months
(Mansfield et al. 2009). Moreover, another studyhi@ Atlantic found that loggerhead
distribution in the open ocean seemed to be adedcrath topographic features (Santos
et al. 2006). Some juvenile individuals of this plgion seem to use both oceanic and
neritic foraging areas (McClellan and Read 2007nsfield et al. 2009, McClellan et al.
2010). In the Mediterranean Sea, juvenile loggethe¢agged in the Alboran Sea
remained in this area, avoided the coastal shelfewot associated with eddies, and did
not show seasonal migrations (Cardona et al. 2R8%elles et al. 2007¢c, Revelles et al.
2007d). The lack of seasonal movement patterneewlsined by the fact that SST in
the Alboran Sea is always warmer than 10°C (Reselteal. 2007c). A similar pattern of
fidelity to oceanic areas had been observed inrqthes of the Meditarrean Sea with the
exception of larger oceanic loggerhead presuméelimng to Atlantic stocks (Casale et
al. 2007).

In our study site off Peru, the preference fordbathern area could be related to
the origin of loggerheads in the southeast Padiffhile greens and olive ridley’s sources
of hatchlings are in countries north of Peru, therse for loggerheads is the southwest
Pacific (Australia and New Caledonia) and their ratipn to the coasts of South America
seems to be facilitated by the Tasman Front an&tuth Pacific Current (Stramma et al.
1995, Boyle et al. 2009). Another explanation &t flhggerheads could be associating
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with the high frequency of eddies that occur saith5°S (Chaigneau et al. 2008) and
exploiting the convergence areas that tend to aatatmfloating organic material
(Dandonneau et al. 2003). Their preference fortiegscal waters could be giving them
the advantage to exploit these eddies over grerenlsve ridleys that are more thermally
constraint.

As the literature shows, some species seem todoeiated with similar
oceanographic features (e.g. SST fronts, chlordptoylts) but there seems to be
regional (e.g. loggerheads in north Pacific andmatlantic) as well as interspecific
differences. These interspecific differences irtrdigtions in the oceanic environment
could be responsible for the differences in isatyalues not only due to different prey
availability but also because nitrogen and carlaonvary spatially which will result in
isotopic differences at the base of the food welb whll transmit up the food web.

The interspecific differences in nitrogen obseraetbng loggerheads and the
other two sea turtle species seem to be principalited not with a trophic level
difference but with the spatial location were tstivere found. We base our conclusions
in the correlation among nitrogen signatures atitithe as well as the focal analysis
which show no difference in nitrogen signatures mviagitude was accounted for->
Nitrogen, which typically has been considered taH@etrophic level isotope indicator
due to its low spatial variation (mainly in termési studies), can actually have great
variability in marine environments. The most imaot sources of variability for this
element in the marine realm are processes likérdation, nitrogen fixation, and
nitrification and the nitrogen source, which refersvhere is the nitrogen in the system
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coming from (i.e. atmospheric nitrogen, runoff, ghed nitrate, etc) that will change the
baseline values in the ocean waters (Montoya 2007)

In conclusion, our analyses are showing that sel@$useem to be oceanic
indicators of stable isotope signatures that argqodarly related to water masses and
oceanographic characteristics. This had been sipognously with sea turtles from
different ocean basis but in our study the diffeemnare observed in a comparatively
smaller area in the Eastern Paciforeover, our results give further evidence that i
areas where different oceanographic processesatermg, we need to consider how
these processes affect elemental isotopic valuesebmterpreting data and making
trophic ecology conclusions. Our findings of spat@relations for nitrogen and carbon
were likely influenced in the case of nitrogen sigmes by cycling processes like
denitrification and phytoplankton consumption résgl in low values in the central zone
of the study site and high values in the south z@aebon values were higher in the
north zone and loggerheads showed significant tegplealues of carbon which
corresponds with their juvenile oceanic behavipidsgl of this area. This result opens the
guestion as whether greens and olive ridleys aremly foraging in oceanic areas but
also in coastal ones as observed in some turtlether regions In our study off Peru, in
terms of foraging, loggerheads were particulargtidct from greens and olive ridleys
because they showed a considerable wider tropbienn terms of nitrogen and also
higher mean values. To observe if these differeaceselated with diet preferences
further mixing model of diet preferences will bendocted. We believe that there is a
need for additional trophic ecology information@seanic sea turtles in order to start to
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understand better their life history in the opeaat Only this information will allow us

to properly elaborate management plans for theiseovation.
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3. Sea turtle diet in oceanic environments off Peru
stable isotope mixing models results for green,
loggerhead and olive ridley sea turtles

3.1. Introduction

The foraging ecology of sea turtles in the operanaemains a poorly researched
subject. Most studies have been conducted withdidggad sea turtléSaretta carettan
the North Pacific (Parker et al. 2005), North AtlarfBrongersma 1972, Frick et al.
2009), and Mediterranean Ocean (Tomas et al. ZR@ielles et al. 2007b) and only a
few have been conducted with green tur@éslonia mydasand olive ridleys
Lepidochelys olivacedKopitsky 2002). Moreover, there are no studmelving
multiple species in the same oceanic region. kltght, we studied the foraging ecology
of three sea turtle species: loggerheads, greadlave ridleys captured in oceanic
environments off Peru, in the southeastern PaCiiean.

One way to study food webs and a consumer diet anblyzing stable isotope
signatures of consumer tissues because they imeetpaisotopic signature of their prey.
Moreover, an added benefit of this technique i ig@opic signatures reflect a longer
term foraging history, on the order of weeks to therdepending on the tissue as
opposed to a snapshot of the diet. The most coneleonents used in ecology studies are
carbon and nitrogen.

The objectives of our research were to increas&monledge on diet preferences

in oceanic environments for three species of sekesu/green, olive ridley, and
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loggerhead) in the southeast Pacific Ocean. Wevedsied to investigate if longline bait

had any contribution in the diet of these oceamitids.

3.2. Methodology

We used stable carbon{C) and nitrogen ¢°N) isotope analysis to investigate
trophic ecology of sea turtles because this teclen@an provide a comprehensive view
of a consumer’s diet. Stable isotope values weterohéned for all turtle and prey tissue

samples.

3.2.1 Study area

This study was conducted in the Southeastern dadean, offshore of the
Peruvian coast but also extended to marine aré&coador and Chile and international
waters. The study area spanned two different madosystems: the equatorial
upwelling in the north of Peru where the coastavelfed waters collide with warmer and
tropical waters coming from the north (Montecinal drange 2009) and the Peru Current
System from 4 South to the south, which is composed by an Ba&eundary Current
system and a Coastal upwelling system (Barber 2001Bse two areas had also been
classified in the large marine ecosystems (LME)sitiv being the northern one inside
the Pacific Central-America Coastal LME and thesotbne named Humboldt Current
LME. The Humboldt Current LME is characterized byaarow continental shelf,
especially in the south; a strong eastern boundwelling which pushes large

guantities of nutrient rich waters to the surfdogstenhancing productivity. The
107



Humboldt or Peru-Chile current which runs nortthis major current in the LME. On the
other hand, the portion of the study site insideRlacific Central-America Coastal LME
is characterized by warmer waters than the Huml@ildtent LME and re-circulating
coastal currents, being the most important onberstudy site the Pacana Current.

As a consequence of different oceanographic chertstits and processes, stable
nitrogen and carbon concentration will vary spétiab we conducted our analysis
considering the three zones described in chaptee@ion 2.2.1) to minimize spatial

variability to be included in our mixing models.

3.2.2 Sample collection

From 2003 to 2009, observers collected data frothlédgline fishing sets on
board of Peruvian fishing vessels (Figure 15 irtise@2). The observed fishing sets
targeted dolphinfisiCoryphaena hippurusr sharks (shortfin makigurus oxyrinchus
blue sharlPrionace glaucaandhammerhead sha&phyrnaspp.) and spanned almost
the entire Peruvian coast from the latitude 3°81¢018°S, around 1600 km. We also
observed some trips targeting swordfi§phias gladiudurther south (around latitude
23°S). All the fishing sets and collection of pdtahprey items were conducted off the
continental shelf.

The collection and preservation of skin samplemfsea turtles captured are
detailed in section 2.2.2. Potential prey itemsenmallected in 2008 and 2009 using a
plankton net that was towed from a fishing vessebpproximately 5 minutes each time

during the day or at night hours (n = 20). The argias collected were classified on
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board of the vessel and preserved in 70% or 96%1E#&thanol). The entire organism
was preserved for small organisms while only aipordf large organisms was preserved
(i.e. jellyfish, giant kelp). We also included sdegpfrom the two species most
commonly used as bait in pelagic longline fishea#$eru; Humboldt squi®osidicus
gigasand chub macker&comber japonicus’hese samples were collected from baits

during the retrieval of longline hauls.

3.2.3 Laboratory analysis

Sea turtle tissue and potential prey item sampkre prepared at the Chemistry
Lab at the Southwest Fisheries Science Centeitfesiin La Jolla, California. Samples
were dried, grounded, lipid extracted and driedra@g#etailed explanation in section
2.2.3). The whole sample from potential prey itemas used with three exceptions: the
calcareous plates from the gooseneck barnaclesrerm@ved, the shell of a pelagic
octopus was removed from the sample and for sontteegbelagic crabs the exoskeleton
was removed. Also, for very small organisms likpe&pods, many individuals were
combined to have enough quantity for stable isotysis as one sample. In the case
of the bait species, only the body parts used asvMeae analyzed, therefore in the case of
the Humboldt squid only the mantle was used antiarcase of mackerel pieces of
muscle were used. Fine ground samples were weighgthetween 0.8 — 1 mg of the sea
turtle samples and 1 — 1.4 mg of the potential ey samples was placed in tin cups

for stable isotope analysis. These analyses werdunbed at the Stable Isotope
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Laboratory at the Department of Geosciences, Usityeof Florida and a detailed
explanation of the methodology can be seen in@e&i2.3.

To express the isotope values of the samples, e the notation. This
notation expresses in parts per thousands (%o)iffezehce between ratios of the heavier
to the lighter isotope compared to a standardckdvon, the standard is PeeDee
Belemnite (Ratior*C/*?C = 0.011180) and for nitrogen the standard is(Ratio,

1>N/*N = 0.0036765) (Fry 2006). The calculation of thealues is as follows:

element= [( Ratiquample/ RatiQyandara— 1)] * 1000

3.2.4 Statistical analysis

We used the R program (R Development Core Team)20Xdnduct all the data
exploration and statistical analysis. To investgartey contribution to the diet of each
sea turtle, we used mixing models because thewal&dculations of proportional source
contributions to a mixture when the number of sesiis larger than the number of
elements used to analyze the mixture. In this dhsegiet (the mixture) is investigated
by analyzing the stable isotope signatures foraadnd nitrogen from skin tissue of sea
turtles. The sources (i.e. potential prey item#gced for the analysis were organisms
that had already been reported as prey of oceanitustles based on stomach content
and/or esophageal lavage analysis and the two coastnon species used as bait in
pelagic longline fisheries off Peru. Due to thehhigimber of different prey taxa and to

maximize the performance of our mixing models (ts#d only two stable isotopes), we
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conducted an a priori aggregation and created grbaped on taxonomic similarities. In
addition to these three groups, we included eattspacies as a separate source due to
their anthropogenic origin. To properly solve thass balance equations in the mixing
model, it is necessary to have a mixing polygonnid by the sources’ signatures, that
includes the mixtures inside its area (Phillips &rdgg 2003).

The Bayesian isotopic mixing model available a®p@n source R package,
SIAR (Stable Isotope Analysis in R; Parnell et28110) was used because it allows for
uncertainty and natural variation to be incorpatatethe model. The Bayesian inference
model uses Markov Chain Monte Carlo (MCMC) as fitten§ algorithm and a dirichlet
distribution as the prior which treats each soumpait as independent but requires they
sum to unity (Parnell et al. 2010). Moreover, besithe posterior distributions of the
sources, SIAR results include an overall residua@reerm.

One of the inputs that mixing models use is théecement factor of a consumer
with regards to its diet. This factor, also knovenflactionation or discrimination factor,
varies depending on the species, tissues, develdphstage of the organism, nutritional
stress, and the diet type from around 0.2 to 7%o fonitrogen (DeNiro and Epstein
1981, Minagawa and Wada 1984, Peterson and Fry, 198da et al. 1987, Hobson and
Clark 1992, Bearhop et al. 2002) but the generdlmast currentiverage is 2.7%

0.10%o (Caut et al. 2009). In the case Gfcarbon, the discrimination factor among diet
and tissue varies also depending on species, sisswkdiet type and the range is between
-0.6%0 and 2.7%with an average of 0.8%. (DeNiro and Epstein 1%&erson and Fry
1987). Discrimination factors of epidermal tisssed for the mixing models in the
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present study were 2.18%. foP nitrogen and 0.17%. for® carbon forChelonia mydas
(Seminoff et al. 2006) and 1.6%o. fol” nitrogen and 1.11%. for*> carbon forCaretta
caretta(Reich et al. 2008). In the casel@&pidochelys olivacedhere are no specific
discrimination factors available therefore we ugeelCaretta caretteones based on the
foraging ecology similarities, both are omnivorookthese two species during their
entire life cycle.

The mixing models also included the concentratmfitsarbon and nitrogen in the
sources. These values were obtained during théestadtopes analysis in the laboratory.
Therefore, the model inputs for each species speunibdel were: ** carbon and **
nitrogen of each turtle sample of the same spefrastjonation factors for'® carbon and

S nitrogen and their standard deviations for the ipesea turtle species, the average
13 carbon and*® nitrogen and standard deviations of each sourtieefepne species or
group) and the concentration of carbon and nitragezach source.

Due to correlations amond® nitrogen and *3 carbon of sea turtle tissues and
latitude in our study site (section 2), and theeéhdifferent oceanographic regions off the
Peruvian coast that were included in our study(sietion 2), all sea turtle data was
divided accordingly with the regions resulting lmde groups: the northern group which
included turtles captured from the equator to $i8,central group with turtles captured

from 5°S to 15°S and the south group that includeites obtained from 15°S to 17°S.
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3.3. Results

3.3.1. Sea turtles

We collected skin samples of 139 sea turtles tlemewncidentally captured by
longline vessels mostly during dolphinfish sets &itd during shark sets. The total
number of samples for green turtle, loggerheadaddind ridley was 76, 36 and 27
respectively and based on their sizes, all turtlere classified as juveniles or subadults
with a higher proportion of subadults among olixkeys (Table 23). The amount of
turtles captured varied per zone being the larggstral zone the one from where higher
number of turtles was collected (Figure 27). Thaltoumber of turtles captured per zone
can be observed in Table 24. Due to the small sasipé in the zones north and south,
and the fact that all our prey samples were catbat the central zone, the diet analysis
were conducted only for the central zone. The digiibution of turtles captured in the

central zone is shown in Table 25.

Table 23: Mean size (CCLn-t), standard deviation (B), and size range of captured

individuals.

Species CCLn-tcm SD Range n
Caretta caretta 54.5 8.5 34 - 69 36
Chelonia mydas 53.0 8.6 27 -71.2 75
Lepidochelys olivacea 52.8 9.5 25-65 26
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Table 24: Number of turtles captured per species irach of the three different
oceanographic zones in the study site.

Soecies North  Central  South
Chelonia mydas 4 68 4
Caretta caretta 0 25 11
Lepidochelys olivacea 4 22 1
total 8 115 16

Table 25: Mean size (CCLn-t), standard deviation (B), and size range of
individuals captured in the central zone.

Species CCLn-tcm SD Range n
Caretta caretta 534 8.9 34 - 68.2 25
Chelonia mydas 53.7 7.9 27 -71.2 67
Lepidochelys olivacea 56.7 4.7 48 - 65 22
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Figure 27: Map of capture locations for all turtlesin the study showing the three
different oceanographic zones. Symbols are color ded by species.

From the plankton trawls, many samples were cateand organisms were
classified and separated in vials. The identifaabf most species were conducted in the
Peruvian Sea Institute — IMARPE (Instituto del Mat Peru) but for some samples

experts opinion were requested by e-mail (e.gp&bagic octopus). In the case of small
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organisms like copepods and water striders, seuealiduals were combined to make
one sample whose stable isotope signatures cowddddgzed. A total of 57 samples of
potential prey and two species used as bait wetgrda after the classification and
combination process. These samples belonged diffé@ent organisms (Table 26).
Also, we analyzed samples from a mixture of micopsc floating organic material that
was usually composed by eggs, fish larvae, alggeepnds, snails, and blue sea slug
larvae to obtain micro-plankton isotopic valuesrééhof the samples that were sent to
UF for laboratory analysis did not correctly run@ae sample size was reduced to 54
samples (Table 26).

f 1° nitrogen and ** carbon of prey samples showed great variability. |

Values o
the case of nitrogen, the lowest value was fronptlagic gooseneck barnatlepas
anatiferawhich average was 5.03%o while the higher value ¥8%. for the Humboldt
squidDosidicus gigagused as bait). This range encompasses 14 dnitérogen which
could be translated to five trophic levels if wedshe most updated enrichment factor of
2.75%0 (Caut et al. 2009). However, due to the @ses originated by strong upwelling
and a large oxygen minimum zone (OMZ) in the cérmstitzdy area, the actual quantity of
trophic levels will vary (Montoya 2007). In theseaof ** carbon, the range of values
was narrower than with nitrogen. The lowest andh@igaverage values were observed in

the same species as in the case"dhitrogen. On one end, the pelagic gooseneck

barnacle with -19.30%o; while in the other end, themboldt squid with -15.62%o.
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Figure 28: Stable **Nitrogen and ** Carbon for the 56 samples that belongs to 20
categories of potential preys
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Table 26: Nitrogen and carbon isotope values for gential preys collected.

8TT

Common name Scientific name Phylum BN SD c SD n
water strider Halobates sp. Arthropoda 7.69 -19.03 1*
pelagic goosneck barnacle Lepas anatifera Arthropoda 5.03 0.37 -19.30 0.49 2
oceanic crab Planes sp. Arthropoda 8.37 1.479 -16.90 1.338 6
copepod Pontella sp. Arthropoda 5.74 -17.98 1*
copepod Pontellopsis regalis Arthropoda 5.46 -17.47 1*
chub mackerel Scomber japonicus Chordata 12.6 0.73 -17.2 0.06 2
flying fish larvae Fam. Exocoetidae Chordata 5.88 -16.97 1
sauri larvae Cololabis sp Chordata 6.36 3.71 -18.42 0.93 7
unidentified fish larvae Chordata 54 -18.99 1
purple striped jelly Pelagia noctiluca Cnidaria 6.90 -17.83 1
blue bottom Porpita sp. Cnidaria 10.81 0.41 -18.27 0.15 2
uncinate cavoline Cavolinia uncinata Mollusca 4.84 0.22 -18.40 0.53 3
Humboldt squid Dosidicus gigas Mollusca 19 0.785 -15.62 0.205 4
blue sea slug Glaucus atlanticus Mollusca 7.50 0.772 -18.02 0.318 6
violet snalil Janthina sp. Mollusca 6.55 -16.65 1*
pelagic octopus Argonauta nouryi Mollusca 12.68 0.44 -18.40 0.49 2
green algae Enteromorpha sp. Chlorophyta 12.32 5.57 -17.23 0.93 2
green algae Ulva sp. Chlorophyta 11.23 4.79 -17.23 1.04 4
giant kelp Macrocystis pyrifera Heterokontophyta 5.25 -16.05 1
microscopic mixture na na 12.67 1.24 -17.37 1.36 4

"combination of many individualggs + body’combination of eggs, larvae fish, algae, copepold®, sea slug larvae, violet snails



Some potential prey organisms showed very sinslatopic values like the
Humbodlt squid, chub macker8tomber japonicuand blue bottonPorpita sp(Figure

15 nitrogen

28). However, other organisms have very high vdrglespecially in
values. For exampl€&ololabissp larvae (a fish species in the Scomberesocatagyf)

had samples ranging from 2.77%. to 11.68%b nitrogen (Figure 28). Moreover, three
Cololabissp. samples collected in October 2008 had valtesd 3%. while two

samples collected in February 2009 had the highesaaround 11%.. Such high

variation in fish larvae that depends on planktarstibe related to changes at the base of
the food chain.

All but five of the potential prey samples colledt excluding the species used as
bait, had been cited in the literature as diet #éon loggerhead, olive ridley and/or green
turtle (Table 27). These five items are: kBlpcrocystis pyriferatwo species of green
algaeUlva sp. andEnteromorphasp., the only unidentified fish species, &alolabis
sp. (Table 26). In the case ©@blolabissp., this species itself has not being cited e th
literature but eggs of other Beloniformes have beeonrded as part of the diet of
oceanic loggerheads in the north Pacific and Az(Pasker et al. 2005, Frick et al. 2009)
and of oceanic green turtles off Ecuador (Fritt81)9However, these species were not
selected to be included in the diet analysis.

Due to the limitations of working with only two ehents for the stable isotopes
analysis (carbon and nitrogen), and the fact fithei model contains n isotope elements
and n+1 sources the calculations become matherhaticaletermined and the solution
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is not unique but a group of possible combinatidttsllips and Gregg 2003); we needed
to reduce the number of samples to be includedamtixing models as sources. To do
this, we selected from Table 27 the species treahed more important taking into
consideration information from literature about tekevance of these items in the diet of
oceanic turtles as well as the abundance of theespduring our sampling tows and the
size of the organisms. Our selection resultedxrspecies: pelagic gooseneck barnacle,
oceanic crab, purple striped jelly, blue bottonuebsea slug and pelagic octopus (Figure
29). These six species were further grouped byntaxdc similarities resulting in three
groups: crustaceans (pelagic gooseneck barnaclecgaahic crab), cnidarians (purple

striped jelly and blue bottom) and mollusks (blea slug and pelagic octopus).
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as sources for the mixing model analysis. Error bar are standard deviations.
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Table 27: List of preys collected during this studyand the closest taxonomic species found in literate as diet item for
oceanic sea turtles. Species of sea turtle and Itioa of the studies in literature is shown.

Common name Scientific name species in literature uttles location Ref.
] Halobates micans Cc Azores 1
water strider Halobatessp. Halobatessp. Ce Florida 5
pelagic gooseneck Lepas anatifera Lepas anatifera ce Azores & Madeira 3, 1
barnacle Cc North Pacific 4
] Planes minutus Cc Azores & Madeira 3,1
oceanic crab Planessp. Planessp. Cc North Pacific 4
copepod Pontellasp. Calanoida copepods Cm Australia 5
copepod Pontellopsis regalis Calanoida copepods Cm Australia 5
flying fish larvae Fam. Exocoetidae Exocotidae eggs Cc North Pacific 4
Pelagiasp. Cc Florida 2
purple striped jelly Pelagia noctiluca Pelagia noctiluca gg Nor;r;ﬁ\rt(leasntlc E:SL
_ Porpita sp. Cm Australia 5
blue bottom Porpita sp. Cc Florida 2
Porpita porpita Cc Azores 1
Cavoliniasp. Cc,Cm Australia 5
uncinate cavoline Cavolinia uncinata Cavolinia globosa Cc North Pacific 4
Cavolinia tridentata Cc Azores 1
blue seaslug  Glaucus atlanticus Glaucus atlanticus Cc Azores 1
Janthinasp. Cc Florida & Texas 2,7
. : : Janthinasp.,J. janthina Cc Azores & Madeira 3,1
violet snail Janthinasp. Janthina janthinaJ. globosa Cc North Pacific 4
Janthina janthina Cm South Africa 8
pelagic octopus  Argonauta nouryi Argonauta argo Cc Azores 1

References: 1) Frick et al. 2009, 2) Witheringt®0@, 3) Brongerma 1972, 4) Parker et al. 2005,@)@&& Limpus 2008, 6) Bolten & Balazs 1995, 7)
Plotkin 1996, and 8) Hughes 1974



To the three groups created, we added the twcpadies, chub mackerel and
Humboldt squid but, interestingly, all our oceas@&nples were not as rich in carbon as
some of the turtles’ samples so we added an ongaingsn coastal origin to complete our
mixing polygon. The coastal organism was the gedgaeUlva sp. and stable isotope
raw data from it (n=6) was obtained from A. Catendm samples collected washed
ashore in Paracas Bay, Peru in 2003 (CatenazZdandelly 2007). Paracas is also
located inside of what we are calling the centaalezin our study site. Coastal Ulva in
this case was use as an indicator of coastal foortes due to its carbon values and not
to be interpreted as that turtles were directlyscmning this green algae. The six sources
averages and standard deviations together withagheurtle data for each species (after
correcting for the trophic enrichment factors) t@observed in Figure 30. The three
species of sea turtles show different distributigmeens have higher values &tcarbon

f15

but low values of = nitrogen when compared to olive ridleys and loggads. In the

case of loggerheads, the values Bitrogen are the highest among all the species.
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Figure 30: Stable isotope values for each sea tuetnd the averages and standard deviations of thexsources used in the

mixing model analysis.



3.3.3. Mixing models

Proportional contributions of the six sources ia thet of our oceanic sea turtles
for the central zone show variability per speckgiire 31). In terms of the sources
selected as important diet items, green and oidley have similar results but both were
different from loggerhead sources. Figure 31 shihegesults of the model as posterior
distributions for each source and each turtle gge&tach posterior distribution shows
the proportional contribution of a dietary itemtie mixture (the skin sample in this
case). Therefore, if a posterior source distribustraddle zero, then that source is not a
necessary source for the specific mixture. On tmdrary, the farther away from zero the
distribution of the source is, the greater contitiuthat source has in the mixture. Also,
the narrower the distribution the more precisioawtihe estimate of the proportional
contribution.

Greens had three sources whose distributions weghehthan 0%, meaning that
they were always selected in the model, theserastaceans, coastdlva and mollusks
(Figure 31) and a summary of the specific databsaseen in Table 28. The model shows
a narrow and far from zero distribution for crugtaes which make them the most
important item in the mixture, with a mode of 40%mortional contribution. The coastal
Ulva also shows a narrow distribution that is away frmero and makes it another
important source with a contribution mode of 35.2%e third important source for

greens was mollusks with a proportional contributioode of 20% but in this case the

125



distribution is wider and closer to zero which slsawore uncertainty in the precision of
the contribution estimate of this source (Figurg 31

Results for olive ridley are similar to greens thére is more uncertainty as it can
be seen in the wider distributions of the postsrmympared with the source distributions
for green turtles (Figure 31). The sources thailted in important contributors to the
mixture were mollusks, crustaceans, and co&#tal with a mode of 25.3%, 23.7% and
17% respectively (Table 28). In the case of loggad four sources had the distribution
minimum value higher than zero but only one souvas similar to green and olive
ridley and that is the group mollusks with a prdjoral contribution mode of 25.7%.
The other three sources were cnidarians, mackead) @nd squid (bait). Cnidarians was
the group with the distribution farther away froera and a mode of 24.8% while the
two species use as longline baits, mackerel and siqad proportional contribution

modes of 21.2% and 8.7% respectively.
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Figure 31: Distribution of the proportional contrib utions of each source to the diet
of green (top panel), olive ridley (bottom right panel) and loggerhead (bottom left
panel).
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Table 28: Mixing models results showing data per sies and source.

source Green Olive ridley Loggerhead
Crustaceans

mode % 40 23.7 3

range %| 29.7 -49.4 1.3-47.8 0-33.7
Cnidarians

mode % 1.8 21.5 24.8

range % 0-16.8 0-40.1 1.3-50.2
Mollusks

mode % 20 25.3 25.7

range % 3.7 -27.9 1.2-45.1 0.8-44.6
Ulva (coastal)

mode % 35.2 17 0.9

range % 30.5-39.6 6 —28.3 0-95
Mackerel (bait)

mode % 0.6 2.1 21.2

range % 0-3.2 0-222 0.08 -40.2
Squid (bait)

mode % 0.1 1 8.7

range % 0-1.3 0-8.2 0.3-17.6
SD carbon

mode % 4.9 68.4 77.3

range % 0-434 17.9 - 110.2 52.7-113.4
SD nitrogen

mode % 39.4 96.3 187.7

range % 0-924 27.4-171.7 121.7 - 280.4

Regarding the variability of the stable isotopeuesl of the consumers in each
species model, it can be observed in Table 28ieatnost variable consumer was
loggerhead for both carbon and nitrogen while greas the less variable consumer.

Also, nitrogen was a greater source of variabtlign carbon for each consumer group.
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3.4. Discussion

Mixing models are a great technique to study diefgvences because of the
integration of prey signatures in consumer tiss@es.study shows proportional
contributions of three or four sources for eaclcsgsewith different degrees of certainty.
The most precise contribution estimates were feegiturtles, while for olive ridleys the
distributions were wider so less precise, whichhhlze the result of the small sample
size for that particular species.

In our study, results show how sea turtle spe@esnsto be feeding on different
preys. To our knowledge this is the first multigpscstudy of sea turtle trophic ecology
in oceanic environments and our data suggest sat@esting findings. First, in the case
of green and olive ridley, they seem to be preyinghe same source groups:
crustaceans, mollusks and coatt®la. Second, coastéllva as an indicator of coastal
prey in the diet of green and olive ridley seerb@éamportant. And third, the different
source results for loggerhead and the selectionawkerel and squid bait as important
sources.

In this particular study, coastdlva was added as a source due to its high
contents of carbon and the fact that none of thekes collected in oceanic
environments showed high carbon contents (TableSt@ple carbon is considered as a
spatial indicator because of several spatial tréxiisg the strongest the variation from
coastal to offshore areas having higher valuesastal areas and lower values in oceanic

ones. In this study, we are interpreting our resoidtt as that turtles are feeding on coastal
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Ulva directly but we are usinglva as an indicator of prey sources from coastal aleas
to spatial patterns that exist. Therefore, theegtap possibilities that could explain these
results. The first one is that coastal prey hdsémice in oceanic areas by means of
horizontal transport. This possibility seems urijd@ecause our potential prey sampling
efforts did not result in species with high statdebon values and even the green algae
Ulva sp. andEnteromorphasp. that we collected had average carbon valuekral3%eo.
However, there is a small amount of coastal soura@gding green algae that get
transported to oceanic areas by fishing vessdlseifiorm of fouling and actually one
green turtle we captured had a large piece of gatgeUlva sp. in its mouth. But, in
order for this signature to be picked up by setiesirthey will have to consume
considerable amounts of fouling from fishing vessehich does not seem likely. Also,
high carbon values were not observed in loggerhdedsvere also found in the central
zone.

The other possibility is that green and oliveaidkea turtles are using both
oceanic and neritic habitat during their juvenitel subadult developmental stage. And
as the standard life cycle and life history of sgtles suggest, subadults should have
higher probabilities of using neritic areas. In eample, 19% of the green turtles and
23% of olive ridleys were in the subadult range 4z mydasCCL 60.7 — 86.7 cni,.
olivacea CCL 59.2 -64.9, Figure 32) and to further invgate this possibility we
conducted correlation tests to investigdteC relative to sea turtle size (CCLnt) but the

analysis resulted in no significant correlationsdither species (Figure 33).
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Nevertheless, the possibility that the reason iigh h*3carbon in juvenile and subadult
green and olive ridley is that they are using bhtic and oceanic habitats is a strong
one. And it is further supported by new insightshe life cycle of juveniles / subadults
sea turtle of several species. For example, Mc&lledhd Read (2007) observed using
satellite telemetry how juvenile loggerheads, tiad supposedly recruited into neritic
areas, moved back into oceanic areas. Moreovegr etltellite telemetry studies and
stable isotopes analysis further evidenced thisatien from the stereotyped life cycle of
sea turtles (Mansfield et al. 2009, McClellan e28l10). In Japan, this facultative use of
oceanic and neritic habitat had been observeduit eimale sea turtles and not only in
loggerheads but also in green turtles (Hatase 2086, Hatase et al. 2010). Furthermore,
recent satellite telemetry studies with small greetles off Argentina showed how these
juveniles used both neritic and oceanic habitatn@@lez-Carman et al. 2011). If as we
suspect, “oceanic” greens and olive ridleys aregibbth oceanic and neritic habitats, it
will be necessary to consider the additive thraatshich this developmental stage is
exposed to when conducting population assessmedtslaborating management plans .
Therefore, coastal gillnets and trawls, among oiméhropogenic threats in coastal areas
will have to be added to pelagic longline fishemdgen considering threats for “oceanic”
green and olive ridley.

Another possibility that we should not discardhis spatial trend that had been
observed from the equator to the poles. Our reflts section 2 show spatial

correlations with latitude for olive ridley withder values in the north zone when
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considering all turtles captured in the entire gtmdne. However these trends were not
observed for green turtles. Moreover, this corretats not significant when considering
turtles only in the central zone. Neverthelesscamnot rule out the possibility that
individuals of these two species were foraginghmorth zone and were captured in the
central zone. Our lack of understanding on movemehbceanic greens and olive
ridleys in the Southeast Pacific prevent us fromiviiey any conclusion about this
possibility. We believed that the study of movenseartd diving behavior of oceanic

greens and olive ridleys in the southeast Pa@fec iesearch priority.

Figure 32: Size distribution (CCL n-t cm) of greenturtles (right panel) and olive
ridleys (left panel) from the central zone

132



Figure 33: Scatter plot of 13 carbon relative to size for green turtle (top pael) and
olive ridley (bottom panel).

Results for loggerhead turtles show a differenadomg behavior compared with
green and olive ridleys and it is remarkable thegig the scarcity and patchiness of food,
they are able to forage differently from the otbpecies. The lack of importance of
coastalUlva, as a proxy for coastal sources, in the diet gféwhead highlights once
more the oceanic nature of this juvenile aggregatidhe south east Pacific. It is this

characteristic that made cryptic this species m Ratil sea turtle research started
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onboard of longline vessels (Hays-Brown and Bro@82], Kelez et al. 2003, Alfaro-
Shigueto et al. 2004).

Mollusks and cnidarians had the highest and verylai proportional
contributions with 25.7% and 24.8% respectively.liMgks specifically, had been
categorized as important food items for loggerheadsudies of stomach contents of
oceanic loggerheads. Species like harp cari@aianaria citharg and the pelagic
plantonic sea slugianthina globosalanthina janthinaPterotracheasp.,Creseissp.
were important food items in the stomach conteatyams (Brongersma 1972,
Witherington 2000, Parker et al. 2005). During patential prey sampling the most
common mollusk was the blue sea steigucus atlanticusa species reported in stomach
content studies (Frick et al. 2009) and the onde&leved could be an important prey of
loggerheads in the Southeast Pacific.

Cnidarians were not an important source for greghadive ridley and its
importance in the diet of loggerhead is highlightsdt is the second source with highest
mode and distribution. Cnidarians have been reg@seprincipal prey items of oceanic
loggerheads in the North Atlantic (Azores and Mealedff Florida), Gulf of Mexico (off
Texas) and North Pacific (Brongersma 1972, Plo1&f6, Bjorndal 1997, Witherington
2000, Parker et al. 2005, Frick et al. 2009). Gasiingly, the few studies on the diet of
oceanic green only report one record of cnidariaresspost-hatchling off Australia and
show a greater importance of mollusks, crustacearssfish eggs as food items (Fritts

1981, Revelles et al. 2007b, Boyle and Limpus 20@drh also agrees with our findings
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of crustaceans and mollusks as 2 of the 3 impoftexat items for greens. In the case of
olive ridley, only two studies had been publishad ane of them identifies cnidarians as
an important food item which does not agree withfowdings. However, crustacean and
mollusks were also included in the prey items(ksttts 1981, Kopitsky 2002). We
recognize that our sample size for olive ridley wamll and that it could have increase
the uncertainty associated with the results thahercase of the other two turtle species.
Consequently, we believe there is a need for furbsearch regarding olive ridley diet in
oceanic environments and not only because it isnihgt common species in the Eastern
Pacific but also because of its pelagic natur@nalgnation that could highly improved
our understanding about oceanic environments aatustes.

The presence of both mackerel and squid bait aeriiait sources is a particular
finding for loggerheads. Squid bait had the high&titrogen values in our sample, 19 +
0.79 %o (Figure 28 and Table 26) while mackerel &ilad high values, 12.6 £ 0.73%d0
other potential prey items we collected had sugh kialues of *nitrogen as the squid
but some items collected had similafnitrogen values as mackerel but were not
included in the model because they were not reeegnas food items for oceanic sea
turtles in the literature. Therefore, as the mixingdel results suggest; loggerheads
should be eating chub mackerel and Humboldt squibe form of bait. We do not
believe it is possible for loggerheads to target thub mackerel or Humboldt squids;
therefore, loggerheads are either taking the fraits the longline hooks or are eating the

baits that were thrown to the water by fishermenrdythe retrieval of the line.
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Loggerheads are known to be the sea turtle spg@émteracts with longlines the most
(Table 10). In Peru, loggerheads are the secondl coasmon species captured by
pelagic longlines after green turtles (Table 9) darisidering the smaller population size
of loggerhead compared to the green turtle poprigfTable 16), the interaction of
loggerheads with longlines becomes the highegshdmorth Atlantic, squid bait from the
swordfish longline fishery were found in oceanigderhead stomachs and obtained a
high index of relative importance (Frick et al. 200Moreover, in the Mediterranean,
squid bait from longlines and also cnidarians wetad to be the staple food of
immature loggerheads (Revelles et al. 2007b), tethht agree with our mixing model
findings.

In order for the high*°nitrogen values of the mackerel and squid baitseto
integrated in loggerhead tissues, the consumpfitwaits should be somehow frequent.
Hooking rates of loggerheads are higher with stpaiti than with fish bait in longline
fisheries. And this is mainly because turtles @ar tn pieces the flesh of the fish and
avoid getting hook but the texture of the squid esai difficult for loggerheads to eat the
squid and avoid the hook (Stokes et al. 2011). bhldt squid is the preferred bait in
longline fisheries because it is a free supply théished during the fishing trip as
compared with fish bait that needs to be boughtrieethe fishing trip. Therefore, it is
unlikely that the use of squid baits will be reddiess a bycatch mitigation method and as
a consequence if, as we propose, loggerheadstaradgting multiple times with longline

hooks, then, there should be not only an increaskaf getting hook but also an
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increase effect of the cumulative interactions agniloggerheads and longline gear which
in the long term could be detrimental for the suaViof the individual.

In general, our mixing models results show tbggkerheads are eating higher in
the trophic chain (i.e. baits and cnidarians) comgdo greens whoseé®nitrogen values
were the lowest and therefore mollusks resultatiénrmost important food item and that
olive ridleys are in between. But due to the pagsipatial variability of ° nitrogen at
the base of the food web, and even though we cesdrour analysis to only one zone to
minimize this variability (i.e. central zone), siatariability could be having an effect in
our results. Thankfully, a new technique, composapéeific nitrogen analysis, to
estimate trophic level of a consumer base on aisatysts own essential and non-
essential aminoacids had been developed and ea&tgol that would solve the issue of

spatial variability of *°

nitrogen at the base of the food web (McClelland Blontoya
2002).

To date, four of our samples (green n=1, oliveayddi=2, and loggerhead n=1)
have been analyzed using this new technique frapound specific stable isotope
analysis) in a collaboration with Dr. Brian Popplddr. Karen Arthur at the University
of Hawaii. Results from those analyses agree withfiadings: green seems to be eating
at a lower trophic level than loggerheads. Elevenemvill be analyzed this summer and

they will be critical in determining sea turtle pitic levels and *>nitrogen at the base of

the food web.
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