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Abstract We analyzed sea temperature as an envi-
ronmental factor, in association with ENSO, affecting
the migration of East Pacific black turtle, Chelonia
mydas (=Chelonia agassizii Bocourt), to its foraging
areas and its feeding ecology at San Andrés, Peru.
A 19-year sea turtle landing database (1970-1988)
was constructed to associate landing fluctuations with
environmental variability represented by the Peruvian
Oscillation Index. A positive correlation between
them (r = 0.75, P < 0.05) indicated that exception-
ally large black turtle landings occurred in San
Andrés port during El Nifio episodes. Warmer waters
(SST 22-28°C) approached near the Peruvian coast
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during El Nifio episodes, thus facilitating black turtle
access to this area. Furthermore, during El Nifo
1987, large juvenile and adult black turtles, known to
be primarily herbivorous, fed mainly on the scypho-
zoan jellyfish Chrysaora plocamia Péron & Lesueur,
which was very abundant during this event. It is
likely that black turtles exploited this resource
opportunistically. Inter-annual environmental vari-
ability, driven by El Nifio Southern Oscillation, has
profound consequences for the ecology of the
endangered black turtle, which should be considered
when evaluating the effects of anthropogenic activ-
ities on its population dynamics.

Keywords Chelonia mydas (=Chelonia agassizii) -
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Introduction

The coastal ecosystem off Peru and Chile is charac-
terized by strong, persistent wind-driven upwelling of
nutrient-rich waters. This upwelling sustains high
biological productivity and supports one of the
world’s largest single-species fisheries (Chavez
et al., 1999, 2008; Pennington et al., 2006). Ocean-
ographic and atmospheric conditions fluctuate on
seasonal to inter-decadal scales (Wyrtki, 1975; Tourre
et al.,, 2005). Among such variations, inter-annual
variability due to the El Nifio Southern Oscillation
(ENSO) is known to affect physical, chemical, and
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nutritional conditions of the ocean (Fiedler et al.,
1991; Chavez et al., 1999; Ayoén et al., 2004). During
an ENSO, the equatorial zonal winds weaken, thus
driving an upwelling of warmer waters due to a
deeper-than-normal main thermocline (Ji & Leetmaa,
1997). Biological responses to this phenomenon are
exhibited by a wide variety of organisms. For
example, primary production is severely reduced
(Barber & Chavez, 1983) and large amounts of
benthic macroalgae wash ashore during the strongest
ENSO (i.e., 1982-1983). The latter affects the related
benthic and grazing fauna (Tarazona et al., 1988;
Arntz & Fahrbach, 1996; Fernandez et al., 1999).
Furthermore, anchovy (Engraulis ringens Jenyns)
concentrates in shallower refuge waters (Csirke,
1989; Muck et al., 1989a; Arntz & Fahrbach, 1996)
where a large die off occurs due to a drastic habitat
reduction (Bertrand et al., 2004). In addition, there is
high mortality of top predators like seabirds (i.e.,
Phalacrocorax bougainvilli Lesson and Sula varie-
gate Tschudi) and marine mammals (i.e., Otaria
byronia Shaw) due to limited food availability (Arntz
& Fahrbach, 1996; Jahncke et al.,, 2004). Such
examples demonstrate how marine organisms off
Peru and Chile respond to ENSO; however, there are
few examples of how sea turtles respond.

The black turtle, Chelonia mydas (=Chelonia
agassizii Bocourt), is distributed along the west
coasts of North and South America. Main nesting
grounds are at Michoacan (Mexico), the Galapagos
Archipelago (Ecuador), and the Revillagigedos
Islands (Mexico). Coastal primary foraging areas
range from San Diego Bay (USA) to Mejillones
(Chile) (Marquez, 1990). The feeding ecology of this
species, which is widely accepted to be herbivorous,
has been studied along most of its distribution.
Macroalgae and seagrass were reported in the diet of
turtles from Bahia de Los Angeles and Bahia
Magdalena (Baja California, Mexico) (Seminoff
et al., 2002). A more omnivorous diet, based mainly
on algae but with an additional wide variety of
animals, such as crustaceans, fish eggs, mollusks,
and, to a lesser extent, jellyfish were recorded in
turtles from Bahia de Sechura and San Andrés-Pisco
(Paredes, 1969; Hays-Brown & Brown, 1982; de Paz
et al., 2004; Kelez et al., 2004; Santillan Corrales,
2008). Because the effects of ENSO on marine
organisms are seen at several levels of the food
web, black turtle diet could change with respect to

@ Springer

non-ENSO years; however, the feeding ecology of
this species has never been studied in relation to
ENSO.

For several sea turtle species, oceanographic con-
ditions at their foraging grounds prior to the nesting
season determine their probability of nesting (Brod-
erick et al., 2001; Wallace et al., 2006; Saba et al.,
2007, 2008a, b). Within the large black turtle foraging
area, it is reasonable to expect that events like ENSO
could greatly affect their migration and foraging
ecology; however, few reports are available that refer
to ENSO-driven conditions on black turtle reproduc-
tive ecology (Hurtado, 1984; Zarate, 2003). Most
recently, Seminoff et al. (2008) showed that black
turtle migrations from the Galapagos to their foraging
grounds are restricted by sea surface temperature
(SST) <24-25°C; they suggested that periods of
elevated SST (i.e., ENSO) could facilitate access
of this species to its foraging habitats along the coast
of South America. It is known that during ENSO,
warmer waters (>22°C) reach the coast of South
America (Wang, 1995), and in this scenario, sea turtle
approach to the coast of Peru could be favored. This
species might respond to environmental variability
driven by ENSO, at least on its nesting grounds and
possibly on its migration to foraging areas, but no
conclusive evidence has been presented yet.

In Peru, sea turtles have been consumed by men
since the pre-Hispanic era (Frazier & Bonavia, 2000).
A traditional sea turtle fishery, with a well-developed
trade along the southern coast (Hays-Brown &
Brown, 1982), existed until 1995 when this fishery
was banned (Morales & Vargas, 1996); however,
some turtle carapaces are found sporadically on dump
sites, suggesting that some captures still occur
(Quifiones, pers. obs.). San Andrés was recognized
as the main locality of this fishery (Fig. 1) (Aranda &
Chandler, 1989; Vargas et al.,, 1994), while other
Peruvian ports did not have fishermen specializing on
turtle harvesting (Frazier, 1979). This fishery was
artisanal, operating mostly during summer and early
fall (Frazier, 1979; Hays-Brown & Brown, 1982).
Shore-based boats of 4-8 m with engines of 2540
HP were employed (Frazier, 1979; Pinedo, 1988).
They used tangle-nets of different sizes and mesh,
some of which were designed specifically to catch
turtles (Frazier, 1979; Hays-Brown & Brown, 1982).
In San Andrés port, sea turtle landings showed high
inter-annual fluctuations, with some years having
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Fig. 1 Study area off the coast off Peru. Fishing grounds of
the San Andrés turtle fishery during 1970-1988 are shown in
dark gray

very large landings and other years having almost
none. El Nifio (EN), the warm phase of the ENSO, is
believed to play an important role in this inter-annual
fluctuation.

In this study, we tested the hypothesis that
environmental variability, driven by EN, may favor
black turtle trophic migration to the San Andrés
foraging ground. Because sea turtles are ectotherms,
their distribution is restricted by sea temperature
(Polovina et al., 2004; Wallace & Jones, 2008).
Consequently, it is reasonable to expect that black
turtle trophic migration to the San Andrés foraging
ground is facilitated during warm events like EN and
that their occurrence would increase. We used
published data on the EN index and SST isotherms
and constructed a sea turtle landing database for the
local turtle fishery. Thus, historical records of sea
turtle landings allowed us to study the response of
this species to EN during a 19-year period. In
addition, because black turtles migrate to Peruvian
coastal waters to feed mostly on macroalgae (de Paz
et al., 2004; de Paz & Alfaro Shigeto, 2008; Kelez

et al., 2004), and because the whole system of marine
organisms (including macroalgae) responds to EN,
we examined the stomach contents of black turtles
landed in San Andres during one EN episode to
determine if its diet was altered, potentially reflecting
changes in food availability. Paradoxically, the
information on sea turtle commercial landings served
to improve our understanding of the effect of EN-
driven environmental variability in the trophic migra-
tion of the endangered black turtles and also may
provide the foundations for conservation of the
species in the East Pacific Ocean.

Materials and methods

In this study, environmental variability driven by EN
was represented by the Peruvian Oscillation Index
(POI) and SST isotherm location along the Peruvian
coast. To correlate these environmental indices with
black turtle migration toward southern Peru, we used
historical sea turtle fishery landings recorded in San
Andrés from 1970 to 1988. Landings were used as a
proxy of turtle occurrence and migration to this area.
Then, to analyze if food availability also was altered
by EN, diet analysis was performed on some of the
turtles landed during EN 1987.

Environmental context
ENSO index

The official Oceanic Nifio Index (ONI) is the SST of
NINO 3.4 area (5-5°S, 170-140°W). This oceanic
index does not necessarily reflect warming events
restricted to the Peruvian coast, so the first principal
component of SST of Peru, known as the POI, was
considered to be more appropriate for this study. It
was calculated from the means of monthly average
SST during a 50-year time series (1950-1999)
measured at five coastal stations along the Peruvian
coast. Therefore, the POI best represents the coastal
SST variation in Peru and is positively correlated
with other indexes of EN and the Pacific Decadal
Oscillation, thus reflecting conditions in the East
Tropical Pacific region (Montecinos et al., 2003). In
this study, monthly POI data were averaged by year
and plotted with phases of EN episodes according to
the ONI (onset = —1, peak = 0, and offset = +1)
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and to warm events for the period 1970-1988. An EN
episode is different from a warm event because an
EN episode originates in the Central Pacific, while a
warm event could originate in the East or West
Pacific, and its effect is local.

SST isotherms

To illustrate the approach of warmer waters toward
the San Andres foraging ground, the location of SST
isotherms during EN episodes (1972, 1982—-1983, and
1987) and a non-ENSO episode (1981) were plotted.
We chose 1981 as a typical non-ENSO episode
because the POI index was almost neutral throughout
that year. SST isotherm maps were constructed based
on previous works of Anénimo (1972), Zuta et al.
(1984), Urquizo et al. (1987), Rivera (1988), and
Muck et al. (1989b). For EN episodes of 1972, 1982—
1983, and 1987, isotherms from March were repre-
sented. In 1981, only an average of the SST isotherms
for January, February, and March was available.

Sea turtle landings

A sea turtle landing database for the San Andrés
fishery was constructed using published data and
interviews conducted for this study. Published data
included monthly landings from 1970 to 1988
(Wosnitza-Mendo et al., 1988; Aranda & Chandler,
1989; Flores et al., 1994, 1998). Because landing
reports for 1982—-1983 were not reliable for the area,
interviews with 32 San Andrés turtle fishermen,
which represented 50% of all fishermen for 1982-
1983, were conducted from April to July 2009. Data
recorded during the interviews included the numbers
of boats, days, trips, turtles landed, season, area
fished, and turtle behavior. Sea turtle landings (L, in
tons) for the years 1982-1983 were calculated as
follows:

L=axbx*cx*d/1000

a=x/z

where a is the mean effective fishing period calcu-
lated as the mean fishing period (x, in d) divided by
mean trip duration (z, in d). Parameter b is the mean
number of fishing boats, ¢ is the mean number of
turtles captured per boat, and d is the average turtle
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weight (in kg) obtained from 1987 landings. To
obtain an L value in tons, d was divided by 1000.

There were some limitations of this database. First,
no species identification was available; however, it
was known that 90% of the turtles landed corre-
sponded to the black turtle (Aranda & Chandler,
1989) and was confirmed by our interviews. Second,
monthly resolution could not be assessed in fishermen
interviews, so L values plotted for 1982—-1983 are not
means. Finally, because of the artisanal nature of the
San Andrés fishery, a reliable measure of fishing
effort based on the number of fishing boats or fishing
trips could not be established; therefore, we used the
total landings in our analyses.

Sea turtle diet

Dead black turtles landed were recovered from San
Andrés port from March to September 1987. Because
diet varies throughout the sea turtle life history,
curved carapace length (CCL), measured from the
middle nucal scute to the posterior middle between
supracaudal scutes, and weight were recorded. Adult
and juvenile turtles were distinguished according to
the minimum breeding size of CCL 60.7 cm for the
Galapagos rookery (Zarate, 2003). Necropsies were
performed on some of the turtles landed. Esophagus
and stomachs were retrieved and immediately trans-
ported to the laboratory, where diet samples were
analyzed. Prey items were identified to the lowest
possible taxon. Plant matter, mollusks, fish, crusta-
ceans, and jellyfish were identified according to
Dawson et al. (1964), Alamo & Valdivieso (1987),
Chirichigno (1974), Retamal (1981), Bowman &
Gruner (1973), Brusca (1981), Stiasny (1937), and
Mianzan & Cornelius (1999).

Data analysis

To test for association between EN and sea turtle
occurrence and migration toward San Andrés forag-
ing ground, a Spearman correlation was carried out
between sea turtle landings and the POIL. A type I
error (o) of 0.05 was considered significant.

Quantitative assessment of diet was based on the
frequency of occurrence (FO) of each diet item and
its relative wet weight (WW) in each sample was
calculated as follows:
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%FO = (number of samples in which diet
item observed/total samples) * 100
%WW = (wet weight of a diet item/total weight
of all items) * 100.

Results
POI, SST, and sea turtle landings

During a 19-year period, the POI varied inter-
annually from a maximum of 49.54 to a minimum
of —2.99. During this period, three EN episodes were
observed; two strong EN occurred in 1972—-1973 and
1982-1983 with POI anomalies of +4.43 and +9.36,
respectively, and a moderate EN occurred in 1986—
1987 with a maximum anomaly of +44.23. In
addition, a warm event occurred during 1975-1976
with a maximum anomaly of +2.9 (Fig. 2).

Sea turtle landings in San Andres also increased
during EN episodes and the warm event (Fig. 2).
Maximum catches were more than 90, 400, and 900
tons in EN 1972-1973, 1982-1983, and 1987,
respectively, and 142 tons for the warm event of
1976. POI and sea turtle landings were significantly
positively correlated (r = 0.749, P = 0.0002) during
the 19-year period.

Warm-water intrusions (22-28°C) approached
near the coast and reached San Andrés and other
southern Peruvian areas in every EN during the 19-
year period (Fig. 3a—c). In contrast, during the typical
summer 1981, warm waters (22-26°C) remained
approximately 100 nautical miles off the Peruvian
coast (Fig. 3d).

Black turtle diet

From a total of 998 black turtles measured in San
Andrés in 1987; 76% of the turtles were of adult size
(Fig. 4). Food items in the stomach and esophagus of
192 of those turtles were analyzed: Jellyfish was
the prey item most frequently consumed (70.8%),
followed by mollusks (62.0%), crustaceans (47.4%),
and macroalgae (37.5%). Anthropogenic debris,
especially those made of plastic, also was consumed
frequently (41.7%; Table 1).

In addition to being the most frequently consumed
prey item, jellyfish represented the highest mean WW
(49.5%), which was followed by mollusks (17.0%)
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Fig. 4 a Curved carapace length and b body weight of black
turtles, C. mydas (=C. agassizii), landed in San Andrés during
EN 1987

and macroalgae (13.2%). Jellyfish represented >75%
of gut content WW for more than 40% of the turtles
analyzed (Table 1). The only jellyfish consumed was
Chrysaora plocamia Péron & Lesueur (Scyphozoa).
Jellyfish found in diet samples appeared as pieces and
as partly digested liquefied jellyfish. Because of the
coloration and consistency, this material could be
identified as C. plocamia. “Other” items included all
organic materials (i.e., pieces of wood, land plants,
etc.) and stones that probably were consumed when
the turtles ate other prey items. Among mollusks,
Donax marincovichi Coan was consumed most
frequently (67%). Macrocystis pyrifera Linnaeus
was the most consumed macroalga (97%). Almost
all crustaceans (99.9%) were amphipods, Hyperia sp.
Latreille, which probably were living in, and were
consumed with, the jellyfish. Finally, annelids, fishes,
sponges, and echinoderms were considered to be
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Table 1 Mean percent sample wet weight (%WW) and frequency of occurrence (%FO) of prey groups recovered in esophagus and
stomach samples from black turtles C. mydas (=C. agassizii Bocourt) in San Andrés

Diet item %W %FO
Mean SD Present <5%WW >50%WW >75%WW
Jellyfish Chrysaora plocamia 49.5 41.2 70.8 323 53.1 41.7
Mollusks? 17.0 29.0 62.0 62.0 14.6 8.3
Crustaceans” 33 10.4 47.4 85.9 1.6 0.5
Anthropogenic debris 10.7 22.9 41.7 71.9 9.9 4.2
Macroalgae® 13.2 26.6 375 69.3 12.0 6.3
Others 2.9 10.3 36.9 88.5 1.6 1.0
Unknown 0.4 34 6.25 100 - -
Annelids Diopatra sp. Audouin 0.6 5.9 3.6 99.0 0.5 0.5
& Milne-Edwards

Fishes 0.3 2.8 42 98.4 - -
Sponges T - 1.0 100 - -
Echinoderms Ophiectis T - 0.5 100 - -

kroyeri Liitken

T denotes presence in trace levels, SD standard deviation

? Mulinia edulis King & Broderip, Donax marincovichi Coan, Nassarius gayi Kiener, Discinisca lamellosa Broderip, Semimytilus
algosus Gould, Crepipatella dilatata Lamarck, Aulacomya ater Molina, Tegula atra Lesson, Polinices otis Broderip & Sowerby,

Fisurella peruviana Lamarck, Sinum cymba Menke

® Hyperia sp. Latreille, Ceratothoa gaudichaudii Milne-Edwards, Balanus sp. Da Costa, Hepatus chilensis Edwards, Lepas anatifera

Linnaeus, Cancer porteri Rathbun

¢ Macrocystis pyrifera Linnaeus, Rhodymenia flabellifolia Montagne, Ulva costata Howe, Chondracanthus chamissoi Kiitzing,

Gracilariopsis lemaneiformis E. Y. Dawson, Acleto & Fold

4 Engraulis ringens Jenyns, Gaelichthys peruvianus Liitken, Schroederichthys chilensis Guichenot

trace items because each group constituted <1%WW
and <5%FO (Table 1).

Discussion

In this study, we present consistent evidence that warm
episodes, including EN, favor black turtle trophic
migration to southern Peruvian foraging grounds.
High black turtle landings occurred during every EN
and warm event observed from 1970 to 1988 (Fig. 2).
Since turtles were the target species of this specialized
fishery, an increase in sea turtle landings may reflect
an increase in sea turtle occurrence during their
migration to San Andrés. In fact, abundances of sea
turtles changed from being considered a rare visitor
most of the time to become common during EN
episodes on Peruvian coasts (Arntz & Fahrbach,
1996). Landings alone, however, may not reflect sea
turtle abundance because the fishing effort would vary.

The scarce literature on the San Andrés fishery
revealed that since 1979, the turtle fleet contained 7—
11 boats (see Frazier, 1979; Hays-Brown & Brown,
1982; Aranda & Chandler, 1989), indicating that the
fishing effort was fairly consistent. Opportunistic
fishermen might have fished during EN, probably
because the other fishing resources declined. During
EN 1987, up to 110 boats were recorded to land turtles
in San Andrés (Zeballos, pers. obs.), encompassing the
largest sea turtle harvest ever recorded in Peru (Aranda
& Chandler, 1989). That year, however, about 14
boats (about the usual fleet size) captured up to 50% of
the turtles during 50% of the total fishing trips
reported, which suggests that even if the landings by
the opportunistic boats are disregarded, very high sea
turtle landings occurred during that EN episode
(Zeballos, pers. obs.).

Among the various physical and biological factors
that might be involved in the high black turtle
occurrences in Peruvian coastal waters during EN
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Table 2 Summary of diet studies on the black turtle along its distribution in the East Pacific

References Location N Sampling Frequency of occurrence (%FO)
yedt Algae Jellyfish Others
Seminoff et al. (2002) Mexico, Baja 108  1995-1999 Chlorophyta >24% No Overall animal
California Phaeophyta >19% matter was
Rhodophyta 100% 38.5-42.8%
Amorocho & Reina Colombia 84 2003-2004 18% No Tunicates 74%
(2007) Mangrove 69%
Crustaceans 63%
Paredes (1969) Peru, San 20 1969 100% Unident. 60%  Mollusks 50%
Andrés-Pisco Fish eggs 60%
Crustaceans 25%
Hays-Brown & Brown (1982) Peru, San 39 1979 51% Unident. 31%  Mollusks 64%
Andrés-Pisco Polychaetes 49%
Crustaceans 13%
Kelez et al. (2004) Peru, San Andrés, 3 2000 100% Unident. 33%  Mollusks 67%
and Chimbote
de Paz et al. (2004) Peru, San Andrés 13 1999-2000 43% No Mollusks 29%
Santillan Corrales Peru, Bahia de NR  2002-2004 >33% Hydrom. 13%  Squid eggs 22%

(2008) Sechura

NR not reported, N number of turtles analyzed, unident. unidentified, hydrom. hydromedusae

episodes, we focused on sea temperature. During
average years, the west coast of South America is
characterized by upwelling of cold subsurface waters
(Brink et al., 1983), but during EN episodes, warmer
waters propagate poleward along the entire coastlines
of Peru and Chile (Hormazabal et al., 2001), as
shown by SST fields with cold water extending
100 km offshore of the Peruvian coast in 1981, but
warm waters >22°C reaching the San Andrés coast
during EN 1982-1983 and 1987. Because the POI is
calculated from SST data along the coast of Peru (i.e.,
Montecinos et al., 2003), it follows that temperature
plays a key role determining sea turtle migration. Our
results strongly support the idea that warm waters
near the shore facilitate black turtle access to the San
Andrés foraging grounds (Fig. 3).

Previous work on black turtle diet throughout its
distribution showed that macroalgae were consumed
most frequently, in combination with several inver-
tebrate species, including jellyfish, to a lesser extent
(Table 2). No previous study considered dietary
preferences related to ENSO. During EN, primary
productivity decreases triggering changes throughout
the food web (Barber & Chavez, 1983; Muck et al.,
1989a; Arntz & Fahrbach, 1996). Because benthic
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macroalgae washes ashore during strong EN events
(Arntz & Fahrbach, 1996), that food resource prob-
ably is limited during EN events, and thus, may affect
the turtle’s diet. During EN 1987 as reported here,
70.1% of black turtles fed on the large jellyfish C.
plocamia and only 37.5% fed on macroalgae. More-
over, of the turtles feeding on C. plocamia, more than
40% had a stomach full (=75%WW) of this species
(Table 1). During La Nifia episodes (i.e., 1999-2001
with negative POI values) and even during neutral or
mild EN episodes (1979 and 2002-2003 with a
maximum POI of +1.5), turtles probably have an
omnivorous diet based mostly on macroalgae with
some jellyfish consumed (see Fig. 2 and Table 2).
Conversely, during moderate to strong EN episodes
(1969, maximum POI of +3.2), jellyfish may
predominate in the diet. To test this hypothesis,
further research on black turtle diet during EN
episodes is needed.

Jellyfish are not trophic dead ends (Mianzan et al.,
2001; Arai, 2005), as they are often mistakenly
thought to be. Jellyfish have four to six times less
gross energy than algae and seagrass (Doyle et al.,
2007); however, some of the largest marine verte-
brates like the leatherback sea turtle and the oceanic
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sunfish, Mola mola Linnaeus, survive on diets mostly
of jellyfishes (Arai, 2005; Houghton et al., 2006;
Wallace et al., 2006). For those species, prey quantity
probably prevails over quality, as for large terrestrial
herbivores (Shrader et al., 2006; Doyle et al., 2007).
Interestingly, initial analysis of concurrent jellyfish
data suggests that their occurrences may be positively
correlated with black turtle landings and EN episodes
(Quifones et al., in prep.). If jellyfishes are most
abundant during EN episodes, sea turtles could
exploit that resource opportunistically, as in EN 1987.

Most adult turtles foraging in coastal Peruvian
waters come from their nesting beaches on the
Galapagos Islands and, to a lesser extent, on the
mainland of Ecuador (Green, 1984; Aranda &
Chandler, 1989). Because both nesting and sea turtle
fishing seasons occur from summer to early fall in
these latitudes (Aranda & Chandler, 1989), adult
turtles feeding in Peru probably do not reproduce that
same year in the Galapagos Islands. In fact, during
EN 1982-1983 and the warm event of 1975-1976,
fewer turtles nested in the Galapagos than in non-EN
years (Zarate, 2003). Although nesting records are
not complete for the period 1970-1988, the numbers
of turtles nesting in the Galapagos (apparently driven
by EN) were opposite to the numbers landed in the
San Andrés foraging ground. Furthermore, during EN
1987, and possibly during every EN between 1970
and 1988, adult-sized black turtles were captured in
southern Peru to the detriment of Galapagos nesting
population. Additional research is needed to under-
stand how physical and biological factors governed
by ENSO drive the ecology of endangered species
like black turtles. The effects of environmental
factors need to be considered in combination with
the effects of anthropogenic factors, such bycatch or
direct capture mortality, on sea turtle population
dynamics.
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