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Ecology and Conservation of Sea Turtles in Chile
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ABSTRACT. — Chilean marine habitats have supported sea turtle species since prehistorical times.
Although information exists regarding their contemporary distribution and ecological role in the
region, it is diffuse. This study aims to bring such data together and provide an up-to-date review of
the ecology and conservation status of sea turtles in Chile. Detailed available data largely reflect
interactions between Dermochelys coriacea and Caretta caretta with oceanic fisheries. Newspaper and
local studies have reported the regular presence of Chelonia mydas and Lepidochelys olivacea in
certain locations in northern Chile during the past decade. The latter species were particularly
abundant in the area around a thermal discharge from a water-cooled power plant (Mejillones Bay,
23°S) in the Antofagasta Region, and accounts included several reports of negative interactions
between these species and sea lions (Otaria flavescens). Sea turtles found in Chilean waters are
probably juveniles or subadults. No estimates have been made regarding the potential of the Chilean
waters as feeding grounds or the relative importance of putative food items for sea turtles. Sea turtles
are clearly present in Chilean waters, but we know little about factors that drive variation in their
abundance. As such, there is a need for further exploration of the ecology of sea turtles in this region.

Kty Worps. — Reptilia; Testudines: Cheloniidae; Dermochelys coriacea; Chelonia mydas; Caretta
caretta; Lepidochelys olivacea; Humboldt Current Large Marine Ecosystem; Southeast Pacific

Ocean

Studies of the ecology of wide-ranging migratory
species require extended and expensive surveys conducted
across often-vast areas encompassing the distributional
range of the target species. Hence, it can be difficult to
successfully characterize their ecology, especially toward
the limits of their distribution, where the probability of
encountering individuals can be markedly reduced. Such
observations extend to the sea turtle species that inhabit
Chilean waters, located in the southeast Pacific Ocean. Sea
turtles have been present in this region since prehistorical
time, and modern records exist for at least the past 2
centuries. Records of sea turtles feeding in some coastal
bays in northern Chile (e.g., Guerra-Correa et al. 2007) and
telemetry studies have highlighted the role of the southeast
Pacific as migratory routes and potential feeding grounds
(Ortiz and Moreno 2008; Bailey et al. 2012a, 2012b).
However, there has been little scientific and public interest
in conducting follow-up studies, or systematic surveys to
characterize sea turtle ecology in the region.

Chile has a long coastline (6435 km) and wide
territorial waters that form the eastern boundary of the
South Pacific Gyre, part of the Humboldt Current Large
Marine Ecosystem (Fig. 1), one of the world’s most
productive fishing areas (Montecino and Lange 2009).

Four species of sea turtles can be found in this region:
Dermochelys coriacea, Chelonia mydas, Caretta caretta,
and Lepidochelys olivacea (Frazier 1990). These species are
classified by the International Union for Conservation of
Nature as vulnerable (L. olivacea), endangered (C. caretta,
C. mydas), or critically endangered (D. coriacea), with
evidence of significant population declines occurring during
recent decades (Chaloupka et al. 2004). However, our
understanding of their ecological niche in Chilean waters is
either lacking or incomplete, reflecting an absence of
information regarding their population structure or habitat
use in the region (Comisién Permanente Del Pacifico Sur
[CPPS] 2007; Azdcar et al. 2011).

Worldwide, coastal, and terrestrial environments are
increasingly at risk because the modification and
degradation created by human coastal development
(Lotze et al. 2006). This is a particular issue in Chile,
where the construction of new energy production facilities
along the coast (Fig. 1) and continued extraction of
natural resources in support of economic development
threaten coastal ecosystem function and may limit the
suitability of coastal habitats that may support sea turtles.
In Chile, 7 macroalgae species (Durviella antartica,
Gigartina skottsbergii, Gracilaria chilensis, Macrocystis
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Figure 1. Principal locations associated with sea turtle records from Chilean waters. Also, core thermoelectric power plants (A), and

coal unloading harbors (@) located on coastline.

pyriphera, M. integrifolia, Lessonia berteorana, L.
spicata, L. trabeculata, and Sarcothalia crispata) are
extracted from littoral areas (from the intertidal down to
40-m depth), and exported to international markets for the
production of alginic acid, alginates, and natural polymers
(Subsecretaria de Pesca y Acuicultura [SUBPESCA]
2015). This sector has grown since landings of approx-
imately 250,000 t/yr in 2000 to 450,000 t/yr in 2011 that
correspond to 70,000 dry tons (Gonzdlez-Poblete et al.
2013). Power generation in coastal habitats may impact
marine species (e.g., Poornima et al. 2005; Jiang et al.
2009; Cardoso-Mohedano et al. 2015). Chile has installed
power generation plants with a total capacity of
> 18,000 megawatt, based mainly on hydroelectric plants
(120 total), mostly located in the central-southern region,
or thermal plants (241 total) that have a majority placed
along the northern coastline of the country (Comisién
Nacional de Energia, Estadisticas: Energia 2015).

Recent studies have revealed that sea turtle bycatch
from Chilean longline, gillnet, and trawl fisheries are
among the highest recorded worldwide (Wallace et al.
2010; Azécar et al. 2011). The risk of impact from these
fisheries increases when the relationship between bycatch
records and fishery observation effort is considered (i.e.,
bycatch rates are likely underestimated because of the
limited on-board observer programs in small-scale fisheries;
Wallace et al. 2010). Furthermore, the numerous small
artisanal fisheries in the southeastern Pacific region still
lack systematic monitoring and reporting, and it is therefore
difficult to reliably estimate their impact on sea turtles and
other migratory species (Alfaro-Shigueto et al. 2007, 2011).

This article aims to clarify current knowledge
regarding sea turtles in Chilean waters and the likely
impact of anthropogenic activities on sea turtles in this
region. Furthermore, we focused on factors that may play
a role on the temporal and spatial distribution, population



SARMIENTO-DEVIA ET AL. — Sea Turtles in Chile 23
L Records i References
& Book
8 ¥ press 8 fal
O%aentific paper i
E O Technical report g
£ 6 | asymposium procesding 26
g B
E; E
B q D a4 A a
g o
z O o m
2 1 a o & o afamli'a
O o O ofl B0 o o @ m (] O M B4 B A QT
U T T T T T ﬂ T T T T T
1956 1966 1976 1986 1996 2008 1956 1966 1976 1986 1996 2006
Year Year

Figure 2. Grey and scientific publications including references or records of sea turtle presence in Chile.

dynamics, and insights into the ecological role and habitat
requirements of sea turtles in this region.

METHODS

We conducted a literature review of studies available
up until December 2013, examining primary and grey
literature present in several databases: ISI Web of
Knowledge (http://portal.isiknowledge.com/), Science Di-
rect (http://www.sciencedirect.com/), Scielo (www.scielo.
cl), and Google Scholar (http://scholar.google.cl/). The
following combinations of key words in the title, abstract,
or text content were used in the search: ‘‘Sea Turtles’’,
Chile; “‘Sea Turtles’’, “*South eastern Pacific’’, “‘Lepi-
dochelys olivacea’’, Chile; ‘‘Caretta caretta’’, Chile;
““Dermochelys coriacea’’, Chile; ‘‘Southeast Pacific’’,

“Caretta caretta’’; ‘‘Southeast Pacific’’, ‘‘Dermochelys
coriacea’’; ‘‘Chelonia mydas’’, ‘‘South eastern Pacific’’;
““‘Southeast Pacific’’, ‘‘Lepidochelys olivacea’’. We also

conducted these reviews with other combinations of
words (‘‘“Tortugas marinas’’, Chile; *‘Chelonia mydas’’,
Chile; “‘bycatch’’, ‘‘South eastern Pacific’’; *‘Chelonia
mydas’’, ‘‘Southeast Pacific’’; *‘Dermochelys coriacea’,
““South eastern Pacific’’; ‘‘Lepidochelys olivacea’,
““‘South eastern Pacific’’). We also searched using the
Spanish equivalent, although results did not differ. This
resulted in 123 documents published between 1956 and
2013, with a large increase in the period between 2007
and 2013 (Fig. 2). These were categorized as either
references or records depending on whether they simply
mentioned a location where > 1 sea turtle species were
noted (i.e., reference), or whether they provided details on
the number of individuals with a specific date and
location of occurrence (i.e., record; see Fig. 2).

We also made formal requests to a number of Chilean
governmental institutions (SUBPESCA, Servicio Nacional
de Pesca, Ministerio del Medio Ambiente) for information

on records, studies, and surveys regarding the presence of
sea turtles in Chilean waters, under the framework of the
Chilean Law on Transparency. Nongovernmental Organi-
zations, universities, and sea turtle researchers were also
consulted for information and details of current studies on
sea turtles in Chile. Further information was obtained by
examining Proceedings of the Annual Symposia on Sea
Turtle Biology and Conservation between 1988 and 2013
(available at http://www.sefsc.noaa.gov/species/turtles/
symposia.htm), and abstract books from Sea Turtle
Symposia in the Eastern South Pacific (Fig. 3).

We identified 1655 records of sea turtles, most
consisting of detailed bycatch (n = 748), encounter
(n = 230), and strandings (n = 160), although many did
not include information on defined interactions (n = 489)
with turtles. Other sources of information reflected car-
apaces (n = 11) and embalmed specimens (n = 5) pre-
served in public collections, individuals included in satellite
transmitter tracking studies (n = 6), catches, and anecdotal
encounters (n = 8). Many observations were of unidentified
individuals (n = 58), related to body damage or made by
untrained observers. In general, records were dominated by
C. mydas (n = 765) and D. coriacea (n = 607), followed
by L. olivacea (n = 139) and C. caretta (n = 86), although
bycatch records (n = 749) show the dominance of
D. coriacea (n = 569; 76%) and C. caretta (n = 81; 11%)
in offshore waters. In contrast, strandings and encounters
(n = 399) close to the coast were dominated by C. mydas
(n = 334; 84%) and L. olivacea (n = 49; 12%).

STATUS OF TURTLES IN CHILE
Historical Records of Sea Turtles from Chilean Waters
The first record of sea turtles from what are now

Chilean waters dates from 1782 (Molina in Donoso-
Barros 1962). However, it is likely that sea turtles have
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Figure 3. Records of sea turtles in Chile categorized by region.

been present in southern Peru and northern Chile since at
least 5000 YBP (Frazier and Salas 1984; Frazier and
Bonavia 1998). This is reflected by the existence of cave
paintings (Quebrada el Medano, Antofagasta Region), as
well as turtle remains (skulls and carapaces) recorded
from archaeological sites in northern Chile (Frazier 1990;
Frazier and Bonavia 1998; Berenguer 2009), providing
evidence for the intentional capture of sea turtles for
consumption, but also as funerary objects (Frazier 2005).
Some researchers have even suggested that some beaches
in northern Chile were used as nesting habitats (Ortiz and
Moreno 2008).

Currently, there is no widespread tradition of sea
turtle consumption by Chileans, either of indigenous or
European descent. However, discussions with fishermen
from the northern region suggested that sea turtle meat is
occasionally consumed, although artisanal fishers in the
region usually avoid bycatch of these organisms in their
nets, because they believe that killing a sea turtle is
associated with bad luck, even ifitis accidental (R.A. S.-D.,
pers. obs.).

Species Distribution

For this review, the northernmost records of sea
turtles in Chile were from Arica (Tarapacd region,
18°27'S), and the southernmost record was located
approximately 3800 km to the south in Tierra del Fuego
(Magallanes and Antarctic Chilean region, 53°S; Gizman
and Campodoénico 1973). However, one-third of the
records from the past 50 yrs were related to C. mydas
and L. olivacea from locations in the north of Chile (e.g.,

Antofagasta, Mejillones [Fig. 1; Guerra-Correa et al.
2007, 2008], or Salado Bay, Copiapd in the Atacama
Region [Guerra-Correa et al. 2007; Tucker et al. 2013]).
Importantly, trace-metal analysis of carcasses from the
Antofagasta sector has revealed above-average concen-
trations of both arsenic and copper in C. mydas liver,
likely reflecting industrial mining activity and subsequent
heavy-metal pollution in the region (Plaza-Araya et al.
2010; Alvarez et al. 2013).

The presence of C. mydas in Mejillones Bay
(Antofagasta Region) has been associated with the
presence of thermal effluent from water-cooled power
generation plants (Fig. 1) and several reports exist
regarding negative interactions with resident sea lions
(Otaria flavescens; Guerra-Correa et al. 2007; Kelez et al.
2008a, 2008b). Furthermore, there are multiple references
to groups of up to 30 individuals of C. mydas in the area
close to the fishing harbor in central Antofagasta, which
during the early 2000s interacted with groups of sea lions
consuming waste from the artisanal fishery fleet (Kelez
et al. 2008a). Cardenas and Stutzin (1985) noted that
during the 1980s, C. mydas were sufficiently abundant in
this area that fishermen often caught specimens and
offered photographs for tourists. Approximately 400 km
to the north of Antofagasta, dead C. mydas adults are
commonly stranded (107 individuals during 2001-2007)
year-round on an extended sandy beach located close to
an upwelling cell at Chipana (Iquique, Tarapacd Region;
Guerra-Correa et al. 2007).

Although present in Chilean waters, records of L.
olivacea are extremely limited and are distributed from
Arica (18°28'S) in the extreme north, to Quintero located
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on the central Chilean coast (32°S, Fig. 1; Brito 1997),
with most records clustered in the northern regions of
Iquique and Antofagasta. A single study has reported the
presence of stranded specimens in poor condition, and
suggested that decreases in Sea Surface Temperature
associated with cooling of the Chile-Peru Current were
linked with the presence of L. olivacea in Central Chile
(Seminoff 2002).

Records of D. coriacea from Chilean waters are
almost entirely of individuals captured as bycatch from
either industrial or artisanal fishing vessels landing in
harbors such as Algarrobo, San Antonio, or Talcahuano in
Valparaiso Region, or Constitucién in Maule Region. This
highlights the use of Chilean offshore habitats by this
species (Donoso and Dutton 2010), although limited
sightings also exist from inshore waters, including
Antofagasta (Sarmiento-Devia et al. 2014).

A limited number of confirmed records for C. caretta
exist from Chilean waters, ranging from Arica (Donoso-
Barros 1962), Caldera, and Coquimbo, all located in
northern Chile, to Quintay close to Valparaiso (33°10’S),
in central Chile (Brito 1997). Satellite monitoring data
revealed that C. carefta specimens migrated from
Peruvian waters (17°S) to Chilean oceanic waters (Mast
et al. 2004; Guerra-Correa et al. 2007, Mangel et al.
2011). This is supported by the large number of bycatch
records for this species from oceanic waters off northern
Chile and southern Peru (Azécar et al. 2011). However,
a lack of suitable data prevents the accurate description of
the distribution of this species in Chilean waters.

In summary, it is apparent that C. mydas and L.
olivacea are distributed in bays and specific locations in
the northern coast of Chile, whereas D. coriacea and C.
caretta are present in oceanic waters.

Origin of D. coriacea, L. olivacea, and C. mydas. —
Individual D. coriacea and L. olivacea from Chilean
waters have been associated with nesting populations in
Mexico and Central America (Frazier 1990; Eckert and
Sarti 1997). Small numbers of D. coriacea individuals
tagged in Mexico and Costa Rica have also been recorded
in different places along the Chilean coast. Individual sea
turtles from Costa Rica were encountered in 1988 in
Valdivia (40°S; Chandler 1991) and Coquimbo (30°S;
Brito 1997). One D. coriacea tagged in Mexico was
captured in 1988, close to Isla Mocha (33°30'S; Marquez
and Villanueva 1993), with another individual encoun-
tered in 1992 in San Antonio (33°36'S). Similarly, several
female D. coriacea fitted with satellite transmitters
moved from Costa Rica to Chilean waters (Shillinger
et al. 2008; Bailey et al. 2012b). Dermochelys coriacea
migrate as far southwest as 37.6°S and 133.3°W in
Chilean waters, encountering high-productivity areas
associated with elevated rates of upwelling vertical
transport, which is likely related to increased availability
of food (Shillinger et al. 2011; Bailey et al. 2012a).
Further evidence for movements of sea turtles between
these 2 areas is provided by the reduction in the number of

nesting females observed in Mexico beaches associated
with mortality from bycatch in the Chilean swordfish
fishery (Chandler 1991; Marquez and Villanueva 1993;
Brito 1997; Eckert and Sarti 1997). Although these
limited data show evidence for movement of individuals
within the East Pacific, genetic evidence (mtDNA)
indicates that some D. coriacea captured in Chilean
waters had a western Pacific origin (Donoso et al. 1999).

For C. mydas, there are multiple records of specimens
originally tagged in the Galdpagos Islands, which were
subsequently recaptured in Peruvian coastal waters (e.g.,
Green 1984). This could be interpreted as an indication of
regular migration between the Galdpagos Islands and
Peruvian waters, but may possibly extend to the north of
Chile. However, no record exists of tagged C. mydas from
Chilean coastal areas (Brito 1997). It has been assumed
that specimens recorded in Southern Chile originated
from the Galdpagos Islands (Frazier 1990). This is
supported by analyses of frequency of mitochondrial
DNA haplotypes from samples taken of Chilean bycatch
green turtles (Seminoff 2002).

Origin of C. caretta. — According to current
evidence, C. caretta originating from nesting beaches in
Australia and New Caledonia cross the southern Pacific
Ocean utilizing the Tasmania front (Mast et al. 2004;
Mangel et al. 2011) in order to use feeding areas located
off the coast of Peru, and subsequently return to the
western Pacific (Alfaro-Shigueto et al. 2008; Boyle et al.
2009). This description is supported by genetic data, the
lack of records of small-bodied individuals (i.e.,
< 70 cm) in Australian waters, the high frequency of
juveniles captured as bycatch in Peruvian fisheries, and
the absence of adult-sized individuals (> 70 cm) in the
southeastern Pacific. In Chile, C. caretta is the second
most frequently captured sea turtle in the swordfish
fishery operating in waters of the south-central coast
(Azécar et al. 2011), but numbers of records close to
shore are very limited. Following this, C. caretta extends
its distribution into northern Chilean waters, with
individuals using the Chile—Peru coastal current to reach
their feeding grounds in subtropical latitudes (Boyle et al.
2009).

Satellite monitoring of juvenile and adult C. caretta
captured in waters off Peru clearly showed that they
moved south through Chilean waters. Mangel et al. (2011)
noted that this species is typically oceanic, and that
movements into Chilean waters likely reflected temporary
residence by the pelagic juvenile stage, prior to their
return to breeding areas. Beyond this, data are lacking
regarding potential relationships between the presence of
C. caretta in Chilean waters with, for example, seasonal
or interannual surface warming, behavior of the upwelling
fronts, or temporary aggregations of jellyfish. As such,
there is a pressing need for more C. caretta satellite
surveys with juvenile individuals that coincide with
traditional and nontraditional oceanographic measure-
ments (e.g., dimethyl sulfide distribution; Endres and
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Figure 4. Records of sea turtles in Chile categorized by month of occurrence.

Lohmann 2012) that may increase our understanding of
the factors driving the spatial and temporal distribution of
C. caretta off Chilean coasts.

Temporal Distribution. — In terms of the temporal
distribution of sea turtles in Chilean waters, our analysis
showed that only 520 records included detailed temporal
information (Fig. 4). Data for C. mydas included 28
records in the period December—February, as well as
a record of 70 individuals in September, but this latter
record was based on a newspaper reference regarding the
estimated number of C. mydas consumed by sea lions at
the port of Antofagasta (La Estrella de Antofagasta, 16
September 2009; available at http://www.estrellaantofa
gasta.cl). Similarly, L. olivacea also had 22 records in
March and 11 in November 2009, with < 10 records
associated with the remaining months of the year.
Observations for D. coriacea and C. caretta, were limited
to 10 records without any apparent seasonal trend.

This could support the suggestion that the presence of
C. mydas and L. olivacea in Chilean waters is seasonal
(Fig. 4), coinciding with occurrence of these species
further north in southern Peru during December—February
(Seminoff 2002). Chelonia mydas females nest every year
in the Galdpagos Islands, between December and March
(Zarate et al. 2013). From this, it could be suggested that
green turtles in Chile correspond to males and/or
postnesting females. However, available size data indicate
that most Chilean records of C. mydas are of juvenile or
subadult individuals, which is in line with the life stage
reported for feeding areas in southern Peru (Velez-Zuazo
et al. 2014). It is likely that after hatching at the
Galdpagos Islands, C. mydas posthatchlings dispersal
southward into oceanic waters off the Chilean coast and
then move to feeding areas off southern Peru looking for

abundant food that promotes fast growth (Velez-Zuazo
et al. 2014). Studies compiled by Seminoff et al. (2002)
showed that mean annual estimates of nesting females in
Galdpagos Islands were similar (~ 1400) between 1976—
1982 and 1999-2000, and suggested that this stock of
C. mydas had been stable. Hence, it is possible that the
supply of individuals migrating to waters off northern
Chile may be similarly constant. Also, the presence of
C. mydas in Chilean waters may be supported by biotic
factors such as the large regional seasonal blooms of the
scyphozoan jellyfish Chrysaora plocamia, a preferred prey
in Peruvian neritic waters (Quifiones et al. 2010), which in
northern Chile also usually occur during summer (Oliva
et al. 2010; see details in the ‘‘Foraging Ecology’’ section).

Conversely, it is suggested that C. mydas has the
ability to overwinter in areas with abrupt temperature
decrease during some seasons (e.g., Gulf of California),
where the record of motionless individuals in crevices and
caves in the littoral is common during winter (Ultsch
2006). As such, in agreement with Frazier and Salas
(1984), C. mydas was likely present in Chilean coastal
waters year-round but remain inactive during the cooler
months. As has been noted previously (e.g., Frick et al.
20006), the potential seasonal or permanent presence of C.
mydas in northern Chilean coasts highlights the need for
a continuous quantitative monitoring of sea turtle
abundance in this area.

In the same sense, seasonal patterns in the data for C.
caretta and D. coriacea originating from fishery observers
reflect patterns of seasonal fishing effort rather than
a natural pattern in sea turtle populations in these waters.
In this case, records including temporal data are limited.
Clearly, there is no consensus regarding the temporal
variability of sea turtles in this region.
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There are no confirmed records of hawksbill turtles
(Eretmochelys imbricata) in Chilean continental waters,
and it has been suggested that Chile is outside of its
distribution range. However, the presence of this and the
other 4 sea turtle species has recently been anecdotally
reported from Easter Island, an offshore territory of Chile,
located in the Pacific Ocean approximately 3600 km from
continental Chile (Alvarez et al. 2012). Besides this recent
addition, there is no direct evidence regarding the
presence of the hawksbill sea turtle in Chile.

Oceanographic Features Associated with Turtle
Presence. — The presence of sea turtles in Chilean
coastal waters has been linked with oceanographic—
atmospheric anomalies resulting from the El Nifio
Southern Oscillation (ENSO; Aranda and Chandler
1989), disorientation of individual turtles (Philippi 1899;
Donoso-Barros 1962; Formas 1976; Ibarra-Vidal and
Ortiz 1990), passage through Chilean waters as part of
migration, or temporary residence reflecting utilization of
resources provided by the region’s ecosystems (e.g., food
or shelter [Frazier and Salas 1982; Donoso and Dutton
2000; Frick et al. 2006; Guerra-Correa et al. 2007; Ortiz
and Moreno 2008]). Potential migratory movements and
the potential of Chilean waters as feeding grounds have
already been referred in preceding sections. Regarding
physiological abnormalities in sea turtle orientation and
cues used to direct migration, the studies available do not
provide details on the health status of stranded sea turtles;
as such, it is difficult to comment on the role of putative
physiological problems or disease associated with strand-
ings on the Chilean coasts.

From an oceanographic point of view, superficial
currents close to Chilean coasts and sea surface
temperature vary both seasonally and interannually (Thiel
et al. 2007). Such variation could modulate the proximity
of the sea turtles to the coast or the time spent in these
sectors. The presence of C. mydas in bays located along
the northern Chilean coast has been related to the
incursion of superficial warm, nutrient-poor equatorial
water moving southward during strong El Nifio events
(e.g., ~ 22,000 individuals in 1987; Frazier 1990).
Antofagasta Bay, and in particular its central region, is
recognized by local fishermen as a historical aggregation
site for C. mydas and L. olivacea. Local-superficial
circulation and the presence of Equatorial Sub-Surface
Water (Cerda et al. 2010) transported southward from
tropical latitudes to Northern Chile by the Gunter current,
lead to the retention of surface waters in the bay,
promoting warming (Escribano and Hidalgo 2001). This
warming is reinforced during summer months (Decem-
ber—January), and can be accentuated during ENSO warm
phases, when the thermocline outside of the bay is deeper
and the upwelling influence is weaker (Ulloa et al. 2001;
Escribano et al. 2004).

Such seasonal coastal warming could explain an
increased presence of sea turtles originating from more
equatorial latitudes, or a more intense and shallower

activity rate by ‘‘resident’’ individuals, at the end of the
each year. If the apparent seasonality reported in the
presence of sea turtles in Antofagasta and Mejillones bays
is not an artefact of selective reporting, this likely
represents a response to the dynamics of surface warming
during summer months and El Nifio events. However,
without the development of long-term monitoring, these
hypotheses are reduced to speculation.

The presence of sea turtles in several northern
Chilean bays has also been associated with the discharge
of warm-water effluent from coastal power plants
(Guerra-Correa et al. 2008). In Mejillones Bay, 3 power
plants discharge > 500,000 m® of heated water each
day (E-CL, Environmental Department, pers. comm.,
August 2013). During recent decades, this was suggested
as the main factor driving the presence of C. mydas and
L. olivacea inside the bay (Guerra-Correa et al. 2008),
and resembled reports for sea turtles in San Diego Bay,
California, USA (Turner-Tomaszewicz et al. 2012).
However, although these (and new) plants are operating,
sea turtles have not been observed recently in these sites
(E-CL, pers. comm., August 2013). In turn, this apparent
disappearance is ascribed to the negative interactions
between sea turtles and sea lions (Otaria flavescens)
from close colonies, or domesticated individuals in
fishing ports (Guerra-Correa et al. in Kelez et al.
2008a).

Demography: Sizes, Life-Stages, and Biomass

The majority of records examined in this review did
not report the size and/or sex of individual sea turtles.
However, from those limited records (n = 10) with
information on size, we estimated a mean (=% standard
deviation, range) straight carapace length of 49 cm (* 46;
60-150 cm) for C. mydas, and of 113 cm (% 69; 12—
200 cm, n = 19) and average mass of 457 kg (* 243,
n =9) for D. coriacea. Although limited, these size
estimates indicate that the individuals of both C. mydas
and D. coriacea found in Chilean waters were juveniles or
subadults, according to the mean size (curved carapace
length [CCL] = 85 = 5.5 cm) of nesting females of C.
mydas in the Galdpagos Islands (Zarate et al. 2013), or the
mean size (CCL = 120-165 cm) of nesting females of D.
coriacea in Mexico or Costa Rica (Eckert et al. 2012).
Unfortunately, existing data were not suitable to produce
similar estimates for the other sea turtle species in Chilean
waters.

Although data on C. caretta population structure are
not available from Chilean waters, the mean CCL of
specimens encountered from interactions with East
Pacific Tuna Fisheries and artisanal fisheries off Peru,
was approximately 50 cm—a length corresponding to
juvenile specimens (Alfaro-Shigueto et al. 2004; Alava
2008) according to those descriptions by Dodd (1988; i.e.,
juvenile: 10—40 cm).
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Foraging Ecology

We found several records of C. mydas feeding on
macroalgae and annelids in the north region of Chile close
to Antofagasta (Guerra-Correa et al. 2007) and Copiap6
(Tucker et al. 2013). Specifically, there are gut content
records of C. mydas, including Macrocystis piryfera
(Formas 1976), Durvillaea antartica, Glossophora
kunthii, Gymnogongrus furcellatus, Plocamiun violaceum
(Troncoso 1990), Ulva sp., Lessonia sp., Chaetomorpha
sp. (Guerra-Correa et al. 2007), and Porphyra columbina
(Brito 1997). There are also records of individual C.
mydas from Antofagasta consuming fish and mollusc
debris discharged from the city’s main artisanal harbor
(Kelez et al. 2008a). These observations agree with that
observed in other feeding areas (e.g., Seney and Musick
2007; Arthur and Balazs 2008), where C. caretta or C.
mydas feed mainly on dominant components of neritic
communities (e.g., macroalgae, crustaceans, and mol-
luscs). These groups are abundant in Chilean coastal
habitats (Lancellotti and Vasquez 2000), highlighting the
need for suitable studies using long-term (e.g., stable
isotope analysis) and short-term (e.g., stomach content
analysis) approaches to estimating the relative importance
of benthic and pelagic taxa in the diet of sea turtles in
these localities.

Dermochelys coriacea is characteristically identified
as consumers of gelatinous zooplankton, including
Cnidaria, Ctenophore, and Urochordata. Eckert et al.
(2012) described 19 prey classes counting 18 species and
11 genera of Cnidarians, Ctenophores, Scyphozoa, and
Siphonophores. They also refer to several records of
fishes and invertebrates that are consumed occasionally.
From this list, 2 taxa (Aequorea sp. and Cyanea sp.) and 4
species (Aequorea minima, Chrysaora plocamia, Cyanea
rosea, and Physalia physalis), are present in Chilean
waters (World Register of Marine Species; http://www.
marinespecies.org/). Chrysaora plocamia is found in
locations that overlap spatially with specific coastal sites
in northern region of Chile where D. coriacea adults have
been recently sighted (Sarmiento-Devia et al. 2014).

Fisheries Interactions

The Chilean industrial pelagic longline fishery for the
swordfish (Xiphias gladius) operates between December
and February in the Chilean Economic Exclusive Zone,
between 180°=70°W and 17°-39°S in waters of 2000- to
3000-m depth. It is estimated that 4% of gear set by this
fishery results in sea turtle bycatch (Donoso and Dutton
2010). Even though the industrial longline fleet has
gradually declined from the 1980s, it maintains a signif-
icant impact on these species (D. coriacea bycatch rates:
0.022 turtles/1000 hooks; C. caretta bycatch rates: 0.0014
turtles/1000 hooks; GloBAL Project data), especially in
areas where fishing effort from several fleets overlaps
(Azobcar et al. 2011).

Bycatch of D. coriacea juveniles and adults (CCL
measured on board: 61-190 cm, n = 14; lengths visually
estimated in the water: 80-200 cm, n = 73) are
distributed throughout the whole Chilean fishing region
(Frick et al. 2006; Guerra-Correa et al. 2007; Kelez et al.
2008a, 2008b; Azécar and Saavedra-Nievas 2010). Along
the Chilean coastal zone, records of D. coriacea are
reported from Caldera (27°5'S) to Ancud in Chiloe Island
(41°5'S, Fig. 1; Brito 1997). These represent the 93% of
all types of records (strandings, encounters, active catch,
etc.) of regional data for this species. Records are centered
on fishing ports (i.e., San Antonio, Concepcién, and
Valparaiso) where the artisanal swordfish fishery was
historically concentrated during the late 1980s (Frazier
and Brito 1990; Brito 1997), and are maximized in waters
with temperatures between 15.2° and 23.4°C (Donoso and
Dutton 2011). In 1989, a total annual capture of 250
individuals, mainly of adults, was estimated for the port of
San Antonio. However, this estimate was indirectly
calculated based on the number of artisanal vessels and
the mean number of encounters with sea turtles per boat
(Frazier and Brito 1990).

Bycatch of C. caretta (CCL = 47-84 cm, n = 34) is
aggregated in the northern portion of the Chilean fishing
area, in waters with temperatures between 16.8° and
22.1°C (Donoso and Dutton 2011). It is suggested that the
local presence of C. caretta is associated with increases in
primary production in offshore waters. An analysis of the
bycatch between 2001 and 2005 revealed that most C.
caretta captures occurred in 2001, during a La Nifa
period (the cold phase of ENSO; Donoso and Dutton
2010).

For C. caretta, interactions with tuna fisheries is also
likely an issue: high-frequency interactions between
specimens and fishing vessels have been reported by
observers from the Inter-American Tropical Tuna Com-
mission (IATTC) in waters off Peru, and to a lesser degree
in waters off southern Ecuador, and have increased in the
past decades (Alava 2008). Chilean waters support
internationally important tuna fisheries; however, Chile
is not a member or cooperating state of the IATTC. The
IATTC has an objective to reduce bycatch associated with
the tuna fishery operating in the eastern Pacific Ocean, as
well as monitoring bycatch species (Mejuto et al. 2007).

There are relatively few records of C. mydas bycatch
(< 100), and none for L. olivacea (Donoso and Dutton
2010). This is consistent with observed patterns in the
artisanal fishing fleet of Peru, where C. caretta dominated
bycatch figures, whereas L. olivacea and D. coriacea
were captured in lower numbers (Alfaro-Shigueto et al.
2011).

Sea Turtle Conservation Efforts in Chile
Although sea turtle products have not been widely

consumed or traded in Chile, the national government has
prohibited hunting and trapping in agreement with the
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1975 CITES convention (Decreto Supremo 141-1975,
868-1981, and 225-1995; Ministerio de Economia). Also,
concerns regarding sea turtle mortality associated with
artisanal fisheries led the Instituto de Fomento Pesquero
(IFOP) and NOAA-fisheries (USA) to initiate an onboard
observer program in 2001 focused on main fishing areas
of South-central Chile (Mast et al. 2004; Azocar et al.
2010). This explains why bycatch records increased since
1998, and why sea turtle records prior to this date were
apparently low. This highlights the fact that the lack of
clear trends of sea turtles in these waters reflects a lack of
systematic surveys.

Furthermore, Chile is part of the Inter-American
Convention for the Protection and Conservation of the
Sea Turtle and of the Permanent Commission for the South
Pacific, which is developing the Programa Regional para
la conservacion de las Tortugas Marinas del Pacifico
Sudeste (Regional Program for the Conservation of South
Eastern Pacific Marine Turtles) as part of the Convenio
para la Proteccion del Medio Marino y las Zonas Costeras
del Pacifico Sudeste (Agreement for the Protection of the
Marine Environment and Coastal Zones of the Southeast
Pacific, Lima of 1981). These international initiatives aim
to “‘recover sea turtle populations and their habitats in the
Southeast Pacific by mitigating major threats across
participative strategies based on the best socio-economic,
biological and ecological information available’” (CPPS
2013:4) and ‘‘taking into account the environmental,
socioeconomic and cultural characteristics’” of every
country (Inter-American Convention [IAC] 1994:2). Ini-
tially, IFOP examined the current understanding of the
status of sea turtle populations in Chile, and identified
several knowledge gaps (Azodcar et al. 2010). However,
Azécar et al. (2011) did not include the large amount of
information available via alternative sources (including
web sites and grey literature) that are included in the
current study. Thus, there is an immediate need to develop
our understanding of these species in the region, across
complementation of basic information on distribution based
on systematic monitoring.

Rescue centers for handling injured or stranded sea
turtles have been implemented in Antofagasta (Guerra-
Correa et al. 2008), Iquique, and Valparaiso. There are
also a number of new research groups focused on the
ecology and conservation of sea turtles in Chile:
Tortumar-Chile, Qarapara Tomachi, Censo de la Vida
Marina en Chile, among others.

Future Areas of Research

To date, no detailed studies have been conducted
examining the population status of the different sea turtle
species found in Chilean waters, beyond estimates based
on bycatch in open oceanic waters. Although sea turtle
movements from Central America into Chilean waters
have been demonstrated, more long-term studies are
needed to support a better understanding of their presence,

population biology, and ecological function in the
southeastern Pacific. As such, there is a clear need for
the initiation of surveys detailing the presence of sea
turtles in Chilean waters and their origin (e.g., through
analysis of population genetics). Studies examining
population dynamics should combine monitoring of
known potential sea turtle hotspots (e.g., Antofagasta,
Mejillones, Punta Chascos, and Arica) and measures of
industrial fishery bycatch with periodic and systematic
surveys of open ocean habitats, independent from the
industrial fishery. Analyses of such monitoring correlated
with oceanographic data (e.g., ENSO) would allow the
examination of hypotheses regarding the influence of
surface circulation processes in sea turtle migration and
their use of Chilean coastal waters (Saba et al. 2008).
Future work also should consider combined use of short-
term (e.g., stomach contents) and long-term (e.g., stable
isotope analysis, fatty acid analysis) measures of con-
sumption and assimilation of prey to characterize the
migration history and trophic ecology of the different sea
turtles in Chilean waters.

Our analysis has shown that C. mydas dominate the
records of sea turtle encounters from the Chilean coast.
These records appear to be concentrated in the Austral
summer (December—-March) when trade winds and
upwelling processes are more intense (Marin and Olivares
1999), enriching benthic communities (Taylor et al. 2008;
Pacheco et al. 2011). Taken together, we suggest that the
coastal waters of Chile represent more than a pathway for
migrants and can be considered as seasonal feeding areas.
However, this hypothesis requires further examination.

ACKNOWLEDGMENTS

This review received the support of bibliographic
material or comments from Jose L. Brito (San Antonio
Museum), C. Canales (Punta Choros), G. Dominguez
(Punta Chascos, Bahia Salado), J.C. Ortiz (Universidad de
Concepcion), P.A. Salinas and W. Sielfeld (Universidad
Arturo Prat, Iquique), C. Guerra Correa (CREA -
Universidad de Antofagasta), L. Miranda Olivos and M.
Manley (DIRINMAR), J. Azocar (IFOP), J.C. Saavedra
and P. Barria (IFOP), P. Zérate (Fundacién Charles
Darwin 1. Galdpagos), Tortugas Chilenas, and Qarapara
Tomachi. Also, the authors thank the comments and
suggestion from anonymous reviewers and Jeffrey Semin-
off. Financial support was provided by project MECESUP
2007-11 of the Doctorado en Ciencias Aplicadas mencion
Sistemas Costeros from the Universidad de Antofagasta.
C.H. was supported by the CONICYT grant PAI MEL
81105006.

LITERATURE CITED

Arava, JJ. 2008. Loggerhead sea turtles (Caretta caretta) in
marine waters off Ecuador: occurrence, distribution and
bycatch from the Eastern Pacific Ocean. Marine Turtle
Newsletter 119:8—11.



30 CHELONIAN CONSERVATION AND BioLocy, Volume 14, Number 1 — 2015

ALFARO-SHIGUETO, J., DuTTON, P., MANGEL, J.C., AND VEGA, D.
2004. First confirmed occurrence of loggerhead turtles in
Peru. Marine Turtle Newsletter 103:7-11.

ALFARO-SHIGUETO, J., DurtoN, P.H., VAN BREssem, M.F., anD
MANGEL, J. 2007. Interactions between leatherback turtles and
Peruvian artisanal fisheries. Chelonian Conservation and
Biology 6:129-134.

ALFARO-SHIGUETO, J., MANGEL, J.C., BERNEDO, F., DuTTON, P.H.,
SEMINOFF, J.A., AND GoDLEY, B.J. 2011. Small-scale fisheries
of Peru: a major sink for marine turtles in the Pacific. Journal
of Applied Ecology 48:1432-1440.

ALFARO-SHIGUETO, J., MANGEL, J.C., SEMINOFF, J.A., AND DUTTON,
P.H. 2008. Demography of loggerhead turtles Caretta caretta
in the south eastern Pacific Ocean: fisheries-based observa-
tions and implications for management. Endangered Species
Research 5:129-135.

Arvarez, R.E., ALVEAR, C., FABRY, M., AND GuUErra, C. 2013.
Variation of heavy metals levels (Cu, Pb and Hg) present in
green sea turtles from northern Chile, according to habitat
quality, age and body condition. In: Blumenthal, J.,
Panagopoulou, A., and Rees, F. (Eds.). 30th Annual
Symposium on Sea Turtle Biology and Conservation, Goa,
India. Miami, FL: NOAA Tech. Memor. NMFS-SEFSC-640.

ALVAREZ, R., Skamiotis, K., StowHas, P., AND Bonacic, C. 2012.
Tortugas marinas De Rapa Nui (Isla De Pascua). In: Barreto-
Sanchez, L.J., Barrios-Garrido, H., Espinoza, N., Pulido, G.,
Wilderman, N., Petit, M.J., Conde, B., and Dias, B. (Eds.).
Huatulco, Oaxaca, México: Reunién De Especialistas Sobre
Tortugas Marinas En Latinoamérica-Retomala 18. Marzo-
2012, pp. 13-16.

ARANDA, C. AND CHANDLER, M.W. 1989. Las tortugas marinas del
Marinas del Pert y su situacién actual. Boletin de Lima 62:
77-86.

ARTHUR, K.E. anp Barazs, G.H. 2008. A comparison of
immature green turtle (Chelonia mydas) diets among seven
sites in the main Hawaiian Islands. Pacific Science 62:205-
217.

AZOCAR, J., OLGUIN, A., AND GALVEZ, P. 2011. Diagnéstico sobre
Tortugas Marinas en Chile. Valparaiso, Chile: Instituto de
Fomento Pesquero, 180 pp.

A7ZOCAR, J. AND SAAVEDRA-NIEVAS, J.C. 2010. Captura incidental
de Tortugas marinas por la flota palangrera industrial Chilena
en El Pacifico Sur Oriental entre los afios 2001 al 2009. In:
Diaz-Granados, M.C., Wallace, B., and Rodriguez, L.H.
(Eds.). IV Simposio Regional de las Tortugas Marinas del
Pacifico Sudoriental y I Simposio Colombiano De Tortugas
Marinas III Congreso Colombiano de Zoologia. Asociacién
Colombiana de Zoologia, 21 al 26 Noviembre de 2010,
Medellin-Colombia, 327 pp. http://www.iiicongresocolom
bianozoologia.org.

AzOCAR, J., SAAVEDRA, J.C., MIRANDA, L., AND Barria, M.P.
2010. Gestién de los observadores cientificos en la conserva-
cion de las tortugas marinas en el Pacifico sur oriental. In:
Diaz-Granados, M.C., Wallace, B., and Rodriguez, L.H.
(Eds.). IV Simposio Regional de las Tortugas Marinas del
Pacifico Sudoriental y I Simposio Colombiano De Tortugas
Marinas. III Congreso Colombiano de Zoologia. Asociacién
Colombiana de Zoologia, 21 al 26 Noviembre de 2010,
Medellin-Colombia, 327 pp.

Baiey, H., BEenson, S.R., SHILLINGER, G.L., Bocrap, S.J.,
DurtoN, P.H., EckerT, S.A., MORREALE, S.J., PALADINO,
F.V., Ecuchi, T., FoLEy, D.G., BLock, B.A., PiEDRA, R.,
Hitieeuw, C., Tarmatu, R.F., anp SprotiLa, J.R. 2012a.
Identification of distinct movement patterns in Pacific

leatherback turtle populations influenced by ocean conditions.
Ecological Applications 22:735-747.

BaiLey, H., Fosserte, S., Bocrap, S.J., SHILLINGER, G.L.,
SWITHENBANK, A.M., GEORGES, J.-Y., GASPAR, P., SWIMBERG,
K.H.P., PaLapiNo, F.V., SpoTiLA, J.R., BLock, B.A., AND HAYs,
G.C. 2012b. Movement patterns for a critically endangered
species, the leatherback turtle (Dermochelys coriacea), linked
to foraging success and population status. PLoS ONE 7:
e36401.

BERENGUER, R.J. 2009. Las pinturas de El Medafo, norte de
Chile: 25 afios después de Mostny y Niemeyer. Boletin del
Museo Chileno de Arte Precolombino 14:57-95.

BoyLg, M.C., Ssmmons, N., Liveus, C.J., KELEZ, S., VELEZ-ZUAZO,
X., anp Waycor, A.M. 2009. Evidence for transoceanic
migrations by loggerhead sea turtles in the southern Pacific
Ocean. Proceedings of the Royal Society B 276:1993-1999.

Briro, J. 1997. The marine turtle situation in Chile. In: Epperly,
S. and Braun, J. (Eds.). Proceedings of the Seventeenth
Annual Sea Turtle Symposium. Miami, FL: U.S. Department
of Commerce NOAANMEFS Southeast Fisheries Science
Center, 12 pp.

CARDENAS, J. AND STUTZIN, M. 1985. Tortugas marinas en aguas
Chilenas: un problema de conservacion. Informe Técnico
No. 4, Abril 1985. Comisién de Investigacién en Recursos
Marinos. Santiago de Chile: Comite Nacional Pro Defensa de
la Fauna y Flora.

CARDOSO-MOHEDANO, J.G., BERNARDELLO, R., SANCHEZ-CABEZA,
J.A., Ruiz-FErnanDEz, A.C., ALONSO-RODRIGUEZ, R., AND
Cruzapo, A. 2015. Thermal impact from a thermoelectric
power plant on a tropical coastal lagoon. Water Air Soil
Pollution 226:11.

CERDA, M., KNOPPERS, B., VALDES, J., SIFFEDINE, A.F., ORTLIEB,
L., anp SaBabiNi-Santos, E. 2010. Spatial and temporal
variability of water masses, nutrients and sedimentation of
organic and inorganic matter, in Mejillones del Sur bay (23° S),
Chile. Revista Chilena de Historia Natural 83:409-420.

CHALOUPKA, M., DuTTON, P., AND NAKANO, H. 2004. Status of sea
turtle stocks in the Pacific. In: Papers Presented at the Expert
Consultation on Interactions Between Sea Turtles and
Fisheries Within an Ecosystem Context, 9-12 March 2004,
Rome, Italy. FAO Fisheries Report No. 738, Supplement.
Rome: FAO, pp. 135-206.

CHANDLER, M. 1991. New records of marine Turtles in Chile.
Marine Turtle Newsletter 52:8-11.

CoMmisION NACIONAL DE ENErGia, Estapisticas: ENercia. 2015.
Capacidad instalada de generacién. http://www.cne.cl/esta-
disticas/energia/electricidad (1 February 2015).

ComisioN PERMANENTE DEL Pacirico Sur (CPPS). 2007. Pro-
grama Regional Para La Conservacién De Las Tortugas
Marinas En El Pacifico Sudeste. Guayaquil-Ecuador: Secre-
taria Ejecutiva Del Plan De Accién Para La Proteccién Del
Medio Marino Y Areas Costeras Del Pacifico Sudeste, 25 pp.

CoMISION PERMANENTE DEL Pacirico Sur (CPPS). 2013. Secre-
taria Ejecutiva Del Plan De Accién Para La Proteccién Del
Medio Marino Y Las Areas Costeras Del Pacifico Sudeste.
Informe de la Reunién XIX Del Grupo Consultivo Del Plan
De Accién Para La Proteccién Del Medio Marino Y Areas
Costeras Del Pacifico Sudeste, 10-11 April 2013, Guayaquil-
Ecuador, 6 pp.

Dobp, J. 1988. Synopsis of the biological data on the loggerhead
sea turtle Caretta caretta (Linnaeus, 1758). US Fisheries
Wildlife Service, Biological Report 88:1-110.

Donoso, M. anp Durron, P. 2000. Forage area identified for
green turtles in northern Chile. In: Mosier, A., Foley, A., and
Brost, B. (Eds.). Proceedings of the Twentieth Annual Sea



SARMIENTO-DEVIA ET AL. — Sea Turtles in Chile 31

Turtles Symposium. Orlando, FL: Department of Commerce
NOAANMES Southeast Fisheries Science Center, 274 pp.
Donoso, M. anp Durton, P. 2010. Sea turtle bycatch in the
Chilean pelagic longline fishery in the south eastern Pacific:
opportunities for conservation. Biological Conservation 143:

2672-2684.

Donoso, M. anp Durton, P. 2011. Sea turtle interactions with
swordfish fisheries in Chile: staying abreast as fisheries
evolve. In: Jones, T.T. and Wallace, B.P. (Eds.). Proceedings
of the Thirty-First Symposium on Sea Turtle Biology and
Conservation. San Diego, CA: US Department of Commerce
NOAANMES Southeast Fisheries Science Center, 290 pp.

Donoso, M., DuttoN, P., SERrRA, R., AND BriTo-MoONTERO, J.L.
1999. Sea turtles found in waters off Chile. In: Kalb, H. and
Wibbels, T. (Eds.). Nineteenth Annual Symposium on Sea
Turtle Conservation and Biology. South Padre Island, TX: US
Department of Commerce NOAANMES Southeast Fisheries
Science Center, 103 pp.

Donoso-Barros, J. 1962. Contribuciones herpetoldgicas del
Abate Juan Ignacio Molina. Noticiero Mensual del Museo
Nacional de Historia Natural, Chile 5(77):6-8.

EckerT, K.L., WALLACE, B.P., FrAZIER, J.G., ECKERT, S.A., AND
PrircHarD, P.C.H. 2012. Synopsis of the biological data on
the leatherback sea turtle (Dermochelys coriacea). Washing-
ton, DC: US Department of Interior, Fish and Wildlife
Service, Biological Technical Publication, 158 pp.

EckEerT, S.A. AND SARTI, M. 1997. Distant fisheries implicated in
the loss of the world’s largest leatherback nesting population.
Marine Turtle Newsletter 78:2—-7.

EnpRrES, C.S. anD Lonmann, K.J. 2012. Perception of dimethyl
sulfide (DMS) by loggerhead sea turtles: a possible mecha-
nism for locating high-productivity oceanic regions for
foraging. Journal of Experimental Biology 215:3535-3538.

EscriBano, R. anD HipaLGo, P. 2001. Circulacion inducida por el
viento en Bahia de Antofagasta, norte de Chile (23° S).
Revista de Biologia Marina y Oceanografia 36:43-60.

EscriBano, R., RosaLEs, S., AND Branco, J. 2004. Understanding
upwelling circulation off Antofagasta (northern Chile):
a three-dimensional numerical-modelling approach. Conti-
nental Shelf Research 24:37-53.

Formas, C.R. 1976. Encuentro de Chelonia mydas agassizi
(Testudinata; Chelonidae) en la costa de Valdivia. Boletin de
la Sociedad de Biologia de Concepcién 5:213-214.

Frazier, J. 1990. Marine turtles in Chile: an update. In:
Richardson, T.H., Richardson, J.I., and Donnelly, M. (Eds.).
Proceedings of the Tenth Annual Workshop on Sea Turtle
Biology and Conservation, 20-24 February 1990, Hilton
Head, South Carolina. NOAA Tech. Memor. NMFS-SEFC.
St. Petersburg, FL: US Department of Commerce, NMFS
Southeast Fisheries Center, 49 pp.

FrAZIER, J. 2005. Marine turtles—the ultimate tool kit: a review
of worked bones of marine turtles. In: Luik, H., Choyke,
A.M., Batey, C., and Lougas, L. (Eds.). From Hooves to
Horns, from Mollusk to Mammoth: Manufacture and Use of
Bone Artifacts from Prehistoric Times to the Present.
Proceedings of the 4th Meeting of the ICAZ Worked Bone
Research Group at Tallinn. Tallin, Estonia: International
Council for Archaeozoology, Tallinn Book Printers, pp. 359—
382.

FRAZIER, J. AND BoNavia, D. 1998. Prehispanic marine turtles in
Peru: where were they? In: Abreu-Grobois, F.A., Brisefio-
Dueiias, R., Marquez-Millan, R., and Sarti—Martfnez, L.
(Eds.). 18th International Sea Turtle Symposium. Mazatldn,
Sinaloa, Mexico: US Department of Commerce, NOAA,
NMES, Southeast Fisheries Science Center, 313 pp.

FrazIER, J. AND Brito, L. 1990. Incidental capture of marine
turtles by swordfish fishery at San Antonio, Chile. Marine
Turtle Newsletter 49:8—13.

Frazier, J. anD Saras, S. 1982. Tortugas marinas en Chile.
Boletin del Museo de Historia Natural 39:63-73.

FRAZIER, J. AND SALAS, S. 1984. Tortugas marinas del Pacifico
Oriental: el recurso que nunca acabara? Simposio de
Conservaciéon y Manejo de Fauna Neotropical, Perd, pp.
87-98.

Frick, M., PanacorouLou, A., Reges, A.F., aAND WiLLIAmMS, K.
(Eps.). 2006. Proceedings of the 26th Annual Symposium on
Sea Turtle Biology and Conservation, Island of Crete-Greece.
Athens: International Sea Turtle Society, pp. 242-243.

GonzALEz-PoBLETE, E., D’Amico, R.C., OLIvarEs, J.Q., GoNzA-
LEz, G.M., ArAaYA, E.L., ALVAREZ, F.T., anp Diaz, J.M. 2013.
Diagnéstico del estado y tendencias de la pescaartesanal en
Chile. Anexo 1. Pre-informe final proyecto ‘‘Estudio para la
Determinaciéon de una Propuesta de Politica Pdblica de
Desarrollo Productivo para la Pesca Artesanal’’. In: Esc.
Ciencias del Mar PUCdV (Ed.). Subsecretaria de
Pesca y Acuicultura de Chile. Propuesta de Politica Publica
de Desarrollo Productivo para la Pesca Artesanal. Valparaiso:
Unién Europea Programa de Innovaciéon y Competitividad-
Agencia Gubernamental de Cooperaciéon Internacional de
Chile-AGCI, 246 pp.

GRreeN, D. 1984. Long-distance movements of Galdpagos green
turtles. Journal of Herpetology 18(2):121-130.

GUERRA-CORREA, C., FALLABRINO, A., BorLapos-Diaz, P., AND
Turner, C. 2007. Estado actual y Perspectivas de la
Investigacién y Conservacion de las Tortugas Marinas en las
Costas del Pacifico Sur Oriental. VII Simposio Sobre Medio
Ambiente, Antofagasta-Chile, 27-28 y 29 de septiembre del
2007. Universidad de Antofagasta, 98 pp.

GUERRA-CORREA, C., GUERRA-CASTRO, C., BoLADOS, P., SiLva, A.,
AND Garrias, P. 2008. Sea turtle congregations in discrete
temperate shoreline areas in cold northern Chilean coastal
waters. In: Rees, A.F., Frick, M., Panagopolou, A., and
Williams, K. (Eds.). Proceedings of the Twenty-seventh
Annual Symposium on Sea Turtle Biology and Conservation.
Myrtle Beach, SC: US Department of Commerce
NOAANMES Southeast Fisheries Science Center, 211 pp.

GuzmAN, M.L. anp Campoponico, G.I. 1973. Presencia de
Chelonia mydas agassizi Bocourt, 1868, en Magallanes.
Anales del Instituto de la Patagonia 4:439-441.

IBARRA-VIDAL, H. AND OrTiz, J.C. 1990. Nuevos registros y
ampliacién de la distribucién geogréfica de algunas tortugas
marinas en Chile. Boletin de la Sociedad de Biologia de
Concepcién 61:149-151.

Inter-American Convention (IAC). 1994. Inter-American Conven-
tion for the Protection and Conservation of Sea Turtles, 16 pp.

Jiang, Z.B., Zeng, J.N., CHEN, Q.Z., Huang, Y.J., Liao, Y.B., Xu,
X.Q., AND ZHENG, P. 2009. Potential impact of rising seawater
temperature on copepods due to coastal power plants in
subtropical areas. Journal of Experimental Marine Biology
and Ecology 368:196-201.

KeLEz, S., van OorpT, F., DE Paz, N., AND ForsBERG, K. (EDs.).
2008a. II Simposio Sobre Tortugas Marinas En El Pacifico
Suroriental, 13 y 14 de Noviembre del 2008, La Molina,
Lima, Peru.

KELEZ, S., WALLACE, B., DunN, D., NicHoLs, W., AND CROWDER,
L. 2008b. Sea turtle bycatch in the Eastern Pacific: a regional
review. In: Dean, K. and Lépez-Castro, M. (Eds.). Proceed-
ings of the Twenty-eighth Annual Symposium on Sea Turtle
Biology and Conservation. Loreto, Baja California: US



32 CHELONIAN CONSERVATION AND BioLocy, Volume 14, Number 1 — 2015

Department of Commerce NOAANMES Southeast Fisheries
Science Center, 110 pp.

LanceLLort, D.A. AND Vasquez, J.A. 2000. Zoogeografia de
macro invertebrados benténicos de la costa de Chile:
contribucién para la conservacién marina. Revista Chilena
de Historia Natural 73:99-129.

Lorze, H.K., LEnmHAN, H.S., BourQue, B.J., BRaDBURY, R.H.,
Cookg, R.G., Kay, M.C., KoweLL, S.M., KBy, M.X.,
PeteErsonN, C.H., anp Jackson, J.B.C. 2006. Depletion,
degradation, and recovery potential of estuaries and coastal
seas. Science 312:1806-1809.

MANGEL, J.C., ALFARO-SHIGUETO, J., WIrT, M.J., DUTTON, P.H.,
SEmINOFF, J.A., aND GobLEY B.J. 2011. Post-capture move-
ments of loggerhead turtles in the south eastern Pacific Ocean
assessed by satellite tracking. Marine Ecology Progress Series
433:261-272.

MariN, V. anDp Orivares, G. 1999. Estacionalidad de la
productividad primaria en Bahia Mejillones del sur (Chile),
una aproximacion proceso-funcional. Revista Chilena de
Historia Natural 72:629-641.

MARQUEZ, M. AND VILLANUEVA, A. 1993. First record of
leatherback turtles tagged in Mexico and recaptured in Chile.
Marine Turtle Newsletter 62:9.

Mast, R.B., HurcHinson, B.J., anp Hurchinson, A.H. (Ebs.).
2004. Proceedings of the Twenty Fourth Annual Symposium
on Sea Turtle Biology and Conservation. San Jose, Costa
Rica: US Department of Commerce NOAA-NMFS Southeast
Fisheries Science Center, 13 pp.

MEiuto, J., GARCiA-CORTES, B., RAMOS-CARTELLE, A., AND ARIZ,
J. 2007. Preliminary overall estimations of bycatch landed by
the Spanish surface longline fleet targeting swordfish
(Xiphias gladius) in the Pacific ocean and interaction with
marine turtles and sea birds: years 1990-2005 Working
Group On Bycatch 6th Meeting. La Jolla, CA: CIATTC,
Comision Interamericana Del Attin Tropical, 20 pp.

MonTECINO, V. AND LaNGE, C.B. 2009. The Humboldt Current
system: ecosystem components and processes, fisheries, and
sediment studies. Progress in Oceanography 83:65-79.

OLIVA, M.E., MarreT, A., AND LAUDIEN, J. 2010. Association
between Chrysaora plocamia (Cnidaria, Scyphozoa) and
Hyperia curticephala (Peracarida: Amphipoda) in Mejillones
Bay, Northern Chile. Revista de Biologia Marina y Oceano-
grafia 45:127-130.

OrTiz, J.C. AND MoORENO, R.A. 2008. Diversidad y biologia de
tortugas marinas. In: Vidal, M.A. and Labra, A. (Eds.).
Herpetologia de Chile. Santiago de Chile: Science Verlag, pp.
269-299.

Pachueco, A.S., GonzALez, M.T., BREMNER, J., OLiva, M.,
Hemmayer, O., Laubien, J., anp Riascos, J.M. 2011.
Functional diversity of marine macrobenthic communities
from sublittoral soft-sediments habitats off northern Chile.
Helgoland Marine Research 65:413-424.

PuiLieer, R.A. 1899. Las Tortugas Chilenas. Anales de la
Universidad de Chile 104:727-736.

PLaza-ARrAYA, C., GUERRA-CORREA, C., AND HELENA-SoTO, B.
2010. Bioacumulacién de metales trazas en dos especies de
tortugas marinas: Chelonia mydas y Lepidochelys olivacea
que habitan las costas de Chile. In: Diaz-Granados, M.C.,
Wallace, B., and Rodriguez, L.H. (Eds.). IV Simposio
Regional de las Tortugas Marinas del Pacifico Sudoriental y
I Simposio Colombiano De Tortugas Marinas III Congreso
Colombiano de Zoologia. Asociacién Colombiana de
Zoologia, 21 al 26 Noviembre de 2010, Medellin-Colombia,
327 pp.

PoorniMa, E.H., Rajaburai, M., Rao, T.S., ANUPKUMAR, B.,
RasamoHAN, R., NARASIMHAN, S.V., Rao, V.N., aAND VENUGO-
PALAN, V.P. 2005. Impact of thermal discharge from a tropical
coastal power plant on phytoplankton. Journal of Thermal
Biology 30:307-316.

QuiNoNEs, J., GONzZALEZ-CARMAN, V., ZEBALLOS, J., PUrca, S.,
AND MianzaN, H. 2010. Effects of El Nifio-driven environ-
mental variability on black turtle migration to Peruvian
foraging grounds. Hydrobiologia 645:69-79.

SaBA, V.S., SHILLINGER, G.L., SWITHENBANK, A.M., BLock, B.A.,
SrotiLa, J.R., Musick, J.A., anD PaLabpmNo, F.V. 2008.
An oceanographic context for the foraging ecology of
eastern Pacific leatherback turtles: consequences of ENSO.
Deep Sea Research Part I: Oceanographic Research Papers
55:646-660.

SARMIENTO-DEVIA, R., ROMERO-MURILLO, P., AND HarrOD, C.
2014. Sea turtles in Antofagasta (Chile): local extinction or
low detection capacity. XXXIV Annual Symposium on Sea
Turtle Biology and Conservation. New Orleans, LA: EUA.

Seminorr, J.A. (Ep.). 2002. Proceedings of Twenty-second
Annual Symposium on Sea Turtle Biology and Conservation.
Miami, FL: US Department of Commerce NOAANMEFS
Southeast Fisheries Science Center, 336 pp.

SEmMINOFF, J.A., Barazs, G.H., Eckert, K.L., GobLEY, B.,
HurtapO, M., Kamezaki, N., Crousg, D., Lmvrus, C.J.,
MarcovaLpr, M.A., MAaTsuzawa, Y., MORTIMER, J.A.,
ABREU-GROBOIS, F.A., Nichors, W.J., Pi.cHEr, N.J., AND
SHANKER, K. 2002. International Union for Conservation of
Nature red list status assessment 2002: green turtle (Chelonia
mydas). http://www.widecast.org/Resources/Docs/MTSG_Ass
essment_CM_2002.pdf.

SENEY, E.E. aND Musick, J.A. 2007. Historical diet analysis of
loggerhead sea turtles (Caretta caretta) in Virginia. Copeia
2007:478-489.

SHILLINGER, G.L., ParLacios, D.M., BaiLey, H., Bocrap, S.J.,
SWITHENBANK, A.M., GASPAR, P., WALLACE, B.P., SpoTiLa, J.R.,
PaLapiNo, F.V., Piepra, R., EckerT, S.A., aAND BrLock, B.A.
2008. Persistent leatherback turtle migrations present oppor-
tunities for conservation. PLoS Biology 6:9.

SHILLINGER, G.L., SWITHENBANK, A.M., BaILEY, H., BoGraD, S.J.,
CasTeLTON, ML.R., WaLLACE, B.P., SpotiLA, J.R., PaLADINO,
F.V., PiEbpra, R., aND Brock, B.A. 2011. Vertical and
horizontal habitat preferences of post-nesting leatherback
turtles in the South Pacific Ocean. Marine Ecology Progress
Series 422:275-289.

SUBSECRETARIA DE PEsca Y AcuicuLtura (SUBPESCA). Especies
Hidrobiolégicas. www.subpesca.cl. (1 February 2015).

TayLor, M.H., WoLFr, M., MEnpo, J., AND YamasHirRo, C.
2008. Changes in trophic flow structure of Independence Bay
(Peru) over an ENSO cycle. Progress in Oceanography 79:
336-351.

THiEL, M., Macaya, E.C., AcuNa, E., ArRNTZ, W.E., BasTtias, H.,
BrokorpT, K., Camus, P., CastiLLa, J.C., Castro, L.R.,
CorTtEs, M., DumonT, C.P., EscriBaNO, R., FERNANDEZ, M.,
GaJarpo, J.A., GaymeEr, C.F., Gomez, 1., GonzALEzZ, A.E.,
GonzALEz, H.E., HAYE, P.A., ILLaNEs, J.-E., IRIARTE, J.L.,
LanceLLotTi, D.A., LUuNA-JORQUERA, G., Luxoro, C., MANRI-
QUEZ, P.H., MARIN, V., MuRoz, P., NAVARRETE, S.A., PEREZ, E.,
PouLiN, E., SELLANES, J., SEPULVEDA, H.H., StoTZ, W., TALA,
F., THoMAS, A., VARGAS, C.A., VASQUEZ, J.A., AND VEGA, A.
2007. The Humboldt Current system of northern and central
Chile: oceanographic processes, ecological interactions and
socioeconomic feedback. Oceanography and Marine Biology:
An Annual Review 45:195-344.



SARMIENTO-DEVIA ET AL. — Sea Turtles in Chile 33

TroNcos0, J. 1990. Nuevo registro de Chelonia mydas agassizii
Bocourt, 1868 en el Pacifico sur, VIII Region, Chile.
Comunicaciones del Museo Regional de Concepcion (Chile) 4.

Tucker, T., BELskis, L., PANaAGopouLou, A., REES, A., Frick, M.,
WiLLiams, K., LEroux, R., aND STtEwARrT, K. (EDSs.). 2013.
International Sea Turtle Symposium. Baltimore, MD: US
Department of Commerce NOAANMES Southeast Fisheries
Science Center.

TurNEr-Tomaszewicz, C. AND SEMINOFF, J.A. 2012. Turning off
the heat: impacts of power plant decommissioning on green
turtle research in San Diego Bay. Coastal Management 01/
2012:73-87.

ULLoa, O., EscriBaNo, R., HormazaBAL, S., QUINONES, R.A.,
GonzALEz, R.R., anp Ramos, M. 2001. Evolution and
biological effects of the 1997-98 El Nifio in the upwelling
ecosystem of northern Chile. Geophysical Research Letters
28:1591-1594.

ULtscH, G. 2006. The ecology of overwintering among turtles:
where turtles overwinter and its consequences. Biological
Reviews 81:339-367.

VELEZ-ZuAzo, X., QuiNoNEs, J., Pacueco, A.S., KuLINGE, L.,
ParepEes, E., Quispg, S., anp KELEz, S. 2014. Fast growing,
healthy and resident green turtles (Chelonia mydas) at two
neritic sites in the central and northern coast of Peru:
implications for conservation. PLoS ONE 9(11):e113068.
doi:10.1371/journal.pone.0113068.

WaLLacg, B.P., LEwisoN, R.L., McpoNaLD, S.L., McDONALD,
R.K., Kor, C.Y., KeLEz, S., BiorkLaND, R.K., FINKBEINER,
E.M., HeLmBRrECHT, S.R., AND CrOWDER, L.B. 2010. Global
patterns of marine turtle bycatch. Conservation Letters 3:131—
142.

ZARATE, P., BiornDAL, K.A., PARRA, M., DutTON, P.H., SEMINOFF,
J.A., anp Borten, A.B. 2013. Hatching and emergence
success in green turtle Chelonia mydas nests in the Galdpagos
Islands. Aquatic Biology 19:217-229.

Received: 8 May 2014
Revised and Accepted: 2 March 2015
Handling Editor: Jeffrey A. Seminoff




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [630.000 810.000]
>> setpagedevice


