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Abstract Juvenile loggerheads (Caretta caretta Linnaeus
1758) exhibit a strong foraging site fidelity to the Rio de la
Plata estuarine area, as shown by state-space models and
kernel density estimations. Six satellite tagged individuals
remained in the same 8000-km? patch during 60 % of their
foraging time (7—8 months). After overwintering in coastal,
warmer waters off Brazil and Uruguay, individuals move
back to the same foraging spot in successive years. The
fidelity of juvenile loggerheads to the Rio de la Plata estua-
rine area encourages site-based conservation tools. Spatial
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planning may result in special management areas supported
by current regional treaties.

Introduction

The loggerhead turtle (Caretta caretta Linnaeus 1758) is
listed as Vulnerable on the IUCN Red List due to threats
that spread across its geographic range. In their breed-
ing grounds, hatchlings and adult females are affected by
the degradation of nesting habitats due to climate change,
coastal development, beach erosion, light pollution and
invasive predators (Witherington 1992; Bolten and Wither-
ington 2003; Witt et al. 2010; Fuentes et al. 2013). More
detrimental, however, is the mortality of juveniles and
adults due to bycatch in longline, trawling and gillnet fish-
eries deployed in foraging grounds (Lewison et al. 2004,
2013; Wallace et al. 2010, 2013). Juveniles are the most
robust part of the population, and their increased survival
offers the greatest potential for population recovery, con-
trary to eggs on which most conservation efforts have been
afforded to date (Crouse et al. 1987; Heppell 1998). Thus,
knowledge of the behavior and spatial distribution of indi-
viduals in foraging grounds may help design more effec-
tive, local conservation strategies, such as bycatch reduc-
tion technologies or time-—area closures (McClellan and
Read 2009; McClellan et al. 2009, 2011).

Loggerheads forage in neritic (<200 m of depth) and
oceanic (>200 m) habitats (Musick and Limpus 1997,
Bolten 2003; Wingfield et al. 2011; Mansfield and Putman
2013). Turtles leave the nesting beach soon after hatch-
ing, transitioning through neritic waters to reach the open
ocean. They can remain in the oceanic realm for decades,
moving back to coastal waters as large juveniles until
maturity. This habitat shift is usually abrupt and was once
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Fig. 1 Study area of juve-

nile loggerhead turtles in the
temperate SW Atlantic. ARG
Argentina, URU Uruguay, BRA
Brazil. Star indicates the San
Clemente port, where the turtles
were landed by artisanal gillnet
fishermen. Black dashed lines
show positions of 50, 200 and
1000 m isobaths. Colored full
lines illustrate major offshore
currents and the annual average
shelf currents [adapted from
Piola and Matano (2001) and
Palma et al. (2008)]
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to thought to be irreversible (Carr 1986; Musick and Lim-
pus 1997), but some plasticity has been reported: Neritic
juveniles can resume an oceanic life for periods of months—
years (McClellan and Read 2007; Hawkes et al. 2011), and
adults can visit oceanic areas to forage during post-nesting
periods (Hatase et al. 2002; Hawkes et al. 2007; Reich et al.
2010). Using multiple foraging habitats exposes logger-
heads to various types of fisheries, effects of which accu-
mulate in the populations (Bolten et al. 2011; Gonzdlez
Carman et al. 2012a; Maxwell et al. 2013). Besides, these
habitats may differ in terms of foraging opportunities and
probability of survival. In the neritic habitats, logger-
heads may exhibit higher growth and fecundity rates at the
expense of less survivorship. On the contrary, oceanic hab-
itats may be safer but energetically less profitable (Peck-
ham et al. 2011). Whether loggerheads choose one or alter-
nate between these two habitats may have an effect on the
growth and recovery of depleted populations.

We studied habitat use by juvenile loggerheads at the
Rio de la Plata estuarine area, which is the southern bound-
ary of the species distribution in the SW Atlantic (Fig. 1).
The Rio de la Plata is one of the largest (>38,000 km?),
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and highest productive frontal systems in South America,
subject to strong anthropogenic pressure (Mianzan et al.
2001). The area contains artisanal and industrial fishing
grounds (FAO 2011), and major metropolitan and industri-
alized areas are located along its coasts (e.g., Buenos Aires,
Montevideo). The management of the area encompasses
international waters and national jurisdictions of Argentina
and Uruguay and involves a bilaterally managed common
fishing zone with multiple regulatory processes and related
institutions (Gonzalez Carman et al. 2012a, 2015).

While loggerhead habitat use has been widely studied
in the North Atlantic (Mansfield et al. 2009; Hawkes et al.
2011; Arendt et al. 2012; Vander Zanden et al. 2014), the
Pacific (Hatase et al. 2002, 2010; Peckham et al. 2011) and
the Mediterranean Sea (Cardona et al. 2009; Schofield et al.
2010; Casale et al. 2012a, b), the South Atlantic remains
poorly explored.

The Rio de la Plata has been identified as a forag-
ing area for loggerheads based on stranding and bycatch
data (Gonzalez Carman et al. 2011; Vélez-Rubio et al.
2013); yet no information on free-ranging individuals has
been reported. We assessed the home range and seasonal
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Table 1 Summary of tracking data for six juvenile loggerhead turtles

Turtle ID CCL (cm) Mass (kg) Date of deployment No. of days tracked No. of received locations (locations after

Distance travelled (km)

filtering)
A 65.0 25 January 12, 2009 90 775 (474) 1309
B 46.5 11.5 February 10,2009 506 2764 (1980) 7586
C 58.0 26 November 19, 2010 154 1979 (1428) 2478
D 61.3 25.5 November 19, 2010 191 1082 (855) 1429
E 59.0 26.5 November 19, 2010 134 1348 (1068) 2240
F 66.5 34.1 November 26, 2011 400 2108 (1629) 7358

CCL curved carapace length

occurrence of juvenile loggerheads and identified their core
foraging areas and routes. We discuss potential implications
of our findings in the frame of current conservation efforts
and knowledge on the species’ behavior in the region.

Materials and methods
Turtle recovery and measurement

Six loggerhead turtles captured in artisanal gillnets dur-
ing the period January 2009-December 2012 were used
in this study. They were rescued by the Regional Program
for Sea Turtle Conservation and Research of Argentina
(PRICTMA) and moved to an aquarium to evaluate health
status and attach the tag. Individuals were kept in captivity
for no more than 2—4 days during which they were fed and
responded to stimuli positively. Turtles ranged in size from
46.5 to 66.5 cm (mean = SD = 594 £+ 7.1 cm) curved
carapace length (CCL, Bolten 2000) and weighed 11.5-
34.1 kg (mean £ SD = 24.8 + 7.3 kg) (Table 1). All turtles
were tagged with Inconel tags provided by the Cooperative
Marine Turtle Tagging Program (National Marine Fisher-
ies Service) in the second large proximal scale of each rear
flipper.

Satellite tag deployment

Turtles were instrumented with Wildlife Computers SPOT5
(n = 5) and SPLASH (n = 1) platform terminal transmit-
ters (PTT). We ensured that the total weigh of PTT plus
the epoxy Tubolit® (Duque de Caxias-RJ, Brazil) used to
attach the instrument to the carapace did not exceed 5 % of
the turtle’s body weight. Prior to attaching the transmitter
with epoxy, we removed epibionts and sanded and cleaned
the carapace with acetone. We streamlined attachment
materials to reduce effects of drag on the turtle’s swimming
ability (Watson and Granger 1998). The anticipated battery
life of each PTT was 8 months, and we set the tags with
a 24/0-h duty cycle. All tagged turtles were released at or

near the place where they were caught, near San Clemente
port (36°18.024'S, 56°47.305'W) (Fig. 1). Three out of the
six turtles transmitted data on sea temperature, which was
captured as time-at-temperature histograms. This informa-
tion was used to establish the minimum sea temperature
experienced by the individuals in different seasons.

Data filtering and analysis

We used the Satellite Tracking and Analysis Tool (STAT;
Coyne and Godley 2005) to archive and filter location data.
All location classes (0-3, A and B but not Z) were used
in the analysis. We also filtered out those that required
straight-line travel speeds over 10 km h~!, and a turn-
ing angle of <10° (Gonzélez Carman et al. 2012b). Using
ArcGis 10.1° (Copyright© ESRI), we manually removed
erroneous points (e.g., those that “zig-zagged” land) and
implausible locations that remained after the STAT filtering
process.

After filtering, tracking data were analyzed following
two complementary methodologies: a switching state-space
model (SSM) and fixed kernel density estimation, follow-
ing Hart et al. (2011). A behaviorally switching SSM was
fitted to Argos tracks to infer animal behavioral state from
the movement pattern (Breed et al. 2009). Using the free
software packages R and WinBUGS, we fit the behavio-
rally switching SSMs initially developed by Jonsen et al.
(2005) and refined by Breed et al. (2009) to each turtle
track. We estimated locations and associated credible limits
at 5-h intervals; this time interval reflects the average num-
ber of Argos locations per day for these individuals (Max-
well et al. 2011). Following Bailey et al. (2008), behavior
was discriminated into three states that were nominally
referred as: “foraging” (state 1), “transiting” (state 2) and
“uncertain” (state 0). Behavioral modes were based on
two parameters: mean turning angle and autocorrelation in
speed and direction. When animals encounter areas of suf-
ficiently abundant prey or sufficient resources for forage,
they often engage in area-restricted searches by decreasing
their travel rate and/or increasing their turning frequency
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and angle. Conversely, animals encountering unsuitable
habitat often have fast travel rates and infrequent and small
turning angles (Hart and Fujisaki 2010; Turchin 1991). In
this study, a lack of overlap between the parameters rep-
resenting the opposing behavioral states indicated a true
differentiation in movement patterns, with slow speeds and
high rates of change in direction and turning angle indica-
tive of foraging, and the opposite patterns indicative of
transiting.

Once the tracks were fitted using SSM, we used the
Spatial Analyst of ArcGis 10.1° (Copyright© ESRI) and a
smoothing parameter (k) of 40 km for each kernel density
estimation (Gonzalez Carman et al. 2012b). We differenti-
ated between foraging and transiting locations to construct
maps of foraging areas and routes, respectively. We then
used all locations regardless of state to construct seasonal
density distribution maps (summer: January—March, fall:
April-June, winter: July—September and spring: October—
December). Density distributions were represented on the
maps by the 50, 75, 95 and 100 % utilization distribution
(UD) contours, indicating areas within which tracked tur-
tles spent 50, 75, 95 and 100 % of their at-sea time. The
100 and 50 % UD represents overall distribution range and
core activity areas of turtles in the SW Atlantic during the
tracking period, respectively.

In the seasonal density distribution maps, we also
included the isotherm location at 2 °C for February, May,
August and November of 2012, representative of the sea-
sonal variation in sea-surface temperature in the region
for each studied period. The data were obtained from
the satellite MODIS/Aqua, with 9 km resolution via the
online PO.DAAC Ocean ESIP Tool (POET) at the Physi-
cal Oceanography Distributed Active Archive Center (PO.
DAAC), NASA Jet Propulsion Laboratory, Pasadena, CA,
USA.

To characterize the habitat use of loggerheads, tracks
fitted with SSM were plotted along with bathymetric
information (GEBCO Digital Atlas and ETOPO2 Global
2’ Elevations datasets distributed by the British Oceano-
graphic Data Centre and NOAA’s National Geophysical
Data Centre, http://www.gebco.net/data_and_products/grid-
ded_bathymetry_data/) and the Exclusive Economic Zones
(EEZs, http://www.marineregions.org/downloads.php#eez).
To test if there were any seasonal differences between the
habitat use (characterized by water depth and distance to
shore), we applied a Generalized Linear Mixed Model
(McCullagh and Nelder 1989) with a significance level of
0.05, “season” as fixed factor (two levels: summer/fall and
winter/spring, according to results of the seasonal density
distribution maps) and “individual” as a random factor (six
levels: turtles A—F).

Finally, we assessed whether the travel rate of individu-
als, defined as the number of kilometers moved per day,
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changed among seasons through a Kruskal-Wallis test
(o = 0.05). Post hoc comparisons were then tested using
Dunn’s test (Zar 1996).

Results
Satellite tracks and home range

A total of 10,056 locations were recorded during 1475
transmission days. Tags transmitted a mean of 246 days
(range 90-506 days). Table 1 summarizes tracking data and
information of the individual turtles equipped. Mean travel
speed for tracked turtles ranged from 2.4 to 3.5 km h~!
(SD range 0.1-0.5, n = 7434 locations). The net dis-
tance traveled by the turtles ranged from 1309 to 7586 km
(mean + SD = 3733 &+ 2932 km) (Table 1).

Two out of the six tagged individuals—which exhibited
the longest transmission times with more than 400 days—
reached southern Brazil (turtles B and F; Fig. 2). The rest
of the individuals remained within the estuarine area for
at least ca. 100 days. Individual E ventured into the inner,
freshwater area of the Rio de la Plata.

Most individuals spent a large proportion of their time
(93 %) in neritic waters and within the EEZ of Argentina
(79 %), Brazil (11 %), Uruguay (7 %) and in international
waters (3 %).

Foraging areas and routes

Loggerhead turtles expended 60 % of the time foraging in
the Rio de la Plata, especially within a core area of about
8000 km? in the Samborombén Bay and adjacent shelf
waters of San Antonio Cape (Fig. 3).

Some individuals exhibited fidelity to the estuary, sug-
gesting that this habitat can be visited repeatedly by turtles.
Turtles B and F performed a round-trip movement from
Rio de la Plata to southern Brazil (latitude 28°S) return-
ing to foraging areas separated 25-30 km from the release
location 4-6 months later (Fig. 2). Movement of turtles
from the Rio de la Plata to northern areas occurred along
coastal waters of Uruguay and Brazil for individuals B and
F (Fig. 3), whereas the return occurred either inshore (turtle
F) or offshore (turtle B) waters.

Seasonal distribution

Loggerhead occurrence in the Rio de la Plata varied
between seasons (Fig. 4). During the austral summer and
fall, the individuals used this estuarine area exclusively,
whereas during winter and spring they also inhabited shelf
waters off southern Brazil and eastern offshore waters.
Movement to these warmer waters started during the fall


http://www.gebco.net/data_and_products/gridded_bathymetry_data/
http://www.gebco.net/data_and_products/gridded_bathymetry_data/
http://www.marineregions.org/downloads.php%23eez
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Fig. 2 Tracks of six individuals (a—f). Stars indicate localities where animals were released. Circles indicate last uplink location. Red and blue
dots indicate foraging and transiting positions, respectively. Gray dots indicate uncertain behavior
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FORAGING

TRANSITING

Fig. 3 Foraging areas and routes of juvenile loggerhead turtles. SB
Samboromb6n Bay, SAC San Antonio Cape. Distribution is rep-
resented by the utilization distribution (UD) contours. The 100 and

for turtles B and F, concomitant with the northern position
of the 18 °C isotherm (Fig. 4). In fact, the minimum sea
temperature experienced by individuals C, D and E during
the fall—for which transmission stopped early in this sea-
son—was around 18-20 °C, in contrast to temperatures of
22-24 °C experienced during the summer (Fig. 5). Unfor-
tunately, transmission of turtles with SST sensors did not
last until the winter. The travel rate of all individuals was
significantly higher during the summer than during fall,
spring and winter (H; 1365 = 90.1, P < 0.05; Fig. 6).

Loggerhead turtles occupied waters within a wide range
of depths that encompassed neritic (depth <200 m) as well
as oceanic waters (depth >200 m, Fig. 4). During the aus-
tral summer and fall, they used almost exclusively shallow
waters off the coast of Argentina and Uruguay, in contrast
to winter and spring, when they occupied shelf waters of
Uruguay and Brazil, and even oceanic waters (summer/fall:
mean 11.5 m, range 0—63.4 m, 25th—75th percentile = 4.4—
20.0 m, n = 4864 locations; winter/spring: mean 662.8 m,
range 0-4780.7, 25th—75th percentile = 16.6-155.1 m,
n = 2367 locations; F,;,y; = 1981.6; P < 0.05). Simi-
larly, turtles were closer to shore during the austral summer
and fall (summer/fall: mean 40.3 km, range 0-2082 km,
25th—75th percentile = 21.0-52.0 km, n = 5009 loca-
tions; winter/spring: mean 94.7 km, range 0-2039 km,
25th—75th percentile = 25.0-99.0 km, n = 2346 locations;
F 7370 = 487.6; P < 0.05).
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50 % utilization distribution (UD) represents the overall home range
of the turtle and the core activity areas, respectively

Discussion

We confirmed the seasonal occurrence of the loggerhead
sea turtle in the Rio de la Plata, as previously suggested by
stranding and bycatch data (Gonzélez Carman et al. 2011;
Vélez-Rubio et al. 2013). The combined use of satellite
tracking and state-space models provided, for the first time,
sound evidence that immature turtles exhibit a strong forag-
ing site fidelity to this estuarine area, either by remaining in
the same area during a significant portion of their foraging
time (Fig. 3), or by moving back to the same foraging spot
in successive years (Fig. 2). This last observation is rein-
forced by the incidental capture of turtle F (whose trans-
mission had stopped at the end of 2012) in waters of the
Rio de la Plata by a Uruguayan trawler in October 2015.
This inter-annual site fidelity to the neritic habitat of the
Rio de la Plata does not preclude some loggerheads from
overwintering in coastal, warmer waters off Brazil and
Uruguay, and also in oceanic areas (Fig. 4).

The Rio de la Plata is one of the most relevant ecosys-
tems of South America in terms of biological productivity
(Mianzan and Guerrero 2000; Mianzan et al. 2001), yet its
importance as loggerhead foraging ground has been largely
overlooked. In the Rio de la Plata, loggerheads likely ben-
efit from high biomasses of their natural prey. This estua-
rine system sustains extensive benthic habitats (Giberto
et al. 2004; Carranza et al. 2008a, b) where loggerheads
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SUMMER

WINTER

SPRING

Fig. 4 Seasonal habitat use of six individuals (Table 1). The 100 and 50 % utilization distribution (UD) represents the overall home range of the
turtle and the core activity areas, respectively. Isotherms of 18 °C are highlighted in red

have access to gastropod mollusks and malacostraca crusta-
ceans, their main prey in the temperate SW Atlantic (Mar-
tinez Souza 2009; Carranza et al. 2010). Loggerhead diets
also include salps (Martinez Souza 2009) that reach high
biomass in adjacent shelf waters (Mianzan and Guerrero
2000; Alvarez Colombo et al. 2003).

The Rio de la Plata is also an important foraging
ground for other sea turtle species with similar behav-
iors, such as the green (Chelonia mydas) and leatherback

(Dermochelys coriacea) turtles (L6pez-Mendilaharsu et al.
2009; Gonzalez Carman et al. 2011, 2012b). The three spe-
cies travel from the Rio de la Plata to overwintering areas
at lower latitudes, moving away from the low sea tempera-
tures (8—10 °C) characteristic of the area in winter (Lucas
et al. 2005), and in some cases return in successive years.
Loggerheads seem to take advantage of the seasonal cur-
rent pattern, as in the case of green turtles (Gonzdlez Car-
man et al. 2012b). Both species appear to use waters of the
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Plata plume, which moves northward during winter (Piola
et al. 2008), to reach warmer areas. In accordance with this,
a closer look at currents in our study area shows strong
seasonal variations in the inner shelf circulation caused by
changes in local winds (Palma et al. 2008). Shelf circula-
tion is directed to the NE during fall and early winter and
to the SW during spring and summer (Palma et al. 2008),
a pattern that is concomitant with loggerheads starting to
leave the Rio de la Plata during the fall to return back in
late winter and spring (Fig. 4). On their way back, they
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Season

travel along shelf and offshore waters, in this last case
likely using the southward flow of the warm Brazil Current
(Fig. 1 and turtle B in Fig. 2).

The close resemblance between the seasonal movement
pattern of neritic juvenile loggerheads and the variable
shelf circulation challenges us to quantitatively evaluate
the impact of currents on the trajectories of turtles in future
studies. Even though the role of ocean currents has been
largely acknowledged in hatchlings, oceanic juveniles and
adults of many sea turtle species (e.g., Luschi et al. 2003a,
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b and references therein; Gaspar et al. 2006; Girard et al.
2006; Hays et al. 2014), little is known for neritic juveniles
(Luschi et al. 2003b) and this holds true for loggerheads.
Experiences from the Mediterranean Sea showed that the
movement pattern of juveniles seems to match prevailing
currents, although traveling against them has been observed
as well (e.g. Cardona et al. 2005; Bentivegna et al. 2007,
Revelles et al. 2007). In fact, the few studies that explicitly
consider the effect of currents also showed variable results.
The juveniles would be more likely to move in straight
line in the presence of diffuse, weak currents (McCarthy
et al. 2010), but they also would be able to reach higher
than average speeds when swimming upstream (Bentivegna
et al. 2007). What is clear from these studies is that juve-
nile loggerheads are well-accomplished swimmers that can
also passively drift in certain circumstances (Cardona et al.
2005). However, since currents definitively distort move-
ment in powerful swimmers such as adult leatherbacks
(Gaspar et al. 20006), it is expected that they also affect
juvenile loggerheads in a very energetic habitat such as the
Rio de la Plata and its surrounding waters. Loggerheads
from this study left the Rio de la Plata at a slower rate com-
pared to green turtles (see Gonzélez Carman et al. 2012b).
Loggerhead moved faster in the summer while foraging in
the Rio de la Plata, than during the fall and winter, when
migrating to northern waters (Fig. 6). Green turtles, on the
contrary, showed the fastest travel rate when leaving the
Rio de la Plata during the winter (Gonzdlez Carman et al.
2012b). This may be due to differences in body size since
loggerheads were double or triple the size of the greens in
that study. A larger body size likely enables the loggerheads
to withstand lower temperatures than smaller greens trans-
late into the capability to better support low temperatures
through “thermal inertia,” allowing loggerheads to leave
the Rio de la Plata at a slower rate of travel than green tur-
tles. In fact, some extreme temperatures (12—-16 °C) were
experienced by some of the studied individuals during the
fall and winter (Fig. 4).

Caution should be exercised not to over-interpret results
due to our relatively small sample size compared to other
studies (e.g., McClellan and Read 2007; Mansfield et al.
2009), particularly in winter as tracking data from sum-
mer were 2.4 times greater than winter. It is worthy of note,
however, that we are confident in our results because log-
gerheads exhibited almost the same movement pattern as
sympatric green and leatherback turtles described above:
seasonal travel from the Rio de la Plata to overwintering
areas at lower latitudes, with returning observed in some
cases with the longest transmission times (L6pez-Mendila-
harsu et al. 2009; Gonzalez Carman et al. 2012b).

Loggerhead habitat use in the temperate SW Atlan-
tic was also studied by Barcel6 et al. (2013) through the
satellite tracking of juveniles incidentally captured by

pelagic longliners along the continental slope. High-use
areas of tracked individuals were over the continental shelf
(0-200 m depth) and slope (1000-3000 m depth) within the
Argentinean, Uruguayan and Brazilian EEZs, and in adja-
cent international waters (Barcel6 et al. 2013). While none
of the turtles studied by Barcel6 et al. (2013) went into the
Rio de la Plata despite similar body sizes of individuals
and the larger sample size (n = 27), our study did show
that some loggerheads foraging in the Rio de la Plata can
overwinter in the oceanic areas used by individuals from
Barcel6 et al. (2013). In addition to this, the combined
use of satellite tracking and state-space models performed
in our study allowed us to gain quick insight into the spe-
cific behavior of loggerheads and to estimate foraging areas
and routes with accuracy within the species home range
(Fig. 3).

Our findings support the hypothesis that the habitat shift
from oceanic to neritic habitats performed by immature
loggerheads is not as abrupt and irreversible as previously
thought (Witzell 2002; McClellan and Read 2007). This
has also been suggested for juvenile green turtles inhab-
iting the Rio de la Plata (Gonzdlez Carman et al. 2012b).
Behavior in the temperate SW Atlantic with the juveniles
of both species resembles that of loggerheads in the NW
Atlantic, where juveniles exhibit fidelity to specific areas
during summer months and return to those areas following
long-distance movements that, sometimes, include over-
wintering in oceanic as well as shelf habitats (Avens et al.
2003; McClellan and Read 2007; Mansfield et al. 2009;
Arendt et al. 2012). Loggerhead therefore seems to exhibit
great plasticity while foraging in the temperate SW Atlan-
tic. This behavior deserves further attention in the frame of
current climate change scenarios and their potential effects
on the expansion of the species’ geographic range (Witt
et al. 2010).

Loggerheads foraging in the Rio de la Plata are sub-
ject to several threats. This estuarine area concentrates
the fishing effort of Uruguayan and Argentinean artisanal
gillnet and bottom trawling fleets, and loggerhead bycatch
has been reported in the past (Domingo et al. 2006;
Gonzdlez Carman et al. 2011, 2012a; Laporta et al. 2012).
This type of trawling can severely degrade the sea floor
(Thrush and Dayton 2002), although its potential impact
on the abundance of loggerhead benthic prey is unknown.
The Rio de la Plata is also an area where the turtles are
vulnerable to plastic pollution affecting other sympat-
ric species such as the green turtles and the Franciscana
dolphin (Pontoporia blainvillei) (Denuncio et al. 2011;
Gonzdlez Carman et al. 2014, 2015). After leaving the Rio
de la Plata to overwinter in oceanic areas, loggerheads
are exposed to bycatch in the pelagic longline fisheries of
Uruguay and Brazil (Sales et al. 2008; Gonzalez Carman
et al. 2012a).
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Our new understanding of the fidelity of juvenile log-
gerheads to the Rio de la Plata improves the probability
of success of conservation measures implemented in this
foraging ground. In particular, the predictability of log-
gerhead occurrence in time and space can facilitate zon-
ing of human activities within the area. Spatial planning of
the estuarine area should take into account key habitats for
endangered species such as loggerhead and green turtles. In
particular, areas within the Samborombé6n Bay and the San
Antonio Cape should consider special management tools
based on our understanding of important turtle areas.

Conservation and management could be promoted in the
frame of current regional instruments. The area is under
binational administration through the Rio de la Plata Bilat-
eral Treaty, established between Argentina and Uruguay.
The treaty regulates fishing and coastal development, and
attempts to prevent pollution and promote research to
evaluate and preserve resources. Since juvenile logger-
heads intensively used the area (Figs. 4, 6), this treaty and
its enforcement authorities—the Technical Commission of
the Maritime Front and the Administrative Commission of
the Rio de la Plata (in Spanish, Comisién Técnica Mixta
del Frente Maritimo and Comisién Administradora del Rio
de la Plata, respectively)—are proper instruments for the
conservation of loggerheads. Future provisions under the
bilateral treaty should also focus on: (a) monitoring and
reducing interactions between loggerheads and fisheries,
particularly the coastal trawling fleet that is not monitored
by onboard observers (Gonzdlez Carman et al. 2012a) and
which intensively fishes within the core foraging area of
loggerheads from January to June; and (b) preventing and
reducing marine pollution such as plastic debris disposed
from coastal areas as well as from fishing activities. These
actions should also be included into the Sea Turtle National
Plan of Action currently being developed in Argentina.
These initiatives would directly benefit severely exploited
nesting grounds of Brazil (Marcovaldi et al. 2005), from
where the loggerheads of the temperate SW Atlantic origi-
nate (Reis et al. 2010; Prosdocimi et al. 2015).
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