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ABSTRACT: In the southwestern Atlantic Ocean, leatherback turtles Dermochelys coriacea are
only known to regularly nest in eastern Brazil, on the coast of the state of Espirito Santo. Here, we
present an analysis of the nesting ecology, population trends and conservation status of this leather-
back turtle colony between 1988 and 2017. We observed an increasing, although variable, trend
in the annual number of nests, with the mean increasing from 25.6 nests in the first 5 yr of the
study to 89.8 in the last 5 yr. Concurrently, there was also a significant decrease in the mean
curved carapace length of the population, which we hypothesize was caused by recruitment of
new females to the nesting population. Throughout the study period, nests were concentrated in
the southern part of the 160 km long study area. No change was observed in the annual median
nesting date. Mean annual hatching success was 66.0 % and no significant variation in hatching
success was detected after a major spill of mining tailings into the nesting area in 2015. We postu-
late that local conservation actions that started in the 1980s have contributed to the gentle recov-
ery of this population; however, given the small population size and restricted nesting geograph-
ical distribution alongside the persistence of various threats —fisheries bycatch, climate change,
pollution and coastal development —this population continues to be of conservation concern.

KEY WORDS: Atlantic Ocean - Brazil - Conservation - Dermochelys coriacea - Leatherback turtle -
Nesting biology - Population trend - Reproductive parameters

1. INTRODUCTION

Leatherback turtles Dermochelys coriacea are high-
ly migratory animals, often moving vast distances
between nesting and foraging habitats (James et al.
2005, Hays et al. 2006, Shillinger et al. 2008, Fossette
et al. 2014, Horrocks et al. 2016). Estimating popula-
tion size for widely dispersed species can be feasible
if these species form seasonal aggregations, as hap-
pens with seabirds (Patterson et al. 2008, Lynch et al.
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2010), whales (Lindsay et al. 2016) and marine turtles
(Stokes et al. 2014). Marine turtles congregate during
the breeding season, with individuals generally stay-
ing in inshore internesting habitats for approximately
3-4 mo, laying eggs several times on nearby nesting
beaches during that period (Eckert et al. 2012).
Assessments of the numbers of nests laid on the nest-
ing beaches can then be used as an indicator of pop-
ulation size (Spotila et al. 1996, Gerrodette & Taylor
1999).
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The leatherback turtle is globally classified as Vul-
nerable by the International Union of Conservation
of Nature (IUCN; Wallace et al. 2013b). However, the
existence of distinct subpopulations (Wallace et al.
2010a) requires specific data for the assessment of
their conservation status. The Southwest Atlantic
Ocean subpopulation is known to regularly nest only
in eastern Brazil, on the coast of the state of Espirito
Santo (Thomé et al. 2007). This population, which is
regionally classified as Critically Endangered by the
TUCN (Wallace et al. 2013b) and listed on the Brazil-
ian government's register of endangered species
(Machado et al. 2008), is genetically distinct from
others in the Atlantic (Dutton et al. 2013) and is con-
sidered a unique Regional Management Unit (Wal-
lace et al. 2010a). Occasional leatherback nests, pos-
sibly by turtles from subpopulations other than the
Southwest Atlantic Ocean one, are recorded else-
where along the Brazilian coast (Soto et al. 1997,
Barata & Fabiano 2002, Loebmann et al. 2008, Bez-
erra et al. 2014, Gandu et al. 2014).

The Brazilian Sea Turtle Conservation Programme
(Projeto TAMAR) started monitoring marine turtle
nesting on beaches in Espirito Santo in 1982, initially
on Comboios beach and gradually extending
towards the northern part of the state (see Fig. 1). A
previous study conducted by Thomé et al. (2007) pre-
sented the field methods used by Projeto TAMAR in
the region and analysed leatherback nesting data
from 1988 to 2003, suggesting that this population
was experiencing an exponential increase in size.

On 5 November 2015, the study area was poten-
tially impacted by a large-scale environmental disas-
ter caused by the collapse of a tailing (mining waste)
dam at the Fundao iron ore mine in the state of Minas
Gerais, Brazil. The dam's collapse caused the death
of 19 people and released an estimated 55-62 million
m? of tailings into the Doce River watershed (Fernan-
des et al. 2016, Marta-Almeida et al. 2016), highly
impacting the riverine fauna and flora (Carmo et al.
2017). This was the largest environmental disaster
ever recorded in Brazil (Marta-Almeida et al. 2016).
Significant socio-environmental issues ensued, given
the scale and severity of the dam's collapse. The river
was loaded with toxic tailings mostly composed of Fe
and other metals such as Mn, Cr, Zn, Ni, Cu, Pb and
Co (Queiroz et al. 2018), which reached the Atlantic
Ocean 2 wk later in Espirito Santo, 660 km down-
stream from the collapsed dam, impacting estuarine,
coastal and open ocean environments (Carmo et al.
2017) including the marine turtle nesting grounds
analysed here (Thomé et al. 2017). We hypothesize
that the contamination of the nesting grounds could

have had impacts on leatherback turtle reproductive
parameters such as hatchling success and total
hatchling production, through the alteration of the
nesting environment.

In the present study, we aimed to determine if the
population trend reported by Thomé et al. (2007) has
continued, and to update the monitoring results with
an additional 14 yr of data, expanding the temporal
scale of the analyses to a total of 30 nesting seasons
(1988-2017). The analysis of long-term data sets from
conservation programmes is essential in evaluating
their effectiveness. Furthermore, we aimed to inves-
tigate possible effects of the mining incident on this
population as well as to address a number of priority
research questions (Rees et al. 2016), including (1)
estimation of the population trend, (2) analysis of
reproductive parameters and (3) evaluation of the
conservation situation of leatherback turtles nesting
in Espirito Santo.

2. MATERIALS AND METHODS
2.1. Study area

The study area is located on the coast of Espirito
Santo state in Brazil, between latitudes 19°50" and
18°36'S (Fig. 1a). The nesting area comprises 160 km
of high-energy dynamic beaches with coarse sand,
and is influenced by the discharge from the Doce
River in its southern part. The region is operationally
divided into 4 sections, in a south-north direction:
Comboios (37 km), Povoacao (39 km), Pontal do Ipi-
ranga (44 km) and Guriri (40 km) (Fig. 1). The entire
area is divided by permanent marker posts at each
km, so the location of nests was recorded accord-
ingly. A 15 km beach stretch just to the south of the
Doce River mouth is located within the Comboios
Biological Reserve, a protected area created by Bra-
zilian federal law in 1984 mainly to protect the mar-
ine turtle nesting grounds and the sandy coastal eco-
system (‘restinga’ in Portuguese); the 22 km of beach
further to the south are within Indigenous Lands,
protected by law, with restricted access and virtually
no buildings; the areas north of the Doce River are
not formally designated as protected, however local,
state and federal laws and environmental regulations
apply to the coastal zone in the region (Thomé et al.
2007). Baptistotte et al. (2003) described the climate
and vegetation in the area. In addition to the nesting
of leatherback turtles, Espirito Santo is also a major
nesting site in Brazil for loggerhead turtles Caretta
caretta (Baptistotte et al. 2003), with approximately
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Fig. 1. (a) Leatherback turtle nesting areas in Espirito Santo, Brazil. Inset: location of Espirito Santo state in Brazil. Nest density

classification (high, medium or low density) was based on the relative nest density of sixteen 10 km sections of the nesting area

(see ‘Materials and methods'). Black rectangle: limits of the Comboios Biological Reserve. (b) Spatial distribution of leather-

back nests in Espirito Santo, 1988-2017 (n = 1316); km 0 is the southernmost point of the study area. Dashed horizontal lines:

boundaries between TAMAR stations: CB: Comboios; PV: Povoacao; PG: Pontal do Ipiranga; GU: Guriri. The Doce River
mouth is located at the boundary between CB and PV

2500 nests recorded yr~! in recent years (TAMAR
unpubl. data). Nests of olive ridley Lepidochelys oli-
vacea and hawksbill Eretmochelys imbricata turtles
are also recorded there in small numbers (Marco-
valdi & Marcovaldi 1999).

2.2. Temporal patterns and field methods

The leatherback turtle nesting season typically
runs from September to March. As each nesting sea-
son spans 2 calendar years, hereafter we refer to a
season by the first of those 2 years, e.g. the season
2015-2016 is referred to as the 2015 season. Al-
though TAMAR started working in Espirito Santo in
1982, the area has only been completely monitored
since 1988, thus only data from 1988 onwards were
incorporated into the current analyses.

Monitoring procedures followed standard TAMAR
methodology (Marcovaldi & Marcovaldi 1999, Thomé
et al. 2007). Morning patrols were conducted daily
between 1 September and 31 March along the

entire 160 km to assess nesting activity from the
preceding night and to quantify the number of
clutches laid. Night patrols were also undertaken
opportunistically over the 30 km of beach between
the Comboios and Povoacao stations. The main
reason for the unequal effort in night patrols was
the high cost of maintaining this activity over such
an extensive area. We used data from morning
patrols to determine nest numbers and data from
night patrols to gain insights into female reproduc-
tive parameters. A small proportion of nests (2.9 %)
were laid in the months of April to August, but
were recorded by TAMAR; these nests were in-
cluded in the analyses.

Nests were located during morning patrols,
marked with a numbered wooden stake and moni-
tored during the incubation period. Nests were then
excavated after the majority of hatchlings had
emerged, or after 90 d (the longest incubation
period shown for this population; Thomé et al.
2007). In 1998, 1999 and from 2008 onwards, when
a crawl (a nesting emergence) was detected but a
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clutch could not be found, the entire area where
the sand had been disturbed (termed a body-pit)
was cordoned off. The presence of a clutch would
then be confirmed later by the emergence of hatch-
lings. Nevertheless, 25.8 % of all nesting crawls ob-
served in 1998, 1999 and from 2008-2017 were
listed as ‘undetermined.” We assigned these unde-
termined crawls as either nests or false crawls (nest-
ing crawls that did not result in egg deposition)
based on the known percentage of all crawls that
resulted in egg deposition in the 1988-1997 and
2000-2007 nesting seasons (66.0 %). Thus, for each
nesting season in 1998, 1999 and from 2008-201%,
we assumed that 66.0% of all undetermined crawls
were actual nests, and added these to the total num-
ber of confirmed nests.

Nests that were in danger of beach erosion or tidal
flooding were relocated either to more stable areas of
the beach or, until 1997 in Povoacao and 2000 in
Comboios, to in situ hatcheries. We analysed the spa-
tial distribution of nests based on the relative fre-
quency of their occurrence in each km; the spatial
distribution was compared among decades through a
chi-squared test for the equality of proportions (Dal-
gaard 2008).

2.3. Mark-recapture

Females were tagged on both hind flippers (Balazs
1999, Marcovaldi & Marcovaldi 1999) using monel
tags until 1994 and inconel tags after 1995 (National
Band and Tag; style 681). Tag sites were checked for
the presence of scars or calluses, which could indi-
cate tag loss (Hughes 1996). Curved carapace length
(CCL) was measured using a flexible measuring
tape, from the centre of the nuchal notch to the pos-
terior tip of the carapace alongside the central dorsal
ridge, following the method described in Thomé et
al. (2007).

Internesting intervals were calculated as the num-
ber of days between an observed egg laying and the
subsequent observed egg laying (Broderick et al.
2002). Records of individuals observed nesting in dif-
ferent seasons were used to determine the remigra-
tion interval (number of years since the last observed
nesting season). Although there is no clear record of
the effort applied on night patrols across the years,
they started to be conducted regularly (at least 3
times wk‘1) from 2005 onwards, and thus we calcu-
lated female reproductive parameters (internesting
and remigration intervals) only with data from 2005
onwards.

2.4. Nest density

We created an indicator to measure the relative
importance of each section of the beach in terms of
nest density. The 160 km study area was subdivided
into 16 sections of 10 km each. The average annual
number of nests on each section for the period
2008-2017 (the last 10 yr of data) was calculated.
Each section of the beach was then classified in terms
of nest density as either high, medium or low, by
locating the average annual number of nests on that
section within the distribution of the 16 average
numbers: high density sections were those with aver-
age annual number of nests in the top 25 % of the dis-
tribution; low density sites were those in the lowest
25% of the distribution; and sites with densities be-
tween the 2 previous categories were classified as
medium density (Fuentes et al. 2016).

2.5. Hatching success

Hatching success was calculated as the percentage
of yolked eggs that produced live hatchlings, includ-
ing live hatchlings encountered in the nest during
excavation (Thomé et al. 2007). Nests with 0% hatch-
ing success (failed clutches) were also included in the
analyses, and only in situ nests were considered. To
evaluate possible effects of the mining incident on
the hatching success of leatherback turtles, we ana-
lysed the 3 seasons before (2012, 2013, 2014) and the
3 after (2015, 2016, 2017) the event.

2.6. Statistical analysis

Statistical analyses were conducted using R v.3.5.1
(R Core Team 2018) applying a significance level of
0.05. The trend in the annual number of nests was
estimated using a generalised additive model (GAM)
with the function ‘gamm’ of the R package 'mgcv’
(Wood 2017). Annual variation in CCL was assessed
using a local polynomial regression, by means of the
R package ‘locfit’ (Loader 1999); for each female,
only the first CCL record in each season was consid-
ered in the regression calculations. For statistical
analyses concerning the CCL distribution in the
whole study period (mean, SD), only the first record
of each female among all seasons was considered. In
the analysis of hatching success, a non-parametric
Kruskal-Wallis test was used (Hollander & Wolfe
1999). For the analysis of nesting dates, each season
was considered to run between 1 August and 31 July.
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The date of each nesting event was converted to an
absolute date (the time interval in days since the start
of the season), and those were used to calculate the
median nesting date (MND) of the season. The
change in MND over the seasons was analysed by
means of an ordinary least-squares linear regression
(Robinson et al. 2014). A detailed description of sta-
tistical analyses is presented in the Supplement at
www.int-res.com/articles/suppl/n039p147_supp.pdf.

3. RESULTS
3.1. Population trend and size

We estimate that 1608 leatherback turtle clutches
were laid between 1988 and 2017. The GAM regres-
sion in Fig. 2 was significant (approximate signi-
ficance of the smooth term: F = 14.71, estimated
degrees of freedom [edf] = 4.18, p < 0.00001) and
indicated a non-constant increasing trend in the
annual number of nests. The mean annual number of
nests over the first 5 yr (1988-1992) was 25.6 nests,
while during the last 5 yr (2013-2017) it was 89.8
nests. Thus, we estimate that between 2013 and 2017
the annual nesting population consisted of between
15 and 18 females, assuming an average of 5 and
6 clutches female™ season™' (Spotila et
al. 1996, Eckert et al. 2012).

7 yr period (2004-2010). Fig. 3 also shows the esti-
mated quantile 0.95 in each of these 7 yr periods;
together with the quantiles 0.05, they allow us to
visualise the marked downward shift in the CCL dis-
tribution from 2011 onwards. The 2 smallest leather-
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Fig. 2. Annual number of leatherback turtle nests in Espirito
Santo, Brazil, 1988-2017 (1608 nests in total). The first year
of each season is shown on the horizontal axis (e.g. 1995 rep-
resents the 1995-1996 season). Connected dots: raw data;
solid curve: generalised additive model regression; dashed
curves: approximate 0.95 pointwise confidence intervals.
For full details on statistical methods see the Supplement
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=49). There was a sharp downward shift
in the CCL distribution from 2011
onwards (Fig. 3). In the 7 yr period
2011-2017, the estimated quantile 0.05
of the CCL distribution was 134.3 cm,
while it was 149.0 cm in the preceding

Fig. 3. Leatherback turtle curved carapace length (CCL) by nesting season,
1989-2017 (n = 151). Solid curve: local polynomial regression; dashed
curves: 0.95 simultaneous confidence band. Vertical lines divide the overall
time period into 3 smaller periods; horizontal dashed lines in each period
indicate estimated 0.05 and 0.95 quantiles of the CCL distribution in the
period; numerals above/below the dashed lines show the values of the
quantiles. For the regression calculations, the true values of CCL and
season were used. For full details on statistical methods see the Supplement
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backs ever measured while nesting in Espirito Santo
were recorded in 2011 (CCL = 129.0 cm) and 2015
(CCL = 124.7 cm) (Fig. 3).

No leatherbacks were ever found nesting in
Espirito Santo bearing tags applied elsewhere, and
no leatherbacks tagged in Espirito Santo have ever
been reported nesting elsewhere. Individuals bear-
ing only a single tag accounted for 6.1 % of all recap-
tures, which provides a lower bound for the probabil-
ity of tag loss in this population, since the loss of both
tags could have gone unnoticed when encountering
a turtle on the beach; flipper scars suggesting that
both tags had been lost were found on 1 individual
bearing no tags. Leatherbacks were recaptured
between 1 and 7 times in a given season; the maxi-
mum recapture distance along the beach in the same
season was 65 km (mean: 14.1 + 11.0 km, n = 98). Of
the 143 females tagged, 48 (33.6%) were never
recaptured. Our annual capture rates, or proportion
of nests laid within a season that could be attributed
to a known female, varied between 21.9 and 53.4 %
during the period 2013-2017.

3.3. Spatial distribution of nests

Clutches were distributed across the entire region;
however, there was a higher concentration in the
southern part of the study area: 75.2% (n =651) of all
nests were recorded between km 10 and km 60,
which delimit the high density nesting sites (Fig. 1).
When comparing the spatial distribution among 3
decadal periods (1988-1997, n = 209; 1998-2007, n =
456; 2008-2017, n = 651), there was no significant
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difference in the proportion of nests located between
km 10 and 60 (high density areas) among the 3 peri-
ods (x* = 2.12, p = 0.35). In the whole 30 yr period,
25.1% of the total number of nests with recorded
location (n = 1316) were located within the protected
area of Comboios Biological Reserve (between km 23
and km 36; Fig. 1b). On the north side of the Doce
River, the southern part of Povoacao (between km 38
and km 60) is also an important nesting area, with
28.3% of the total number of nests with recorded
location during the 30 yr period (Fig. 1b).

3.4. Temporal distribution of nests

Of the total number of nests with recorded date of
nesting (n = 1325), 66.9 % were laid between Novem-
ber and December (Fig. 4a). There was no significant
trend in the annual MND over the study period (1> =
0.0040, p = 0.741; Fig. 4b) although the MND was
highly variable among seasons, with a range of 48 d.
Much of this range can be attributed to atypically late
nesting that occurred in 1990, 1994 and 2005, and
early nesting in 1997 and 1998. We currently have no
estimates as to whether those early and late nesting
seasons could have been driven by climate factors.

3.5. Internesting interval

The recorded internesting intervals ranged from
8-62 d (n = 148 intervals from 74 ind.; Fig. 5a). The
multimodal pattern in Fig. 5a suggests that the inter-
nesting interval is in the range of 8-15 d, with
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Fig. 4. (a) Number of leatherback turtle nests by month in Espirito Santo, 1988-2017 (n = 1325); (b) annual median nesting date
(MND) by nesting season. Solid line: ordinary linear regression; dashed lines: estimated quantiles 0.05 and 0.95 of the MND
distribution
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Fig. 5. Reproductive parameters of leatherback turtles in Espirito Santo, Brazil. (a) Observed internesting intervals, 2005-2017
(n = 148 intervals); (b) average hatching success for in situ clutches per nesting season, 2000-2017 (n = 706 clutches). Error
bars: 95 % CI; dashed vertical line: the mining incident at the beginning of the 2015 season

recorded intervals greater than 15 d likely represent-
ing one or more missed nesting events. For turtles
showing internesting intervals within the range of
8-15 d (n = 88, or 59.5% of the total number of
recorded intervals), the median interval was 10 d
(mean: 10.4 + 1.2 d).

3.6. Remigration interval

Remigration intervals were obtained from 9
females (6.3 % of the 143 tagged females), which con-
tributed n = 10 intervals, since 1 female was observed
in 3 different seasons. The recorded remigration
intervals ranged from 2-17 yr. The most frequent
interval was 2 yr (n = 4), followed by 3 yr (n = 2) and
1 record each of 4, 6, 8 and 17 yr. The interval of 17 yr
likely represents several missed nesting events over
some nesting seasons.

3.7. Hatching success and effects of the
mining incident

The average hatching success for in situ clutches
between 2000 and 2017 (18 seasons) was 66.0%
(SD = 26.2, range = 0-100, n = 706 clutches).
Annual average hatching success ranged from
38.8% (in 2010, n = 9) to 82.4% (in 2007, n = 35;
Fig. 5b). Hatching success was not significantly dif-
ferent between years in the period 2012-201%,
which includes 3 seasons (2012, 2013, 2014) before
the mining event and 3 others (2015, 2016, 2017)
following it (Kruskal-Wallis test, n = 352, p = 0.18;

Fig. 5b). The mining incident occurred at the peak
of the 2015 nesting season; however, no apparent
changes in the spatial distribution of leatherback
nests on the beach or in the frequency and timing
of turtles coming ashore to lay eggs were observed
in that season following the incident.

4. DISCUSSION

This research provides valuable information
regarding the population biology of leatherback tur-
tles in the Southwest Atlantic and highlights the
importance of maintaining long-term monitoring to
better understand marine turtle ecology and inform
conservation. Results were obtained in 4 areas and
we discuss them in turn as well as their conservation
implications: (1) trends in annual nest numbers and
average CCL of the population, (2) trends in the spa-
tial and temporal distribution of nests, (3) reproduc-
tive parameters and (4) effects of the mining accident
on hatching success.

4.1. Population trend

The exponential increase in the annual number of
nests in the period 1995-2003 observed by Thomé et
al. (2007) appears to be part of a more complex tem-
poral pattern in the annual number of nests (Fig. 2).
Despite the generally increasing pattern, the high
variability in annual nesting numbers limits a reliable
prediction of population growth. The increase in the
average annual number of nests from 25.6 in the
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period 1988-1992 to 89.8 in 2008-2017 is encourag-
ing; however, it should be interpreted with caution,
since the relatively small annual numbers of nests
and small estimated annual number of nesting
females—between 15 and 18 yr~! in the last 5 yr of
the study period—still make this a population of con-
servation concern. We currently have no estimate of
adult mortality for this population (see e.g. Groom et
al. 2017), which hampers predictive abilities regard-
ing population viability. Anthropogenic sources of
mortality were suggested to be the main cause of
observed population declines in leatherback turtles
in the Pacific Ocean (Eckert & Sarti 1997, Santidrian
Tomillo et al. 2017). Low mortality of adults and large
juveniles is required to maintain viable marine turtle
populations (Crouse et al. 1987).

4.2. Female size and recruitment

We hypothesize that the decrease in the CCL,
observed mainly from 2011 onwards (Fig. 3), is due to
the recruitment of younger and smaller females to
the nesting population (Hughes 1996, da Silva et al.
2007, Bellini et al. 2013, Omeyer et al. 2017). The
increase in nesting numbers that started around 1995
is possibly a result of egg and adult protection in the
area since 1982. This suggests a time lag of ca. 13 yr
before the onset of any increase in the leatherback
nesting population following the start of protective
measures on the beach (as seen in Dutton et al. 2005,
where a lag of 12-14 yr was found), which would be
consistent with the estimated average leatherback
age of maturity of 13-14 yr that has been proposed
by Zug & Parham (1996). However, a more recent
study with skeletochronology suggested the age at
maturity for leatherback turtles to be 23-27 yr (Avens
et al. 2009). Taking into account this last estimate of
age at maturity, the wave of smaller females that
seems to have recruited to the Espirito Santo nesting
population from 2011 on could be the result of
increased egg and adult protection since 1982 and/or
increased nesting numbers since 1995.

4.3. Spatial distribution of nests

The high-density nesting sites were concentrated
in the south of the study area (between beach km 10
and km 60; Fig. la), and this remained constant
across the study period. This region includes both the
Comboios Biological Reserve, a protected area, and
Povoacao (just north of the Doce River mouth), a

region currently facing pressure from coastal devel-
opment and with no designated protected areas sta-
tus. The mechanisms driving nest site selection by
the turtles are not currently understood. Leatherback
turtles are known to use an overall nesting area gen-
erally wider than that of other sea turtle species (Eck-
ert et al. 2006, Stewart 2007, Almeida et al. 2011).
Therefore, despite the importance of the protected
area at Comboios, the need exists to expand formal
protection to areas to the north of the Doce River
mouth (Almeida et al. 2011), since 75.2% of the
recorded nests were observed in this region.

4.4. Remigration rates

The recapture rate for remigrant turtles in Espirito
Santo (6.3% of individuals tagged) was low when
compared to other leatherback turtle rookeries. In an
increasing population at St. Croix, US Virgin Islands,
the average annual remigration rate in 1977-2001
was 43.5% (Dutton et al. 2005). In a small population
in South Africa, the average annual remigration rate
was 33.7% in 1984-1995 (Hughes 1996). Our low
recapture rate could possibly have been influenced
by the low encounter rates in our study area, and
could also likely have been influenced by a combina-
tion of the following factors: first, leatherbacks have
high rates of external flipper tag loss—up to 50 %
between seasons (Garner et al. 2017). Flipper tags
have always been used in Espirito Santo; however,
passive integrated transponders (PIT tags), which
have never been used there, have proved to be more
reliable in generating estimates of remigration inter-
vals and survival (Balazs 1999, Dutton et al. 2005). A
second factor is possible high at-sea mortality. Leath-
erback turtles have a wide oceanic distribution and
are prone to interact with fisheries (Fossette et al.
2014), which is considered a major threat to the
Brazilian leatherback turtle population (Sales et al.
2008). Dead and injured leatherbacks have been
found washed ashore along the Brazilian coast
(Barata et al. 2004, Monteiro et al. 2016); genetic
studies suggest that some of them could come from
the Espirito Santo population (Vargas et al. 2017).
Recoveries of females tagged in Espirito Santo are
scarce; however, 3 of them were found dead on the
Brazilian coast (incidentally captured in fisheries
around the Doce River mouth; TAMAR unpubl. data),
one in Argentina (Alvarez et al. 2009) and one in
Namibia, West Africa (Almeida et al. 2014). Thirdly,
turtles tagged in Espirito Santo could be nesting else-
where. On the main nesting beaches in Brazil, how-
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ever, morning patrols are conducted during the
marine turtle nesting seasons, making it unlikely
that leatherback tracks would be unnoticed. The
points raised here evidence that more research is
needed to fully understand remigration patterns for
this population.

4.5. Internesting interval

The multimodal internesting pattern observed in
Fig. 5a, with groups of data located around multiples
of the mode of the first group of recorded nesting
intervals, is a common feature of sets of internesting
intervals obtained through incomplete monitoring of
turtles on a nesting site; see e.g. Mortimer & Carr
(1987) and Bellini et al. (2013). In addition to the use
of PIT tags for better returns from capture-mark-
recapture studies, satellite telemetry could provide
better insights not only regarding internesting inter-
vals, but also internesting habitat use, remigration
and clutch frequency (Tucker 2010, Weber et al.
2013, Rees et al. 2017).

4.6. Hatching success and possible impacts of the
mining incident on leatherback turtles

The overall hatching success of leatherback turtle
nests is low compared to other marine turtle species,
and exhibits considerable variability among nesting
sites worldwide (Santidrian Tomillo & Swiggs 2015).
At 66 %, hatching success in Espirito Santo is higher
than that reported for other Atlantic populations. At
St. Croix, US Virgin Islands, hatching success was
58.6 % in the period 1982-2010 (Garner et al. 2017).
In Matapica, Suriname, the annual average hatching
success ranged between 52.7 and 56.0% in 1999-
2005 (Hilterman & Goverse 2007). In the previous
study by Thomé et al. (2007), the average hatching
success for leatherbacks in Espirito Santo in 1994—
2003 was 65.1% (n = 185), similar to the 66.0%
reported here for the period 2000-2017.

Although the mining incident had catastrophic
consequences for both the biodiversity and riparian
human communities in the affected areas (Fernandes
et al. 2016, Marta-Almeida et al. 2016, Carmo et al.
2017), no significant impact has been observed on
leatherback turtle hatching success in Espirito Santo.
Given the large scale of this incident, it might be
expected that turtles would avoid nesting in the
areas around the Doce River mouth, since the coastal
water was contaminated with toxic tailings and

received a large amount of very turbid river water.
However, it seems that the mining incident has
caused no noticeable impact on the annual number
of nests, as the figures in the years following the
event (2016 and 2017) seem to follow a pattern in
agreement with those observed in previous nesting
seasons (Fig. 2).

Other impacts, however, might take longer to man-
ifest. Contaminated sediments could still find their
way into the sand column at concentrations possibly
high enough to harm the eggs during incubation.
Beach contamination could change the natural com-
position of the sand in terms of colour and other phys-
ical or chemical properties, possibly altering sand
albedo and temperature, thus affecting the incu-
bation of eggs. Furthermore, the sea in the region
around the Doce River mouth continues (as of No-
vember 2018) to receive contaminated water through
the river discharge; the effects of that contamination
on both hatchlings and adult leatherback turtles
while they swim through the surf zone and adjacent
coastal waters are unknown but could include pas-
sive poisoning of the turtles through sea water. Pre-
dictions are hampered by the fact that the levels of
contaminants in the region and dispersion mecha-
nisms are still not completely understood (Marta-
Almeida et al. 2016).

The reproductive parameters analysed here consti-
tute a baseline for future comparisons when assess-
ing long-term impacts of the burst mine tailing dam
on leatherback turtles nesting in Espirito Santo.

4.7. Future conservation actions

As with other marine turtle populations (Wallace et
al. 2010b, 2013a, Casale & Heppell 2016), incidental
capture in fisheries has been identified as a major
threat to the Espirito Santo leatherback turtle popu-
lation (Thomé et al. 2007, Sales et al. 2008, Almeida
et al. 2011). However, other threats also pose chal-
lenges for the conservation of this population: coastal
development and industrial activities in the region
could cause the loss or alteration of important nesting
habitats. Possible management plans for the region
are being discussed, with the participation of
TAMAR and stakeholders, including members of the
local villages, local governments, federal and state
governmental environmental agencies, universities
and institutions managing recovery plans concerning
the mining incident. The plans consider different
uses of the coastal and marine areas, public policies
and the cultural traditions and economic needs of the
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local communities involved. The aim is to establish,
in addition to the currently existing Comboios Bio-
logical Reserve, an environmentally protected area
in a wider region around the Doce River mouth, in a
way that would improve conditions for the manage-
ment and sustainable use of natural resources and
the conservation of wildlife. This would be achieved
through regulations in the use of coastal land and sea
areas and through changes in local fishing practices,
aiming to reduce the incidental capture of marine
turtles around the nesting area, and also through the
development of further economic activities for people
that live in the region, such as ecotourism and
selected agricultural practices. Measures like these
are expected to widen local awareness towards con-
servation and to improve marine turtle conservation
in the area.
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