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Introduction

Leatherback turtle ecology

The leatherback turtle (Dermochelys coriacea) is the largest existing chelonian
(turtle) and individuals are known to cross ocean basins, generally nesting on
tropical beaches but also found foraging in temperate waters (Hays et al. 2006;
Fossette et al. 2014). Those nesting and foraging areas can be thousands of
kilometres distant from each other, and leatherback turtles perform great
migrations, possibly using navigational cues such as geomagnetic fields and
currents (Shillinger & Bailey 2015) to find their way to natal nesting beaches
(Dutton et al. 1999) and specific foraging grounds (James et al. 2005).

Leatherbacks in the Atlantic Ocean

In the south-western Atlantic Ocean, leatherback turtles nest primarily only
in the state of Espirito Santo state, eastern Brazil (Thomé et al. 2007), with
very occasional nests found elsewhere along the Brazilian coast (Barata &
Fabiano 2002; Loebmann et al. 2008). This rookery is genetically distinct from
others in the Atlantic (Dutton et al. 2013) and it is considered to have a high
genetic diversity (Vargas et al. 2019). The small population size and restricted
geographic distribution contributes to this population being regionally
classified as Critically Endangered by the International Union for Conservation
of Nature (IUCN; Wallace et al. 2013).

Marine turtles in the area

The beaches on the northern coast of Espirito Santo state started to
be monitored by Projeto TAMAR (the Brazilian Sea Turtle Conservation
Programme) in 1982 (Fig. 1). Monitoring currently covers 160km of nesting
beaches in the region, which are important nesting grounds not only to
leatherback turtles, but also to loggerhead turtles (Caretta caretta) and a
small number of nests of olive ridley (Lepidochelys olivacea) and hawksbill
turtles (Eretmochelys imbricata) (Marcovaldi & Marcovaldi 1999).
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Fig. 1. (Left) Map of Brazil: the study area is depicted by the black frame. (Right) Map of Espirito
Santo state, Brazil. Black circles represent the TAMAR stations where the data were collected.
From south to north: CB = Comboios, PV = Povoacao, PG = Pontal do Ipiranga, GU = Guriri.
Rio Doce = Doce River. Figure from Colman (2018).

Fig. 2. The region near the Rio Doce’s mouth is home to a globally important leatherback turtle
population. This is an aerial photograph showing the impact of a tailing dam failure. Photo by
Centro Tamar-ICMBio.
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Study area

Leatherback turtle nesting is concentrated in the southern part of the study
area, near the mouth of the Doce river, between the beaches of Comboios
and Povoacao (Fig. 1). A portion of the nesting site (15km) is within a
protected Biological Reserve (Reserva Biologica de Comboios) and the
section south of this area (an additional 22km) falls within indigenous land
where access is restricted under federal law. No federally protected areas
exist to the north of the Doce river; however, local and state legislations
provide some coastal zone protection in the region (Thomé et al. 2007). This
area was impacted by a large-scale mining disaster caused by the collapse
of a tailing dam in an iron ore mine in the state of Minas Gerais, Brazil, in
November 2015. The dam’s collapse released tens of millions m* of mining
waste into the Doce river (Marta-Almeida et al. 2016), which reached the
Atlantic Ocean in Espirito Santo, in the middle of the primary stretch of
nesting beach for leatherback turtles (Fig. 2).

Study aims

Marine turtles are long-lived and late maturing migratory animals and for
such species, effective conservation strategies should consider multiple
approaches to understand ecology and threats (Seminoff et al. 2012;
Fossette et al. 2014). Knowledge of important ecological parameters such
as distribution, population size and trends, movements and habitat use are
essential to understand population dynamics, as well as to drive informed
conservation efforts and to identify and mitigate threats. We conducted a
four-year PhD research project at the University of Exeter, UK, in partnership
with Fundacdo Pr6-TAMAR and Centro TAMAR-ICMBio in Brazil and with
the support of a Science Without Borders scholarship from the National
Council for Scientific and Technological Development (CNPg) in Brazil.
Additional funding was provided by the British Chelonia Group and Rufford
Foundation. We used a combination of techniques to generate a better
understanding of this important leatherback turtle population. While many
of the techniques are regularly individually applied during turtle studies,
it is highly unusual to see such a multi-disciplinary approach at the same
time and place. Here we present what we expect of our research strategy
and what we expect to learn from each of these techniques, including
the reproductive biology, nesting environment, population trends, marine
habitat use, threats and conservation of this globally important leatherback
turtle population in Brazil.
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Fig. 3. Nesting female being measured (left) and tagged (right) in Espirito Santo, Brazil. Photo
by L.P. Colman.

Methods

During the nesting seasons (September to March) between 2015-2017,
we conducted daily morning patrols along the entire study area (160km),
to quantify nesting activity from the preceding night. Additionally, we
conducted night patrols using quad bikes over 30km along the southern
part of the study area. Whenever nesting females were seen, we would tag
them on both hind flippers with inconel tags (National Band and Tag Co.,
USA) and measure their curved carapace length (CCL) with a flexible tape
(Fig. 3; Thomé et al. 2007).

We marked the nests with a wooden stake, monitoring them during
the entire incubation period and excavated them when the majority of
hatchlings had emerged. To monitor nest temperatures and analyse seasonal
sand temperatures and the change of temperature associated with the
metabolic heating of eggs during incubation, we deployed 29 data loggers
(Tinytag-TGP-4017 from Gemini Data Loggers) within nest chambers, during
oviposition. They remained there during the entire incubation period and were
retrieved upon post-hatch excavation. Additionally, we deployed six control
data loggers at nest depth in the sand. To study leatherback movements,
we attached Platform Terminal Transmitters (PTTs) to four adult female
leatherback turtles at Comboios beach in Espirito Santo, during the nesting
season in 2017-2018. Turtles deemed suitable (in good physical condition,
with no obvious injuries or abnormal nesting behaviour) had SPLASH10-295C
PTTs (Wildlife Computers, USA) directly attached to their carapace during
oviposition (Fig. 4; Witt et al. 2011). The direct attachment procedure was
also used by Fossette et al. (2008) and Witt et al. (2011). It was chosen
because it is believed to potentially cause less impact on turtles than the
harnesses that were previously used in tracking studies with this species
(Fossette et al. 2008). We also collected skin samples from nesting females
and their offspring (hatchlings) and egg yolk from eggs to study their habitat
use through analysis of stable isotope ratios of carbon and nitrogen.
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Fig. 4. Researchers deploy a satellite tag (PTT) on a nesting female leatherback turtle in Espirito
Santo, Brazil. Photo by H.L. Souza.

Nesting ecology and population trends

Long-term datasets are key to understanding demographic parameters,
assessing the status of populations and evaluating the effectiveness of
conservation strategies (Brook et al. 2000; Groom et al. 2017). Through nest
counts and mark-and-recapture of nesting females we can study the nesting
ecology, population trends and conservation status of this leatherback turtle
colony. Aprevious study conducted by Thomé etal. (2007) using datafrom 1988-
2003 observed an increasing trend for this population. We aimed to investigate
if this population trend has been maintained, updating the monitoring results
with additional 14 years of data. We found that this population exhibits an
increasing, although variable, nesting trend (Colman et al. 2019), with a high
fluctuation in the annual number of nests (Fig. 5). The mean annual number
of nests increased from 25.6 nests in the first five years of the study (1988-
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Fig. 5. Number of leatherback nests per year in Espirito Santo, Brazil, 1988-2017. Data from
Colman et al. (2019).

1992) to 89.8 nests during the last five years of the study period (2003-2017;
Colman et al. 2019). The mean size of nesting females, which was 166.3cm
CCL in the first five years of the study period and 149.9cm during the last five
years of the study period, decreased throughout time, which is suggestive
of recruitment of young and new females to the population (Colman et al.
2019). We aimed to address a number of priority research questions identified
by Rees et al. (2016), including: population trends, analysis of reproductive
parameters and an evaluation of the conservation situation of leatherback
turtles nesting in Espirito Santo. We suggest that conservation efforts in the
area possibly contributed to the gentle recovery of this population. However,
the results should be interpreted with caution, since the persistence of several
threats, combined with the small population size and restricted geographic
distribution, still make their extinction risk high.

Stable isotopes and tracking

Marine megafauna species such as marine turtles are inaccessible during most
parts of their life cycles, and satellite telemetry can provide valuable insights
into animal movements, including their seasonal migrations, connectivity
between foraging and reproductive grounds and habitat use (Shillinger et
al. 2008; Fossette et al. 2014; Jeffers & Godley 2016). However, tracking is
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expensive and consequently sample sizes are generally small (Godley et al.
2008). In recent years, stable isotope analysis (SIA) has become a powerful
tool in ecological studies, providing information on trophic levels, food
sources and migratory behaviour in species which are difficult to observe in
their natural habitat (Haywood et al. 2019). The presence and abundance
of certain stable isotopes within chemical elements in nature allows us
to understand the energy flow through the food web and thus infer the
dietary ecology and habitat use. The skin (epidermis) collected from the
females (n = 44) and from their offspring (hatchlings, n = 16, and egg yolk
from eggs, n = 16) will be used to identify the isotopic signatures of this
population. Specifically, we are using forensic techniques (SIA) to study their
foraging strategies. We will combine the results obtained from SIA of a
larger number of turtles with the ones from the satellite tracking of a few
individuals, extrapolating the results to the wider breeding population. We
will also analyse the stable isotope composition from offspring (egg yolk
and hatchlings) from assigned females to determine whether these offspring
tissues can be used as a proxy for inferring the female isotope signatures. Our
results will provide key insights into habitat use and can inform conservation
strategies, such as the design and establishment of marine protected areas
based on distribution, movements and foraging strategies of this species in
the South Atlantic Ocean. Preliminary analyses have yielded promising results.

Temperature

As in many reptiles such as alligators, most turtles and some lizards, marine
turtles exhibit temperature-dependent sex determination (TSD), where
offspring sex is determined by the incubation temperature during the
thermosensitive period (TSP) and the development of gonads (Bull 1983).
Because the primary sex ratio is determined by the incubation temperature,
this parameter is key in marine turtle population dynamics (Hays et al. 1999).
Extreme temperatures could result in the production of hatchlings of a single
sex, thus making marine turtles particularly vulnerable to the impacts of
climate change (Fuentes et al. 2011; Santidrian Tomillo et al. 2012; Patricio et
al. 2017). Knowledge on sex ratios of species with temperature dependent sex
determination (TSD) is key to provide baseline information which can be used
in management strategies and predictions of how climate change can affect
populations. Using reproductive parameters such as incubation duration and
the temperature data collected by the data loggers, we aim to conduct a
long-term analysis (30 years) on incubation durations of leatherback turtles in
Brazil and estimate hatchling sex ratios from that nesting ground. Our results
will present baseline data on nest temperatures and estimated sex ratios for
the region. Those are key to guide future management strategies for the
south-western Atlantic Ocean leatherback turtle population.
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Fig. 6. Loggerhead turtle (Caretta caretta) nesting at Comboios beach, in Espirito Santo, Brazil.
The photograph shows the artificial light from the village of Regéncia in the back. Photo by
Leonardo Mercon.

Artificial light pollution

Light pollution can impact species and ecosystems. These impacts can
include changes in orientation systems, ultimately causing consequences
for foraging, reproduction, migration and communication (Longcore & Rich
2004). Coastal areas provide critical nesting habitat for marine turtles (Fig. 6)
and understanding how artificial light might impact particular populations
is key to guide conservation strategies (Kamrowksi et al. 2012; Mazor et al.
2013; Weishampel et al. 2016).

Remote sensing can be used to measure artificial night-time light and
worldwide measurements of artificial light have been collected by the US
Air Force Defense Meteorological Satellite Program (DMSP) Operational
Linescan System (OLS) since 1992 (Elvidge et al. 2007). We use these yearly
satellite images to investigate the extent to which nesting populations of
four marine turtle species — leatherback, olive ridley, hawksbill and two
subpopulations of loggerhead turtles — are potentially exposed to light
pollution across 604km of the Brazilian coast. We aim to determine the
proportion of nesting areas experiencing detectable levels of artificial light
and how this has changed over time. Based on nest densities we can also
identify reproductive hotspots and assess whether they are located in areas
potentially exposed to light pollution and/or experiencing increasing light
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levels. We also investigate the relationship between light levels and nest
densities for the different species and contextualise results considering the
improved conservation status of all species/subpopulations across the study
period. We use the findings to (1) investigate whether nest site selection
would be influenced by the presence/absence of light and (2) reflect on
conservation strategies in Brazil and whether they have been successful in
contributing to reducing impacts on nesting beaches. We highlight that
light possibly impacts hatchlings not only on the beach, but also in coastal
waters, and any impact on population recruitment may take long periods to
fully manifest in nesting numbers.

With one chapter completed and published (Colman et al. 2019)
and three more currently in final preparation, we have taken great steps
forward in generating a better understanding on the status of this unique
population. The south-western Atlantic leatherback population show signs
of population recovery, most likely influenced by the conservation efforts
started in the 1980s with the protection of females and eggs on nesting
beaches. However, the persistence of several threats, such as fisheries
bycatch, coastal development, climate change and pollution, means this
population still remains a subject of conservation concern. Additional
seasons of work are expected to build on this knowledge and to answer
key ecological questions, such as a better understanding of population size
and habitat use, specifically regarding the area used during the internesting
period (time interval between clutches in a same nesting season; Eckert et
al. 2012).

Acknowledgements

This article summarises the recently awarded PhD of LC. LC thanks Projeto
TAMAR in Brazil and the numerous people involved in data collection and
analyses over many nesting seasons. LC also acknowledges the support of a
Science Without Borders scholarship from the Brazilian National Council for
Scientific and Technological Development (CNPq), the Rufford Foundation
and the Trustees of the British Chelonia Group for additional grants that
helped to fund this important research. Fieldwork in Brazil was carried out
together and with the support of Fundacdo Pro-TAMAR, which is among
the institutions responsible for implementing conservation actions under
the National Action Plan for the Conservation of Sea Turtles in Brazil — NAP
ICMBio/MMA, under the permit # 41987 from SISBIO (Authorization and
Information System on Biodiversity), the research authorization system of
the Chico Mendes Institute for Biodiversity Conservation (ICMBio), Brazilian
Ministry of the Environment. The manuscript benefited from the detailed
input of a reviewer.

60 Testudo Vol. 9, No. 1



References

Barata, P.C.R. & Fabiano, FF.C. (2002). Evidence for Leatherback Sea Turtle
(Dermochelys coriacea) Nesting in Arraial do Cabo, State of Rio de Janeiro, and
a Review of Occasional Leatherback Nests in Brazil. Marine Turtle Newsletter
96: 13-16.

Brook, B.W., O'Grady, J.J., Chapman, A.P, Burgman, M.A., Akcakaya, H.R. &
Frankham, R. (2000). Predictive accuracy of population viability analysis in
conservation biology. Nature 404: 385-387.

Bull, J.J. (1983). Evolution of sex determining mechanisms. Benjamin-Cummings
Publishing Company, Menlo Park, CA.

Colman, L.P. (2018). Ecology and conservation of the leatherback sea turtle
(Dermochelys coriacea) nesting in Brazil. Doctoral Thesis, University of Exeter,
UK
https://ore.exeter.ac.uk/repository/handle/10871/36862#ceP1doiP7vwp86YJ.99

Colman, L.P, Thomé, J.C.A., Almeida, A.P, Baptistotte, C., Barata, P.C.R., Broderick,
A.C., Ribeiro, FA., Vila-Verde, L. & Godley, B.J. (2019). Thirty years of
leatherback turtle Dermochelys coriacea nesting in Espirito Santo, Brazil, 1988-
2017: reproductive biology and conservation. Endangered Species Research 39:
147-158.

Dutton, PH., Bowen, B.H., Owens, D.H., Barragan, A. & Davis, S.K. (1999). Global
phylogeography of the leatherback turtle (Dermochelys coriacea). Journal of
Zoology 248: 397-409.

Dutton, PH., Roden, S.E., Stewart, K.R., LaCasella, E., Tiwari, M., Formia, A., Thomé,
J.C.A,, Livingstone, S.R., Eckert, S., Chacén-Chaverri, D., Rivalan, P. & Allman, P.
(2013). Population stock structure of leatherback turtles (Dermochelys coriacea)
in the Atlantic revealed using mtDNA and microsatellite markers. Conservation
Genetics 14: 625-636.

Eckert, K.L., Wallace, B.P, Frazier, J.G., Eckert, S.A. & Pritchard, PC.H. (2012).
Synopsis of the Biological Data on the Leatherback Turtle (Dermochelys
coriacea). USFWS Biological Technical Publication. BTP-R4015-2012.

Elvidge, C.D., Cinzano, P, Pettit, D.R., Arvesen, J., Sutton & others (2007). The
Nightsat mission concept. International Journal of Remote Sensing 28: 2645-
2670.

Fossette, S., Witt, M.J., Miller, P., Nalovic, M.A., Albareda, D. & others (2014). Pan-
Atlantic analysis of the overlap of a highly migratory species, the leatherback
turtle, with pelagic longline fisheries. Proceedings of the Royal Society B 281:
20133065.

Fuentes, M.B., Limpus, C.J. & Hamann, M. (2011). Vulnerability of sea turtle nesting
grounds to climate change. Global Change Biology 17: 140-153.

Godley, B.J., Blumenthal, J.M., Broderick, A.C., Coyne, M.S., Godfrey, M.H., Hawkes,
LA, & Witt, M.J. (2008). Satellite tracking of sea turtles: Where have we been
and where do we go next? Endangered Species Research 4: 3-22.

Testudo Vol. 9, No. 1 61



Groom, R.A., Griffiths, A.D. & Chaloupka, M. (2017). Estimating long-term trends
in abundance and survival for nesting flatback turtles in Kakadu National Park,
Australia. Endangered Species Research 32: 203-211.

Hays, G.C., Godley, B.J. & Broderick, A.C. (1999) Long-term thermal conditions
on the nesting beaches of green turtles on Ascension Island. Marine Ecology
Progress Series 185: 297-299.

Hays, G.C., Hobson, V.J., Metcalfe, J.D., Righton, D., Sims, D.W. (2006). Flexible
foraging movements of leatherback turtles across the North Atlantic Ocean.
Ecology 87: 2647-2656.

Haywood, J.C., Fuller, W.J., Godley, B.J., Shutler, J.D., Widdicombe, S. & Broderick,
A.C. (2019) Global review and inventory: How are stable isotopes helping us
understand ecology and inform conservation of marine turtles? Marine Ecology
Progress Series 613: 217-245.

James, M.C., Ottensmeyer, C.A. & Myers, R.A. (2005). Identification of high-use
habitat and threats to leatherback sea turtles in northern waters: new directions
for conservation. Ecology Letters 8: 195-201.

Jeffers, V.F. & Godley, B.J. (2016). Satellite tracking in sea turtles: How do we find
our way to the conservation dividends? Biological Conservation 199: 172-184.

Kamrowski, R., Limpus, C., Moloney, J. & Hamann, M. (2012). Coastal light pollution
and marine turtles: assessing the magnitude of the problem. Endangered
Species Research 19: 85-98.

Kamrowski, R.L., Limpus, C., Jones, R., Anderson, S. & Hamann, M. (2014). Temporal
changes in artificial light exposure of marine turtle nesting areas. Global
Change Biology 20: 2437-2449.

Longcore, T. & Rich, C. (2004). Ecological Light Pollution. Frontiers in Ecology and
the Environonment 2: 191-198.

Marcovaldi, M.A. & Marcovaldi, G.G. Dei (1999). Marine turtles of Brazil: the history
and structure of Projeto TAMAR-IBAMA. Biological Conservation 91: 35-41.

Marta-Almeida, M., Mendes, R., Amorim, FEN., Cirano, M. & Dias, J.M. (2016).
Fundao Dam collapse: Oceanic dispersion of River Doce after the greatest
Brazilian environmental accident. Marine Pollution Bulletin 15: 359364.

Mazor, T., Levin, N., Possingham, H.P, Levy, Y., Rocchini, D., Richardson, A.J. & Kark,
S. (2013). Can satellite-based night lights be used for conservation? The case of
nesting sea turtles in the Mediterranean. Biological Conservation 159: 63-72.

Patricio, A.R., Marques, A., Barbosa, C., Broderick, A.C., Godley, B.J., Hawkes,

L.A., Rebelo, R., Regalla, A. & Catry, P. (2017). Balanced primary sex ratios and
resilience to climate change in a major sea turtle population. Marine Ecology
Progress Series 577: 189-203.

Rees, A., Alfaro-Shigueto, J., Barata, P, Bjorndal, K., Bolten, A. & others (2016).

Are we working towards global research priorities for management and
conservation of sea turtles? Endangered Species Research 31: 337-382.

62 Testudo Vol. 9, No. 1



Santidrian Tomillo, P.,, Saba, V.S., Blanco, G.S., Stock, C.A., Paladino, F.V., & Spotila,
J.R. (2012). Climate driven egg and hatchling mortality threatens survival of
Eastern Pacific leatherback turtles. PLoS ONE 7:e37602.

Seminoff, J.A., Benson, S.R., Arthur, K.E., Eguchi, T., Dutton, PH., Tapilatu, R.F. &
Popp, B.N. (2012). Stable isotope tracking of endangered sea turtles: Validation
with satellite telemetry and 6N analysis of amino acids. PLoS ONE 7:e37403.

Shillinger, G.L., Palacios, D.M., Bailey, H., Bograd, S.J., Swithenbank, A.M., Gaspar,
P., Wallace, B.P, Spotila, J.R., Paladino, F.V,, Piedra, R., Eckert, S.A. & Block,
B.A. (2008). Persistent leatherback turtle migrations present opportunities
for conservation. PLoS Biology 6(7): e171. https://doi.org/10.1371/journal.
pbio.0060171.

Shillinger, G.L. & Bailey, H. (2015). Movements and behaviour of adult and
juvenile leatherback turtles. In: Spotila, J.R. & Santidrian Tomillo, P. (eds). The
leatherback turtle: biology and conservation. Johns Hopkins University Press,
Baltimore, MD, USA, pp 162-172.

Thomé, J.C.A., Baptistotte, C., Moreira, L.M., Scalfoni, J.T., Almeida, A.P,, Rieth, D.B.
& Barata, P.C.R. (2007). Nesting biology and conservation of the leatherback
sea turtle (Dermochelys coriacea) in the state of Espirito Santo, Brazil, 1988-
1989 to 2003-2004. Chelonian Conservation and Biology 6: 15-27.

Vargas, S.M., Lins, L.S.F, Molfetti, E., Ho. S.Y.W., Monteiro, D. & others (2017).
Revisiting the genetic diversity and population structure of the critically
endangered leatherback turtles in the South-west Atlantic Ocean: insights for
species conservation. Journal of the Marine Biological Association of the United
Kingdom 99(1): 31-41.

Wallace, B.P, Tiwari, M. & Girondot, M. (2013). Dermochelys coriacea. The IUCN
Red List of Threatened Species 2013: 43526147.

Weishampel, Z.A., Cheng, W.-H. & Weishampel, J.F. (2016). Sea turtle nesting
patterns in Florida vis-a-vis satellite-derived measures of artificial lighting.
Remote Sensing in Ecology and Conservation 2: 59-72.

Witt, M.J., Bonguno, E.A., Broderick, A.C., Coyne, M.S., Formia, A. & others (2011).
Tracking leatherback turtles from the world’s largest rookery: Assessing threats
across the South Atlantic. Proceedings of the Royal Society B 278: 2338-2347.

Testudo Vol. 9, No. 1 63



