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Abstract Globally, marine turtles are considered threatened
throughout their range, and therefore conservation practi-
tioners are increasingly investing resources in marine pro-
tected areas to protect key life history stages and critical
habitats, including foraging grounds, nesting beaches and
inter-nesting areas. Empirical data on the distribution of
these habitats and/or the spatial ecology and behaviour of
individuals of many marine turtle populations are often
lacking, undermining conservation efforts, particularly along
the Atlantic coast of Africa. Here we contribute to the
knowledge base in this region by describing patterns of
habitat use for nine green turtles Chelonia mydas tagged
with satellite platform transmitter terminals at a foraging
ground in Loango Bay, Republic of the Congo, one of only
a few documented mainland foraging grounds for marine
turtles in Central Africa. Analyses of these data revealed that
core areas of habitat use and occupancy for a wide range of
size/age classes were restricted to shallow waters adjacent
to Pointe Indienne in Loango Bay, with most individuals
showing periods of high fidelity to this area. These data are
timely given the Congolese government recently announced
its intention to create a marine conservation zone to protect
marine turtles in Loango Bay. Despite the small sample size
of this study, these data exemplify the need for comprehensive

strategies that span national jurisdictions, as we provide the
first documented evidence of linkages between green turtle
foraging sites in Central Africa (Loango Bay, Republic of the
Congo) and Southern Africa (Mussulo Bay, Angola).
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Introduction

Many large marine species, including sharks, marine
turtles and cetaceans, are considered threatened

throughout their range and require targeted management
strategies to support their conservation (Lewison et al.,
; Hoffmann et al., ). The advent of so-called biolog-
ging, along with recent improvements in tag size, battery
duration and location accuracy (Hays et al., ), means
that we now know more about the complex life history
characteristics andmigratory life cycles of manymarine ver-
tebrates, information that can be used to inform conserva-
tion strategies, particularly for marine turtles (Hazen et al.,
). Large adult female marine turtles come ashore during
short nesting periods, and juveniles and adults can be cap-
tured in-water, after which it is relatively easy to attach satel-
lite and/or GPS platform transmitter terminals (PTTs) to
their carapace (Jeffers & Godley, ). Such application
has revealed insights into the breeding, migratory, foraging
and spatial ecology of hatchling, juvenile and adult marine
turtles (Luschi et al., ; Mansfield et al., ).

There remain, however, data gaps in some regions that
host globally important populations of marine turtles, hin-
dering conservation efforts (Hamann et al., ; Mazaris
et al., ). This is most notable for juveniles globally
(Wildermann et al., ) and for all life stages along the
Atlantic coast of Africa (Formia et al., ), where the status
of several species and populations is considered Data Defi-
cient (IUCN, ). Although research has increased in this
region, it has primarily focused on monitoring nesting pop-
ulations, leading to the identification of globally important
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nesting aggregations of leatherback Dermochelys coriacea,
olive ridley Lepidochelys olivacea and green Chelonia mydas
marine turtles (Witt et al., ; Metcalfe et al., ; Patrício
et al., , and references therein). Foraging grounds have,
however, remained largely understudied despite records of
their occurrence from Banc d’Arguin in Mauritania, West
Africa, to Mussulo Bay in Angola, Southern Africa (Carr &
Carr, ; Fretey, ; Cardona et al., ). As a result,
conservation strategies have largely been directed at identify-
ing threats, and establishing new or expanding existing pro-
tected areas to protect key nesting beaches and inter-nesting
habitats (Witt et al., ; Maxwell et al., ; Pikesley et al.,
). Foraging grounds thus remain largely unprotected
throughout the region, undermining ongoing conservation
efforts for species such as the green turtle, which moves onto-
genetically, with juveniles actively recruiting to neritic devel-
opment habitats following several years of passive pelagic
migration and then migrating to an adult foraging habitat
that may also be shared with juveniles (Bjorndal, ).

Given their proximity to the coast, neritic developmental
and foraging habitats are often exposed to a diverse range of
pressures, including from fisheries, direct take, and habitat
degradation linked to coastal development and marine pollu-
tion, with impacts on green turtles exacerbated by their slow
growth, late onset of sexual maturity and low survivorship
(Hirth, ). Therefore, understanding how green turtles
use foraging habitats is essential to support more coherent
marine spatial planning and conservation efforts, particularly
as ontogenetic strategies may vary between genetic stocks
or regional management units (Hamann et al., ). This is
where satellite tracking can play a role, revealing the location
and extent of important foraging habitats such as seagrass
beds and macroalgal dominated reefs (Scott et al., ;
Hays et al., ). Tracking animal movements can also high-
light variability in life history patterns among disparate pop-
ulations (Bolten, ; Godley et al., ) such as the links
between discrete foraging grounds and the degree of fidelity
shown to these areas (Stokes et al., ).

To address the absence of knowledge on foraging grounds
and inform conservation strategies along the Atlantic coast
of Africa, we analyse historical satellite tracking data to pro-
vide the first description of the spatial ecology and move-
ment of green turtles tagged with PTTs at a neritic for-
aging ground in Loango Bay, Republic of the Congo.
Access to these data are timely given the Republic of the
Congo recently announced its intention to create a marine
conservation zone in Loango Bay to protect marine turtles
and sharks (Our Ocean, ).

Study area

The Republic of the Congo is situated on the Atlantic coast
of Central Africa, with Loango Bay, the focus of this study,
 km north of the port city and economic capital, Pointe

Noire (Fig. ). Loango Bay covers an area of c.  km,
bounded by Pointe Indienne to the south, and the Kouilou
river mouth to the north, and is characterized by shallow
sheltered waters (,  m deep) that comprise a mosaic
of habitats, including macroalgal dominated rocky reefs,
and silt laden and sandy bottom habitats (Giresse et al.,
; Malounguila-Nganga et al., ), which support a
wide range of marine species (Girard et al., ).

Methods

Satellite tracking data collection and processing

Telonics Inc. (Mesa, Arizona, USA) satellite PTT models
TGM-- ( g in air; n = ), TGM-- ( g in
air; n = ), and TAM- ( g in air; n = ) were attached
to  green turtles (individuals A–J) incidentally captured by
artisanal fishers operating in Loango Bay and subsequently
released at Pointe Indienne (Table , Fig. ). PTTs were de-
ployed during –, with two deployments each in
February, April and August, one deployment each in May,
September, November and December, attached in accor-
dance with established protocols (Godley et al., ).

Data transmitted by PTTs were collected using the Argos
satellite system and downloaded with the Satellite Tracking
and Analysis Tool (Coyne & Godley, ). For each PTT
we used extremely parsimonious filters, per Varo‐Cruz
et al. (), removing all positions with location class Z
and , and retaining positions with classes A, B, ,  and ,
and applied a user-defined speed threshold (.  km/h) and
azimuth filter (, °), to remove implausible Argos loca-
tions (Freitas et al., ; Witt et al., ) using the argos-
filter package in R .. (R Core Team, ). For each PTT,
data were then resolved to single daily best quality locations
(per Witt et al., ). If more than one location was de-
termined with equal quality within a -h period, the first
location was retained. This data reduction technique was
adopted to minimize the spatial and temporal autocorrela-
tion that inherently exists within animal movement tracking
data sets (De Solla et al., ).

Spatial analyses

For each PTT we calculated daily and maximum dis-
placement distance (km) from release location, and applied
three established techniques typically used to describe core
areas of occupancy and habitat use for a wide range of
marine vertebrates (manta rays: Graham et al., ; basking
sharks: Doherty et al., ; marine turtles: Winton et al.,
): () % minimum convex polygons (MCPs), () a
polygon sampling grid, and () kernel density estimation.
Ninety-five percent MCPs were calculated using all filtered
locations (excluding % of the most extreme locations from
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FIG. 1 Ninety-five percent minimum convex polygon (MCP) home ranges for each of nine individual green turtles Chelonia mydas
tagged in Loango Bay, Republic of the Congo (Table , excluding individual D), derived from best daily locations at-sea. The % MCP
for individual I is based on movements within foraging ground, clipped to  March , the date this individual departed Loango
Bay and started its migration south to Mussulo Bay, south of Luanda, Angola (Supplementary Figs  & ).

TABLE 1 Metadata for each of the  green turtles Chelonia mydas tagged with satellite platform transmitter terminals (PTTs) in Loango
Bay, Republic of the Congo. All individuals were released at Pointe Indienne.

Individual PTT ID PTT model
CCL1

(cm)
CCW2

(cm) Start–end dates
Duration
(days)

Max. displacement
(km)

95% MCP
(km2)

A 115081 TAM-4510 90 80 21/04/2012–16/08/2012 117 38.0 54.2
B 115083 TAM-4510 78 71 20/04/2012–28/09/2012 161 48.9 191.0
C 115070a TGM-4310-2 39 n/a 02/05/2012–12/07/2012 71 20.4 41.7
D3 115070b TGM-4310-2 44 39.5 02/08/2012–02/08/2012 0
E 115074 TGM-4410-2 48.2 44.7 02/08/2012–21/11/2012 111 25.5 81.4
F 115077 TAM-4510 74 64 12/09/2012–09/12/2012 88 15.2 23.4
G 115072 TGM-4410-2 43.3 40.5 27/11/2012–20/12/2012 23 18.8 26.1
H 115073 TGM-4410-2 43 42 20/02/2013–07/06/2013 107 11.8 68.9
I4 115080 TAM-4510 74 68 20/02/2013–26/03/2013 34 56.0 (505.9) 132.4
J 115075 TAM-4510 nm5 nm5 18/12/2014–28/12/2014 9 10.8 9.2

Curved carapace length (cm).
Curved carapace width (cm).
Tag failed ,  h after deployment.
Max. displacement andMCP are based onmovements within foraging ground, clipped to March , this being the date this individual departed Loango
Bay and started migration south to Mussulo Bay, south of Luanda, Angola (total displacement post release in parentheses).
Not measured.
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the centroid of these data) for each individual turtle, and
for combined individuals eachmonth. For the polygon sam-
pling, a . km hexagonal grid was constructed and spatial-
ly intersected with locations to derive a count of the total
number of unique turtles recorded per grid cell. The mean
proportion of locations was also calculated based on the
proportion of locations recorded within each grid cell for
each individual. Kernel density estimation was used to de-
scribe habitat use, and calculated using methods that ac-
count for physical barriers that can prevent movement for
marine species (i.e. land; Sprogis et al., ). The output
cell size was  ×  m (. km) and the bandwidth
(search radius that determines the surrounding locations,
which contribute to the estimation) was set to , m. The
choice of a bandwidth selection method may vary depending
on the study goals, sample size and patterns of space use by
the study species (Gitzen et al., ), and therefore the band-
width value was chosen by iterative visual inspection of out-
puts (per Sprogis et al., ). The output from kernel density
estimation thus represents the estimated density of locations
per km that are likely to occur within each grid cell, from
which we extracted , ,  and % utilization distri-
butions. Finally, to describe habitat use within Loango Bay
we calculated the proportion of locations within  seabed
depth classes at  m intervals, and  offshore distance
classes at  km intervals, for each tagged individual. Seabed
depth (m) and offshore distance (km) values were assigned
to each daily location using General Bathymetric Chart
of the Oceans gridded data (resolution  arc-seconds;
Weatherall et al., ), and fine-scale coastline data extracted
from Landsat data (Xu, ), respectively.

Results

Deployment summary, size distribution, tracking
duration and displacement distance

Of the  turtles tagged with satellite PTTs, one tag was
excluded from subsequent analyses as it failed ,  h
post deployment (individual D; Table ). For eight of the
remaining nine tagged the turtles’ body size data were
available (curved carapace length, CCL: .–. cm,
mean . ± SD . cm, median . cm, IQ range .–
. cm; Table ). These nine individuals were tracked
for – days (mean  ± SD  days, median  days,
IQ range – days; Table ), with maximum displace-
ment distance from release locations within the foraging
ground of .–. km (mean . ± SD . km, median
. km, IQ range .–. km; Table , Supplementary
Fig. ). There was no significant relationship between the
size of individuals and tracking duration (days) or max-
imum displacement distance (km) from release locations
(all P. .; Supplementary Fig. ).

General movements, core areas and habitat use

Of the nine tagged individuals that transmitted location
data post deployment, eight remained within the vicinity of
Pointe Indienne in Loango Bay (Supplementary Fig. ) for
– days (Table ). One individual (I; Supplementary
Fig. ), however, migrated south after  days (Table ).
This took the turtle a minimum distance of . km
along the continental shelf (,  m depth) over a period
of c. . weeks (mean minimum speed . ± SD . km/h,
median . km/h, IQ range .–. km/h, n =  locations) to
foraging grounds in Mussulo Bay, Angola (Supplementary
Fig. ) where it remained for  days till cessation of tracking.

Prior to analyses of core areas, telemetry data for indi-
vidual I (Table ) was clipped at  March , this being
the date this turtle left the Loango Bay foraging ground
(Supplementary Fig. ). Within Loango Bay individual
core areas of occupancy (based on % MCPs) of the nine
individuals were .–. km (mean . ± SD . km,
median . km, IQ range .–. km; Table , Fig. ).
There was, however, no significant relationship between
the CCL of individuals and the size of core areas
(P. .; Supplementary Fig. ). Analyses of monthly
variation revealed that core areas of occupancy (based on
MCPs) did not vary systematically and were probably driven
more by data volume and ARGOS location quality. MCPs
ranged between  km in November to . km in June
(mean . ± SD . km, median . km, IQ range
.–. km, n =  months; Supplementary Fig. ).

In terms of habitat use, there was no evidence of
size-related niche partitioning, with individuals of all
sizes using similar depth zones and distances offshore
(Supplementary Fig. ). Analysis of location data by depth
and offshore distance revealed that all size classes had a
preference for waters ,  m deep (mean proportion of
locations ,  m . ± SD ., median ., IQ range
.–.; Fig. ) within  km of the coast (mean proportion
of locations,  km offshore . ± SD ., median ., IQ
range .–.; Fig. ). Location of high use areas (i.e. areas
with high occupancy; . % of locations, and % utiliza-
tion distribution) were restricted to shallow waters adjacent
to and surrounding Pointe Indienne in Loango Bay (Fig ).

Discussion

Marine turtles are migratory, often travelling great distances
between natal beaches and foraging areas, and/or between
foraging areas and reproductive sites (Godley et al., ).
Yet for many of the world’s marine turtle populations em-
pirical data on the distribution and condition of important
foraging areas, or the behaviour and ecology of individuals
in these habitats, are lacking (Rees et al., ; Williams
et al., ). Describing marine turtle foraging grounds, in-
cluding information on species, abundance, size/age classes
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present, area of occupancy, habitat preferences, and tem-
poral patterns of their use, is key for effective conservation
planning and targeted management (Casale et al., ;
Chevis et al., ; Williams et al., ). Our findings
show how satellite tracking can facilitate insights into the
spatial ecology and behaviour of green turtles at one of
only a few documented mainland foraging grounds in
Central Africa, Loango Bay in the Republic of the Congo,
a country that despite hosting five species of marine turtle
(Godgenger et al., ) is poorly documented in the
scientific literature.

The deployment of satellite tags on marine turtles inci-
dentally captured by artisanal fishers operating in Loango
Bay and subsequently released at Pointe Indienne revealed
that green turtles generally exhibited high site fidelity to
the foraging grounds within Loango Bay. Our data also
show that Loango Bay foraging grounds comprise mixed
size/age classes, with little variation in area of occupancy
across individuals and no clear evidence of size-related
niche partitioning commonly seen at other foraging
grounds (Arthur et al., ; Ballorain et al., ). Core
areas of occupancy for all size/age classes (defined as the

% utilization distribution) covered an area of . km

and were located in the shallow waters around Pointe
Indienne in Loango Bay, with the majority of tagged indivi-
duals utilizing this same restricted area for – weeks prior
to the tags ceasing transmission. Recent studies have shown
that Loango Bay is subject to intensive small-scale fishing
pressure (Metcalfe et al., ), and maritime vessel activity
linked to shipping and the offshore petrochemical sector
(Metcalfe et al., ). The findings of this study thus vali-
date calls to increase protection of nearshore habitats sur-
rounding Pointe Indienne as excessive bycatch in fisheries,
seismic surveys, oil pollution and coastal development can
lead to behavioural changes, exclusion from or damage to
critical habitats, and physical damage or mortality (Casale
& Heppell, ; Nelms et al., ; Duncan et al., ;
Wallace et al., ; Ylitalo et al., ). The site fidelity
shown by most tagged individuals also reinforces the
potential utility of implementing a marine protected area
in Loango Bay; even a moderate sized area of .–. km

( and % utilization distributions) would offer signifi-
cant protection to green turtles in high density foraging
areas (Broderick et al., ; Scott et al., ). In this case

FIG. 2 Green turtle habitat use
in Loango Bay. Proportion of
daily locations by: (a) seabed
depth, and (b) offshore
distance for the nine tagged
individuals (Table ). Boxplots
depict the th, th (median)
and th percentiles, with
mean value for each depth
and offshore distance class
represented by an asterisk.
Core areas of occupancy for
green turtles in Loango Bay:
(c) grid count of unique
number of turtles per hexagon,
(d) mean proportion of daily
locations derived from each
tagged individual, and
(e) kernel density estimate with
, ,  and % utilization
distributions, derived from
best daily locations at-sea.
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the density and fidelity is probably largely driven by the ex-
tensive use of macroalgal dominated rocky reefs, a geological
extension of Point Indienne into Loango Bay (Giresse et al.,
; Malounguila-Nganga et al., ), and so should form a
key component of any proposed marine protected area.

Although most of the tagged individuals remained with-
in the waters of the Republic of the Congo, satellite telemetry
data provided the first documented evidence of linkages
between discrete foraging grounds in Central and Southern
Africa, with one individual migrating south . km from
Loango Bay, Republic of the Congo, to Mussulo Bay, Angola,
a  km area that during –was documented to con-
tain extensive coral, algal and seagrass flats (Carr & Carr,
). Given that green turtles are important indicators of
habitat presence and condition (Scott et al., ; Hays
et al., ) these findings suggest that this area, c. 
years after its only documented survey, still contains re-
sources to host green turtles. Few data are available on the
abundance of green turtles in Mussulo Bay, but boat-based
surveys and interviews conducted by Carr & Carr () re-
vealed that although juvenile, subadult and adult green tur-
tles were present year-round (although there was seasonal
variation in numbers), nesting was rare. Given these insights
and the small sample size of our study it is important to in-
terpret these findings cautiously. There are, however, three
possible explanations for this movement. Firstly, given the
small size of the individual tracked (individual I: CCL 

cm; Table ) relative to nesting adult females in the Gulf
of Guinea (CCL: . ± SD . cm; Tomás et al., ) and
the fact that Loango Bay predominantly comprises macro-
algae, this behaviour could represent an ontogenetic shift
from juvenile to adult foraging grounds as Mussulo Bay
is dominated by seagrass and so may be more suited to
the dietary or energy requirements of larger animals. Sec-
ondly, given the departure date coincides with the end
of the nesting season (September–April; Godgenger et al.,
) this behaviour could be evidence of post-nesting
migration to adult foraging habitat in Angola, a behaviour
typically observed in green turtles, with individuals often
having high fidelity to specific foraging locations between
breeding seasons (Broderick et al., ; Garnier et al.,
). Thirdly, this individual may have been tagged follow-
ing migration from neritic developmental habitats else-
where in the Gulf of Guinea, such as Corisco Bay, Gabon
(given its proximity, c.  km), whilst on route to adult
foraging habitat in Angola. Genetic analyses could help by
providing detailed information of stock and natal origin
(Bowen & Karl, ) that could disentangle the connec-
tions that exist among this and other green turtle rookeries
and foraging grounds along the Atlantic coast of Africa
(Rees et al., ; Patrício et al., , and references therein).

Despite marine turtles having been legally protected in the
Republic of the Congo since  (Order No.  establishing
the animal species fully and partially protected by Law No.

/ //), the complex nature of the marine environ-
ment, and overlapping claims for space as well as political and
economic provisions (Metcalfe et al., ), mean that it is
extremely unlikely that the Congolese government will be
able to fully protect the entire range over whichmarine turtles
in our study were located. Nonetheless, significant efforts are
being made by the Congolese government to implement a
protected area in Loango Bay (Our Ocean, ), with a
stakeholder led planning process underway (Congo Marine,
). If successful this would complement existing efforts to
increase protection of marine turtle nesting beaches, inter-
nesting areas and foraging grounds in other range states
along the Central African coast (e.g. Gabon; Dawson et al.,
; Pikesley et al., ). Our findings will thus ensure
there is increased awareness regarding the location of core
areas and critical foraging habitats that should be protected
from deleterious activities such as fisheries and coastal de-
velopment. This is of particular concern given the high
incidence of marine turtle bycatch in artisanal fisheries in
Loango Bay (Girard et al., ). Finally, despite the small
sample size of this study, our findings have also provided
the first documented evidence of linkages between Loango
Bay and other poorly studied foraging grounds in the region,
exemplifying the need for further tracking, tagging and gen-
etic studies, and comprehensive strategies that span national
and international jurisdictions, if conservation efforts tar-
geted at marine turtles in this region are to be effective.
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