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Abstract

Four marine turtle species commonly nest along the Atlantic coast of Central Africa: leatherback (Dermochelys coriacea), olive
ridley (Lepidochelys olivacea), hawksbill (Eretmochelys intbricata) and green (Chelonia mydas) turtles. The most important regional
status assessment to date is reported in this study integrating data from 40 nesting sites from Cameroon to the Republic of
Congo. The description of marine turtle nesting seasons has been performed and annual nesting activity estimated for each
studied nesting site. Thus, we were able to present the spatial pattern of nest distribution throughout the studied nesting
beaches. Moreover, leatherback and olive ridley Central African stocks have been assessed and we show hereby their nesting
trend over these 8 years. Leatherbacks trend is decreasing in Gabonese coast while increasing in Congolese one. The pattern
is not understood and need more attention, as Gabon coast shares the highest worldwide aggregation for this species. Rid-
leys trend is decreasing in Congo and stable elsewhere in Central Africa. Finally, the necessity of a regional and international
framework for marine turtle conservation and future assessment priorities are discussed.

Keywords: Central Africa; Conservation; Dermochelys Coriacea; Lepidochelys Olivacea; Nest Distribution; Stocks Assessment;
Temporal Trend.

Introduction before a conclusion can be made about its status.

For several centuries, many factors such as exploitation and
diverse human activities have contributed to the worldwide decline
of marine turtle populations [13]. This general trend has been
reported for many populations around the world although some
of them appear locally stable (e.g. French Guiana in Girondot et
al. 2007 [19]) or increasing (e.g. US Virgin Islands in Dutton et
al. 2005 [10]). Therefore, it is impossible to generalize about the
status of marine turtles and each population must be analyzed
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Figure 1. General map of the Gulf of Guinea. All studied nesting areas are presented in gray and a zoom of each site is

available in Figures 2.
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leatherback nesting areas, such as the national parks of Pongara
and Mayumba in Gabon [14, 15] and the Conkouati-Douli
national park in the Republic of Congo [35].

Although there has been recent advances in research and
conservation of marine turtles along the Atlantic coast of Africa,
marine turtles status and population trends are still unknown [12].
Nevertheless, considering all threatening factors, the conservation
status of all marine turtles has been qualified as “unfavourable”
[6] without quantitative justification. IUCN statuses for the
marine turtles nesting in central Africa are: C. mydas (Endangered
A2bd ver 3.1), L. olivacea (Vulnerable A2bd ver 3.1), D. coriacea
(Vulnerable A2bd ver 3.1), E. imbricata (Critically Endangered
A2bd ver 3.1). However, these global statuses could mask local
differences. The aim of this study is to quantify the nesting level
for each marine turtle species in central Africa and to propose a
more rigorous status for these species. It will help to manage a
coherent conservation strategy by reducing the knowledge gap
regarding the region’s marine turtle populations.

This study is based on marine turtle nesting survey data for the
period 1999-2008 along the coast of four countries: Cameroon,
Gabon, the Republic of Congo, and Sao Tome and Principe. The
surveys include approximately 250 km of insular and continental
littoral. Survey duration ranges from 1 to 8 years depending on
the field constraints, which produced a large heterogeneity of data
(Table 1). We had previously developed a statistical model that
reveals the frequency of marine turtles nesting at nesting beaches
with high levels of nesting [20] and with low levels of nesting
[22]. For the purpose of this study, the nesting season model was
adapted for sites with various nesting levels, which is more typical
in the region being studied. The number of tracks left on the
beach by each species has been used as an index of the population
size [16] to define the trend of these population when sufficient
time series were available.

Seasonality and nesting season shapes have been defined for
four species nesting in Central Africa. We have identified nesting

activity at 36 Leather-back beaches, 36 Olive Ridley beaches, 17
green turtle beaches and 11 hawksbill beaches dispersed along
40 sites of the African Atlantic coast. As a conclusion, we show
the stability results for Leatherback and Olive Ridley nesting
number during the 1999-2008 period. The data for the greens
and hawksbills are insufficient to get a conclusion on their trend.

Material and Methods
Study area and local partners

The studied sites are located in Cameroon, Gabon, the Republic of
Congo and on the insular territories of Sao Tome and Principe, all
in Central Africa (see maps in Figures 1 and 2). The morphology
of the different nesting areas appears in constant evolution due
to important coastal dynamics with periods of sand deposition
and erosion. However at the timescale of this study, the nesting
sites can be considered as stable. Sand beaches and mangtroves
alternate along these coasts.

Sea turtle projects are under way in all of the above stated
countries. The different projects monitor sea turtle nesting activity
as well as other population studies and conservation activities (see
table 1 for a list of the organizations).

Cameroon has an Atlantic coastline of 402 km with a littoral rich
in estuary. Nesting site survey is done between Ebodjé and Kiribi,
which are located in the Campo Ma’an Technical Operational Unit
around the Campo Ma’an national park. Sio Tome and Principe
is composed of two main islands and around twenty smaller
ones of volcanic origin in the Malfras Archipelago. Sio Tome
and Principe is situated in the Gulf of Guinea on the equator
level. This archipelago is composed of 209 km of coast. Marine
turtle nesting beaches are monitored since the 2004-2005 nesting
season. The coast of Gabon spreads out over nearly 950km and
consists mainly of long sandy beaches and few rocky parts [31].
Congo Brazzaville is located in the South of Gabon and has a
short Atlantic coast of 170 km. PROTOMAC (Protection des
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Nesting sites in Cameroon, Congo, Gabon and Sio Tome and Principe.

Country Beach name Site name | Length Field Patrol
CAMEROON Mbendji Campo Ma’an 2 CERECOMA
Ebodjé Campo Ma’an 3 CERECOMA
Likodo Campo Ma’an CERECOMA
Ipenyendjé Campo Ma’an 2.5 CERECOMA
Békolobé Campo Ma’an 2.8 CERECOMA
CONGO Frontiere Cabinda 4.5 Renatura-Congo
Djéno 10 Renatura-Congo
Mvassa 10 Renatura-Congo
Bellelo 10 Renatura-Congo
Bas Kouilou Sud 8.9 Renatura-Congo
Tchissaou 10 Renatura-Congo
Vandji-Noumbi Conkouati 6 WCS-Conkouati
Conkouati-Vandji Conkouati 8 WCS-Conkouati
Mikounji-Conkouati Conkouati 13 WCS-Conkouati
GABON Frontiere-Tchidouka Mayumba 3.5 NYAMU / PROTOMAC
Tchidouka-Timbia Mayumba 9 NYAMU / PROTOMAC
Timbia-3 arbres Mayumba 4.5 NYAMU / PROTOMAC
3 arbres-Bame Mayumba 8.5 NYAMU / PROTOMAC
Bame-230 Mayumba 9 NYAMU / PROTOMAC
230-231 Mayumba 7 NYAMU / PROTOMAC
231-232 Mayumba 10 NYAMU / PROTOMAC
232-233 Mayumba 6 NYAMU / PROTOMAC
233-234 Mayumba 7 NYAMU / PROTOMAC
234-235 Mayumba 6 NYAMU / PROTOMAC
235-236 Mayumba 5 NYAMU / PROTOMAC
236-Tour Mayumba 5 NYAMU / PROTOMAC
Tour-Rochers Mayumba 5 NYAMU / PROTOMAC
Rochers-Banio Mayumba 11 NYAMU / PROTOMAC
Pont Dick-Terminal Gamba 5.75 WWE GAMBA / ACPE - Ibonga
PK1-PK5.3 Pongara 5 NYAMU / PROTOMAC
PK53-PK11.8 Pongara 8.72 NYAMU / PROTOMAC
PK 12.6 - PK 18.3 Pongara 3.94 NYAMU / PROTOMAC
PK 18.3 - PK 24.3 Pongara 7.99 NYAMU / PROTOMAC
SAO TOME Micolo North 3 MARAPA
Morro Peixe North 10 MARAPA
Praia Cabana South 3 MARAPA
Praia Jalé South 2 MARAPA
Santana-Messia Alves East 3 MARAPA
PRINCIPE Praia Grande East 2 MARAPA
Praia Sundy North 5 MARAPA

Tortues Marines d’Afrique Centrale) is a regional program based
in Libreville since 1997. This organisation coordinated the work
of all the organisations along the Central African territories.

Data series

Female tracks on beaches have been counted by morning patrols
and species have been identified by the appearance of tracks in the
sand. The data have been centralized in a database at the end of
each nesting season. Only new tracks from the night before have
been taken into account. The dates reported is the night where
the patrols begin. Most of these beaches are in remote place and
human activity does not perturb the detection of the tracks.

The coast of Cameroon hosts few but regular nests of leatherbacks
and olive ridleys. Nesting monitoring in Cameroon is performed

on daily basis on 15 km of adjacent beaches in front of the
villages of Békolobé, Ipenyendjé, Likodo, Ebodjé and Mbendji
(Figures 2a). This work was conducted from January to June in
the 2003-2004 nesting season, from July to May in the 2004-2005
nesting season, and from September to November in the 2006-
2007 nesting season. No data of nesting activity tracks is available
for the 2005-2006 nesting season due to financial difficulties.

Along the littoral of Principe, the nests of greens, hawksbills
and leatherbacks are regularly sighted. Sio Tome hosts the nest
of the four regional species [23]. Nesting surveys in Sao Tome
and Principe have been carried out since the 2004-2005 nesting
season along Praia Sundy and Praia Grande in Principe and five
sites in Sao Tome (Morro Peixe, Micolo, Praia Jalé, Santana, Praia
Cabana) (Figures 2e, 2f). In Sao Tome, nest counting field patrols
were carried out on a daily basis from August to May, covering

Girard A., Godgenger MC, et al., (2016) Marine Turtles Nesting Activity Assessment and Trend along the Central African Atlantic Coast for the Period of 1999-2008. Inz ] Marine Sci

Ocean Technol. 3(3), 21-32.

23




OPEN ACCESS

http://scidoc.org/IJMO.php

Figures 2. Map of Central African countries where the marine turtles nest surveys have been petformed. Each species nest
occurrence is represented by a different symbol: Dermochelys coriacea (cross), Lepidochelys olivacea (ring), Chelonia
mydas (square) and Eretmochelys imbricata (lozenge). The relative importance of nesting activity for each nesting site is

represented with the according thickness of the outlined symbol.

Figure 2(a). Map of Cameroon study area.
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Figure 2(b). Map of Gabon study area.
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Figure 2(c) Map of Mayumba in Gabon study area.
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Figure 2(

d) Map of the Republic of Congo study area.
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Figure 2(e). Map of Principe study area.
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Figure 2(f). Map of Sdo Tome study area.
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lengths of nesting season which varies depending on the site and
the species of concern. In Principe, beaches are patrolled during
the months of December and January.

Nests of four marine turtle species are sighted in Gabon with
important and regular sightings of leatherbacks and olive ridleys
and the occasional greens and hawksbills nests. Nesting activity in
Gabon takes place along 3 main sites (Figures 2b):

*  Gamba Complex of Protected Areas: this is a 5.75 km-
long beach situated near the airport of Gamba. The nesting
surveys have been conducted morning from November to
March since the 2002-2003 nesting season.

*  Mayumba national park: this is the most important regional
Leatherback nesting area. It is 95 km long and is divided in 14
sites (see list in Table 1, map in Figure 2¢). Monitoring is done
on a daily basis for nesting sites of interest and otherwise is
petformed on a weekly basis or each 15 days since the 1999-
2000 nesting season.

*  Pongara national park: this area of 25 km is divided in 4
parts: PK 1-PK 5.3; PK 5.3-PK 11.8; PK 12.6-PK 18.3 and
PK 18.3-24.3 (see list in Table 1).Field patrols have occurred
on a daily basis in the 2005-2006 nesting season.

Nesting of leatherbacks, olive ridleys and to a lesser extent greens
take place annually from September to April along the beaches
of the Republic of Congo [22]. Nesting surveys have taken place
from November to April on 2 beaches since the 2003-2004 nesting
season and on 4 more beaches since 2005-2006 nesting season
covering a total of 59 km dispersed along the littoral of Congo
(Figures 2d). In addition, the Conkouati-Douli national park has
been patrolled by RENATURA in the 2000-2001 nesting season.

Nesting season model

The nesting season has been modeled using a set of equations

based on Girondot (2010, 2015) [17, 21].

Let “7” being an ordinal date, the number of nests deposited per
night is modeled using the set of equations (1).

if +< B — MinB

if & [B, P-F/2] — (1 + cos(a(P-F/2-4/(P-F/2 - B)))/2) (Max
- MinB) + MinB

if te [P-F/2, P+F/2] - Max

if te [P+ F/2, E]-> (1 + cos(a(z- P+ F/2)/(E - P+ F/2)))/2)
(Max - MinE)+ MinES

if t> E — MinE - )

The model requires at most 7 parameters:

*  minB, the mean nightly nest number before the beginning of
the nesting season

*  minE, the mean nightly nest number after the end of the
nesting season

*  max, the mean number of nests at the peak of the nesting
season

* P, the Julian time at the peak of the nesting season

* B, the Julian date at the beginning of the nesting season

* E, the Julian date at the end of the nesting season

* I, the number of days where mean number of nests is
constant around the peak of the nesting season.

http:/ /scidoc.org/IJMO.php

Various constraints can be set up to simplify this model:
minB=minE, same number of nests out the nesting season

minB and/ot minE # 0 (eg. 10?), no nests out of the nesting season
P-B=E-P, nesting season is symmetric around P

F=0, no flat portion around peak

The simplest model uses 4 parameters, (P, P-B=E-P=cst, F=0,
max, minB=minE=107).

The nesting season is defined as the interval [B, E]. Note that
it is not exactly the same definition as in Girondot et al. (2006)
[20], which considers the range of time where more than 5% of
the mean number of nests at the peak of the nesting season are
observed.

In the use of this model, the #/n parameters, which describes the
daily number of nests outside the nesting season, is fixed to 0
as no nest is observed during half of the year (Girard, personal
observation).

Some nesting surveys have only partially covered the nesting
seasons and the correct date for the beginning, peak or/and end
of the nesting season dates were not possible to be determined.
In these cases, the average of the other nesting season fitted dates
has been used.

Error distribution and parameter estimation

The parameters have been fitted using maximum likelihood
statistical methodology. In short the parameter values that
maximizes the likelihood of observations in the model are
searched for using a non-linear fitting algorithm [28, 29]. A negative
binomial model will be used as the underlying distribution for
nest numbers of a particular night. The popularity of the negative
binomial distribution is due largely to its ability to model count
data with varying degrees of over dispersion (i.e. with sample
variance exceeding the mean) [32]. The distribution is commonly
expressed in terms of the mean m and dispersion parameter £
such that the probability of observing a non-negative integer x is
(equation 2):

Model selection

Model selection was performed using the Akaike Information
Criterion [2]. This is a ranking measure that takes into account the
quality of the model fit comparing it to the data while penalizing
the number of used parameters:

AIC=-2InL+2M

Where L corresponds to maximum likelihood, and M to the
number of parameters. Models with the lowest values of AIC
i Was calculated
as the difference in value of AIC between a particular model and
the one with the lowest AIC. Akaike weights (w=exp(-A  /2)

normalized to 1) were used to evaluate the relative support

were retained as good candidate models and A

of various tested models [9]. Akaike weights can be directly
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interpreted as conditional probabilities for each model. Ideally,
the model with the lowest AIC was kept for further testing, When
two or more models possessed similar Akaike weights, the model
with the lowest number of parameters was selected. When several
of these models had the same number of parameters, the model
with the lowest AIC among them was selected.

Standard error on parameters and nest numbers

An inverse of the Fisherian matrix is used to estimate the
variance of parameters. Standard error of parameter i (ES) is
then obtained by taking the square root of the variance and the
confidence interval at 95% by X. £ 1.96 ES_ The total number of
nests expected for each nesting season and nesting site has been
calculated summing the observed number of nests laid per night
when available with the estimated ones.

Estimation of parameters of exponential growth

An exponential growth was used to describe annual nest number
time series along African nesting sites.

N(t)= Ny -€"

The annual nest numbers have been estimated using maximum-
likelihood and are therefore asymptotically normally-distributed
[11]. Growth parameters are adjusted also by the maximum
likelihood method. Standard deviation was modelled using two
additive components: error on annual estimation and an adjusted
component describing inter annual fluctuation. Error on r and
N, parameters are estimated by the inverse of Fisher matrix
calculated at maximum of likelihood [1]. The instantaneous
growth rate of the exponential growth model has been fitted with
maximum likelihood method firstly at the Central African scale
and then at a country scale.

Statistical analyses have been done in R 3.3 using phenology
packages version 5.1.1 [18].

Results
Nesting season fit

Model selection for year and county effect:1n order to perform
an appropriate model describing nesting seasons in Central
Africa, predominance between the country and the year effects
on nesting season occurrence has been determined. Due to a rich
Leatherback database at our disposal, tests have been performed
on this species on 2 beaches in Congo, 3 in the South and 3 in the
North of Gabon. Four models have been implemented and their
AIC were compared:

1. A country and yearly-based model with beach and year-specific
max and £ values,

2. A country-based model with country-specific zax and £ values,
3. A yeatly-based model with year-specific max and £ values,

4. A model with the same shape for all the years and countries.

A specific nesting season shape for each beach and each nesting
season is selected among the 4 tested models (AIC=15069.50).
Nonetheless, this model cannot be applied to all the nesting

http:/ /scidoc.org/IJMO.php

seasons at our disposal because data for some nesting beach/
species or year are too sparse. The second model is the order is the
yearly-based model (AIC=15114.07). The country-based model
(AIC=15407.26) and the model with the same shape for all nesting
seasons and nesting sites perform the worst (AIC=15559.22).

So a yearly-based nesting season model will be used for the rest
of the fitting procedure. Under these conditions, the lack of
information for some nesting seasons is filled. Thus, a single
shape for all nesting sites is implemented with B, P and E values
equal for all nesting sites but different for each year. Only the
k and max parameters are set beach-specific. The min parameter
was always fixed to 0 because no nest is observed outside of the
nesting season.

There is no sufficient nesting season information for the three
others species to test the importance of the country and year
effects on nesting season shape. Thus, a yearly-based model has
been implemented for nesting season description for all others
species.

For each species, we propose an approximate estimation of
annual nesting activity in all the studied nesting sites during the
1999-2008 period. Two levels of second order errors are reported
here. One measures the natural interannual variability of nesting
activity and the other is the consequence of the estimation of
missing data using the model of the nesting season. We report
here the mean number of nests for each species and countries
as well as the min and max confidence interval at 95% for all the
years considered.

Dermochelys coriacea: The beginning of the nesting season
of leathetback for the 2001-2002 and 2004-2005 seasons and
the peak of the leatherback 2001-2002 nesting season cannot be
fitted. So, these parameters have not been fitted and the average
of the other estimated nesting season dates have been used.
Dates for the leatherback nesting season have been fitted for each
year and are shown in Figures 4. Leatherback nesting season is
spread over 7 months and occurs mainly from the last week of
September to the first week of May with a peak in the beginning
of November. On average, 34,568 leatherback nests per year are
likely to be laid on Gabonese studied beaches (95%CI: 10,905-
76,378), 933 on Congolese studied beaches (95% CI: 614-1270),
43 (95% CI: 15-177) in Cameroon, and 78 (95% CI: 54-146) in
Sio Tome and Principe.

Lepidochelys olivacea: Field patrols were only carried out
during the beginning and the peak of the Lepidochelys olivacea
2003-2004 and 2004-2005 seasons. Thus, the average of the fitted
values for beginning and peak dates of these two seasons have
been used for all nesting seasons with a gap for this data. Dates
of Olive Ridley nesting season have been fitted for each year and
are shown in Figures 4a. Olive Ridley nesting season is spread
over 4 months and occurs mainly from the last week of July to
the last week of February with a peak in the end of October. On
average, approximately 3,118 (95% CI: 293-11,071) olive ridley
nests per year are likely to be laid on Gabonese studied beaches,
917 (95% CI: 502-1683) on Congolese studied beaches, 289 (95%
CI: 124-428) in Cameroon and 1,015 (95% CI: 700-1356) in Sio
Tome and Principe.

Chelonia mydas: Only during the 2005-2006 nesting season,
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have field patrols been carried out at the beginning and at the
peak of the Chelonia mydas nesting season. Thus, the fitted values
of beginning and peak dates of this nesting season have been
used for all nesting seasons with gap for this data. Dates of green
turtle nesting season for each year have been fitted and are shown
in Figure 3b. Green turtle nesting season is spread over 7 months
and occurs mainly from mid August to the last week of March
with a peak in the end of December. On average, approximately
57 (95% CI=28-141) green turtle nests per year are likely to be laid
on Gabonese studied beaches, 16 (95% CI: 13-22) on Congolese
studied beaches, and 649 (95% CI: 366-991) in Sdo Tome and
Principe.

Eretmochelys imbricata: Only during the 2005-2006 nesting
season, have field patrols been carried out at the beginning and
peak of the Eretmochelys imbricata nesting season. Thus, the fitted
values of beginning and peak dates of this season have been used
to fit 2003-2004 nesting season with gap on this data. Dates of
hawksbill nesting season have been fitted for each year and are
shown in Figute 3/b. Hawksbill nesting season is spread over 5
months and occurs mainly from the last week of October to the
last week of March with a peak in the end of November. Nesting
peak appears very early. Actually, it occurs only one month after
the beginning of the nesting season. On average, approximately7
(95% CI: 6-53) hawksbill nests per year are likely to be laid on
Gabonese studied beaches and 152 (95% CI: 114-206) in Sio
Tome and Principe studied beaches.

Trend analysis

Analysis of leatherback and olive ridley nesting time series has
allowed us to define their trend over the 1999-2008 period.
However, the database for the hawksbills and greens are not large
enough time to perform this analysis.

Dermochelys coriacea: Growth rate fitted at a regional scale is
negative -0.03 but the confidence interval is between -0.10 and
+0.04. Given this confidence interval, the Leatherback nesting
has been stable in Central Aftrica over the past 8 years (Figure 4).

The leatherback nesting appears contrasted among Central
African countries with a positive growth rate of 0.16 (95%
confidence interval between 0.12 and 0.19) in the Republic of
Congo in concordance to our precedent conclusion (22) and a
negative growth rate in Gabon of -0.21 (95% confidence interval
between -0.19 and -0.23). The growth rate of Leatherback nesting
in Principe cannot be estimated due to the poor information for
this species on this site. Model with the same growth rate fitted
for Principe and Gabon populations or for Principe and Congo
populations are similar (AIC 677.18 vs. 678.08).

Lepidochelys olivacea: Growth rate fitted at a regional scale is
null 0.00 (95% confidence interval between -0.19 and +0.19). The
olive ridley nesting has then been stable in Central Africa over the
past 8 years (Figure 4).

The olive ridley nesting could also be contrasted among Central
African countries with a negative growth rate in the Republic
of Congo (-0.12) in concordance to our precedent conclusion
(22) and positive growth rate in Gabon (0.04) and Cameroon
(0.45). However, in all these cases the 95% confidence intervals
for growth rate encompass 0 and therefore stability cannot be
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rejected (95% confidence interval for Congo between -0.40 and
0.14, for Gabon between -0.17 and 0.25 and Cameroon between
-0.69 and 1.60).

Spatial pattern of nest distribution in Central Africa

A comparison of the leatherback and olive ridley nesting activities
along the Atlantic coast of Central Africa was made using the N, -
value detived from the trend analysis (Figutre 5). The use of N

values rather than actual counts permits to have a comparalz)(f;
index of nesting activity among beaches with different level of
surveys. Quantitative importance of leatherback and olive ridley
nesting activities is reported as annual nest number per km in maps
of Figures 2. A qualitative comparison of green and hawksbill
nesting activities along the Atlantic coast of Central Africa has

been done and is also reported in Figures 2.

The leatherback nesting activity in the Gulf of Guinea appears
to be the most important in comparison with the other species.
Its nest is concentrated along Gabonese nesting sites. Nest
level estimations confirm Gabon as one of the worlds’ largest
leatherback rookeries [41]. The leatherback nesting hotspots are
mainly situated on Mayumba beaches [mean number of tracks
per year=27,621 (95% CI: 4,488-70,243)] followed by the Pongara
national park [mean number of tracks per year=6,983 (95% CI:
6,525-7,440)] and the Gamba Complex [mean number of tracks
per year=775 (95% CI: 14-1,650)] (Figure 2). These estimates
are concordant with a complete aerial survey of Gabonese coast
which yields between 36,185 and 126,480 nests per year according
to the nesting season [41].

The olive ridley nesting activity is spread over the whole Central
African coast with a preference for Gamba, Northern Sao Tome,
Congo-Gabon and Congo-Angola border beaches (Figure 2).

The largest Central African green turtle rookeries seem to be
situated on Sdo Tome and Principe. Small nesting populations
are registered on Gabonese (Pongara, Mayumba) and Congolese
(Conkouati-Douli national park) beaches (Figure 2).

The hawksbill nesting activity occurs mostly on Sdo Tome and
Principe, with the most important nesting populations registered
on the Eastern Sio Tome beaches. An occasional nesting
population is noted in Pongara and Gamba sites (95% confidence
interval: 4-11.8 nests per year) (Figure 2).

Discussion

Sea turtle nesting activity in the Gulf of Guinea has been
quantified and its distribution identified. Leatherback nests appear
centred on Gabonese nesting beaches such as Gamba, Pongara
and mostly Mayumba. Olive ridley nests are more dispersed
along Central Africa, spreading throughout Gabon, Congo, Sido
Tome and Cameroon with an important Congo-Gabon border
concentration. Sio Tome and Principe appear as the largest
hawksbill and green turtle rookeries of the Central African coast.
Due to information shortage on these last two species, analysis
of their nesting activity spatial distribution can’t be precisely
performed.

Marine turtle population surveys are still recent in Central Africa
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Figure 3(a). Nesting season occurrences of Dermochelys coriacea (black line) and Lepidochelys olivacea (gteen line) from
the 1999-2000 to the 2002-2003 nesting seasons.
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Figure 3(b). Nesting season occurrences of Dermochelys coriacea (black line), Lepidochelys olivacea (green line), Chelo-
nia mydas (blue line) and Eretmochelys imbricata (red line) from the 2003-2004 to the 2007-2008 nesting seasons.
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and the knowledge on the population reproductive parameters
such as remigration interval and clutch frequency has to be
expanded. A reliable female population size estimation based
on annual nest numbers is thus not yet possible. Nevertheless,
we estimate that around 35,000 annual nests of leatherback are
deposited along the studied Central African sites. The olive ridley
nesting activity along the Atlantic coast of Central Africa is mainly
estimated to 5,000 annual nests. Both green turtle and hawksbill
nesting activity seem inferior to 1,000 annual nests.

According to the mathematical adjustment of the last 8 nesting
seasons, nesting season occurrence appears year-dependent and
a weak geographic-dependence, at least at a country scale, is also
observed. Moreover, a leatherback nesting activity synchrony has
been shown in geographically distant sites as demonstrated with
common low 2003-2004 and 2004-2005 nesting activities. This
large scale phenomenon also known as the Moran effect [25, 34]
has been observed along a major part of Central Africa nesting
sites. Female exchanges across Central African nesting sites have
been observed [42]. The above states 3 key observations: the weak
country effect, the Moran effect and the inter-country female

exchanges clearly imply that the spatial scale for any marine turtle
study is at least the Central Africa scale. Thus, having defined
the most appropriate work scale to be used from now forth,
conservation actions should be set up globally for the region.

Central African leatherback and olive ridley nesting populations
have been identified as stable over the past 8 years. Nevertheless
their trends appear contrasted among the diverse countries
included in the study at least for leatherbacks. The highest
aggregation is observed in Gabonese coast and it shows the
highest rate of decline. A contratio, Congolese nests are increasing
but their modest level compared to Gabonese ones does not plaid
for a change of nesting site of leatherbacks. Heterogeneous threat
levels and/or conservation programs effectiveness along theit
different habitats can thus be assumed. Marine turtles migrate
widely across international waters and transatlantic migrations by
nesting female leatherbacks are now known [7]. Feeding areas of
the Central African nesting populations have to be identified to
ensure an integral population protection strategy [37].

Some major threats affect sea turtles along the Atlantic coast of
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Figure 4. Leatherback and Olive Ridley nesting trends in Central Africafor the 1999-2007period. The figure represents the

trend for a fictitious population for which N,
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Africa. They consist of direct exploitation, such as intentional
and incidental capture, as well as indirect threats like habitat
destruction by human activities. In conjunction with current
conservation activities, research on Central African population
dynamics and threat factors is necessary in order to identify
conservation priorities and set up new key actions.

Due to important marine resources offered by the region, a large
part of incidental turtle catches done by international commercial
fisheries occurs in the Gulf of Guinea waters. The major threat
comes from East Asian fisheries which are particularly active
in the region between Ghana and Gabon [12]. This leads to a
large number of sea turtle captures with an important impact
on Southern Gabon and Northern Congo Olive Ridley and
Leatherback populations [33]. It appears important to quantify
marine turtle by-catch by efficient methods such as the presence
of on-board observers on the fisheries [24]. Today more than 50
different observer programs are operating in the world oceans
with a new one recently started in Ghana by NOAA scientists (4).
This information will allow for the identification of areas with

high fishery pressure.

The Gulf of Guineais the focus of extensive and rapidly increasing
oil exploitation in areas that also hosts important sea turtle habitats
(Corisco Bay, Sio Tome). This activity is associated with pollution
and habitat destruction which has not been characterized [12].
Nesting female disorientation by artificial lighting is also a source
of threats [8]. Moreover, forest exploitation represents one of the
main sources of income in the region but timber lost at sea, and
later washed onshore occurs frequently. This phenomenon has
been reported on the Gamba Complex beaches and is presumed
to be the most important in the Northern Gabon and on the
Equatorial Guinea coasts [30]. It could causes injuries or death
by dehydration to nesting females but exact quantification of this
threat is still missing. Future research should better characterize
oil and timber impact on marine turtles populations and their
habitats and determinate action priorities if necessary.

Central African green and hawksbill population stocks and status
are still unknown. Nesting beach monitoring has to continue to
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provide valuable information on the status of all marine turtle
species in the region. It is recommended to plan beach surveys
covering the whole nesting seasons of the four species, from
August to May. An annual strategy represents an opportunity to
generate a sustainable local collaboration. Moreover, it can be
coupled with an annual dissuasion and education work in order to
reduce poaching. Despite the establishment of full or partial sea
turtle legal protections, local use of marine turtle meat and eggs
are still widespread. Two kinds of poaching can be differentiated.
One represents a way to procure a primary source of protein |5,
38, 40] and the other is dedicated to commercial activity. Large
towns have proved to create high pressure hunting areas |3].

This last decade, a large panel of sea turtle conservation initiatives
has been established in Aftica [12]. Due to their political stability,
some Central African countries (Sdo Tome and Principe, Gabon)
attempt to develop ecotourism activities [39]. Furthermore, a
public awareness campaign conducted for foreigner tourists have
led to a reduction of the shell trade in Sdo Tome and Principe.
Another successful example is the communication operation
conducted to fishermen from some villages in the Republic of
Congo. Unfortunately, financial support represents often a major
constrain restricting the set-up and continuity of some efficient
initiatives. It remains essential to develop and support successful
conservation initiatives taking into account local economic and
socio-cultural contexts.

We have to remind that all threatening factors encountered in the
Gulf of Guinea have a great impact on the survival of marine
turtle populations sharing feeding areas in the Gulf of Guinea.
Leatherback and olive ridley trends appear promising but have
to be taken with caution considering the uncertainty on Central
African marine turtle populations. Indeed, the duration of each
time series affects the precision of the estimated trend and so
surveys have to be prolonged to get most accurate and reliable
assessments. Although it is possible to derive total seasonal
nesting effort from parsimonious counts at ground monitoring
locations [26, 27, 36] or even from aerial survey [41], it is
important to recall that field patrols by local teams are also a way
to finance local communities. Using few aerial surveys during a
nesting season and mathematical modeling, it is possible to get
a precise estimate of the nesting activity. But the financial input
to the local communities will end and they could turn again to
exploit marine turtles. Furthermore, the power to detect change
in seasonality is low when less than 10 aerial surveys are done per
year as proposed by Witt at al. (2009) [41]. It will leave us without
a thorough knowledge of the inter-annual change in spatial
distribution of nesting and its temporal variability. In the context
of global change, this picture could be missing to understand
change of spatial distribution for nesting marine turtles. Such a
situation has been the reason of the erroneous claim of declining
in French Guianan leatherbacks in the 90’ [19].

We are facing a key point for marine turtle conservation along
the Central African Atlantic coast. We have now first estimates of
stock levels for marine turtles. Measutes have to be considered to
maintain the hereby-detected stock stability. Local initiatives must
then focalize on threats prioritized by their quantified impact.
However such quantification is still missing for marine turtles in
Central Africa. Conservation must be based on precise objectives
defined after scientific analyses rather than on longstanding
practice.
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