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Sex ratio, size structure and morphometrics
of turtle populations from Togo, West Africa

(Testudines: Testudinidae, Pelomedusidae)
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(Testudines: Testudinidae, Pelomedusidae)
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KURZFASSUNG

Studien grundlegender populationsbiologischer Aspekte wie Geschlechterverhiltnis und Grofien- bzw.
Altersaufbau sind wesentliche Voraussetzung bei der Erarbeitung von Schutzprogrammen gefahrdeter Arten. Aller-
dings sind nur wenige derartige Arbeiten verfiigbar, was afrikanische Land- und SiiBwasserschildkréten betrifft.
Die Autoren untersuchten das Geschlechterverhaltnis, und den GréBen- bzw. Altersaufbau bei Populationen von
Kinixys homeana BELL, 1827, Pelomedusa cf. subrufa (BONNATERRE, 1789) [wahrscheinlich P. variabilis PETZOLD
etal., 2014 oder P. olivacea (SCHWEIGGER, 1812)] und Pelusios castaneus (SCHWEIGGER, 1812) und berichten zuge-
horige morphometrische Daten (Panzermalie, Korpermasse). Die untersuchten Populationen waren untereinander
ahnlich, was das Geschlechterverhéltnis (nahe 1:1) und den geschlechtsbedingten Groenunterschied (nicht signi-
fikant) betrifft, unterschieden sich aber auffillig in ihrem GroBen- bzw. Altersaufbau. In den Populationen von K.
homeana waren weder Jungtiere noch Erwachsene von voller Grofie festzustellen. Im Gegensatz dazu wiesen die
Populationen der beiden aquatischen Schildkrétenarten betrachtliche Anteile an Jungtieren und Subadulten auf.
Diese GroBenverteilungen werden als zahlenmaBiger Riickgang in den Populationen von K. siomeana und als arter-
haltende Vermehrungsrate bei den zwei Pelomedusenarten interpretiert.

ABSTRACT

Studies on the basic aspects of population biology, including, e.g., sex ratio and size or age structure, are
important for designating management programs for threatened species. Nonetheless, very few studies of this type
are available as for the African tortoises and turtles. The authors studied sex ratio and size structure of Togolese
populations of Kinixys homeana BELL, 1827, Pelomedusa cf. subrufa (BONNATERRE, 1789) [probably P. variabilis
PETZOLD et al., 2014, or P. olivacea (SCHWEIGGER, 1812)], and Pelusios castaneus (SCHWEIGGER, 1812), and report
corresponding morphometric data (shell measurements, body mass). All the studied populations were similar in
terms of both sex ratio (close to 1:1) and sexual size dimorphism (not significant), but differed remarkably as for
their overall size structure. Kinixys homeana showed a population profile in which neither juveniles nor full-grown
adults were observed. In contrast, the population profiles of the two aquatic species revealed a considerable pro-
portion of juveniles and subadults. These patterns are interpreted as a signal of decline for the population of K.
homeana and sustaining populations as for the two aquatic Pelomedusidae.
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INTRODUCTION

Documenting basic aspects of popula-
tion biology may be important for under-
standing population trajectories and even
designing accurate management plans for
the conservation of target species (e.g.,
BiorNDAL 1982; STuBBS et al. 1985). In
chelonians, the presence of numerous juve-

niles along with few very old individuals
has been interpreted as a signal of increas-
ing population size or of a population that
has not suffered any recent catastrophes
(FiLiepr et al. 2010), whereas the opposite is
not correct due to methodological problems
of detecting juveniles (see e.g., PIKE et al.
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2008). Moreover, STUBBS et al. (1985) and
HAILEY (2000) showed that catastrophic
events (such as fires) negatively affected
juveniles much more than adults.

Concerning African tropical chelonian
species, there are just very few studies doc-
umenting even basic aspects of population
biology of single populations, and this
scarcity of data may be detrimental to con-
servation actions, especially if we take into
account that African turtles and tortoises are
seriously threatened at a continental-wide
scale (LuiseLLi 2009; BowmsBl et al. 2012,
2013).

In this paper, the authors present field
data on some aspects of the population biol-
ogy of a few chelonian species from two
major vegetation zones of the Guinean for-
est-savannah mosaic, of Togo (West Africa).
Although data on five species belonging to
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Fig. 1: Map of Togo, showing the position of the
study areas. EZ1- EZ V - Ecozones I-V (ERN 1979).
1 - Sokodé¢, 2 - Badou, 3 - Togoville.

Abb. 1: Karte von Togo mit der Lage der Unter-
suchungsgebiete. EZ1- EZ V - Okozonen I-V
(ErN 1979). 1 - Sokodé, 2 - Badou, 3 - Togoville.

the genera Kinixys (Testudinindae), Pelusi-
os, Pelomedusa (Pelomedusidae) and Cyc-
lanorbis (Trionychidae) were collected,
focus was put on three species from which
the most data was recorded, i.e., Kinixys ho-
meana BELL, 1827, Pelomedusa cf. subrufa
(BONNATERRE, 1789) [probably Pelomedusa
variabilis PETZOLD, VARGAS-RAMIREZ, KEHL-
MAIER, VAMBERGER, BRANCH, DU PREEZ,
HOFMEYR, SCHLEICHER, SIROKY & FRITZ,
2014, or Pelomedusa olivacea (SCHWEIG-
GER, 1812)], and Pelusios castaneus
(SCHWEIGGER, 1812). The taxonomic status
of Togolese Pelomedusa is still uncertain.
Pelomedusa variabilis was described on the
basis of specimens from neighboring Ghana
and Ivory Coast and Pelomedusa “lineage
11" [olivacea] sensu PETZOLD et al. (2014)
from adjacent Benin and Burkina Faso. The
authors refrain from assigning the reported
Pelomedusa turtles to one of those species
and will use the name Pelomedusa cf. sub-
rufa. However, the short linear distance of
the south Togolese (Badon Akapé) speci-
mens to P. variabilis from Ghana as well as
that both share the same ecoregion speaks in
favor of the latter species.

MATERIALS AND METHODS

Study areas and species.- Che-
lonian populations from the following local-
ities were studied: Badou (Atakpamé) for the
Kinixys species homeana, erosa (SCHWEIG-
GER, 1812), nogueyi (LATASTE, 1886), and
Pelomedusa cf. subrufa; Togoville for Pe-
lusios castaneus; and Sokodé for Cyclanor-
bis senegalensis (DUMERIL & BIBRON, 1835)
(Fig. 1).

Badou (village of Atakpamé) (2 in
Fig. 1) is situated in the south-western por-
tion of Togo, in the ecological zone IV (for-
est) situated in the southern section of the
Togo hills. In the south (Ecological Zone
IV, Kloto area i.e., Kuma Tomegbe,
Kpadape, Kametonou, Hanyigba), several
forest ecosystems are distinguished. There
are Celtis and Terminalia superba forest
ecosystems at the mountain flanks and the
Meliaceae and Moraceae forest ecosystems
with Parinaria excelsa, P. glabra and Poly-
scias fulva in the top regions. At present,
the underbrush of these semi-deciduous
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forests is often replaced by coffee and cocoa TID
farms. The forest islets and the underbrush ) §§
are dominated by Piper umbellatum, Dicra- $82
nolepis grandiflora, Lea guineensis, Roth- 8 g%
mania longiflora, Pteris togoensis, etc. a8
Under human pressure (i.e., expansion of Sg8
farmland due to increasing population size), - 3
these forests are currently being trans- B
formed into a continuous grassland savan-

nah-like vegetation type that is easily con- T
sumed by bush fire. PSE | X

Togoville (3 in Fig. 1) is characterized GEAS
by an extended marshy area situated around 3oz
Lake Togo. The habitats surrounding the
wetlands are mostly degraded and comprise _
coastal forest on coastal sand and alluvial STk | x
deposits. =32 &

The Sokodé area (1 in Fig. 1) includes 222 |8
the northern part of the Mono River and L2
extends between the towns of Sokodé and
Tchamba, in the Central region of the coun- RS
try. Cyclanorbis senegalensis lives in the
Alibi local community forest and in the
Abdoulye Reserve from which the speci- Nt
mens of this study were captured. The habi- P
tat is chiefly constituted by gallery forest, eSS
with Cola gigantea, Uapaca togoensis, and 232
Mellittia thonningii as principal species.

Protocol.- Terrestrial, tortoises (K. IR
nogueyi, K. homeana and K. erosa) were STE |
captured by hand during random visual =333 @
encounter surveys (VES) and using pitfall S22 |7
traps. Local guides (who were hunters in ==
some cases) escorted the authors when
walking along random transects in the for- P
est, took the authors to good sites for find- awe
ing turtles and helped in collecting the ani-
mals. In the forest, leaves under the trees el
and deadwood trunks were moved to en- [ .
hance the probability of finding these elu- o 3
sive tortoises. Turtles caught were weighed, =283 |2
sexed and measured. To avoid multiple data S e
logging, animals were marked by notching coo |2
marginals of their carapaces. More speci- §§§ =
mens were provided by hunters working for
different reptile farms in Lomé. The field
surveys of forested areas were conducted in ST
March, July and October, 2013, and also -og s
included the localities of Gbowle and SRS |2
Atchankeli, in Togodo North National Park. LR e

The aquatic turtle species were col- Luig
lected opportunistically by the authors and PP Z
through the help of local fishermen and the s
advice of Jean Apedo, a very experienced
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Fig. 2: Relationships between carapace length and plastron length (left) and between carapace length
and carapace width (right) in Togolese Kinixys homeana BELL, 1827 (n = 20).
Full symbols - males, empty symbols - females.

ADbb. 2: Die Beziehung von Karapaxlange und Plastronldnge (links) sowie Karapaxlange und Plastronbreite

(rechts) bei Kinixys homeana BELL, 1827 aus Togo (n = 20).
Volle Symbole - Ménnchen, leere Symbole - Weibchen.
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Fig. 4: Frequency distribution of the carapace lengths in 28 male (left) and 43 female (right)
Togolese Pelomedusa cf. subrufa (BONNATERRE, 1789) .

Abb. 4: Haufigkeitsverteilung der Karapaxlangen bei 28 Ménnchen (links) und 43 Weibchen (rechts)
von Pelomedusa cf. subrufa (BONNATERRE, 1789) aus Togo.
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Fig. 3: Frequency distribution of the carapace lengths in 10 male (left) and 10 female (right)
Togolese Kinixys homeana BELL, 1827.
Abb. 3: Haufigkeitsverteilung der Karapaxlangen bei 10 Méannchen (links) und 10 Weibchen (rechts)
von Kinixys homeana BELL, 1827 aus Togo.
5 7
P — —
4 ——
s |
)
P 3 =]
5 .
= 3
= -
2 B
ooy 2
-
17 Std. Dev=2.03 Sx2 Dee L1
Mean= 11.91 ! [ N=43
N=28.00
0 0
9.00 10.00 11.00 12.00 13.00 14.00 15.00 8.50 9.50 1050 11.50 12.50 13.50  14.50
9.00 10.00 11.00 12.00 13.00 14.00



Population biology of Togolese chelonians

33

Plastron length (cm)

Frequency

Plastron length (cm)

10

20

30

Carapace width (cm)

Carapace length (cm)

Carapace length (cm)

Fig. 5: Relationships between carapace length and plastron length (left) and between carapace length
and carapace width (right) in a Togolese population of Pelomedusa cf. subrufa (BONNATERRE, 1789) (n = 77).
Full squares - males, empty squares - females, full circles - unsexed juveniles.

Abb. 5: Die Beziehungen von Karapaxlange und Plastronlidnge (links) sowie Karapaxldnge und Plastronbreite
(rechts) bei Pelomedusa cf. subrufa (BONNATERRE, 1789) aus Togo (n = 77).
Volle Quadrate - Méannchen, leere Quadrate - Weibchen, volle Kreise - Jungtiere ohne Geschlechtsangabe.
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Fig. 6: Frequency distribution of the carapace lengths in 34 male (left) and 46 female (right)
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Togolese Pelusios castaneus (SCHWEIGGER, 1812).

Abb. 6: Hiufigkeitsverteilung der Karapaxlédngen bei 34 Méannchen (links)
und 46 Weibchen (rechts) von Pelusios castaneus (SCHWEIGGER, 1812) aus Togo.
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Fig. 7: Relationships between carapace length and plastron length (left) and between carapace length
and carapace width (right) in a Togolese population of Pelusios castaneus (SCHWEIGGER, 1812) (n = 80).
Full symbols - males, empty symbols - females.

Abb. 7: Die Beziehung von Karapaxlinge und Plastronldnge (links) sowie Karapaxlange und Plastronbreite
(rechts) bei Pelusios castaneus (SCHWEIGGER, 1812) aus Togo (n = 80).
Volle Symbole - Ménnchen, leere Symbole - Weibchen.
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reptile catcher. Many Cyclanorbis senega-
lensis were examined during field surveys
along the rivers Oti and Mono in May, 2010,
and from February to June, 2013. Fisher-
men in Mango, Komongou and Naboulgou
provided several specimens as well.

Turtle and tortoise individuals were
measured with regard to curved carapace
length, width, and plastron length, with a
tape measure (precision to 1 mm).

Statistical analyses.- All tests
were two-tailed, with alpha set at 0.05 and
performed using SPSS version 11.0 soft-
ware. Sex ratio within populations was
analyzed with the help of y? tests; mean
body size differences between males and
females by Student t-test, and the linear
relationship between two morphometric
variables by Pearson’s correlation coeffi-
cient.

RESULTS

Kinixys homeana BELL, 1827.-
The small sample of this rare tortoise con-
sisted of 20 individuals, 10 males and 10
females (balanced sex ratio 1:1). No new-
born or very young individuals were ob-
served, only two individuals (females) were
classified subadult (carapace lengths 16.8
cm and 18.1 cm). Males and females did
not differ in terms of the ratios carapace
length to plastron length and carapace
length to width (Table 1, Fig. 2). Mean
carapace length was 22.32 cm (SD = 2.54),
with the males being longer than females
(Fig. 3). However, this difference in mean

Fig. 8: Pelomedusa cf. subrufa (BONNATERRE, 1789)
of the study area in Togo.

Abb. 8: Pelomedusa cf. subrufa (BONNATERRE, 1789)
des Untersuchungsgebietes in Togo.

size was due to two subadult females,
whereas no subadult males were observed.
Males and females attained similar body
size (largest male: 25.1 cm, and largest
female: 25.8 cm). The body mass averaged
756.2 g (SD 203.1 g, range 400 g -1000 g,
median 800 g).

Pelomedusa cf. subrufa (BoN-
NATERRE, 1789) (Fig. 8).- The sample con-
sisted of 77 adult and juvenile individuals,
including 28 males, 43 females, and 6
unsexed juveniles. Sex ratio (0.65:1) was
not significantly skewed from equality (y2=
3.17,df=1, p=0.075). Males and females
did not differ significantly in terms of cara-
pace length (t = 0.459, df = 69, p = 0.647);
their body size distributions are presented in
Fig. 4. Maximum body size was slightly
larger in males (15.6 cm carapace length)
than in females (14.3 cm). There was a
large number of juveniles in the sample
studied, with 29.9 % of the individuals
measuring less than 10 cm in carapace
length. Males and females did not differ in
terms of the ratios carapace length to plas-
tron length and carapace length to width
(Table 1, Fig. 5).

Pelusios castaneus (SCHWEIG-
GER, 1812).- Eighty adult and juvenile
individuals were analyzed, including 34
males and 46 females. Sex ratio (0.74:1)
was close to equality (y2= 1.80,df = 1,p =
0.179). Males and females did not differ
significantly in terms of carapace length (t =
-1.028, df = 78, p = 0.307); their body size
distributions are presented in Fig. 6. De-
spite that the two sexes averaged similar
carapace length, the observed maximum size
was clearly larger in females (25.5 cm cara-
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pace length) than in males (22.2 cm). As in
the case of Pelomedusa cf. subrufa, there
was a large number of juveniles in the sam-
ple studied, with 30.0 % of the individuals of
less than 11.5 cm in carapace length. Males
and females did not differ in terms of the
ratios carapace length to plastron length and
carapace length to width (Table 1, Fig. 7).
Other chelonian species re-
corded and measured during the present

study were excluded from the analysis due
to small sample size of one (K. erosa), two
(K. nogueyi) and six (C. senegalensis) indi-
viduals. However, it should be noted that
the two K. nogueyi and the only recorded K.
erosa were syntopic to several K. homeana,
with no apparent differences in microhabi-
tat. Concerning C. senegalensis, these indi-
viduals were observed in syntopy with P, cf.
subrufa.

DISCUSSION

The present study allowed the analysis
of sex ratio and size structure for wild pop-
ulations of three chelonian species in Togo.
This data is important because there is no
study available on size structure and mor-
phometrics of turtles and tortoises in a West
African country, outside Nigeria (LUISELLI
et al. 2003).

The populations of all the three
species studied were similar in terms of sex
ratio (close to 1:1) and sexual size dimor-
phism (not significant), but differed remark-
ably as for their size (and thus, age) struc-
ture. The population profile of Kinixys
homeana was characterized by the absence
of juveniles as well as large, full-grown
adults (given that, at least in remote forest
sites in southern Nigeria, adults larger than
24 cm carapace length can be found, i.e.,
considerably larger than those observed
here; AKANI, ENIANG, LUISELLI & PETROZZI,
unpublished data). On the other hand, the
population profiles of the two aquatic species
revealed a considerable proportion of juve-
niles and subadults, although large individu-
als (i.e., larger than 15 cm for Pelomedusa cf.
subrufa and 20 cm in case of Pelusios casta-
neus) were rare in the samples.

It is suggested by the authors, that
these distinct population profiles in size (or
age) structure reveal the general status of
the wild populations of these species in
Togo, and hence are worthy to be included
in conservation considerations. In analogy
to observations previously made in Euro-
pean tortoise populations (STUBBS et al.
1985; HAILEY 2000), the particular size
structure of the K. homeana population

studied (no juveniles) is considered a clear
indication of its declining status. Indeed,
this population has been heavily exploited
for the international pet trade during the last
30 years, with Togo being one of the main
exporters of this species in the whole of
Africa (CITES 1980), and thus a declining
population status seems to be likely, also
because the tortoise hunters, who supply the
trade exporters in Lomé, witnessed a nega-
tive trend during the last decade (authors’
unpublished interviews). The absence of
full-grown specimens may be linked to both
pet trade (i.e., live individuals do not have
time to grow till the maximum size because
they are collected for exportation before that
time) and harvesting for local consumption
(people catch them for food, especially the
larger individuals; see LUISELLI et al. 2003).
Thus, this data confirms the serious status of
threat for K. homeana in Togo where it has
a very narrow distribution range (SEGNIA-
GBETO et al. 2014), and that its populations
are globally collapsing in the wild due to
domestic consumption and the international
pet trade (LuiseLLI et al. 2006a, 2006b,
2013). Thus, the red list status of “Critically
Endangered” (CR) was proposed for this
species by the IUCN/SSC Tortoise and
Freshwater Turtle Specialist Group in the
Red listing Workshop held in Lomé (Togo),
on August 2013.

On the other hand, the two freshwater
species studied seem to be abundant and
their populations did not show any declin-
ing trend; instead, the high proportion of
subadults seems to indicate current stable
conditions. This pattern is consistent with
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Fig. 9: The hillside forest in south-western Togo is habitat to three Kinixys species. Note the anthropogenic
clearings (highlighted by the ovals) and the exploitation level of the landscape. It is here suggested that
the co-occurrence of two forest species (K. erosa and K. homeana) and a savannah species (K. nogueyi)

may be due to the high deforestation rates, causing the latter species to colonize the area.

Abb. 9: Der Wald in den Hiigeln Siidwest-Togos ist Lebensraum von drei Kinixys-Arten. Man beachte den
anthropogenen Einschlag (durch ovale Umrandung gekennzeichnet) und den ErschlieBungsgrad der Landschaft.
Das gemeinsame Vorkommen zweier Waldbewohner (K. erosa und K. homeana) und einer Savannenart (K. nogu-

eyi) ist vermutlich auf die starke Entwaldung zuriickzufiihren, die letzterer Art erlaubt, das Gebiet zu besiedeln.

general observations on the distribution and
abundance of Pelomedusa cf. subrufa and
Pelusios castaneus, which are considered
the two most abundant chelonian species in
Togo (SEGNIAGBETO et al. 2014). It is note-
worthy that Badou for Pelomedusa and
Togoville for Pelusios are among the most
exploited sites for the international pet
trade, suggesting that the current exporta-
tion numbers are sustainable in the medium
term, considering that the local reptile
farms exploit these populations for over 30
years and their population size structure
seems to be consistent with that of flourish-
ing populations. In this regard, it should be
mentioned that, apart from the above men-
tioned case of collapsing Kinixys homeana
populations, Togolese reptile farms seem to
have exploited reptilian species in a rela-

tively sustainable way for the last 30 years,
especially with regard to Python regius
(SHAw, 1802) (LuiseLLi et al. 2012).
Nonetheless, they just ranch the various
species without real attempts at captive
breeding (INEICH 2011), and this fact merits
continued monitoring by competent author-
ities.

Concerning species poorly represent-
ed in the present study, the authors would
like to stress the occurrence in the same for-
est zone (the Badou forest) of three species
of Kinixys, including not only the typical
forest species K. homeana and K. erosa, but
also the mainly savannah species K. no-
gueyi. Sympatric occurrence of these three
species is rarely reported in the literature,
despite a few sites of their co-occurrence are
known from the Niger Delta in southern
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Nigeria (LUISELLI et al. 2000). This unusu-
al co-occurrence may be due to the fact that
both the hillside forests of Togo and the
moist forests of the Niger Delta are present-

ly over-exploited by human development
practices, resulting in high deforestation
rates that facilitate the colonization by the
savannah species K. nogueyi (Fig. 9).

ACKNOWLEDGMENTS

This study was funded by the Mohamed Bin
Zayed Species Conservation Fund (Project #13255664;
funds to L. LuiseLLI). The authors thank Peter Paul VAN
Diik (Conservation International), Russ MITTERMEIER
(Conservation International), and Anders RHODIN
(Chelonian Research Foundation) for helpful comments
and discussions on the subject investigated in the pres-

ent article. Prof. Kofti AKPAGANA and the Laboratory of
Botanic and Vegetal Ecology of the University of Lomé
are thanked for providing financial support for the field
work in north Togo through RIPIESCA project, FFEM
for support to AGBO-ZEGUE NGO and the PARCC
project of the [IUCN-PAPACO, which helped to collect
data in the Oti-Keran National Park.

REFERENCES

BowmBl, P. & D’AMEN, M. & LUISELLL, L. (2013):
From continental priorities to local conservation: a
multi-level analysis for African tortoises.- PLOS One,
New York; 8 (10): €77093.

Bowmal, P. & LUISELLL, L. & D’AMEN, M. (2012):
When the method for mapping species matters: defin-
ing priority areas for conservation of African freshwa-
ter turtles.- Diversity and Distributions, London; 17:
581-592.

BJORNDAL, K. A. (1982): Biology and conserva-
tion of sea turtles. Washington D.C. (Smithsonian
Institution Press), pp. 319.

CITES [Convention of International Trade on
Endangered Species] (1980): CITES trade database.
Available from < http://trade.cites.org/ > [last accessed:
October 2014].

ERN, H. (1979): Vegetation Togos. Gliederung,
Gefahrdung, Erhaltung.- Willdenowia, Berlin-Dahlem;
9:295-312.

FiLiee, E. & RuGIERO, L. & Capura, M. &
BurkE, R. L. & LuiseLLl, L. (2010): Population and
thermal ecology of Testudo hermanni hermanni in the
Tolfa mountains of central Italy.- Chelonian Conserva-
tion and Biology, Lunenburg; 9: 54-60.

Fritz, U. & PETZOLD, A. & KEHLMAIER, C. &
KINDLER, C. & CAMBELL, P. & HOFMEYR M. D. &
BRrANCH, W. R. (2014): Disentangling the Pelomedusa
complex using type specimens and historical DNA
(Testudines: Pelomedusidae).- Zootaxa, Auckland;
3795 (5): 501-522.

HAILEY, A. (2000): The effects of fire and
mechanical habitat destruction on survival of the tor-
toise Testudo hermanni in northern Greece.- Biological
Conservation, Oxford; 92: 321-333.

INEICH, . (2011): Les ¢élevages de reptiles et de
scorpions au Benin, Togo et Ghana, plus particuliere-
ment a gestion des quotas d’exportation et la définition
des codes “source” des spécimens exportes. Projet
CITES A-251, Berne, Switzerland, pp. 76.

KINDLER, C. & BRANCH, W. R. & HOFMEYR, M.
D. & MARAN, J. & SIROKY, P. & VENCES, M. & HAR-
VEY, J. & HAUSWALDT, S. & SCHLEICHER, A. &
Stuckas, H. & Fritz, U. (2012): Molecular phylogeny
of African hinge-back tortoises (Kinixys): implications

for phylogeography and taxonomy (Testudines: Testu-
dinidae).- Journal of Zoological Systematics and
Evolutionary Research, Berlin; 50: 192-201.

LuiseLLy, L. (2009): A model assessing the con-
servation threats to freshwater turtles of Sub-Saharan
Africa predicts urgent need for continental conserva-
tion planning.- Biodiversity and Conservation, Cam-
bridge, 16: 1349-1360.

LuiseLLl, L. & BonNEeT, X. & Rocco, M. &
AMORI, G. (2012): Conservation implications of rapid
shifts in the trade of wild African and Asian pythons.-
Biotropica, Oxford; 44: 569-573.

LuiseLLl, L. & PEeTROZZI, F. & AKaNi, G. C.
(2013): Long-term comparison reveals trends in turtle
trade in bushmeat markets of southern Nigeria.-
Herpetozoa, Wien; 26: 57-64.

LuiseLLl, L. & PoLitano, E. & ANGELICI, F. M.
(2000): Ecological correlates of the distribution of ter-
restrial and freshwater chelonians in the Niger Delta,
Nigeria: a biodiversity assessment with conservation
implications.- Revue d’Ecologie (Terre et Vie), Paris;
55:3-23.

LuiseLLl, L. & Poritano, E. & Akani G. C.
(2003): Seasonal incidence, sex ratio, and population
cohorts of hinge-back tortoises (genus Kinixys) in the
wild and in bush-meat markets of the Niger Delta,
southern Nigeria: Are human predation effects ran-
dom?- Revue d’Ecologie (Terre et Vie), Paris; 58: 243-
248.

LuiseLLL, L. & PoLiTANO, E. & LEA, J. (2006a):
Assessment of Vulnerable status of Kinixys homeana
(Testudines: Testudinidae) for the ITUCN red List.-
Chelonian Conservation and Biology, Lunenburg; 5:
130-139.

LuiseLLI, L. & PoLITANO, E. & LEA, J. (2006b):
Kinixys homeana. In: IUCN 2012. IUCN red List of
Threatened Species. Version 2012.2. WWW document
available at < http://www.iucnredlist.org >; last down-
loaded on 28 September 2014.

PETZOLD, A. & VARGAS-RAMIREZ, M. & KEHL-
MAIER, C. & VAMBERGER, M. & BraNncH, W. R. & Du
PrEEZ, L. & HOFMEYR, M. D. & MEYER, L. & SCHLEI-
CHER, A. & SIROKY, P. & Fritz, U. (2014): A revision
of African helmeted terrapins (Testudines: Pelome-



38 G. H. SEGNIAGBETO & K. AFIADEMAGNO & G. C. AkaNt & F. PETROzzI & L. LUISELLI

dusidae: Pelomedusa), with descriptions of six new
species.- Zootaxa, Auckland; 3795 (5): 523-548.

Pikg, D. A. & Pizzarto, L. & PIKE, B. A. &
SHINE, R. (2008): Estimating survival rates of uncatch-
able animals: the myth of high juvenile mortality in
reptiles.- Ecology, Washington D. C.; 89: 607-611.

SEGNIAGBETO, G. H. & BOUR, R. & OHLER, A. &
DuBois, A. & RODEL, M.-O. & TrAPE, J. F. & FRETEY,
J. & PETROZZI, F. & LUISELLL, L. (2014): Turtles and

DATE OF SUBMISSION: November 15, 2013

tortoises of Togo: historical data, distribution, ecology
and conservation.- Chelonian Conservation and
Biology, Lunenburg; 13 (2).

StuBBS, D. & SWINGLAND, 1. R. & HAILEY, A.
(1985): The ecology of the Mediterranean tortoise
Testudo hermanni in northern Greece: the effects of a
catastrophe on population structure and density.- Bio-
logical Conservation, Oxford, 31: 125-152.

Corresponding editor: Heinz Grillitsch

AUTHORS: Gabriel H. SEGNIAGBETO < h_segniagbeto@yahoo.fr >, Komal AFIADEMAGNO < afiade@
gmail.com > - Département de Zoologie et Biologie animale, Faculté des Sciences, Université de Lomé, BP 1515,
Lomé, Togo; Godfrey C. AkaNI < gakanina2000@yahoo.com > - Department of Applied and Environmental
Biology, Rivers State University of Science and Technology, Port Harcourt, Rivers State, Nigeria; Fabio PETROZZI
< fapetrozzi@gmail.com > - Ecologia Applicata Italia s.r.l., via E. Jenner 70, 00151 Roma, Italy - Department of
Applied and Environmental Biology, Rivers State University of Science and Technology, Port Harcourt, Rivers
State, Nigeria; Luca LuiseLLI (Corresponding author, < lucamlu@tin.it >) - Centre of Environmental Studies
Demetra, Rome, Italy - Department of Applied and Environmental Biology, Rivers State University of Science and

Technology, Port Harcourt, Rivers State, Nigeria.



