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Assessment of mtDNA genetic diversity within the terrapins Pelusios
subniger and Pelusios castanoides across the Seychelles islands

Andreia Silva1,2, Sara Rocha1,2,3,∗, Justin Gerlach4, Gérard Rocamora5,

André Dufrenne5, David James Harris1,2

Abstract. Two terrapin subspecies are currently considered Seychelles endemisms and Critically Endangered according to
IUCN criteria, with several conservation measures having been proposed and actively initiated in the recent years. We use
molecular data to examine their population diversity and structure across the archipelago and find a complete lack of variation
at the mtDNA level. This can be explained by the strong founder effect associated with island colonisation, allied to the low
evolution rate described for turtle mtDNA. However, a very recent arrival of Seychellois terrapins to the archipelago by
human action cannot be discarded. The use of highly variable markers such as microsatellites and the clarification of their
(native or not) status is therefore essential and should be implemented as an urgent priority in species management plans.
Some differentiation between the Seychellois and Malagasy P. castanoides is observed but should be taken carefully until
geographically broad level sampling across Madagascar is available.
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Pelusios is a genus of side necked turtles, found
throughout tropical Africa, Madagascar and the
granitic Seychelles (Mortimer and Bour, 2002).
In the Seychelles islands, the genus is cur-
rently represented by two endemic subspecies:
Pelusios subniger parietalis and Pelusios cas-
tanoides intergularis, both listed as Critically
Endangered by the IUCN red list categories
(IUCN, 2008). In fact, these are the only two
reptile species from the Seychelles with this
conservation status. A third species, Pelusios
seychellensis, is now considered extinct (IUCN,
2008). Both extant subspecies have highly re-
stricted ranges (less than 11 ha for each species)
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that have decreased by over 50 per cent in re-
cent years (Gerlach and Canning, 2001). These
species live in freshwater systems, occupying
lowland marshes and surrounding areas, and
also rivers and streams in the case of P. c. inter-
gularis. Amongst major factors considered re-
sponsible for their population decline are pol-
lution, drainage of marshes and building devel-
opment around them, marsh invasion by exotic
species and predation by domestic cats, dogs
and introduced tenrecs (Gerlach and Canning,
2001).

The Seychelles archipelago lies in the west-
ern Indian Ocean (4◦-10◦S; 40◦-56◦E) and com-
prises about 155 islands divided in three main
groups with different origins (granitic, raised
coralline and low coralline islands) (Braith-
waite, 1984). The former, where Pelusios can be
found, is a group of 40 islands, remnants of the
Seychelles microcontinent which became iso-
lated following the Gondwana breakup, around
65 million years ago (Plummer and Belle,
1995). Although the granitic Seychelles were
not affected directly by glaciations during the
Pleistocene, the oscillations in sea-level asso-
ciated to these glacial periods must have had
a large effect on the distributions of fauna and
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flora in the region (Gardner, 1986). During pe-
riods of low sea level most of the Seychelles
Bank has been exposed as a single large island,
but even when global sea level was at its high-
est, most of the granitic islands remained above
sea level, allowing the survival of unique en-
demic species (Stoddart, 1971; Geyth, Kudrass
and Streiff, 1979; Braithwaite, 1984; Montag-
gioni and Hoang, 1988).

The archipelago was not permanently in-
habited until 1770, but since human occupa-
tion started, habitats have been altered for agri-
culture purposes, some animal species were
pushed to extinction and some invasive plant
and animal species were introduced (Benedict,
1984; Stoddart, 1984). Humans have been re-
sponsible for the introduction of several rep-
tile species, including the Stumped-Toed Gecko
Gehyra mutilata (Rocha, Ineich and Harris,
2009), the Oriental Garden Lizard Calotes ver-
sicolor and, recently, the Red-eared Terrapin
Trachemys scripta elegans (Gerlach, 2007). It is
not known yet at which level this last species
(Trachemys scripta elegans) may represent a
threat to the Pelusios from Seychelles, as they
may compete for the same resources.

Given the vulnerability of both terrapin spe-
cies in the granitic Seychelles, conservation
measures were proposed as part of a “Sey-
chelles Terrapin Action Plan”, and include site
protection, captive breeding and reintroduction
or introduction of Pelusios species across sev-
eral islands (Gerlach, 2002). Some of these
activities have already taken place such as
(re)introductions to Silhouette and North Is-
lands (Gerlach et al., 2007; Rocamora et al.,
2009), due to limited resources on time to un-
dertake such activities. Nevertheless, no mixing
of individuals from different islands has been
done during these reintroductions, with both
North and Silhouette individuals being origi-
nally from Mahé (and Cerf). Thus, it is par-
ticularly important to know the genetic struc-
ture of these species across the islands. The aim
of this study is to assess and characterize ge-
netic variation of both terrapin species across

the archipelago, which can help in the adoption
of appropriate management and conservation
measures. We thus used mitochondrial DNA se-
quence data to assess: (a) genetic variation of
the populations of both species within and be-
tween islands, and (b) the degree of differen-
tiation of the Seychellean subspecies Pelusios
castanoides intergularis with respect to Pelu-
sios castanoides castanoides from Madagascar.

A total of 62 individuals were sampled from six of the
granitic islands of the Seychelles archipelago (24 P. s. pari-
etalis and 38 P. c. intergularis, fig. 1 and table 1). Many
of these samples were collected during preparatory surveys
to assess status and abundance of potential source popula-
tions for future transfers (Trouvilliez, 2007; Mocq and Ro-
camora, 2008). Additionally, tissue samples from two in-
dividuals of P. c. castanoides from Madagascar were ob-
tained. Genomic DNA was extracted from blood, epider-
mis, muscle or nails samples with E.Z.N.A� Tissue DNA
Kit (OMEGA Bio-Tek) according to the manufacturers’ in-
structions. Nail samples were previously smashed with liq-
uid nitrogen and digested overnight with Holmes-Bonner ly-
sis buffer and proteinase-k.

A fragment with approximately 900 bp of the cy-
tochrome b (Cyt-b) mitochondrial gene was initially ampli-
fied via PCR for some individuals with forward primer CB1
(5′-CCATCCAACATCTCAGCATGATGAAA-3′), modi-
fied from the original CBL14841 from Kocher et al. (1989),
and reverse primer L (Shaffer, Meylan and McKnight,
1997). For some (more degraded) samples for which
amplification of the entire Cyt-b fragment was difficult
we used a combination of previous primers with in-
ternal ones (CB2F and CB2R, Palumbi et al., 1991).
Specific primers for these species were also designed;
CBPcastF (5′-CATTGCACCTAAAACAGAATCC-3′) and
CBPsubF (5′-CTCAGCATGATGAAACTTTGG-3′), both
forward, which, when combined with L, amplify an inter-
nal region with 980 and 906 bp, respectively. The primer
CBPcastF worked well for both subspecies, while CBPsubF
just amplified P. s. parietalis samples. Amplifications were
conducted in 15 μl reactions using standard conditions with
magnesium concentration of 2.8 mM. The PCR cycling pro-
cedure was performed as follows: initial denaturation for 10
min at 95◦C; 40 cycles of denaturation for 30 s at 95◦C,
primer annealing for 40 s at 50◦C-53◦C, extension for 50 s
at 72◦C, and stop reaction for 10 min at 72◦C. PCR products
were purified using SureClean (Bioline), and sequenced in
an automated DNA sequencing ABI3130XL Genetic An-
alyzer apparatus. Sequences obtained for this study have
been deposited in GenBank under the accession numbers
HQ230244-HQ230307. Sequences were aligned manually
using BioEdit (Hall, 1999), against a published sequence of
P. williamsi.

Although each species is completely dis-
tinct at molecular level (∼12.4% uncorrected
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Figure 1. Map of the granitic Seychelles islands. The circles represent the number of individuals sampled per island; the grey
slice represents the P. s. parietalis samples, and the white one represents P. c. intergularis samples.

Table 1. Specimens used in this study and respective locations.

Species Location Sample code

P. s. parietalis Mahé PsubSil2
Anse Forbans, Mahé Ps3, PsF1, PsF2

Banyan Tree, Mahé PsA1, PsA2, PsA3, PsA5, PsA7,
PsA8, PsA11, PsA23, PsA24

Praslin PsP1, PcP1, PcP2
Fregate Ps2, PsFreg2, PsFreg3
Cerf PsI1, PsI2, PsI12, PsI13, PsI11

P. c. intergularis Praslin PsP3, PsP2, Pc11
Silhouette PcastSil1
Mahé 12/02-2
Rivière Mare Anglaise, Mahé 7.06, Pc1
Banyan Tree, Mahé PcA6, PcA15

North East Point, Mahé PcC1, PcC2, PcC4, PcC6, PcC8,
PcC10

Rivière Mare Anglaise, Mahé PcB1, PcB3
Fregate PcFreg1
La Digue LD25

Mare Soupape, La Digue PcD1, PcD2, PcD3, PcD5, PcD9,
PcD11, PcD12, PcD13, PcD14,
PcD19, PcD20, PcD21, PcD26

Cerf PcI3, PcI7, PcI8, PcI5, PcI4, PcI6

P. c. castanoides Lac Alaotra, Madagascar DRV 5735, DRV 5736
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p-distance), within each Seychelles subspecies
there was no variation at the mitochondrial
DNA level (Cyt-b). All 38 individuals of P.
c. intergularis shared the same haplotype, the
same happening with P. s. parietalis (24 indi-
viduals).

Differentiation between P. castanoides inter-
gularis and the P. c. castanoides representative
from Madagascar was of five mutational steps.

Although the number of samples from some
of the islands is low, samples were taken from
individuals from all the islands from where P.
c. intergularis is recorded and from all but one
island (La Digue) in the case of P. s. pari-
etalis (given they are considered re-introduced
– from Mahé – on Silhouette). In fact, sam-
pling could well be complete because the Fre-
gate population of P. subniger is possibly intro-
duced from La Digue, and would therefore rep-
resent its initial stock. Thus, sampling should
represent much of the existent genetic varia-
tion across the archipelago. However, no vari-
ability was detected in this fragment of mito-
chondrial DNA within each subspecies across
the whole archipelago. It was hypothesized that
Malagasy populations of Pelusios, and probably
the Seychellois also, originated in the Pliocene
or Pleistocene in a major dispersal event includ-
ing also other Malagasy vertebrates conspecific
with African populations (Vences et al., 2004).
Also Taylor et al. (1979) argued that their arrival
to the Seychelles islands probably occurred dur-
ing the Pleistocene, at the last glacial maximum
(LGM), around 17 000 years before present
(BP) when sea levels were about 120 m lower
than today (Camoin, Montaggioni and Braith-
waite, 2004). In fact, both along the Pleistocene
and the Holocene several instances of lower sea
levels occurred (Colona et al., 1996; Rohling et
al., 1998; Siddall et al., 2003; Camoin, Mon-
taggioni and Braithwaite, 2004; Miller et al.,
2005), that, although not completely providing
any land passage between Africa, Madagascar
and the Seychelles, would considerably reduce
the water distance to be crossed by any organ-
ism when colonising the Seychelles from either

Africa or Madagascar. The fact that no variation
was detected at mtDNA level is still compati-
ble with two hypotheses. Pelusios spp. may have
naturally colonised the Seychelles very recently,
at least by the middle or end of the Pleistocene.
Colonisation by a very small number of indi-
viduals possibly harbouring only one haplotype
(founder effect), together with the low evolu-
tion rate consistently reported for turtle mtDNA
(Lamb et al., 1989; Avise et al., 1992; Bowen et
al., 1993; Sommer et al., 2009) may explain the
current lack of variation observed. Recent re-
sults obtained by Sommer et al. (2009) for Emys
orbicularis further support this idea, showing
– using both extant distribution of this terrapin
species and ancient DNA data – that 10 000 year
old samples and extant ones harbour the same
cytochrome-b mitochondrial haplotype.

The second hypothesis would be a human
mediated introduction of these terrapins in the
archipelago, maybe as a food resource, such
as reported for other islands including Mauri-
tius and Glorieuse (Bour, 1984). However, given
these results, based only on mtDNA markers
it is not possible to determine if their pres-
ence is due to a natural colonisation or human-
aided introduction(s), after the peopling of the
Seychelles. To further resolve this question the
characterization of the populations of these
species for more variable markers, such as mi-
crosatellites, should be performed. These have
shown to be useful and even reveal high levels
of genetic variability in other terrapin species,
such as Emys orbicularis (Velo-Antón, García-
París and Rivera, 2008) at the Iberian Peninsula.

Regarding their morphological differentia-
tion, Fritz, Obst and Gunther (1994), exam-
ining P. subniger specimens from Madagas-
car (the nominotypical subspecies Pelusios sub-
niger subniger), report specimens with the char-
acteristic head scalation of P. s. parietalis and
even some “intermediate” forms, pointing out
that the subspecific structuring of P. subniger
does not seems to be sufficiently resolved. The
distinctive intergular proportions however have
not been reported for any non-Seychellois P.



Short Notes 587

subniger specimen. The origins of the Sey-
chelles P. subniger population cannot be de-
termined without further studies incorporating
samples from Madagascar and Africa to deter-
mine whether the described subspecific differ-
ences have a genetic basis and taxonomic value
or represent local frequency variation in char-
acters, possibly attributable to a founder effect
following a relatively recent colonisation, nat-
ural or not.

Concerning P. castanoides, the Seychellois
subspecies P. c. intergularis seems to be very
similar also to the nominate form P. c. cas-
tanoides, being distinguished mainly by the
shape of their intergular scute but also in
cranial osteology (Hewitt, 1931; Bour, 1983).
Five mutational steps at the mtDNA marker
cytochrome-b differentiate P. c. intergularis
from P. c. castanoides haplotype. The interpre-
tation of these results requires some prudence as
only two samples from Madagascar (collected
at the same location; Lac Alaotra in NE Mada-
gascar) were available and thus this value cer-
tainly does not reflect the overall real differen-
tiation between Seychellois and Malagasy in-
dividuals. Proper estimation of origin of island
taxa, colonisation patterns and ages, always re-
quires an extensive assessment of the diversity
within the taxa in its colonised and putative ar-
eas of origin. In this particular case, given the
absence of genetic variation within the Seychel-
lois subspecies, further hypotheses about the
process and time of colonisation of the Sey-
chelles by Pelusios sp. can only be advanced
following a deeper knowledge of the genetic
variability of Pelusios species in Madagascar
and Africa.

In conclusion, our results depict intraspe-
cific differentiation in P. castanoides and sug-
gest that both Pelusios subspecies arrived to
the Seychelles archipelago very recently, being
at this point impossible to distinguish between
natural or human-aided colonisation. We rec-
ommend further detailed analyses using higher
variable markers, such as microsatellites, as a
high priority component of management plans

for these taxa considered Critically Endan-
gered under their current taxonomic identifica-
tion.

Acknowledgements. This research was partially sup-
ported by grants from Fundação para a Ciência e Tecnolo-
gia (FCT) SFRH/BD/1745/2004 (to SR) and PTDC/BIA-
BDE/65745/2006 and a grant from Fundação Calouste Gul-
benkian (to DJH). We are grateful to Roger Bour (MHNH)
for providing several tissue samples from museum speci-
mens, to André Labiche, Alexandre Trouvilliez and Julien
Mocq from the Island Conservation Society, for helping
with the collection of nail samples as part of prepara-
tory assessments for the (re)introduction of terrapins to
North Island and Aride Island (‘Rehabilitation of Island
Ecosystems’ programme co-funded by Fonds Français pour
l’Environnement Mondial), and to the Seychelles Bureau of
Standards for the permit to undertake this research work.

References

Avise, J.C., Bowen, B.W., Lamb, T., Meylan, A.B.,
Bermingham, E. (1992): Mitochondrial DNA evolution
at a turtle’s pace: evidence for low genetic variability an
d reduced microevolutionary rate in the Testudines. Mol.
Biol. Evol. 9: 457-473.

Benedict, B. (1984): The human population of the Sey-
chelles. In: Biogeography and Ecology of the Seychelles
Islands, p. 17-38. Stoddart, D.R., Ed., Dr. W. Junk Pub-
lishers, The Hague, the Netherlands.

Bour, R. (1983): Trois populations endémiques du genre
Pelusios (Reptilia, Chelonii, Pelomedusidae) aux îles
Seychelles; relations avec les espèces africaines et mal-
gaches. Bull. Mus. Natn. Hist. Nat. Paris 4 ser., 5: 343-
382.

Bour, R. (1984): Taxonomy, history and geography of
Seychelles land tortoises and fresh water turtles. In:
Biogeography and Ecology of the Seychelles Islands,
p. 281-308. Stoddart, D.R., Ed., Dr. W. Junk Publishers,
The Hague, the Netherlands.

Bowen, B.W., Nelson, W.S., Avise, J.C. (1993): A molecu-
lar phylogeny for marine turtles: Trait mapping, rate as-
sessment, and conservation relevance. Proc. Nat. Acad.
Sci. USA 90: 5574-5577.

Braithwaite, C.J.R. (1984): Geology of the Seychelles. In:
Biogeography and Ecology of the Seychelles Islands,
p. 17-38. Stoddart, D.R., Ed., Dr. W. Junk Publishers,
The Hague, the Netherlands.

Camoin, G.F., Montaggioni, L.F., Braithwaite, C.J.R.
(2004): Late glacial to post glacial sea levels in the West-
ern Indian Ocean. Mar. Geol. 206: 119-146.

Colonna, M., Casanova, J., Dullo, W.Ch., Camoin, G.F.
(1996): Sea level changes and δ18O record for the past
34,000 years from Mayotte reef, Indian Ocean. Quat.
Res. 46: 335-339.

http://www.ingentaconnect.com/content/external-references?article=0033-5894()46L.335[aid=5398881]
http://www.ingentaconnect.com/content/external-references?article=0033-5894()46L.335[aid=5398881]


588 Short Notes

Fritz, U., Obst, F.J., Günther, R. (1994): Kritischer
Typen-Katalog der Schildkrötensammlung (Reptilia:
Testudines) des Zoologischen Museums Berlin. Mitt.
Zool. Mus. Berl. 70: 157-175.

Gardner, A.S. (1986): The biogeography of the lizards of
the Seychelles Islands. J. Biogeogr. 13: 237-253.

Gerlach, J. (2002): Seychelles terrapin action plan. Phel-
suma 10B: 1-16.

Gerlach, J. (2007): Terrestrial and Freshwater Vertebrates of
the Seychelles Islands. Backhuys Publishers, Leiden.

Gerlach, J., Canning, L. (2001): Range contractions in
the critically endangered Seychelles terrapins (Pelusios
spp.). Oryx 4: 313-321.

Gerlach, J., Rocamora, G., Vanherck, L. (2007): Conser-
vation introduction of Seychelles Terrapins and Fresh-
water Snail Melanoides tuberculatus to North Island.
Project outline and time-table. FFEM Project Réhabilita-
tion of Island Ecosystems. Island Conservation Society
& North Island, Seychelles.

Geyth, M.A., Streiff, H., Kudrass, H.R. (1979): Sea-level
changes during the late Pleistocene and Holocene in the
Strait of Malaca. Nature 278: 441-443.

Hall, T.A. (1999): BioEdit: A user-friendly biological se-
quence alignment editor and analysis program for Win-
dows 95/98/NT. Nucleic Acids Symp. Series 41: 95-98.

Hewitt, J. (1931): Descriptions of some African tortoises.
Ann. Natal Mus. 6: 461-506.

IUCN (2008): 2008 IUCN Red List of Threatened Species.
Available at http://www.iucnredlist.org.

Kocher, T.D., Thomas, W.K., Meyer, A., Edwards, S.V.,
Pääbo, S., Villablanca, F.X., Wilson, A.C. (1989): Dy-
namics of mitochondrial DNA evolution in mammals:
Amplification and sequencing with conserved primers.
Proc. Nat. Acad. Sci. USA 86: 6196-6200.

Lamb, T., Avise, J.C., Gibbons, J.W. (1989): Phylogeo-
graphic patterns in mitochondrial DNA of the desert
tortoise (Xerobates agassizi), and evolutionary relation-
ships among the North American gopher tortoises. Evo-
lution 43: 76-87.

Mocq, J., Rocamora, G. (2008): Projet de réintroduction
de Pelusios subniger parietalis et P. castanoides in-
tergularis sur l’Ile du Nord (Seychelles) : résultats de
piégeages, estimation de la taille des populations sources
et perspectives. Projet FFEM R.E.I., Island Conservation
Society, Seychelles.

Montaggioni, L.F., Hoang, C.T. (1988): The last interglacial
high sea level in the granitic Seychelles, Indian Ocean.
Paleogeogr. Paleoclimat. Paleoecol. 64: 79-81.

Mortimer, J.A., Bour, R. (2002): The “Torti Soupap” or
Pelusios of Seychelles. La Tortue 58-59.

Miller, K.G., Kominz, M.A., Browning, J.V., Wright, D.J.,
Mountain, G.S., Katz, M.E., Sugarman, P.J., Cramer,
B.S., Christie-Blick, N., Pekar, S. (2005): The Phanero-
zoic record of global sea-level change. Science 310:
1293-1298.

Palumbi, S.R., Martin, A., Romano, S., McMillan, W.O.,
Grabowski, G. (1991): The Simple Fool’s Guide to
PCR, version 2.0, p. 47. University of Hawaii, Honolulu,
Hawaii.

Plummer, P.S., Belle, E.R. (1995): Mesozoic tectono-
stratigraphic evolution of the Seychelles microcontinent.
Sediment. Geol. 96: 73-91.

Rocamora, G., Labiche, A., Vanherck, L., Dufrenne, A.
(2009): Conservation introduction to North Island of
the Seychelles Black mud terrapin Pelusios subniger
parietalis – Pre-release, first transfers and monitoring
activities between July 2008 and May 2009 (updated
Nov. 09) – Projet FFEM Réhabilitation des Ecosystèmes
Insulaires. Island Conservation Society, Seychelles.

Rocha, S., Ineich, I., Harris, D.J. (2009): Cryptic variation
and recent bipolar range expansion within the Stumped-
Toed Gecko (Wiegmann, 1834) across Indian and Pacific
Ocean Islands. Contrib. Zool. 78: 1-8.

Rohling, E.J., Fenton, M., Jorissen, F.J., Bertrand, P.,
Ganssen, G., Caulet, J.P. (1998): Magnitudes of sea-level
lowstands of the past 500,000 years. Nature 394: 162-
165.

Shaffer, H.B., Meylan, P., McKnight, M.L. (1997): Tests of
turtle phylogeny: molecular, morphological, and paleon-
tological approaches. Syst. Biol. 46: 235-268.

Siddall, M., Rohling, E.J., Almogi-Labin, A., Hemleben,
Ch., Meischner, D., Schmelzer, I., Smeed, D.A. (2003):
Sea-level fluctuations during the last glacial cycle. Na-
ture 423: 853-858.

Sommer, R.S., Lindqvist, C., Persson, A., Bringsøe, H., An-
ders Rhodin, G.J., Schneeweiss, N., Široký, P., Bach-
mann, L., Fritz, U. (2009): Unexpected early extinction
of the European pond turtle (Emys orbicularis) in Swe-
den and climatic impact on its Holocene range. Mol.
Ecol. 18: 1252-1262.

Stoddart, D.R. (1971): Environment and history in Indian
Ocean reef morphology. Sumpt. Zool. Soc. London 28:
3-38.

Stoddart, D.R. (1984): Impact of man in the Seychelles. In:
Biogeography and Ecology of the Seychelles Islands,
p. 64. Stoddart, D.R., Ed., Dr. W. Junk Publishers, The
Hague, the Netherlands.

Taylor, J.D., Braithwaite, C.J.R., Peake, J.F., Arnold, E.N.
(1979): Terrestrial faunas and habitats of Aldabra during
the Pleistocene. Phil. Trans. Roy. Soc. Lond. B 286: 47-
66.

Trouvilliez, A. (2007): Rapport sur la capture de P. subniger
parietalis et P. castanoides intergularis du 25 juillet au 2
août 2007 sur les îles de Mahé et La Digue (Seychelles).
Rapport interne, ICS et ENTPE, Victoria et Lyon.

Velo-Antón, G., García-París, M., Rivera A.C. (2008): Pat-
terns of nuclear and mitochondrial DNA variation in
Iberian populations of Emys orbicularis (Emydidae):
conservation implications. Conserv. Genet. 9: 1263-
1274.

Vences, M., Wanke, S., Vieites, D.R., Branch, W.R., Glaw,
F., Meyer, A. (2004): Natural colonization or intro-
duction? Phylogeographical relationships and morpho-
logical differentiation of house geckos (Hemidactylus)
from Madagascar. Biol. J. Linn. Soc. 83: 115-130.

Received: September 29, 2009. Accepted: July 29, 2010.

http://www.ingentaconnect.com/content/external-references?article=0024-4066()83L.115[aid=9250820]
http://www.ingentaconnect.com/content/external-references?article=1566-0621()9L.1263[aid=9353351]
http://www.ingentaconnect.com/content/external-references?article=0962-1083()18L.1252[aid=9353352]
http://www.ingentaconnect.com/content/external-references?article=0962-1083()18L.1252[aid=9353352]
http://www.ingentaconnect.com/content/external-references?article=1063-5157()46L.235[aid=7652489]
http://www.ingentaconnect.com/content/external-references?article=0031-0182()64L.79[aid=9353354]
http://www.ingentaconnect.com/content/external-references?article=0305-0270()13L.237[aid=9353356]
http://www.ingentaconnect.com/content/external-references?article=0962-8436()286L.47[aid=9353358]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()423L.853[aid=7292636]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()423L.853[aid=7292636]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()394L.162[aid=9329674]
http://www.ingentaconnect.com/content/external-references?article=0036-8075()310L.1293[aid=7610564]
http://www.ingentaconnect.com/content/external-references?article=0036-8075()310L.1293[aid=7610564]
http://www.ingentaconnect.com/content/external-references?article=0014-3820()43L.76[aid=9352496]
http://www.ingentaconnect.com/content/external-references?article=0014-3820()43L.76[aid=9352496]
http://www.ingentaconnect.com/content/external-references?article=0027-8424()86L.6196[aid=28365]
http://www.ingentaconnect.com/content/external-references?article=0261-3166()41L.95[aid=528494]
http://www.ingentaconnect.com/content/external-references?article=0028-0836()278L.441[aid=1478203]
http://www.iucnredlist.org

