Short Communication

Genetic analysis of scat reveals leopard Panthera
pardus and cheetah Acinonyx jubatus in southern

Algeria
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Abstract Assessing the biodiversity of a region, particularly
when it includes rare, cryptic and nocturnal species, is
notoriously difficult but nevertheless of great importance,
especially in regions that have received little prior research
interest. Species in these regions are often only perceived to
be present through the identification of animal signs such as
scat or hair. Here we show how molecular techniques can be
used to sequence mitochondrial DNA extracted from the
scat of essentially unknown carnivore species and thus assess
the species present in a remote desert region in southern
Algeria. In doing so we present a reliable and reproducible
method for determining carnivore biodiversity through
non-invasive sampling. We also identify two species of large
carnivore in an area where one, the cheetah Acinonyx jubatus,
is known to exist but at very low densities, and another, the
leopard Panthera pardus, has never previously been observed.

Keywords Acinonyx jubatus, Algeria, biodiversity assessment,
cheetah, leopard, mitochondrial DNA, Panthera pardus, scat.

GEORGE B.J. BusBy* (Corresponding author), DADA GOTTELLI, FARID
BerBacHIR' and Saram M. Durant? Institute of Zoology, Zoological
Society of London, London, UK. E-mail george.busby@zoo.ox.ac.uk

TiM WAacHER Conservation Programmes, Zoological Society of London,
London, UK.

LAURIE MARKER Cheetah Conservation Fund, Otjiwarongo, Namibia.

Koen DE SMET Environmental Policy Division, Flemish Ministry of the
Environment, Brussels, Belgium.

AMEL BELBACHIR-BAzI Laboratoire d’Ecologie & Environnement, Université
de Béjaia, Béjaia, Algeria.

AMINA FELLOUS Agence Nationale pour la Conservation de la Nature,
Algiers, Algeria.

MoHAMED BELGHOUL Départment des Etudes et du Dévelopment du
Patrimoine Naturel, Office du Parc National de I’Ahaggar, Tamanrasset,
Algeria.

*Current address: Department of Zoology, University of Oxford, South Parks
Road, Oxford, OX1 3PS, UK.

tAlso at: Laboratoire d’Ecologie & Environnement, Université de Béjaia,
Béjaia, Algeria.
*Also at: Wildlife Conservation Society, New York, USA.

Received 14 July 2008. Revision requested 16 September 2008.
Accepted 15 December 2008.

on-invasive genetic sampling (i.e. the extraction of

DNA from hair and faeces) is being utilized increas-
ingly to estimate abundance, identify behavioural parameters
and understand population structure in species that are rare,
threatened or cryptic (Piggott & Taylor, 2003). It is partic-
ularly helpful where survey methods such as transects are
infeasible or impossible. There are many studies document-
ing the use of molecular techniques, often in combination
with field-based surveys, which aid our understanding of the
genetic processes underpinning threatened carnivore popu-
lations (Wayne & Morin, 2004; Hedmark & Ellegren, 2007).
Samples collected non-invasively present a cheap, safe and
efficient way of obtaining genetic information about a species.
However, whilst techniques have been developed to identify
scats of closely related species and to verify the accuracy of
identification (Davison et al., 2002; Waits & Paetkau, 2005;
Barea-Azcon et al, 2007), they have rarely been used to
identify the species present in an area by sequencing mito-
chondrial DNA from essentially unknown scat samples.
Here, we present an attempt to use these reliable technologies
to assess rare carnivore distributions, confirming the presence
of one threatened felid species and reporting an extension in
the range of another.

The Ahaggar of southern Algeria is a mountainous desert
region in the central Sahara where logistic and economic
constraints have contributed to a lack of wildlife surveys.
Consequently, little information is available on large carni-
vore presence in the area. Historical records (Fig. 1a) and,
more recently, the discovery of pelts and the capture of live
animals by Tuareg nomads, confirm that cheetah Acinonyx
jubatus still inhabit the Ahaggar. Although formerly re-
corded further north in Algeria, these observations represent
the present northern limit of known cheetah range in the
Sahara (Hamdine et al., 2003; FB, unpubl. data). The leopard
Panthera pardus was formerly known in Algeria from the
Mediterranean coastal region as far south as the Tell Atlas
but has been considered extinct in northern Algeria for
at least 50 years and has never been observed or docu-
mented in the Algerian central Sahara (Fig. 1b; Kowalski &
Rzebik-Kowalska, 1991; Kingdon, 1997). Nevertheless, in the
Ahaggar some local people report large spotted cats they
believe to differ from cheetah (KDS, pers. obs.). Verifying
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Fig. 1 The Ahaggar samples compared to the historical
distributions of (a) cheetah and (b) leopard in Algeria. Records
are from Kowalski & Rzebik-Kowalska (1991), Hamdine et al.
(2003) and this 2005 study. The scats of the eight cheetahs found
in 2005 are shown by two symbols, the northern representing
five cheetahs and that to the south-east, three.

the presence of large carnivores in this part of Algeria has
significant implications. The northern African subspecies
of cheetah A. jubatus heckii is categorized as Critically
Endangered on the TUCN Red List (IUCN, 2008), and
documented information on the presence of cheetah and
other carnivores in this region would provide impetus for
conservation efforts.

A joint Sahelo-Saharan Interest Group/Office du Parc
National d’Ahaggar team surveyed the central zone of the
Ahaggar National Park in 2005 (Wacher et al., 2005). We
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collected 42 samples of unknown yet georeferenced carni-
vore scats.

To establish reference samples from known species, we
extracted DNA from the tissue of five animals from the
Zoological Society of London (ZSL) tissue bank: a cheetah,
a leopard, a dwarf mongoose Helogele parvula, a banded
mongoose Mungos mungo and a fennec fox Vulpes zerda.
Sequences were also collected from the literature via
GenBank (Benson et al., 2008). DNA was extracted using
the Qiagen QIAmp Stool and Qiagen Tissue extraction kits
according to the manufacturer’s guidelines. To avoid
contamination with tissue samples, scat samples were
extracted under a clean fume hood in a different area of
the laboratory. The polymerase chain reaction (PCR) was
used to amplify the mitochondrial target region of the 12S
and cytochrome b genes, using the primer combinations
1251/1284 and cytbi/cytb2 (Janczewski et al., 1995). PCR
amplification was carried out in a total volume of 10 uL
containing 1uL of genomic DNA (approximate concentra-
tion 2-10 ng uL™) in 50 mM KCl, 2.0 mM MgCl,, 10 mm
Tris HCI (pH = 8.8), 1 mM dNTP mix, 2.5-5 units of Tag
DNA polymerase, and 2.5 pmoles of each primer. Following
this the products were purified using the Qiagen PCR
purification kit according to the manufacturer’s guidelines
and subsequently sequenced using the ABI BigDye chem-
istry and 3100 Automatic Sequencer (Applied Biosystems,
Foster City, USA). The identity of each sample was assigned
by BLASTING (BLASTn) the sequences on GenBank to
look for homologous sequences within the database.

DNA was successfully extracted from c. 75% (30/42) of
the collected samples and 12S and/or cytochrome b sequen-
ces were produced for all these individuals. Even after three
attempts to extract usable DNA, that of the remaining
samples was too degraded for reliable construction of either
sequence. For each sample we sequenced 208-583 base pairs
(bp) of mitochondrial 125 and cytochrome b protein coding
genes in both directions. Table 1 shows the BLAST results
for the cheetah and leopard samples with the species match
and accession numbers of the top match on GenBank. The
e-values are all essentially zero, showing that these matches
were highly significant (see table legend for explanation of
e-value). Eight of the samples matched cheetah sequences
and one matched a leopard. Of the remaining 21 samples 20
matched sequences from a variety of non-felid carnivores.
These included 14 canids, Canis spp. (possibly domestic
dogs), five common genets Genetta genetta, a mongoose
(species unresolved), and potentially a wild cat Felis
silvestris.

The eight cheetah samples were then screened for the
presence of 8 dinucleotide microsatellite loci, following
the tube approach of Taberlet et al. (1996). Eight loci,
characterized in the domestic cat Felis catus (Menotti-
Raymond et al, 1999), were chosen on the basis of their
high polymorphism and easy scorability. Genotyping was
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TasLE 1 The results of the BLASTn search on GenBank (Benson et al., 2008) for cheetah Acinonyx jubatus and leopard Panthera pardus
samples. Identity is the extent to which two nucleotide sequences are invariant. The e-value describes the number of hits one can expect
to see by chance when searching a database with a sequence of a given length. An e-value of 1 can be interpreted as meaning that
in a database of the current size one may expect to see one match with a similar score purely by chance. Therefore the closer to zero the

e-value, the more significant the match is.

12S match Cyt. b match

Putative sample ID BLASTn species match Accession number Identity E-value Identity E-value
P. pardus P. pardus EF551002.1 417/424 0.00E+00
A. jubatus A. jubatus AY463959.1 214/217 1.00E-10 464/469 0.00E+00
A. jubatus A. jubatus AY463959.1 216/217 0.00E+00 410/415 0.00E+00
A. jubatus A. jubatus AY463959.1 203/208 0.00E+00 464/469 0.00E+00
A. jubatus A. jubatus AY463959.1 214/217 1.00E-110 464/469 0.00E+00
A. jubatus A. jubatus AY463959.1 214/217 1.00E-110 356/365 0.00E+00
A. jubatus A. jubatus AY463959.1 214/217 3.00E-108

A. jubatus A. jubatus AY463959.1 216/217 2.00E-115

A. jubatus A. jubatus AY463959.1 214/217 1.00E-110 467/473 0.00E+00

carried out using fluoro-labelled primers and performing
40 cycles of PCR amplification in a 6 uL reaction volume.
This contained 1 uL (=10 ng) DNA, o.5 uL (0.2 uM) of
each primer and 4 uL of PCR QIAGEN Master Mix which
provides a final concentration of 3mM MgCL,. The primers,
labeled with specific dyes with different allele sizes, were
amplified and run separately with a size standard (Liz 500)
on a ABI 3100 Automatic Sequencer (Applied Biosystems,
Foster City, USA) running GENEMAPPER (Applied Bio-
systems, Foster City, USA). The reaction was repeated at
least three times for each sample to establish a consensus
genotype. Reference samples were included on each PCR
allowing the standardization of allele size measurements
across runs. Where a consensus genotype could not be esti-
mated, or if no reliable alleles could be scored (for example
due to poor quality of the DNA), the samples were recorded
as having ‘any allele’ for that locus (nine out of the 64 loci).
Alleles were compared across the eight loci using GIMLET
(Valiere, 2002), which finds the proportion of identical
alleles for each pair of cheetahs. Two individuals are consid-
ered to have identical alleles at a locus if at least one allele at
that locus is the same in both individuals. This method
therefore assumes that similar alleles are identical by descent.
Despite this conservative approach, no two cheetahs shared
more than two thirds of their alleles across the eight loci.
Therefore all cheetah samples are from separate individuals.

Two potential sources of error are contamination and
the identification of a species that was not present. The
leopard reference sequence and Algerian leopard sample
differed by three out of 424 bases, whilst 28 bases differed
from an African lion sequence, the only other Panthera
species in Africa (sequence from GenBank). No cheetah
sequence differed from another by more than three (out of
217) bases of 125, or five (out of 429) bases of cytochrome
b, compared to seven base differences between F. catus
and the cheetahs for the 12S and 36 base differences with

the cytochrome b between the same species. It is therefore
highly unlikely that we assigned the incorrect felid to the
samples. The presence of within species sequence differ-
ences between the reference and Algerian samples in both
the cheetahs and the leopard, together with the micro-
satellite diversity in the cheetahs and the precautions taken
to ensure scat DNA was extracted in a separate and sterile
area, suggest that the Algerian sequences are unlikely to be
the result of contamination.

Based on the most complete compilation of literature on
Algerian mammals (Kowalski & Rzebik-Kowalska, 1991)
our findings are the first direct evidence of wild leopards in
Algeria for almost 50 years, and should be an incentive for
further studies in the surrounding areas of Air and Termit
in Niger and the eastern Chadian desert. Our results also
demonstrate that it is feasible to collect unknown carnivore
scat samples, extract their DNA and sequence specific
mitochondrial genes to identify species. Assuming the
presence of generic primer combinations, species can thus
be identified solely from scat samples collected in the field.
Earlier methods of identifying species from unknown scats
involved deducing the species from outward morphological
appearance, a method subjective and prone to error. Davison
et al. (2002) found that even expert naturalists failed to
distinguish correctly the scat of pine marten Martes martes
and fox Vulpes vulpes.

Genetic studies are increasingly made on scat from
unknown species but these involve assaying for only
a few candidate species (e.g. stone and pine martens, Pilot
et al., 2007; bobcats, bears and martens, Long et al., 2007).
Although there are examples of methods using restriction
fragment length polymorphism PCR (RFLP-PCR; Livia
et al,, 2007) or species-specific primers (Dalen et al., 2004)
to distinguish several species, the power of our method
comes from its ability to identify species in all taxa across
both major branches of the Carnivora. Although not as
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cheap as RFLP-PCR, the method also benefits from being
accurate and reproducible. It is therefore a powerful and
reliable tool for assessing carnivore biodiversity, especially
when the number of scats collected is low. More generally,
this method will be especially effective in remote areas where
animal density is low and where individuals are rarely seen,
two characteristics inherent to threatened species.

Acknowledgements

The authors wish to thank the Director of the Office du
Parc National de I'’Ahaggar (OPNA), F. Ighilahriz, the
Algerian Ministry of Culture (the administrative tutor of
the OPNA), the 2005 SSIG-OPNA survey team, and
N. Pettorelli for useful comments on the manuscript. The
expedition fieldwork was sponsored by OPNA, the Saint
Louis Zoological Park, USA, the Ministerie van de Vlaamse
Gemeenschap afdeling Natuur, Belgium, the Cheetah Con-
servation Fund, the Smithsonian Institute and the Zoolog-
ical Society of London, who also funded the laboratory
work. We also thank Anders Angerbjorn and two anony-
mous reviewers for helpful comments on the manuscript.

References

BarREA-AzcoN, J.M.,, VirGos, E., BALLESTEROS-DUPERON, E,,
MoLEON, M. & CHIROSA, M. (2007) Surveying carnivores at
large spatial scales: a comparison of four broad-applied methods.
Biodiversity and Conservation, 16, 1213-1230.

BensoN, D.A., KaArRscH-MizrAcHI, L., LipmaN, D.J.,, OsTELL, J. &
WHEELER, D.L. (2008) GenBank. Nucleic Acids Research, 36
(Database issue), D25-30. Http://nar.oxfordjournals.org/cgi/
content/full/36/suppl_1/D25 [accessed 11 July 2008].

DALEN, L., GOTHERSTROM, A. & ANGERBJORN, A. (2004) Identi-
fying species from pieces of faeces. Conservation Genetics,

5, 109—111.

Davison, A, Birks, J.D.S., BRookEs, R.C., BRAITHWAITE, A.C. &
MESSENGER, J.E. (2002) On the origin of faeces: morphological
versus molecular methods for surveying rare carnivores from their
scats. Journal of the Zoological Society of London, 257, 141-143.

HaMDINE, W., MEFTAH, T. & SEKHI, A. (2003) Repartition et statut
du guepard (Acinonyx jubatus Schreber, 1776) dans le Sahara
central Algerian (Ahaggar et Tassili). Mammalia, 69, 403-408.

HEepMmARK, E. & ELLEGREN, H. (2007) DNA-based monitoring of
two newly founded Scandinavian wolverine populations.
Conservation Genetics, 8, 843-852.

TUCN (2008) 2008 IUCN Red List of Threatened Species. IUCN,
Gland, Switzerland. Http://www.iucnredlist.org/ [accessed 13
March 2009].

JANCZEWSKI, D., Mop1, W., STEPHENS, J. & O’BRIEN, S.J. (1995)
Molecular evolution of mitochondrial 12§ RNA and cytochrome
b sequences in the pantherine lineage of felidae. Molecular Biology
and Evolution, 12, 690-707.

KINGDON, J. (1997) The Kingdon Field Guide to African Mammals.
Academic Press, London, UK.

© 2009 Fauna & Flora International, Oryx, 43(3), 412-415

Leopards and cheetahs in Southern Algeria

KowarLski, K. & Rzesik-KowaLska, B. (1991) Mammals of
Algeria. Polish Academy of Sciences, Ossolineum, Krakov,
Poland.

Livia, L., FRANCEsScA, V., ANTONELLA, P., FAusTO, P. &
BERNARDINO, R. (2007) A PCR-RFLP method on faecal samples
to distinguish Martes martes, Martes foina, Mustela putorius
and Vulpes vulpes. Conservation Genetics, 8, 757-759.

Long, RA, DoNovaN, T.M., MACKAY, P., ZIELINSKI, W.]. &
Buzas, J.S. (2007) Effectiveness of scat detection dogs for
detecting forest carnivores. Journal of Wildlife Management,

71, 2007-2017.

MENOTTI-RAYMOND, M., DAvID, V.A,, LYyoNs, L.A., SCHAFFER,
A.A., TomLIN, J.F,, HuttoN, MK. & O’BRIEN, S.J. (1999)

A genetic linkage map of microsatellites in the domestic cat
(Felis catus). Genomics, 57, 9—23.

PiGgGgoTT, M.P. & TAYLOR, A.C. (2003) Remote collection of animal
DNA and its applications in conservation management and
understanding the population biology of rare and cryptic species.
Wildlife Research, 30, 1-13.

PiLoT, M., GRALAK, B., GoszczyNski, J. & PosLuszny, M. (2007)
A method of genetic identification of pine marten (Martes martes)
and stone marten (Martes foina) and its application to faecal
samples. Journal of Zoology, 271, 140-147.

TABERLET, P., GRIFFIN, S., GOSSENS, B., QUEsTIAU, S,
MANCEAU, V., ESCARAVAGE, N. et al. (1996) Reliable
genotyping of samples with very low DNA quantities using
PCR. Nucleic Acids Research, 24, 3189-3194.

VALIERE, N. (2002) GIMLET: a computer program for analysing
genetic individual identification data. Molecular Ecology Notes,
2, 377-379-

WacCHER, T., DE MET, K., BELBACHIR, F., BELBACHIR-BAZI, A,
FeLrous, A, BELGHOUL, M. & MARKER, L. (2005) Sahelo-
Saharan Interest Group Wildlife Surveys, Central Ahaggar
Mountains. Http://www.cheetah.org/ama/orig/SSIG_200503_
Ahaggar_Report.pdf [accessed 17 April 2009].

Waits, LP. & PAETKkAU, D. (2005) Noninvasive genetic sampling
tools for wildlife biologists: a review of applications and
recommendations for accurate data collection. Journal of
Wildlife Management, 69, 1419-1433.

WayNE, RK. & MoriIN, P.A. (2004) Conservation genetics in the
new molecular age. Frontiers in Ecology and the Environment,

2, 89-97.

Biographical sketches

The research for this project comprised two teams, both of which are
committed to the interdisciplinary conservation of wildlife in Africa.
The first consisted of a field team, mainly based in Algeria but
containing members from both the Office du Parc National de
I’Ahaggar and the Zoological Society of London (ZSL) in the UK.
FARrRID BELBACHIR, TIM WACHER, LAURIE MARKER, KOEN DE
SMET, AMEL BELBACHIR-BAzI, AMINA FELLOUS and MOHAMED
BELGHOUL are all involved in the conservation of large mammals and
carnivores in Algeria, and elsewhere in Africa, and collected the
ecological observations and scat used in this study. GEORGE Bussy
and DApA GoTTELLI work in the conservation genetics laboratories
in the Institute of Zoology at ZSL and performed the genetic identifi-
cation of the scat. FARID BELBACHIR and SARAH DURANT continue
to work together to combine the expertise of these two teams.

415



