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In the past, the wildcats were considered as 
one species, Felis silvestris (Nowell & Jack-
son 1996), and South-west Asia was consid-
ered as where different phylogenetic clades 
meet. The division of the different subspecies 
(i.e., lybica, ornata and silvestris groups) was 
considered to be roughly along the Iranian 
and Turkish political boundaries (Nowell & 

Jackson 1996). However, Driscoll et al. (2007) 
suggested that most of the individuals from 
South-west Asia should be classified as F. s. 
lybica, despite having too few samples from 
this region. In the revised taxonomy of the 
Felidae (Kitchener et al. 2017), the European 
and the Afro-Asiatic wildcat were considered 
two distinct species, Felis silvestris and Felis 

lybica, respectively. This split called for a new 
assessment of the conservation status of the 
two species for the IUCN Red List of Threat-
ened SpeciesTM, which is presently under way 
(Gerngross et al. in prep., for F. silvestris, and 
Ghoddousi et al. in prep., for F. lybica). The 
occurrence of these wildcat species and any 
subspecies in South-west Asia poses a par-
ticular challenge for the assessment of the 
distribution and conservation status of these 
taxa. According to Kitchener et al. (2017) the 
three subspecies F. s. caucasica, F. l. lybica, 
and F. l. ornata have distinct distribution are-
as, with F. s. caucasica occupying Anatolia 
and the Caucasus, F. l. lybica northern Africa 
and the Arabian Peninsula, and F. l. ornata Iran 
and all areas of the wildcat distribution further 
north and east (Fig. 1). However, the prelimi-
nary distribution maps for the new Red List 
Assessments give a somewhat different pic-
ture than previous works. Overlapping the two 
maps reveals several discrepancies, which 
must be addressed through further research. 
Large-scale distribution maps for smaller cats 
– and not just for the wildcats – are still most-
ly based on generic information and expert 
opinion (e.g. local literature, museum speci-
mens, pelts and zoo specimens, observations 
by wildlife officers or hunters (He et al. 2004)). 
Generally, only (small) parts of a species’ glo-
bal distribution range have been surveyed by 
means of robust methods, and only few spe-
cies in certain regions are the subject of coor-
dinated and standardised monitoring (Kubala 
et al. 2017, Satter et al. 2019). Small wildcats 
do not receive the same level of research and 
conservation attention as other members of 
the Felidae. Occurrence data of small wildcats 
such as camera trap photographs however, 
are often collected as bycatch of surveys tar-
geting other species. Over the past 20 years 
digital photography and camera-trapping have 
become increasingly important for the moni-
toring of felids including wildcats (Jackson et 
al. 2006, Cheyene & Macdonald 2011, Wearn 
et al. 2013), but the systematic compilation 
of photographs from various sources is not 
yet established. However, a notable example 
is the Small Wild Cats of Eurasia Database 
(http://wildcats.wildlifemonitoring.ru, Barash-
kova & Karyakin 2020), which also includes a 
number of photographs of wildcats. 
Ghoddousi et al. (2016) defined the distribu-
tion of the wildcat in Iran also based on pic-
tures. Using photographs to define the distri-
bution range of wildcat species/subspecies 
in South-west Asia is a particular challenge, 
not only because variation in the phenotypi-

Fig. 1. Distribution of the collected georeferenced photographs for the wildcat catalogue, 
in relation to the wildcat species distributions according to Kitchener et al. (2017).
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Expediency of photographs to 
study the distribution of wild-
cats in South-west Asia
By compiling a wildcat catalogue of georeferenced digital photographs from South-
west Asia, we investigated the plausibility of phenotypically identifying Felis silve-
stris caucasica (Caucasian wildcat), Felis lybica ornata (Asiatic wildcat) and Felis 
lybica lybica (African wildcat) through external phenotypic traits, in order to verify 
their known distribution, and identify any inconsistencies or gaps of knowledge. 
With this approach, we expect to move away from depending on wildcat distribution 
information being based primarily on expert opinion, and establish a more systema-
tic approach to determine areas in need of further investigation, survey and monito-
ring with robust methods. We identified the Lesser Caucasus as an area containing 
possible hybrid individuals between these taxa. Further “ground truthing” may also 
be required to understand the distribution ranges of the Caucasian and Asiatic wild-
cats in the Caucasus and western Kazakhstan/southern Russia. We suspect their ac-
tual distributions may differ from the information currently published, with a possible 
range expansion in the north, as well as an overlap area in the Lesser Caucasus. 
The African wildcat was underrepresented in our image collection and therefore 
no firm conclusions could be formulated, emphasizing the need for further data. 
The wildcat catalogue is available as an online resource, and we emphasize the 
importance of such resource compilations, given the ever-increasing flood of digital 
imagery. We recommend the use of such tools for identifying areas in need of further 
“ground truthing” by means of robust genetic analyses. This plays an important role 
in addressing potential conservation concerns, such as the extent of hybridization 
between wildcat species, as well as with the domestic cat, the influence and extent 
of habitat loss, climate change, and species range shifts.
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photographs to study wildcats distribution

cal appearance of wildcats and their differ-
entiation in areas of overlap between taxa 
are not fully understood, but also because 
all species or subspecies can also hybridise 
among themselves and with the omni-present 
domestic cat, Felis catus. Nevertheless, pho-
tographs are an enormously valuable source 
of information for determining cat distribu-
tions, and of outstanding importance to test 
hypotheses and verify expert opinions. There-
fore, we launched a project to test the use of 
photographs to define the distribution ranges 
of the different wildcat subspecies in South-
west Asia. Our approach was to compile a 
catalogue of geo-referenced photographs of 
wildcats (Supporting Online Material SOM 
Figure F1) and compare these images with the 
phenotypical characteristics for the three sub-
species as described in the literature (SOM 
F2). We are aware of the limitations of the 
“phenotypical approach” especially with re-
gard to identifying hybrids (see e.g. Daniels 
et al. 1998, Beaumont et al. 2001, Yamaguchi 
et al. 2004, O’Brien et al. 2009, Nussberger 
et al. 2013, Mousavi et al. 2019), but the in-
creasing flood of photographs are a valuable 
source of information which surpasses the 
limited number of historical georeferenced 
specimens in museum collections, when as-
sessing the distributions of felid species. In 
this respect, the wildcats in South-west Asia 
are a perfect test case: If we can make it work 
there, we can make it work anywhere…

Methods
We scanned online databases and asked 
colleagues for wildcat images from our 
study area (Fig, 1, AOI). We received over 
400 images of both wild and captive cats, 
but only 220 were georeferenced (Fig. 1) and 
of acceptable quality showing the cat in a 
position to allow us to classify it. The final 
220 images were standardised by size, so 
the featured cat would fill the frame. These 
images were then mapped using QGIS 3.12 
to create the online wildcat catalogue map 
(SOM F1).
To standardise the classification of images 
we devised a phenotypic identification key, 
as a baseline for identifying individuals in 
the photographs (SOM F2). This phenotypic 
identification key is based on traits record-
ed in the literature, to compare members 
of the “wildcat group” phenotypically. The 
images were then identified by eight obser-
vers according to this identification key, and 
cross-checked with the distribution ranges 
as given by Kitchener et al. 2017, Ghoddousi 

et al. in prep. and Gerngross et al. in prep 
(Fig. 1, SOM F1). The certainty of identifica-
tion was noted as either 1 (Low Certainty), 
2 (Moderate Certainty), or 3 (High Certainty). 
Results from the identification surveys were 
analysed using R (version 1.1.453), where the 
most-common species classification for each 
image was mapped, along with the mean 
level of identification certainty (MC; Fig. 2). 
Based on how many times the most-common 
species classification occurred for each 
image, an Agreement Index (AI) was calcu-
lated (e.g. an AI of 6 means 6/8 assessors 
identified the species/subspecies/hybrid in 
the image the same), as well as the standard 
deviation (SD). Both, the MC and the AI were 
mapped (SOM F3), in order to identify areas 
of uncertainty and disagreement and to com-
pare our findings with available species dis-
tribution maps.

Results
The most common species classifications 
within the AOI were F. s. caucasica (59 
images, MC = 2.08 ± 0.34, AI = 6.42 ± 1.42), 
F. s. caucasica X F. l. ornata (6 images, MC = 2 
± 0, AI = 4.5 ± 0.84), F. catus (5 images, MC = 
2 ± 0, AI = 2.2 ± 0.45), F. l. ornata (130 images, 
MC = 2.69 ± 0.48, AI = 7.29 ± 1) and F. l. lybica 
(17 images, MC = 2 ± 0, AI = 5.23 ± 1.64). Fi-
gure 2 reveals the distribution of the classified 
species/subspecies and the certainty of iden-
tification. In comparison to the distribution 
ranges de-scribed in Kitchener et al. (2017), F. 
l. ornata and F. s. caucasica were well repre-
sented in terms of the distribution of collected 
images, but F. l. lybica was underrepresented 
because too few images were available from 
this area, and thus no firm conclusion could 
be drawn for either the identification certainty 
through photographs, or its distribution. The 

Fig. 2. Most common species classification for each image identified by eight observers. 
The shapes represent their level of certainty, Low Certainty (1), Moderate Certainty (2), 
High Certainty (3). Some points are overlapping and obscuring points beneath them.

Fig. 3 Most common species classification for images in the Lesser Caucasus. The sha-
pes represent their level of certainty,: low  (1), moderate (2), high (3).
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mean level of identifier certainty overall was 
2.43 (SD = 0.31), with an average AI of 7/8 
(seven out of eight identifiers; SD = 1.55). The 
Lesser Caucasus was identified as a region 
with unclear phenotypes (Fig. 3). 
Images 403, 405, 406 and 409 raised ques-
tions about potential species/subspecies 
admixture (Fig. 4). All four images were clas-
sified as a hybrid between F. s. caucasica and 
F. l. ornata, by five observers on average, with 
MC = 2 (SD = 0.75). Several images were also 
classified as hybrids between wildcat and the 
domestic cat, but these categorizations did not 
make up the majority in any of the images. In 
some cases, the classifications were very di-
verse. For example, image 2003 was classified 
as F. l. lybica by three out of eight observers 
making up the final classification (AI = 3/8). 
However, the other observers classified it as 
F. l. lybica X F. catus (AI = 1/8), F. l. ornata X F. 
catus (AI = 2/8), pure F. l. ornata (AI = 1/8) as 
well as pure F. catus (AI = 1/8) (SOM 1). 

Discussion
The overall agreement between the eight as-
sessors of the pictures was high, indicating 
that for most of the distribution range, photos 
are a welcome means for assessing wildcat 
presence. A particular challenge is posed by 
hybrids, which indeed require genetic testing 
for a reliable diagnosis (Devillard et al. 2013). 
Although suspected hybrids with domestic 
cats were classified in our sample, the ag-
reement between observers was very low, 
whereas six suspected hybrids between F. s. 

caucasica X F. l. ornata had much higher ag-
reement. This is a topic that needs more at-
tention both from a phenotypic and genetic 
point of view.
The goal of this study was to test the use of 
digital photography as a tool for the identifi-
cation of wildcat species and subspecies F. s. 
caucasica, F. l. lybica and F. l. ornata in South-
west Asia, based on published morphological 
traits (SOM F2). In some cases, identification 
may have been affected by the quality of the 
images (focus, resolution) or how much of 
the phenotype was visible. Having multiple 
images from each site as well as both sides 
of the cat would benefit more certain identi-
fication. Where not all diagnostic traits were 
visible, classification was primarily based on 
the geographical location. However, in such 
situations the level of certainty was likely to 
be 2 or even 1 depending on the quality of the 
photograph. Given that the average AI was 
7/8 (SD = 1.5) with MC = 2, we can confidently 
say that the identification schematics coupled 
with geographical information were useful in 
identifying wildcats in digital images to the 
best of our ability, without genetic confirma-
tion. In images where the AI is particularly 
low (e.g. 1-3/8) and disagreement among ob-
servers is high, we can still confirm this as a 
useful tool. Uncertainty allows us to pinpoint 
areas in which such unusual individuals may 
be abundant, therefore raising questions 
about their genetic origin, even if observers 
disagree about what precisely this may be. 
It should also be noted however, that the MC 

and AI were higher for images classified as F. 
l. ornata than any other taxon, and the number 
of images in the F. l. ornata distribution range 
were also higher, possibly skewing the overall 
average AI of 7/8. Undoubtedly, we require 
more images of wildcats from the distribu-
tion ranges of F. s. caucasica and F. l. lybica, to 
make such results more reliably comparable. 
Our findings indicate the possibility that F. l. 
ornata extends further north into the apparent 
range of F. s. caucasica than described by Kit-
chener et al. (2017), where the north-western 
limit was suggested to be the borders of Iran, 
Armenia and Azerbaijan. The northern limit 
of F. l. ornata in Kazakhstan and southern 
Russia may also be further north than so far 
recorded. (This may also be a re-expansion, 
as the “reconstructed range” in Heptner & 
Sludskii (1992) for both species goes further 
north.) The F. s. caucasica distribution range 
according to Kitchener et al. (2017) was 
reasonably well represented in our sample 
of images, except for western Turkey where 
we had very few. The images and classifica-
tions from the Caucasus region were more or 
less in accordance to the current suggested 
range (Fig. 1), although increased sampling 
in Russia may reveal a wider distribution in 
the northeast than previously recorded. This 
northward expansion that we appear to see 
in both species may be an indicator of a res-
ponse to climate change or habitat loss and 
fragmentation (Koen et al. 2014, Arias-Alzate 
et al. 2017). Before the 1990s, the Asiatic wild 
cat undoubtedly had not been present in some 

Fig. 4. Images from the Lesser Caucasus identified by multiple observers as an intermediate form between F. s. caucasica and F. l. ornata.
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large areas where it now occurs, particularly 
in the Volga and South Urals regions, as well 
as the Pre-Caucasian plains. This change is 
specifically reported in several Russian pub-
lications (Shevchenko 1997; Shlyakhtin et al 
2011; Oparin et al 2010; Davygora 2005, 2020) 
and can also be revealed by comparing with 
older literature (Heptner & Sludskii 1992). The 
geographical range of F. l. lybica was poorly 
represented in our collected photographs. 
As a result, we were unable to raise specific 
questions, let alone draw conclusions regard-
ing the possible existence and implications 
of a contact zone between the African and 
Asiatic wildcat, in contrast to the case of the 
Caucasian and Asiatic wildcat. 
In the Lesser Caucasus, four images were 
classified as possible hybrids between F. s. 
caucasica and F. l. ornata (Fig. 4). This is an 
interesting finding given the lack of literature 
discussing this possible hybrid. Indeed, Hept-
ner and Sludskii (1992; 412) assert that it does 
not occur in nature. However, the hybridisa-
tion of closely related sympatric felid species 
has been demonstrated in the cases of the 
bobcat and Canada lynx (Koen et al. 2014) as 
well as the Geoffroy’s cat and oncilla (Eizirik et 
al. 2006). It is also well known that wildcats 
hybridise often with the domestic cat F. catus 
in Europe (Levin 2002, Randi 2008, Beugin et 
al. 2020, Tiesmeyer et al. 2020). Because of 
their close relatedness and similarity in kar-
yotype (Robinson 1976), it is to be expected 
that different forms of wildcats can hybridise 
among themselves and with domestic cats 
throughout the distribution ranges (Driscoll et 
al. 2007). Therefore, it is also possible that the 
cats in Figure 4 are hybrids between wildcats 
and domestic cats, but without genetic testing 
we are unable to confirm this. Hybridisation 
between wildcats and domestic cats is cur-
rently being investigated in Europe (Beaumont 
et al. 2001, Nussberger et al. 2013, 2014, Be-
guin et al. 2020, Tiesmeyer et al. 2020) as a 
potential conservation challenge. This scena-
rio has the potential to cause a hybrid swarm, 
resulting in the loss of true wildcats (genetical-
ly and phenotypically), as has already occurred 
in Scotland (Tiesmeyer et al. 2020). Because 
hybridisation between closely related sym-
patric species is no new discovery (Eizirik et 
al. 2006, Koen et al. 2014), there might be a 
similar balance of hybrids in this overlap zone 
in the Lesser Caucasus. However, accelerated 
climatic change, anthropogenic landscape al-
teration and habitat encroachment may alter 
the ecological conditions of the two allopatric 
forms, resulting in sympatry, and threatening 

this balance. Another consequence of such 
changes might be that the risk of hybridisation 
with domestic cats increases for either of the 
wildcat species, posing conservation threats 
to their genetic integrity. The Lesser Caucasus 
is the most interesting region for further re-
search, where our preliminary and limited phe-
notypic observations should be expanded with 
more targeted field work and genetic analyses. 
Therefore, how important is the consistent 
compilation of georeferenced photographs 
of “wildcats” for research and conservation? 
Given that digital photographs are an undeni-
ably valuable source of simple and cost-effec-
tive data, it is important to compile, share, and 
systematically analyse these for the research 
and conservation of elusive species. Wildcat 
distribution information has been largely based 
on scant records of specimens (e.g. museums 
and local trade), sightings, hunters, and expert 
opinions for many decades (He et al. 2004), 
and targeted field work in South-west Asia 
is particularly sparse and complicated by the 
presence of several species and subspecies. 
We require a greater number of high-quality 
images from wildcats across all known dis-
tribution ranges, to better understand species 
distributions, interactions, and phenotypic pat-
terns. It is also important to collect images and 
information about the habitats in which wild-
cats occur, as this may also have an influence 
(Ottoni et al. 2017). This wildcat catalogue is a 
first step in identifying the geographical areas 
in which gaps in knowledge exist. Given the in-
creasing flood of available digital photographs, 
we need some guidance and structure in using 
such data. Alongside geographical and pheno-
typic information e.g. as needed for an assess-
ment of the conservation status of a species 
(Ghoddousi et al. in prep., Gerngross et al. in 
prep.; SOM F2) we see considerable potential 
for answering important questions and iden-
tifying areas in need of targeted on-the-ground 
research using robust methods. By using a 
standardised and systematic method for iden-
tifying individuals in photographs, we reduce 
the “expert bias” based on personal comments 
and speculations (C3, SCALP; Molinari-Jobin 
et al. 2012), and base specific hypotheses on 
C1 (SCALP-category “hard fact”) data points. 
 
References 
Arias-Alzate A., González-Maya J. F., Arroyo-Cab-

rales J. & Martínez-Meyer E. 2017. Wild Felid 
Range Shift Due to Climatic Constraints in the 
Americas: A Bottleneck Explanation for Extinct 
Felids? Journal of Mammalian Evolution 24, 
427–438.

Barashkova A. & Karyakin I. 2020. Small Wild Cats 
of Eurasia. Sibecocenter LLC. Occurrence dataset 
https://doi.org/10.15468/f2nb5j accessed via 
GBIF.org on 2020-11-29.

Beaumont M., Barratt E. M., Gottelli D., Kitchener 
A. C., Daniels M. J., Pritchards J. K. & Bruford 
W. 2001. Genetic diversity and introgression in 
the Scottish Wildcat. Molecular Ecology 10, 
319–336.

Beugin M., Salvador O., Leblanc G., Queney G., Na-
toli E. & Pontier D. 2020. Hybridization between 
Felis silvestris silvestris and Felis silvestris catus 
in two contrasted environments in France. Ecolo-
gy and Evolution 10, 263–276.

Cheyne S. M. & Macdonald D. W. 2011. Wild fe-
lid diversity and activity patterns in Sabangau 
peat-swamp forest, Indonesian Borneo. Oryx 45, 
119–124.

Daniels M. J., Balharry D., Hirst D., Kitchener A. C. 
& Aspinall R. J. 1998. Morphological and pelage 
characteristics of wild living cats in Scotland: im-
plications for defining the “wildcat”. Journal of 
Zoology, London 224, 231–247.

Devillard S., Jombart T., Léger F., Pontier D., Say L. & 
Ruette S. 2013. How reliable are morphological 
and anatomical characters to distinguish Europe-
an wildcats, domestic cats and their hybrids in 
France? Journal of Zoological Systematics and 
Evolutionary Research 52, 154–162. 

Driscoll C. A., Menotti-Raymond M., Roca A. L., Hupe 
K., Johnson W. E., Geffen E... & Macdonald D. W.  
2007. The near eastern origin of cat domestica-
tion. Science 317, 519 pp.

Eizirik E., Indrusk C. B., Trigo T. C., Sana D. A., Mazin 
F. D. & Freitas T. R. O. 2006. Refined Mapping and 
Characterization of the Geographic Contact Zone 
Between Oncilla and Geoffroy’s Cat in Southern 
Brazil. Cat News 45, 8–11.

Ghoddousi A., Hamidi A. Kh., Ghadirian T., & 
Bani'Assadi S. 2016. The status of wildcat in Iran 
- a crossroad of subspecies? Cat News Special 
Issue 10, 60–63.

He L., García-Perea R., Li M., Wei F. 2004. Distri-
bution and conservation status of the endemic 
Chinese mountain cat Felis bieti. Oryx 38, 55–61.

Heptner, V. G. & Sludskii, A. A. 1992. Mammals of 
the Soviet Union.Volume II, Part 2. Carnivora (Hy-
aenas and Cats). Smithsonian Institution Librari-
es and National Science Foundation, Washing-
ton D.C., 784 pp.

Jackson R. M., Roe J. D., Wangchuk R. & Hunter D. 
O. 2006. Estimating snow leopard population 
abundance photography and capture-recapture 
techniques. Wildlife Society Bulletin 34, 772–
781.

Kitchener A. C., Breitenmoser-Würsten Ch., Eizirik 
E., Gentry A., Werdelin L., Wilting A. …& Tobe 
S. 2017. A revised taxonomy of the Felidae. The 

photographs to study wildcats distribution



	 CATnews 72 Winter 2021

44

final report of the Cat Classification Task Force of 
the IUCN/ SSC Cat Specialist Group. Cat News 
Special Issue 11, 80 pp. 

Koen E. L., Bowman J., Lalor J. L. & Wilson P. J. 2014. 
Continental-scale assessment of the hybrid zone 
between bobcat and Canada lynx. Biological 
Conservation 178, 107–115.

Kubala J., Smolko P., Zimmermann F., Rigg R., Tám 
B., Ilko T., Foresti D., Breitenmoser-Würsten C., 
Kropil R. & Breitenmoser U. 2017. Robust moni-
toring of the Eurasian lynx Lynx lynx in the Slovak 
Carpathians reveals lower numbers than official-
ly reported. Oryx 53, 548–556.

Levin D. A. 2002. Hybridization and extinction: in 
protecting rare species, conservationists should 
consider the dangers of interbreeding, which 
compound the more well-known threats to wild-
life. American Scientist 90, 245 pp.

Maronde L., McClintock B. T., Breitenmoser U. & 
Zimmermann F. 2020. Spatial capture-recapture 
with multiple noninvasive marks: An application 
to camera-trapping data of the European wildcat 
(Felis silvestris) using R package multimark. Eco-
logy and Evolution, 1–12.

Molinari-Jobin A., Wölfl S., Marboutin E., Molinari 
P., Wölfl M., Kos I. ...& Breitenmoser U. 2012. 
Monitoring the Lynx in the Alps. Hystrix, The Ita-
lian Journal of Mammalogy 23, 49–53. 

Mousavi M., Rezaei H. R. & Naderi S. 2019. Phyloge-
ographic analysis of Iranian wildcats (Felis lybica 
/ Felis silvestris) as revealed by mitochondrial 
cytochome b gene. Zoology in the Middle East 
65, 293–306.

Nowell K. & Jackson P. 1996. Wild cats: Status sur-
vey and conservation action plan. 

Nussberger B., Greminger M. P., Grossen C., Keller 
L. F. & Wandeler P. 2013. Development of SNP 
markers identifying European wildcats, domestic 
cats, and their admixed progeny. Molecular Eco-
logy Resources 13, 447–460.

Nussberger B., Wandeler P., Weber D. & Keller L. 
F. 2014. Monitoring introgression in European 
wildcats in the Swiss Jura. Conservation Gene-
tics 15, 1219–1230.

O’Brien J., Devillard S., Say L., Vanthomme H., Léger F., 
Ruette S. & Pontier D. 2009. Preserving genetic in-
tegrity in a hybridising world: are European Wild-
cats (Felis silvestris silvestris) in eastern France 
distinct from sympatric feral domestic cats? Biodi-
versity and Conservation 18, 2351–2360.

Ottoni C., Van Neer W., De Cupere B., Daligault J., 
Guimaraes S., Peters J. … & Geigl E. M. 2017. 
The palaeogenetics of cat dispersal in the anci-
ent world. Nature Ecology & Evolution 1, 0139.

Randi E. 2008. Detecting hybridization between wild 
species and their domesticated relatives. Mole-
cular Ecology 17, 285–293. 

Robinson R. 1976. Homologous Genetic Variation in 
the Felidae. Genetica 46, 1–31. 

Satter C. B., Augustine B. C., Harmsen B. J., Foster 
R. J., Sanchez E. E., Wultsch C., Davis M. L. & 
Kelly M. J. 2019. Long-Term monitoring of ocelot 
densities in Belize. The Journal of Wildlife Ma-
nagement 83, 283–294.

Tiesmeyer A., Ramos L., Lucas J. M., Steyer K., Alves 
P. C., Astaras C. …& Nowak C. 2020. Range-

wide patterns of human-mediated hybridization 
in European wildcats. Conservation Genetics 21, 
247–260. 

Wearn O. R., Rowcliffe M, Carbone C., Bernard H. & 
Ewers R. M. 2013. Assessing the status of wild fe-
lids in a highly-disturbed commercial forest reserve 
in Borneo and the implications for camera trap sur-
vey design. PLoS ONE 8(11): e77598.

Yamaguchi N., Driscoll C. A., Kitchener A. C., Ward J. 
M. & Macdonald D. 2004. Craniological differen-
tiation between European wildcats (Felis silves-
tris silvestris), African wildcats (F. s. lybica) and 
Asian wildcats (F. s. ornata): implications for their 
evolution and conservation. Biological Journal of 
the Linnean Society 83, 47–63.

1	 KORA, Muri bei Bern, Switzerland

	 *<dina.luna.wuest@gmail.com>
2	 National Museums Scotland, Chambers Street, 

Edinburgh EH1 1JF, UK
3	 Conservation Biogeography Lab, Geography 

Department Humboldt-Universität zu Berlin
4	 Umwelt-PR Gerngross e.U., Peter-Jordan-Stras-

se 161A/5, 1180 Vienna, Austria
5	 Sibecocenter LLC, P.O.Box 547, Novosibirsk 

630090 Russia
6	 IUCN SSC Cat Specialist Group
7	 Zoological Garden Köln,  Riehler Str. 173, 50735 

Cologne, Germany
8	 PhD student. Samara National Research Univer-

sity, 34, Moskovskoye shosse, Samara, 443086, 

Russia
9	 Wild Nature NGO, Kazakhstan

NICOLAS HEARD1, SIMON MICKLEBURGH2, JIM SANDERSON1,3*, AND WAI-MING WONG4

Small grants sustain fishing 
cat conservation efforts
Because threats to biodiversity generally and small wild cats specifically continually 
appear, species conservation efforts must be sustained over the long term. Because 
no single large funding source is available, conservationists apply for small grants 
wherever such grants are offered. Small grants are thus an important tool supporting 
conservation projects around the world.  Because small grants offer limited funding, 
ensuring these funds are wisely invested is done through open communication and 
co-operation between the granting agencies. Small grants from The Mohamed bin 
Zayed Species Conservation Fund, Panthera’s Small Cat Action Fund, and The Rufford 
Foundation have enabled creation of a sustained, unified conservation programme for 
fishing cats Prionailurus viverrinus across their geographic range. Programme crea-
tion is a process, not an event. Here we detail how the conservation programme for 
fishing cats was created, the programme’s current state, and consider future needs. 

ongoing, seemingly never-ending process. 
Threats too numerous to list are taking an in-
creasingly heavy toll on biodiversity.  Modern 
conservation is thus a long-term struggle, not 
a single event, waging across the entire ge-
ographic range of most threatened species, 
and indeed many that are not yet threatened 
with extinction. Launching new conservation 
efforts is never easy, especially when propon-
ents have no track record. After overcoming 
this first hurdle, obtaining continued support 
for the long-haul becomes a treadmill from 
which there often seems no escape.  
In 2007, Panthera, an organization dedicated 
to the conservation of the world’s wild cat spe-
cies, disrupted the status quo for all seven spe-
cies of big cats. Awards totalling approximate-
ly US$661,000 for jaguar Panthera onca, lion 
P. leo, snow leopard P. uncia, and tiger P. tigris 
conservation efforts were made. In 2018, ap-
proximately US$15M was invested in support 

Few conservation problems are solved with 
the proverbial silver bullet, one-time solutions 

that work for the foreseeable future. Typical-
ly, threat reduction on multiple fronts is an 

original contribution
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A phenotypic guide to the Wildcat group 
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Introduction 

 

Wildcats occur across Europe, Asia and Africa, and consist of three species (Felis silvestris, F. lybica, 

and F. bieti) and their respective subspecies (Kitchener et al. 2017). The European wildcat F. s. sil-

vestris occupies much of western Europe. The Caucasian wildcat F. s. caucasica occupies Anatolia 

and the Caucasus. The Asiatic wildcat F. l. ornata occupies southwestern and central Asia, Afghani-

stan, Pakistan, India, Mongolia and China. The African wildcat F. l. lybica occupies eastern, western 

and northern Africa, the Arabian Peninsula, the Middle East, as well as Corsica, Sardinia and Crete. 

The South-African wildcat F. l. cafra occupies southern Africa, but the exact border to F. l. lybica is 

unclear. The Chinese mountain cat F. bieti occupies the provinces of eastern Quingai, northern Si-

chuan and possibly Gansu, China (He et al. 2004). The domestic cat Felis catus is present all over the 

world, overlapping with each of the wildcats to varying degree (Ottoni et al. 2016). All wildcat spe-

cies have the potential to hybridise with one another, as well as with the domestic cat (Driscoll et al. 

2007), All of these cats possess different physical features, but visual comparisons among the entire 

group and schematics for identification are lacking in the literature or exist only for some regions, 

e.g. the European wildcat (Ragni & Possenti 1996, Kitchener et al. 2005).  

 

In order to identify the different cats from digital photographs, I compiled the phenotypic descrip-

tions of each wildcat species or subspecies from the literature.  Additionally, I designed a simplified 

schematic for each species/subspecies (Fig. 8), with the intention for them to be used as a support 

for identifying wildcats (Wuest et al. 2020). 

 

Drawing of Asiatic Wildcat © Dina Wuest 
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European Wildcat - Felis silvestris silvestris  

 

The European wildcat (Fig. 1) is often described as being larger and more robust than the domestic 

cat Felis catus (Velli 2015; Fig. 7), and having a bushy tail with a broadly rounded black tip, with at 

least two aligned dark rings in the final third that encircle the entire tail (Ragni & Possenti 1996, 

Kitchener et al. 2005, Gündogdu et al. 2018, Bellani 2020, Maronde et al. 2020). The muzzle is tipped 

with a red nose pad and long white whiskers, and they often have an off-white patch on their chin 

(Kitchener et al. 2005). Four to five black occipital stripes often cover the back of the neck, and one 

stripe on each shoulder (Ragni & Possenti 1996, Kitchener et al. 2005, Maronde et al. 2020). They 

have a uniform colour pattern on their ears, and three clear dark stripes decorate the cheeks (Ragni 

& Possenti 1996, Kitchener et al 2005, Velli 2015). A black dorsal line runs along the entire back but 

stops at the base of the tail (Ragni & Posenti 1996, Kitchener et al. 2005, Bellani 2020). Although this 

is a very distinguishing trait, it is sometimes difficult to see in photographs (Maronde et al. 2020). 

The fur colour of the European wildcat varies, but is often described as tawny, brown, ochre yellow, 

or light grey (Devillard et al. 2013, Gündogdu et al. 2018, Maronde et al. 2020). Their flanks are cov-

ered in lateral stripes, that are not linked to the backline. The extent of lateral stripe contrast varies 

in different regions. In Switzerland they are described as having a low contrast between lateral 

stripes and background fur colour (Maronde et al. 2020), but the Scottish wildcats are described as 

having a high contrast between lateral stripes and the background fur colour (Kitchener et al. 2005). 

 

 

(1) Red nose pad in adults, large white whiskers, 

and often white muzzle or white on underside 

of neck 

(2) 4-5 thick black occipital stripes 

(3) Pronounced lateral stripes not linked to 

backline 

(4) Black dorsal line stops at root of tail 

(5) Broadly rounded black tip, dark continuous 

rings in final third 

Figure 1. Key diagnostic traits for Felis silvestris silvestris  
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Caucasian Wildcat – Felis silvestris caucasica 

 

The Caucasian wildcat (Fig. 2) is often described only at the species level, where the description 

mostly resembles that of the European Wildcat (Fig. 1). Individuals from populations in Anatolia and 

the Caucasus are supposedly less striated than those in Europe according to Bellani (2020) and 

Kitchener (pers. comm). The most distinguishing factor between the Caucasian and European wild-

cats however, is their geographic area (P. Gerngross, D. Mengulluoglu, pers. comm).  

 

 

(1) 4-5 thick black occipital stripes 

(2) Less pronounced lateral stripes than F. s. 

silvestris 

(3) Black dorsal line stops at root of tail 

(4) Broadly rounded black tip, dark continuous 

rings in final third 

Figure 2. Key diagnostic traits for Felis silvestris caucasica 
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African Wildcat – Felis lybica lybica  

 

The African wildcat (Fig. 3) is described as having a slim tapered tail, with the terminal part always 

ringed with a dark tip (Yamaguchi et al. 2004). Its fur colour is described as tawny grey to duller or 

brighter ashy grey (Pocock 1994a), or light sandy to dark grey (Wisemann et al. 2000), and never 

particularly hairy (Bellani 2020). It may have some inconspicuous stripes on the body, but this is al-

ways less pronounced than in the European wildcat (Fig. 1), and in drier regions, even less so (Yama-

guchi et al. 2004). In some areas the patterns on the upper side may even break up into faint spots 

(Pocock 1994a). The face of the African wildcat is said to be well pigmented, with no white (Pocock 

1994a, b), and the neck may be ringed with one or two bands, often deep red brown in colour, but 

this trait is not always present (Pocock 1994b, Ragni & Possenti 1996). The back of the ears are tint-

ed rusty brown to rich red, which may darken towards the tips (Pocock 1994a, b, Wisemann et al. 

2000, Yamaguchi et al. 2004). The African wildcat has proportionately longer legs than the domestic 

cat F. catus (Fig. 7), which is noticeable in the gait, as well as the upright posture when sitting 

(Wisemann et al. 2000). The legs may also be striped (Bellani 2020). The overall build of the African 

wildcat is smaller and slimmer than F. silvestris (Fig. 1), with a noticeably slender body (Bellani 2020). 

 

 

(1) Red tint to back of ears, dark tufts 

of hair at tips 

(1) Long legs which may be striped 

(2) Some inconspicuous stripes 

(coloration varies depending on 

climate) 

(3) Black dorsal line may continue on 

to tail 

(4) Slim pointed tail, terminal part 

ringed with dark tip 

Figure 3. Key diagnostic traits for Felis lybica lybica 
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Southern African wildcat – Felis lybica cafra  

 

The southern African wildcat (Fig. 4) is described as having a thin and pointed tail, which is always 

ringed in the final third, with a black tip (Bellani 2020). Characteristically, rust-red or brown streaks 

decorate the hips, and horizontal stripes the limbs (Bellani 2020). Its fur colour may vary from grey 

to yellowish, but is generally lighter in colour than the other wildcat subspecies. Additionally, there 

may be some individual variation in the presence of vertical streaks on the body (Bellani 2020). It has 

a relatively small head with pointed ears that are always a deep rust red on the back (Wisemann et 

al. 2000, Bellani 2020). Its legs are considerably longer than those of the domestic cat, F. catus (Fig. 

7), and its overall build is very slim.  

 

 

(2) Deep rust red colour on back 

of ears, may have dark hair 

tufts 

(3) May have vertical streaks on 

body 

(4) Red rust or brown streaks on 

hips and horizontal stripes 

on limbs 

(5) Very long legs 

(6) Slim pointed tail, terminal 

part ringed with dark tip 

Figure 4. Key diagnostic traits for Felis lybica cafra 
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Asiatic wildcat – Felis lybica ornata 

 

The Asiatic wildcat (Fig. 5) is described as having a slim ringed tail with a black tip (Gündogdu et al. 

2018, Ghimirey et al. 2019, Abdukadir & Khan 2013), some stripes, and many irregular dark spots on 

flanks, head and limbs, which may also fuse into stripes (Nowell & Jackson 1996, Yamaguchi et al. 

2004). Its relatively thin coat (Yamaguchi et al. 2004) is often pale, sandy brown to tawny grey in 

colour, but may vary according to habitat (Ghoddousi et al. 2016). It can often be distinguished by its 

pointed ears with deep brown tufts of hair on the tips (Ghoddousi et al. 2016, Bellani 2020). Another 

distinguishing feature is the presence of horizontal streaks on the upper parts of limbs (Gündogdu et 

al. 2018, Bellani 2020), and two distinct parallel black bars on the inside of each forearm (Gupta et al. 

2009, Pande et al. 2013). Its overall build is slim, relatively similar to F. catus (Fig. 7), although with 

longer legs and a longer tail (Abdukadir & Khan 2013). 

 

 

(7) Deep brown tufts of hair on ear tips 

(1) Two parallel black bars on inner side of 

each forearm 

(2) Many irregular dark spots on flanks, 

head and limbs 

(3) Some horizontal streaks on upper part 

of leg 

(4) Slim ringed tail with black tip 

Figure 5. Key diagnostic traits for Felis lybica ornata 
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Chinese mountain cat – Felis bieti  

 

The Chinese mountain cat (Fig. 6) is also known as the Chinese desert cat and the Chinese steppe cat. 

This wildcat has slightly shorter legs than F. silvestris (Fig. 1), but is overall larger (Bellani 2020). It 

typically has a bushy tail, ringed with dark grey bands and a black tip (Nowell & Jackson 1996). Its fur 

is long and thick, and changes colour seasonally, going from light grey-brown in winter to golden-

brown in the summer. Light but dense red-rust/brown streaks cover the sides of the body (vertically), 

legs and cheeks (horizontally; Nowell & Jackson 1996, Bellani 2020). Additionally, the cheeks are 

surrounded by dense fur, giving the face a flat and rounded appearance (Bellani 2020). Its ears are 

long and triangular in shape, with distinct tufts of red hair on the tips (He et al. 2004). The most strik-

ing feature of the Chinese mountain cat however is the blue irises, which is unique among wild cats 

(Han et al. 2020).  

 

  

 

(8) Long triangular ears with tufts of red hair on 

tips 

(1) Blue irises 

(2) Horizontal stripes on cheeks and limbs 

(3) Red rust/brown vertical streaks on side of 

body 

(4) Bushy tail ringed with grey bands and a 

black tip 

Figure 6. Key diagnostic traits for Felis bieti 
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Domestic cat – Felis catus  

 

The “wild-looking” domestic cat (Fig. 7) is described as having a slim tail with a pointed tip, as op-

posed to the thick club shape in F. silvestris spp. (Fig. 1, 2; Bellani 2020). The tail may also be ringed 

with incomplete tail bands (Kitchener et al. 2005). Its fur length can vary greatly, from very short to 

very long, and the pattern can also be highly variable. Generally speaking, domestic cats either pos-

sess a dominant coat colour (mackerel tabby), which is similar to the wild species from which it de-

rives, but with a higher contrast (Ottoni et al. 2016), or the recessive coat colour (blotched tabby). 

The mackerel tabby is characterised by a more stiped coat, and the blotched tabby is described by 

swirled blotches of colour, often described to look like a marble cake (Bellani 2020). Additionally, any 

cats possessing a red/ginger-based coat colour can generally be classified as a domestic cat 

(Maronde et al. 2020). A dorsal stripe in domestic cats is not always present, but when it is, it will 

extend down the length of the tail (Kitchener et al. 2005, Maronde et al. 2020). Domestic cats gen-

erally lack distinctive stripes on the neck and shoulders that are present in F. silvestris spp. (Fig. 1, 2), 

and they may possess small rump spots (Kitchener et al. 2005, Bellani 2020). Their overall size is 

similar to that of the African (Fig. 3) and Asiatic wildcats (Fig. 5), but smaller and slimmer than the 

European wildcat (Fig. 1) and Chinese mountain cat (Fig. 6; Bellani 2020).   

 

 

(9) Shorter legs and overall 

smaller bodysize than wild 

species 

(1) Vertical stripes on hips and 

hindquarters not 

continuous and may 

possess spots in mackerel 

tabby 

(2) Dorsal stripe continues on 

to tail 

(3) Tail with pointed tip and 

incomplete tail bands 

Figure 7. Key diagnostic traits for Felis catus 

 

  

Blotched Tabby Mackerel Tabby 
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Figure 8. Diagnostic comparison of entire wildcat group 

(1) Felis silvestris silvestris (2) Felis silvestris caucasica (3) Felis lybica lybica (4) Felis lybica ornata (5) Felis lybica 

cafra (6) Felis bieti (7) Felis catus (Mackerel Tabby) (8) Felis catus (Blotched Tabby) 
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SOM 3. 

 
SOM F3a. Higher resolution version of Figure 2 

 

 
SOM F3b. Most common species classification for each image identified by eight observers. The 

shapes represent their level of agreement (Agreement Index AI). Squares represent low agreement, 

with between 0 and 3 observers registering the same species classification. Triangles represent a 

moderate level of agreement, between 4 and 6 common classifications, and circles represent images 

with high agreement, where between 7 and 8 observers recorded the same species classification. 

 


