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1. Abstract
Population estimation is an important task in all wildlife conservation. Such
estimations are often difficult in low-density species such as big carnivores. The
painted dog (Lycaon pictus) is an endangered species and the first aim of IUCNs
action plan is to assess the size and the distribution of the remaining population.
This study is the first step towards a quantitative method to distinguish painted
dog footprints from footprints of feral domestic dogs and hyaenas. Footprint
photographs were collected and digitally processed and total pad area and angles
between the digits and backpad of the paw were measured. Both the pad area
and the angles show a statistically significant difference between the species.
However, further analysis shows that there is no significant difference in pad
area between painted dog females and domestic dog males. Size of the pads
alone is therefore not suitable as a measure to determine the species from an
unknown footprint. The angles between backpad and digits seem to be more
suitable to distinguish between species. Therefore, a combination of pad size
and the angle between backpad and digits might be useful to estimate the species
from an unknown footprint in the field.
Keywords:
african wild dog, footprint, Lycaon pictus, painted dog, population estimation,
spoor, track
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2. Introduction
In all wildlife management and conservation projects, reliable population size
estimates are of crucial importance. This applies in particular to low-density
species, such as large carnivores, who often live in remote areas where the type
of habitat makes it difficult to obtain visual contact. A number of methods have
been developed to estimate the populations of larger carnivores, for instance
mountain lions (Felis concolor) (Shawn Smallwood and Lee Fitzhugh, 1993;
Grigione et al., 1999; Lewison et al., 2001), leopard (Panthera pardus), serval
(Leptailurus serval), brown hyaena (Parahyaena brunnea) and black-backed
jackal (Canis mesomelas) (Gusset and Burgener, 2005), and all of these methods
involve counting and/or measuring the footprints of the target animal on suitable
substrate. These seem to be timesaving and reliable methods, and previous
studies (Stander, 1997; Funston et al., 2009) have shown a linear correlation
between the presence of tracks and true population density.
However, these methods assume that it is easy to distinguish between tracks
(defined as a succession of footprints) from different species, and this is not
always the case. The footprints of the painted dog (Lycaon pictus) can easily be
confused with footprints of feral domestic dogs (Canis lupus familiaris) and
even with young spotted hyaenas (Crocuta crocuta). This obviously does not
facilitate the estimation of the painted dog population size. Today, the
population is estimated to range between 3000 and 5500 individuals distributed
in 600-1000 packs in southern Africa according to IUCN Species Survival
Commission (SSC).
Historically, the painted dog once roamed large parts of the African continent,
but during the 1900s the species has suffered a dramatic decline due to habitat
fragmentation, prey loss and persecution. The painted dogs were being shot,
snared and poisoned, since they were accused of killing livestock, and they also
had an unfair reputation of being cruel, mainly because of their killing method
(disembowelling prey). They were actually classified as vermin from 1906 until
1975 (Rasmussen, 1997). As a result, the painted dog has become an endangered
species.
Painted dogs live at very low populations densities – even when prey is
abundant – and they have large home ranges (Creel and Creel, 2002). The
habitat is mainly woodland and bushland (Robbins and McCreery, 2003), where
visual sightings are rare – even with radio-collared packs – and camera traps are
basically useless. In order to achieve effective conservation, we first need to
know where the remaining populations are located. The first aim of the IUCNs
(International Union for Conservation of Nature) action plan is, accordingly, to
assess the size and distribution of the painted dog populations that remain in
Africa. One way to do this is to use tracks, but first, we need to distinguish
painted dog tracks from the tracks of other species.
In this study, the aim is to compare footprints from painted dogs, domestic
dogs and hyaenas to find a distinct measurement that can help distinguish the
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footprints of the different species. The first measurement that comes to mind is
the size of the footprint, but this may not be a reliable variable, since it changes
during an individual’s ontogeny. Therefore this study also examines whether the
angle between the pads that comprise a footprint differ between the different
species. The hypothesis is that pad angles of painted dog footprints are
significantly different from those of domestic dogs and hyaenas.
3. Materials and Methods
3.1 Collecting footprints
Fieldwork was conducted at the Painted Dog Conservation in Zimbabwe. The
facility is situated next to Hwange National Park. The area is dominated by
scrub and woodland, with mopane trees (Colophospermum mopane) woodland
and bushwillows (Combretum spp.) thicket found throughout most of the study
area. The major geological type consists of Karoo sediments, Batoka basalts,
and pre-Cambrian rocks (Robbins & McCreery, 2003). This substrate is
commonly known as Kalahari sand.
Footprints were collected from ten adult painted dogs, six males and four
females, at the rehabilitation facility at the Painted Dog Conservation. This
facility consists of a main enclosure (600 meters in diameter), a medium term
enclosure (100 meters in diameter) and a small intensive management enclosure,
which are all linked via a series of raceways to facilitate the movement of
individuals with minimum handling. The footprint photographs were taken in
the small enclosure, which was prepared for each individual by raking and
watering the sand to obtain an even surface. Thereafter every individual was left
alone for approximately 30 minutes to make tracks in the enclosure. The clearest
footprints were selected and arranged for photography.
Five photographs of each paw of each individual were used, resulting in a total
of 200 painted dog footprints.
Hyaena footprints were collected in Hwange National Park and the adjacent
safari area. We had no visual contact with hyaenas, but only tracks that were
admittedly hyena footprints, according to local trackers, were used. 40 clear
footprints (unidentified paws) from different hyaena tracks were photographed.
Domestic dog footprints were collected at Norrköping Working Dog Club in
Sweden. The dogs were a random sample of the same size and weight as painted
dogs, 18-28 kg (Creel and Creel, 2002), and the breeds were Australian
Cattledog, Australian Kelpie, Golden Retriever, Flatcoated Retriever, Irish
Softcoated Weathen Terrier, Malinois, Lagotto Romagnolo and Siberian Husky.
The photo session took place in a low, wide container filled with fine-grain sand
(0.0625-2 mm) which was the closest possible alternative to Kalahari sand in
Sweden. The clearest footprints were selected and one photograph of each paw
of each individual were used, resulting in a total of 40 domestic dog footprints.
The camera used for all photographs was a Nikon D80 with the lens AF-S
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NIKKOR 18-135mm. All footprints were collected between June and October
2010.
3.2 Data processing
The digital footprint photographs were processed in Adobe Photoshop CS3
Extended version 10.0.1 according to protocol to achieve a black-and-white
image and a 2x2 cm square in grey (Fig. 1). The gray square was used to convert
pixels to centimeters.
The black-and-white images were measured using ImageJ 1.43u, which
allowed the quantification of pad area in pixels and centroid of each pad (i.e the
average of the x and y coordinates of all of the pixels in each pad). Microsoft
Excel version 11.6.2 was used to convert pixel values into centimeters and to
calculate angels between backpad and digit centroids.

Figure 1. The digital footprint photograph was processed to achieve a black-andwhite image and a length scale.

3.3 Statistics
All data was analyzed using SPSS Statistics version 19.0. Results are presented
as mean ± SD throughout the thesis unless otherwise stated. The Kruskal-Wallis
4

analysis of variance by ranks was applied for each group – painted dogs,
domestic dogs and hyaenas. The Mann-Whitney U-test was used to assess
significant differences regarding front and back paws for both painted dogs and
domestic dogs. The level of significance was set at P<0.05.
4. Results
4.1 Total Pad Area
The total pad area was calculated for five footprint photos of each paw of six
painted dog males (n=120) and five footprint photos of each paw of four painted
dog females (n=80), and also for one footprint photo of each paw of seven
domestic dog males (n=28) and one footprint photo of each paw of three
domestic dog females (n=12). The hyaena footprint photos were from tracks of
unknown individuals and unidentified paws (n=40).
The comparison between the species showed that the total pad area of the
painted dogs (25.99±4.97 cm2) was generally larger than that of the domestic
dogs (21.42±5.90 cm2), and the hyaena footprints (57.28±38.13 cm2) were the
largest of all. There was a significant difference between all three species
(Kruskal-Wallis, X2=79.8, df=2, P<0.001).
The total pad area also differed between the sexes in both painted dogs and
domestic dogs. Footprints of painted dog males (27.43±5.11 cm2) were larger
than those of painted dog females (23.70±3.82 cm2), and footprints of domestic
dog males (22.15±6.28 cm2) were larger than those of domestic dog females
(18.45±4.29 cm2). There was a significant difference between both species and
sexes (Kruskal-Wallis, X2=27.6, df=2, P<0.001), except for painted dog females
and domestic dog males where no significant difference was found (MannWhitney U-test, U=1028.5, P=0.521) (Fig. 2).
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Figure 2. Total pad area in cm2, mean±SD for painted dogs and domestic dogs.

The front footprints were larger than the hind footprints for both painted dogs
and domestic dogs. There was a significant difference between the total pad area
of the front paw and the hind paw in both painted dog males (Mann-Whitney Utest, U=615.0, P<0.001) and females (Mann-Whitney U-test, U=179.0,
P<0.001), but not in domestic dog males (Mann-Whitney U-test, U=79.0,
P=0.170) and females (Mann-Whitney U-test, U=12.0, P=0.337). The male
painted dog front paw averaged 30.08±5.15 cm2 and the male domestic dog
front paw averaged 23.28±6.04 cm2. The hind paw was smaller in both species;
24.79±3.46 cm2 for the painted dog and 21.02±6.57 cm2 for the domestic dog.
The same difference between front and hind paw was found in the females. The
painted dog female front paw averaged 26.18±2.79 cm2 and the female domestic
dog front paw averaged 19.47±4.81 cm2. Even in the case of the females, the
hind paw was smaller than the front paw; 21.22±3.03 cm2 for painted dog and
17.43±3.86 cm2 for domestic dog (Fig. 3).
Since there was no possibility to distinguish between the front and hind paws
of hyenas, they were excluded from this analysis.
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Figure 3. Comparison of the total pad area of front and hind paw between painted
dogs and domestic dogs. Upper panel: males, lower panel: females.

The individual backpad and digits were larger for the painted dogs than for the
domestic dogs. The mean backpad for painted dogs was 12.41 cm2 versus 9.80
cm2 for domestic dogs; mean 1st digit was 3.21 cm2 versus 2.73 cm2; mean 2nd
digit 3.64 cm2 versus 3.09 cm2; mean 3rd digit 3.63 cm2 vs. 3.15 cm2; mean 4th
digit 3.21 cm2 vs. 2.64 cm2 (Fig. 4).
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Figure 4. The average backpad and digits for painted dog (left) and domestic dog
(right).

4.2 Angles between centroid of digits
The centroid of each individual pad was used to calculate two different angles –
the angle between the backpad centroid and the centroids of the 1st and 4th digit,
and the angle between the backpad centroid and the centroids of the 2nd and 3rd
digit (Fig. 5).
The angles were calculated for the same footprint photos as the total pad area,
i.e painted dog males (n=120), painted dog females (n=80), domestic dog males
(n=28), domestic dog females (n=12) and hyaenas (n=40).
The results showed that painted dogs have the most cohesive paw of the three
species. The painted dog footprint was generally larger than that of domestic
dogs, but it was considerably tighter – the angle between the 1st and 4th digit was
smaller than the corresponding angle of domestic dogs and hyaenas (Tab. 1).
The same tendency was shown regarding the angle between the backpad and the
2nd and 3rd digit.
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Figure 5. Two different angles were calculated. The angle between the backpad and
the 1st and 4th digit (a) and the angle between the backpad and the 2nd and 3rd digit
(b).

The widest angle between the 1st and 4th digit was found in the domestic dogs
(females 100.34±21.20° and males 91.65±15.77°) followed by the hyaenas
(88.68±11.29°) and the most narrow angle was found in the painted dogs (males
84.66±10.83° and females 80.15±9.06°). The relation between the 2nd and 3rd
digit was corresponding; the widest angle in the domestic dogs (females 30.54
±6.69° and males 26.70±4.77°) followed by the hyaenas (26.76±2.78°) and the
most narrow angle was found in the painted dogs (males 24.86±3.08° and
females 24.10±2.43°). There was a significant difference between all species
and sexes regarding both the 1st and 4th digit (Kruskal-Wallis, X2=16.0, df=2,
P<0.001) and the 2nd and 3rd digit (Kruskal-Wallis, X2=7.3, df=2, P<0.025).
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Table 1. Angles (in degrees) between backpad and digits in painted dog, domestic
dogs and hyaenas.

5. Discussion
The footprints of most species are distinct, mainly due to morphological
adaptations (Stander, 1997), but, as shown in this study, this is not always the
case. The painted dog footprint and the domestic dog footprint are easily
confused due to similar shape and size. The footprint of hyaenas are easier to
distinguish from that of painted dogs due to a characteristic slope on their hind
backpad, but if a footprint is unclear, there is still some risk of confusion.
The aim of this study was to find the most suitable variable/s to distinguish
unknown painted dog footprints from domestic dog and hyaena footprints in the
field.
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This study shows that it is difficult to more than roughly distinguish between
painted dog and domestic dog from footprint size alone, particularly with regard
to painted dog females and domestic dog males. Furthermore, the size of the
front paws and hind paws also differs in size – for both species. This study did
not compare differences between left and right paws, since they can be assumed
to be symmetrical in one individual.
The variation in footprint size might be due to many independent genetic and
environmental factors, not only to the species. Actually, the painted dogs in this
study may be more homogeneous than the entire population, since five of the ten
dogs in the sample are siblings.
When it comes to hyaenas, their footprints are generally larger and easier to
distinguish from both painted dog and domestic dog footprints – but this is not
necessarily true for juvenile individuals, which may or may not have been
included in this study. The hyaena footprints were indeed collected from
different tracks, but since the individuals could not be visibly identified, the
same individual/s might have made more than one of the tracks. It was,
accordingly, impossible to determine the age of the hyaenas. The hyaena
footprints in this study show a large variability. The mean total pad area for the
hyaenas is 57.28 cm2, which indicates fully grown individuals, instead of
juveniles, but the standard deviation is 38.13 cm2, which indicates that there are
individuals of different size and possibly age in the sample.
The substrate must also be taken into consideration. A footprint may range in
clarity from a clear footprint in soft ground to a mere trace on hard soil, from
sharp edges in mud to soft edges in sand, and this obviously affects the size of
the measurable footprint. Here, fine grain sand was used as a substrate for all
footprints – but variation can still occur depending on, for instance, the animal’s
pace and even the weight the animal has put on the paw as it stepped.
However, the centroid of each digit should stay the same, regardless of the
dog’s pace or weight impact, or even the substrate conditions. Even during
ontogeny, the centroids of the digits ought to be fairly consistent. The painted
dog footprint has more narrow angles between the digits than both the domestic
dog and the hyaena footprint, which may help to distinguish them from each
other.
In summary, the combination of footprint size and the angles between
centroids of the backpad and the digits seems to be a reliable characteristic to
determine the species. Further research, that examines a larger sample of
domestic dogs and hyaenas, may help to create a template for the range of
angles for each species, that can easily be used in the wild. The method of
determining a species from an unknown track by using footprint photographs,
and then measuring the pad area and the digit angles is, to my knowledge, an
innovative method. This method may be of use for future species identification
in the field.
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