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ABSTRACT

Scats are often used to study ecological parameters of carnivore species. However,
field identification of carnivore scats, based on their morphological characteristics,
becomes difficult if many carnivore species are distributed in the same area. We
assessed error rates in morphological identification of five sympatric carnivores’
scats in north-eastern Himalayan region of Pakistan during 2013-2017. A sample of
149 scats were subjected to molecular identification using fecal DNA. We used a
confusion matrix to assess different types of errors associated with carnivore scat
identification. We were able to amplify DNA from 96.6% (n = 144) of scats. Based on
field identification of carnivore scats, we had predicted that out of 144 scats:

11 (7.6%) scats were from common leopard, 38 (26.4%) from red fox, 29 (20.1%)
from Asiatic jackal, 37 (25.7%) from yellow throated martin, 14 (9.7%) from Asian
palm civet and 15 (10.4%) from small Indian civet. However, molecular identification
revealed and confirmed nine were scats (6.24%) from common leopard, 40 (27.8 %)
from red fox, 21 (14.6%) from Asiatic jackal, 45 (31.25%) from Asian palm civet,
12 (8.3%) scats from small Indian civet, while 11 scats (7.6%) were found from Canis
lupus Spp., three (2%) from dog, one (0.7 %) scat sample from porcupine, and two
(1.4%) from rhesus monkey. Misidentification rate was highest for Asian palm civet
(25.7%), followed by red fox (11.1%) and Asiatic jackal (9.7%) but least for common
leopard scats (4.2%). The results specific to our study area concur with previous
studies that have recommended that carnivore monitoring programs utilize molecular
identification of predator scats. Using only morphological identification of scats can
be misleading and may result in wrong management decisions.

Subjects Conservation Biology, Ecology, Zoology
Keywords Scats, Morphological identification, Molecular identification, Misidentification

INTRODUCTION

Sound and effective wildlife management requires accurate scientific information about
the ecology of a species. Carnivore feces have been used to study ecology of predators
for decades (Adrados et al., 2018; Elton, 1927; Laguardia et al., 2015; Litvaitis, 2000;
Martinez-Gutiérrez, Palomares & Fernandez, 2015; Michalski et al., 2011; Murie, 1944
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Rodgers & Janecka, 2013; Roques et al., 2011). Since it is difficult to observe carnivores
directly, elusive species are often studied using their signs such as scats (Putman, 1984),
foot prints and hairs. For carnivores, monitoring techniques such as capturing, and
handling can be often challenging and costly (Gomipper et al., 2003), hence carnivore scats
are used to study dietary habits (Kozlowski, Gese ¢ Arjo, 2008; Marucco, Pletscher ¢
Boitani, 2008; Putman, 1984), population estimates (Harrison, Clarke ¢» Clarke, 2004;
Kamler, Stenkewitz ¢& Macdonald, 2013; Long et al., 2011; Schauster, Gese & Kitchen, 2002),
level of hormones ( Wasser, 1996), parasitism (Gompper et al., 2003) and identification at
individual level (Taberlet et al., 1996) distributions (Kozlowski, Gese ¢ Arjo, 20125
Monterroso et al., 2013), resource selection (Dempsey, 2013; Vynne et al., 2011), occupancy
(Schooley et al., 2012), resource partitioning (Kamler et al., 2012; Vanak & Gompper, 2009)
and parasitology (Kohn ¢ Wayne, 1997). Furthermore, carnivore scats have also been
used to investigate population genetics (Adrados et al., 2018; Waits & Paetkau, 2005),
breeding biology (Kitchen et al., 2006), social ecology and spatial ecology (Kitchen

et al., 2005). However, visual identification of similar-sized carnivore scats based on
morphology can be challenging (Davison et al., 2002) and often misleading (Bulinski ¢»
McArthur, 2000, Martinez-Gutiérrez, Palomares ¢ Fernandez, 2015; Morin et al., 2016;
Weiskopf, Kachel ¢ McCarthy, 2016).

Misidentification of carnivore scats can lead to inaccurate results and in errant
management strategies (Lonsinger, Gese ¢» Waits, 2015; Morin et al., 2016). Usually in
the field carnivore scats are identified (Field identification) using morphological
characteristics like diameter, length, physical appearance, color and odor (Kamler et al.,
20125 Vanak & Gompper, 2009). To improve field identification this information is
supplemented with additional data viz., animal tracks, food items which are visible in
scats, distance from a nearest den (Prugh ¢ Ritland, 2005; Schooley et al., 2012).

Scats originating from carnivores having similar body size may have overlapping sizes
(Gompper et al., 2006; Green & Flinders, 1981; Reed et al., 2004) and auxiliary data may
be deficient or ambiguous such as counter-marking can be often observed among
members of same species (Ferkin ¢ Pierce, 2007) and can result in confusing sign
which may be misleading. The dietary content present in a scat may not be helpful

in morphological identification if the dietary niche of these species overlap (Onorato
et al., 2006).

Molecular identification is reliable alternative to morphological identification of
carnivore scats (Dalen, Gotherstrom & Angerbjorn, 2004; Farrell, Roman & Sunquist, 2000;
Foran, Crooks ¢ Minta, 1997; Monterroso et al., 2013; Morin et al., 2016). Morphological
identification of carnivore scats when compared with molecular identification of scats
have resulted in contrasting results, such as in a study in Alaska, USA that showed that,
coyote (Canis latrans) can be distinguished with high accuracy from sympatric carnivores
(Prugh ¢ Ritland, 2005). However in Britain, scats of pine martin and red fox cannot be
identified in the field with high confidence (Davison et al., 2002). Skilled researchers in
Scotland could not consistently identify scats of American mink. A study in Pakistan
showed that scats of snow leopard cannot be distinguished with high accuracy from
scats of hill fox, gray wolf and corsac fox (Anwar et al., 2011). In another study researchers
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were able to correctly identify only 54% of common leopard scats in Pakistan

(Shehzad et al., 2015). Researchers and wildlife managers still depend on morphological
identification of scats despite of the ambiguity and challenges associated with
identification of scat. It is due to the reason that morphological identification of scats
has no added costs however, molecular identification of carnivore scats is expensive.
Many conservation programs suffers with limited funding and molecular identification
of scats becomes cost-prohibitive for long term monitoring programs. There is great need
of developing cost-effective scat identification protocols (Davison et al., 2002; Gese &
Pagesin, 2001; Morin et al., 2016).

Molecular identification of carnivore scats was not cost effective during past decades
but with advances in molecular scatology the cost per sample has been greatly reduced
even though such techniques have not been adopted by many developing countries
including Pakistan. Many studies have reported bias in morphological identification of
scats however, such studies are lacking from Himalayan region. To fill this knowledge gap,
we used non-invasive genetic sampling method to determine misclassification in
morphological identification of scats (field identification) which was based on
morphological characteristics and auxiliary information for scats of five sympatric
carnivore species in Pir Lasura National Park, Azad Jammu and Kashmir located in
north-eastern Himalayan region of Pakistan. We hypothesized that morphological
identification of carnivore scats could be erroneous (Lonsinger, Gese ¢ Waits, 2015;
Morin et al., 2016) and that scat diameters of meso and large carnivore species could
overlap (Lonsinger, Gese ¢» Waits, 2015).

MATERIALS AND METHODS

Study area

We conducted current study in and around Pir Lasura National Park (PLNP; 33°25.92N
to 33°29.31N and 74°05.64E to 74°03.02), District Kotli, Azad Jammu and Kashmir, a
north-eastern Himalayan region of Pakistan. The park encompasses 1,580 ha area with
elevation ranging between 1,000 and 2,000 m above sea level (asl). The valleys of the
park consisted of subtropical pine vegetation, with the tops/mountains having sub-
tropical dry evergreen forest. The average annual rainfall is 1,500 mm. Major wildlife
species reported from the park include; common leopard (Panthera pardus), Indian
pangolin (Manis crassicaudata), rhesus monkey (Macaca mulatta), Asiatic jackal

(C. aureus), barking deer (Muntiacus muntjak), red fox (Vulpes vulpes) and kalij
pheasant (Lophura leucomelanos) Akrim et al. (2017).

METHODS

Field surveys and carnivore scat identification

We conducted surveys on monthly basis to collect scats of carnivores in summer
(May—July), autumn (August—October), winter (November—January) and spring
(February—April) seasons during 2014-2016 (24-month period) following already
established 30 trails and routes of variable length (one—four km long) (Appendix I).
Three people participated in the surveys and only one (author) was responsible for
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identification of carnivore scats. The field identification of each scat was determined on
the basis of morphology including diameter, length, shape, color, odor and physical
appearance (Kozlowski, Gese & Arjo, 2012). The diameter (in cm), length (in cm),
disjoint segments and weight (in g) of each scat sample was recorded, and samples were
preserved in 95% ethanol. The diameter was recorded at widest point and when scat
consisted of segments, total length was computed by summing up length of all segments.
All those scats which lacked typical structure and shape, for which measurement was not
possible, were excluded from final analysis.

We extracted fecal DNA in the non-invasive and environmental DNA lab, conservation
genomics group dedicated to DNA extractions in University of Montana, Missoula, USA.
QIAamp DNA Stool Mini Kits (Qiagen, Inc., Valencia, CA, USA) were used for extraction
of DNA from scats. We used negative control to avoid cross contamination during
extraction (Beja-Pereira et al., 2009). The total volume of DNA extracts from each scat
sample were 100 L. The primer pair (12SV5F TAGAACAGGCTCCTCTAG; 12SV5R
TTAGATACCCCACTATGC) (Riaz et al., 2011) was used.

The PCR for all scats samples were done in a total volume of 50 wL. The recipe of our
master mix per sample was 20.375 pL H,O, five pL buffer (seven pL MgCl,, 0.375 pL
BSA, two pL ANTP, 2.5 L 12S/V5 primer F, 2.5 pL 12S/V5 primer R, 0.25 L Taq
polymerase and 10 wL DNA as extract template for each scat sample. The PCR
condition were denaturation at 95 °C for 5 min then 40 cycles of PCR starting at 95 °C for
1 min then annealing at 55 °C for 1 min and elongation at 72 °C for 1:30 min. Then a
final elongation at 72 °C for 5 min at the end and 4 °C for infinity till product was
removed from PCR. All PCRs were conducted on Eppendorf vapo. protect Master cycler®
pro and all reactions included a negative and positive control. All samples were then
run on 3,130 genetic analyzer and sequences were read using Finch TV software.

The sequences were then subjected to NCBI blast for species identification. All failed
samples were discarded and were not part of analysis.

Data analysis

Mean * standard error were computed for scat diameter, length, disjoint segments and
weight. We computed misclassification rate of carnivore scat based on field identification
for each carnivore species. We counted true positive, false positives, true negative and
false negative, and used confusion matrices to calculate accuracy, misidentification rate,
true positive rate, false positive rate, true negative rate and false negative rate for each
carnivore species (Morin et al., 2016). If we predicted a scat sample originating from
leopard based on its morphological characteristics and molecular identification showed
that it is a leopard scat, the result was a true positive. When a scat was predicted to
originate from leopard and molecular identification confirmed it to originate

from any other species (not leopard), the result was false positive. However, if a scat
was predicted to originate from any other species in the field but molecular identification
confirmed it to originate from leopard the result was false negative. When we identify

a scat in the field as another species and molecular identification confirmed that it is
not leopard the outcome was true negative.
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We computed accuracy as:

“the sum of true positives and true negatives/the sum of all possible outcomes
(true positive, true negative, false positive, false negative).”

If false positive or false negative rate were high it indicated less accuracy. Similarly,
when true-positive and true negative rates were high it indicated high accuracy.
Misidentification rate was computed using formula:

False positive + False negative
/ (True positive + True negative + False positive + False negative)

True-positive rate represents correct identification of leopard scat and it was computed
using following formula:

True positive / (True positive + False negative)

True-negative rate is measure of how often we accurately predicted a scat was not a
leopard scat, and was determined as:

True negative / (True negative + False positive)

False-positive rate gave us measure of how frequently did we incorrectly classify scat of
any other species as originating from leopard? And was computed as:

False positive / (True negative + False positive)

False-negative rate is a measure of our incorrect prediction that a scat was not
originating from leopard? And was determined as:

False negative / (True positive + False negative)

RESULTS

Mean diameter of common leopard scat was wider 1.03 £ 0.04 cm followed by Asiatic jackal
0.86 + 0.01 cm, Asian palm civet 0.62 £ 0.03 cm, red fox 0.51 £ 0.01 cm and small Indian
civet 0.45 £ 0.02 cm. Mean length of common leopard scats was greater 5.02 + 0.34 cm
and Asian palm civet was smallest 2.04 £ 0.11 cm. Mean disjoint segments of leopard
scat were greater in number 4.33 £ 0.52 whereas, of small Indian civet were least in
number 1.16 = 0.11 (Table 1; Fig. 1).

Based on field identification of carnivore scats we predicted that out of 144 scats,
11 (7.6%) scat samples were from common leopard, 38 (26.4%) from red fox, 29 (20.1)
from Asiatic jackal, 37 (25.7%) from yellow throated martin, 14 (9.7%) from Asian palm
civet and 15 (10.4%) from small Indian civet. However, molecular identification
confirmed that 11 (7.6%) scats were from C. lupus spp., nine (6.2%) scats from common
leopard, three (2%) scats from dog, 40 (27.8 %) scats from red fox, one (0.7 %) scat
sample was from porcupine, 21 (14.6%) scats were from Asiatic jackal, 45 (31.3%) scats
from Asian palm civet, two (1.4%) were from rhesus monkey and 12 (8.3%) scats were
from small Indian civet (Table 2).
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Table 1 Mean (+SE) diameter, length and number of disjoint segments for sympatric carnivore scat
samples collected from Pir Lasura National Park, Azad Jammu and Kashmir, Pakistan.

Species n  Diameter Length Disjoint segments
Mean SEM Mean SEM Mean SEM
Common leopard (Panthera pardus) 9 1.03 0.04 5.02 034 433 0.52
Asiatic jackal (Canis aureus) 21 0.86 0.01 2.97 0.21 1.57 0.16
Red fox (Vulpes vulpes) 40 051 0.01 229 015 1.17 0.08
Asian palm civet (Paradoxurus hermaphroditus) 45 0.62  0.03 2.04 0.11 1.29 0.11
Small Indian civet (Vivercula indica) 12 045 0.02 2.1 0.19 1.16 0.11
Note:
Morphological characteristic of carnivore scats.
14 n=09 n=45
o
°
°
n=40

0.6

X

Scat diameter (cm)

T

0.2

Il Common leopard Wl Asiatic Jackal [ Red Fox Il Asian Palm civet [l Small Indian civet

Figure 1 Scat diameter of sympatric carnivore species at Pir Lasura National Park, Azad Jammu and
Kashmir, Pakistan. Variation in diameter of sympatric carnivore scats.

Full-size K&) DOT: 10.7717/peerj.5262/fig-1

Accuracy rate for common leopard scats were 95.8%. True positive rate was high

(77.8%) while false negative rate was low (22.2%), which shows that we accurately identify

scats of common leopard in the field. False positive rate (3%) was low and true negative

rate was high (97%) which suggests that we did not frequently misclassified the scats of

other species in field as those of being common leopard (Table 3).

Field identification accuracy rate for red fox was 88.9%, which shows that we correctly

identified scats of red fox in the field. True positive rate for fox was 77.5% and whereas,

false negative rate was 22.5%, which indicated that we were able to correctly identify

scats of red fox in the field. False positive rate was low (6.7%) whereas, true negative

rate was quite high (93.3%) indicating that scats samples from other carnivore species

were not assigned to red fox in the field (Table 3).
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Table 2 Confusion matrix of carnivore species identification based on their scat samples collected from Pir Lasura National Park, Azad

Jammu and Kashmir, Pakistan.

Field identification

P. pardus V. vulpes C. aureus M. flavicola P. hermaphroditus V. indica Total
Genetic identification
C. lupus spp. 2 1 7 1 0 0 11
P. pardus 7 2 0 0 0 9
C. lupus familiaris 2 0 0 0 1 0 3
V. vulpes 0 31 0 2 0 7 40
H. indica 0 0 0 0 1 0 1
C. aureus 0 2 18 0 1 0 21
P. hermaphroditus 0 0 0 34 11 0 45
M. mulatta 0 0 0 0 0 2
V. indica 0 4 0 8 12
Totals 11 38 29 37 14 15 144
Note:

A Confusion matrix of carnivore species.

Table 3 Error rates in species identification in the field corrected with molecular identification of
carnivore scats.

P. pardus V. vulpes C. aureus M. flavicola P. hermaphroditus V. indica

True positives 7 31 18 0 11 8
False positives 4 7 11 37 3 7
True negatives 131 97 112 107 96 125
False negatives 2 9 3 0 34 4
Accuracy 95.8% 88.9% 90.3% 74.3% 74.3% 92.4%
Misidentification rate 4.2% 11.1% 9.7% 25.7% 25.7% 7.6%
True positive rate 77.8% 77.5% 85.7% 0% 24.4% 66.7%
False positive rate 3% 6.7% 8.9% 25.7% 3% 5.3%
True negative rate 97% 93.3% 91% 74.3% 97% 94.7%
False negative rate 22.2% 22.5% 14.3% 0% 75.6% 33.3%
Note:

Error rates in carnivore scat identification.

Accuracy rate for field identification of Asiatic jackal scats was 90.3%. True positive
rate was high (85.7%) however, false negative (14.3%) was low suggesting that we were
often able to correctly identify scats of Asiatic jackal in the field. Whereas, false positive
rate 8.9% was low and true negative rate was high (91%) indicating that we did not
often identified scats of other predators as Asiatic jackal (Table 3).

Field identification accuracy for yellow throated martin was (74.3%), true positive
rate was 0% which shows that we never identified scat of yellow throated martin correctly
in the field and false negative rate was 0% which showed that we always incorrectly
identified scats of yellow throated martin (Table 3).

Field accuracy rate of Asian palm civet was found to be 74.3%. True positive rate was
low (24.4%) whereas, false negative rate was (75.6%) high showing that we often were
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unable to correctly identify scats of Asian palm civet in the field on morphological
basis. However, false positive rate was low (3%) also true negative rate was high (97%)
which indicated that we did not misclassify scats of other carnivore species as being
those of Asian palm civet. We always misclassified scats of Asian palm civet as those of
being yellow throated martin in the field (Table 3).

Accuracy rate for identification of small Indian civet was 92.4%. We recorded true
positive as 66.7% and whereas, false negative rate for scats of small Indian civet was 33.3%,
which showed that we often misidentified scats of this species. False positive rate (5.3%)
for this species was low while true negative rate was high (94.7%) showing that we
did not often misclassify scats of other carnivore species as small Indian civet (Table 3).

DISCUSSION

Carnivore scats have been widely used to study ecological parameters viz., distribution,
abundance, diet, sex determination and reproduction. However, ambiguity in
identification of carnivore scats based on their morphological characteristics has been
under debate. Inferences drawn from studies based on scat data might be misleading since
scats of many carnivore species may overlap morphologically and result in errors in
identification. Molecular identification of carnivore scats can provide unambiguous
species identification and errors associated with morphological identification can be
easily eradicated (Harrington et al., 2010; Reed et al., 2004). Countries having limited
resources and no facilities of molecular scatology, scat-based surveys usually rely on
morphological identification of carnivore scats since, morphological identification has no
added cost. Molecular identification of carnivore scats was not cost effective in past
decades but with advances in molecular scatology the cost per sample has been greatly
reduced even though such techniques have not been adopted by many developing
countries including Pakistan.

Morphological features such as diameter, length, disjoint segments of scat and prey
remains can help in the identification of scat, however, in many cases morphometric
patterns of carnivore scats cannot help to distinguish different species (Emmions, 1997).
The maned-wolf feces have diameter >2.5 cm and have distinctive odor, texture and
contain remains of fruit a characteristics of maned-wolf scats (Aragona & Setz, 2001).
The diameter of gray wolf feces vary from 2.5 to three cm and diameter of red fox scat is
two cm in Europe. Therefore, scats of these two species can be differentiated based on
morphometry (Bang ¢» Dahlstrom, 1975). However, areas where similar sized species
are sympatric having overlapping scat diameter, morphological identification of scats
becomes error prone and such phenomenon was recorded during current study
which showed that scat diameter of five sympatric carnivore species greatly overlapped.
In such cases molecular identification can provide accurate identification of scats
(Harrington et al., 2010; Reed et al., 2004).

Previously, no scientific studies had investigated inaccuracies in morphological
identification of carnivore scats in Pakistan, however, few studies on diet composition of
carnivores have utilized molecular identification of scats. A study conducted in northern
Pakistan showed that of 95 putative scats, only 52% originated from snow leopard,
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whereas 21% of those scats were of hill fox origin, 11% of gray wolf, and 3% of corsac fox
origin (Anwar et al., 2011). During dietary analysis of common leopard scats in northern
Pakistan, out of 111 putative leopard scats only 54% were identified to be originating from
common leopard using molecular identification technique (Shehzad et al., 2015).
Similarly, another study conducted on the dietary habits of leopard cat in the northern
region of Pakistan showed that out of 181 leopard cat scats collected only 38 were
identified as originating from leopard cat (Shehzad et al., 2012). Results of the current
study have indicated that carnivore species identification using morphological
characteristics of scats including color, shape, length, diameter, disjoint segments is an
erroneous approach. The scat diameter of different carnivore species may overlap and
there are chances of misidentification of carnivore scats.

Studies from other regions of the world and for other species such as pine marten error
in identification of scats was recorded as 30% (Davison et al., 2002). During a snow
leopard scat survey 54% scats were misidentified and were of red fox origin (Janecka et al.,
2008). Studies such as by Prugh ¢ Ritland (2005) showed high accuracy for identification
of coyote scats during winter utilizing animal signs in the snow, such as foot prints.

In Paraguay, local people were able to identify scats of canids and felids (Zuercher, Gipson
& Stewart, 2003), however, during the current study, indigenous people of the area
were not able to identify scats of carnivores correctly. Their identification was misleading
since they identified some scats as belonging to yellow throated martin in the field,
whereas, molecular identification confirmed that all of those scats originated from
Asian palm civet and there was no yellow throated martin in the study area.

In our study area, no previous records were available regarding diversity of carnivore
species. During surveys local communities reported yellow throated martin in the study
area and they identified some scats of yellow throated martin in the field. However
molecular identification of those scats confirmed that there was no yellow throated
martin in the field. The scats which were identified by local community as yellow
throated martin were found to be those of Asian palm civet. We identified scats of
common leopard, red fox, Asiatic jackal and small Indian civet with high accuracy,
however, we were not able to identify correctly the scats of yellow throated martin and
Asian palm civet.

Errors in identification of carnivore scats can never be resolved by morphological
identification technique only. There is always ambiguity in morphological identification
of carnivore scats. High success rates in the identification of carnivore scats in field,
however, do not disprove the fact that the field identification of carnivore scats can be
erroneous. In a study area like ours, where no previous scientific data on diversity and
distribution of carnivores exists, morphological identification of scats can be misleading.

CONCLUSION

Morphological identification of carnivore scats is a cost effective technique, however,
there are errors associated with this methodology which can lead to the wrong
management decisions. Errors in the identification of carnivore scats can never be
resolved by morphological identification technique only. We recommend that scats be
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identified using molecular identification techniques to avoid bias and to establish error
rates. We propose that more scientific studies should be conducted to document error
rates in the morphological identification of scats.
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