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APPLICATION ESSAYS

Can molecular data validate morphometric identification of faecal
pellets in Tanzanian forest antelope species?

Andrew E. Bowkett - Trevor Jones *
Richard L. Laizzer - Amy B. Plowman -
Jamie R. Stevens

Received: 9 May 2012/ Accepted: 29 April 2013/ Published online: 5 May 2013

© Springer Science+Business Media Dordrecht 2013

Abstract Forest-dwelling antelope species are often dif-
ficult to detect during surveys due to their cryptic behav-
iour and densely vegetated habitats. Dung counts have
traditionally been used to infer forest antelope abundance
but genetic identification has shown that visual identifica-
tion of ungulate dung to species is often unreliable. This
study attempted to use easily obtained morphometric data
from faecal pellets to statistically assign antelope dung
piles to species. We measured pellets from 238 dung piles
collected from the Udzungwa Mountains, south-central
Tanzania, a largely forested landscape with five forest-
associated antelope species including the endangered
Abbott’s duiker Cephalophus spadix. The species identity
of sampled dung piles was determined by amplifying a c.
600 bp fragment of the mitochondrial control region and
aligning DNA sequences with published references. We
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found no diagnostic differences in faecal pellet size
between antelope species although there were significant
differences in mean pellet length and width. We employed
a single variable linear discriminant analysis to predict the
species of dung piles based on pellet length. Despite sig-
nificant differentiation between species we obtained an
overall accuracy of 58.8 % that did not meet our specified
probability threshold (P < 0.05). Abbott’s duiker dung
piles were correctly assigned in the majority of cases
(74 %). Overall, morphometric assignment of dung piles to
species was not accurate enough to validate dung counts as
a survey method for forest antelope although our results do
not preclude the development of alternative field identifi-
cation methods using additional non-molecular characters.

Keywords Bar-coding - Mitochondrial D-loop -
Neotragus - Tragelaphus - Philantomba

Introduction

Encounter rates and density estimates of faecal deposits are
often used to infer the abundance of ungulates for research
or management (Campbell et al. 2004; Lunt et al. 2007,
Plumptre and Harris 1995). However, genetic identification
of ungulate faeces (referred to here as dung), by amplifying
species-specific fragments of mitochondrial DNA, has
revealed that dung piles are often mistakenly identified in
the field (Faria et al. 2011; van Vliet et al. 2008; Yamashiro
et al. 2010). This is a particular problem when species of
conservation concern, for example the mountain bongo
Tragelaphus eurycerus isaaci in Kenya (Faria et al. 2011),
occupy the same areas as other ungulate species with
similar dung morphology.
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In common with the previously cited studies, Bowkett
et al. (2009) found that identification of forest antelope
dung to species in the field was unreliable, in this case in
the Udzungwa Mountains, Tanzania. This result cast doubt
on the validity of using dung counts as a survey and
monitoring tool for the endangered Tanzanian endemic
Abbott’s duiker Cephalophus spadix and sympatric spe-
cies. Abbott’s duiker is found in only a small number of
highland forests and is threatened by continuing habitat
disturbance and hunting for bushmeat (Moyer et al. 2008).
Like other forest antelopes, this species appears to be lar-
gely solitary and nocturnal (Rovero et al. 2005) and
therefore unsuitable for survey methods based on sightings.

Surveys using genetic identification of dung and auto-
matic camera-traps have been successful in documenting
the presence of Abbott’s duiker (Jones and Bowkett 2012).
However, these methods are relatively expensive and not
easily replicated as part of routine monitoring by wildlife
authorities. Hibert et al. (2008) demonstrated the potential
for discriminant analysis to identify savannah antelope
species based on faecal pellet morphometric data. Bowkett
et al. (2009) attempted to statistically assign dung piles to
species based on the size of faecal pellets, a method that
could easily be carried out in the field by local survey
teams. However, their preliminary morphometric analysis
only sampled a small part of the Udzungwa landscape and
was limited by small sample size. For this study we employ
a larger data set of genetically verified antelope dung piles
from across the Udzungwa Mountains to assess whether
dung from forest antelope can be reliably determined to
species using simple size measurements.

Specifically, we aimed to test (1) whether or not diag-
nostic differences in faecal pellet measurements exist
between target antelope species, (2) whether a discriminant
analysis can assign pellets to their correct species group
with a high statistical probability (P < 0.05), and (3)
whether these approaches can distinguish Abbott’s duiker
pellets even if other species are unresolved. In addition, we
test some of the assumptions of reliability inherent in
applying such a method under field conditions.

Materials and methods

Antelope faecal pellets were collected from all but one of
the major forest fragments (>10 km?) in the Udzungwa
Mountains, south-central Tanzania, between 2006 and
2009. General landscape and habitat details are given in
Marshall et al. (2010). Each pile was visually assigned to
species in order to test the accuracy of identification in the
field. A subset of faecal pellets from each dung pile was
stored in RNAlater (Ambion Ltd, Huntington, UK) for later
DNA extraction (QIAamp DNA Stool Mini Kit, QTAGEN,
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Crawley, UK). Molecular identification of samples
involved amplifying c. 600 bp of the mitochondrial control
region using the primer combinations and PCR conditions
detailed by Ntie et al. (2010). We opted not to use the
cytochrome c oxidase subunit 1 (COX1) as this marker fails
to delineate several duiker species under standard DNA
bar-coding criteria (Johnston et al. 2011). Sequences were
aligned with published references for all potential antelope
species using MUSCLE (Edgar 2004) in SEAVIEW (Gouy
et al. 2010). We constructed a neighbour-joining phylog-
eny based on Kimura 2-parameter corrected distances
(Kimura 1980) in PAUP* (Swofford 2001) to show that all
haplotypes formed monophyletic species clades. The tree
was rooted using the bushbuck Tragelaphus scriptus as an
out-group. A highly variable 103 bp section was removed
before tree-building as it proved difficult to align
consistently.

For each dung pile, we measured up to twenty randomly
selected pellets with calipers (to the nearest 0.01 mm) and
subsequently treated the mean value as our sampling unit.
We applied a bootstrapping procedure on a subset of
samples, similar to that of Hibert et al. (2008), in order to
ensure that the variance of the pellets measured approached
that of the overall within-group variance. This procedure
involved 1,000 permutations of each number of measured
pellets between two and twenty (see Online Resource 1).

All measured dung piles were estimated to be less than
24 h old due to their shiny moist surface. Forest antelope
faecal pellets are generally cylindrical often forming a
point at one end with a shallow indentation at the other.
Faecal pellet illustrations and measurements for various
antelope species are given in Chame (2003), including
three of the species found in the Udzungwa Mountains. We
measured length as the maximal distance between pellet
ends and width as the diameter at the widest point. We also
calculated the length to width ratio following Bowkett et al.
(2009). Pellets were stored in tied plastic bags and either
measured during the field survey or kept refrigerated
(c. 4 °C) and measured at a later date (mean delay in days
of 138 recorded dung piles = 6, maximum = 21, see
below). Pellets were not dried before measurement as we
wanted to test a method that could be easily replicated by
protected area staff under humid forest conditions.

As well as testing for absolute inter-specific differences
in mean pellet size we also attempted a linear discriminant
analysis for statistically assigning dung piles to species. All
three measured variables were normally distributed but
highly inter-correlated (r = 0.35-0.73, P < 0.001). Length
was identified as the variable with the highest discrimina-
tory power following one-way ANOVA tests using species
as a factor: length (R2 = 0.67), width (R2 = 0.63), ratio
(R* = 0.03) where R® measures the proportion of the
observed variance explained by the independent factor
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species. The discriminant analysis was therefore carried out
on the single variable Length (log;o transformed to
improve homogeneity of variance). Box’s M test was used
to test for homogeneity in the variance—covariance matri-
ces and the significance of discrimination between species
tested with Wilks” A.

We also tested two assumptions in measuring faecal
pellets that could potentially be violated under field con-
ditions. Firstly, we tested for the effect of a delay between
collecting and measuring pellets by measuring individual
pellets on the day of collection and again after 31 days
under two different storage conditions: refrigerated
(n = 135) and ambient temperature (n = 119). Secondly,
we checked for inter-observer bias (different survey per-
sonnel) by two of us (AEB and RLL) measuring the same
220 individual pellets. All statistical tests were carried out
in SPSS 16 (SPSS Inc., Chicago, IL, USA).

Results

We measured pellets from 238 dung piles (4,654 individual
pellets) from which we successfully obtained control
region sequences (two additional piles did not yield read-
able sequences). This dataset included 48 dung piles
measured for Bowkett et al. (2009). Sixty-eight dung piles
(28.6 %) were incorrectly assigned to species by the survey
teams.

All control region haplotypes recovered from dung
samples aligned with published sequences for forest
antelope species known from the Udzungwa Mountains
and formed monophyletic clades with high bootstrap
support (97-100 %, Fig. 1): Harvey’s duiker Cephalo-
phus harveyi (36 haplotypes), blue duiker Philantomba
monticola (4), suni Neotragus moschatus (27), bushbuck
(2) and Abbott’s duiker (6). All sequence reads were at
least 520 bp except for one Abbott’s duiker sample
(310 bp). Two sequences aligned closely to reference
species but contained too many ambiguous bases to assign
to a specific haplotype and so were excluded from the
phylogeny shown here.

There was a statistically significant difference across the
five species detected in untransformed mean pellet length
(One way ANOVA: F, 533 = 120.3, P < 0.001) and width
(Fa, 233 = 98.3, P < 0.001) but not in length: width ratio
(F4, 233 = 1.67, P = 0.16). Similar P values were obtained
with Welch’s ANOVA which was carried out for width
(P < 0.001) and ratio (P = 0.15) which did not meet the
assumption of homogeneity of variance. However, the
range of all variables overlapped between at least two
species, thus no diagnostic differences in pellet size were
apparent. Abbott’s duiker pellets overlapped with those of
Harvey’s duiker and bushbuck (Fig. 2).

Discriminant analysis was carried out for faecal pellet
length with equal prior probability assumed for all species.
Significant discrimination was found between species
(Wilks” A = 0.32, > = 265.28, P < 0.001) and 58.8 % of
samples were correctly classified. There was no significant
deviation from homogeneity (Box’s M test: P = 0.131).
Correct identification varied by species (Table 1) with
74 % of Abbott’s duiker dung piles correctly assigned with
the remainder predicted to be either Harvey’s duiker or
bushbuck. Conversely, 16 % of Harvey’s duiker dung piles
were incorrectly predicted to be Abbott’s duiker.

We found no statistical differences in the three pellet
variables following 31 days storage in plastic bags (Inde-
pendent ¢ tests and Mann—Whitney tests depending on data
distribution, all tests = P > 0.05). However, there was a
greater decrease in size for pellets stored at ambient tem-
perature (e.g. mean length [log;o]: day 1 = 9.07 mm, day
31 =8.66 mm, U = 6,159, P = 0.083) compared to
refrigerated (mean length [logio]: day 1 = 9.15, day
31 = 9.11 mm, teg = 0.196, P = 0.845). We therefore
assume our storage protocol had a minimal effect on this
study’s results (as pellets were refrigerated and usually
measured within 7 days). We note that the difference in
mean pellet length at ambient temperature approached
statistical significance (P < 0.1).

There was a significant difference in mean length when
two observers measured the same individual pellets (Paired
t test: tr19 = 6.514, P < 0.001, with similar results for
width and ratio). However, the mean difference was only
0.09 mm, less than the within-group variance recorded for
any dung pile measured for this study (mean vari-
ance = 1.62 + 0.15). Therefore, we included measure-
ments taken by either observer in our final analysis but we
also note that a discriminant analysis with only AEB
measurements (207 dung piles) produced highly similar
results (AEB only: 58.9 % correct, Wilks’ A = 0.326,
Xz = 22749, P < 0.001, results for full data-set shown
above).

Discussion

Overall our results indicate that morphometric assignment
of antelope dung piles to species is not a valid method for
identification using the characters measured during this
study. Our results also further emphasize the inaccuracy of
visual field identification (van Vliet et al. 2008; Bowkett
et al. 2009).

We did not find diagnostic differences in pellet size
between species and the discriminant analysis was unable
to correctly identify species with high probability. The lack
of absolute difference between species is perhaps not sur-
prising given the likely individual variation due to age, sex
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Fig. 1 Control region neighbour-joining bootstrap consensus phy-

logeny for faecal DNA sequences from the Udzungwa Mountains,
Tanzania (c. 530 bp). Bootstrap values are percentages of 1,000
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iterations (values below 90 % not shown). Gen Bank accession
numbers and species names are given for published sequences
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Table 1 Species identity of antelope dung piles from the Udzungwa Mountains, Tanzania, as established by mitochondrial control region
sequencing compared to predicted species from a linear discriminant analysis of faecal pellet length

mtDNA Predicted species
Harvey’s duiker Blue duiker Suni Bushbuck Abbott’s duiker
Harvey’s duiker 136 60 (44 %) 40 (29 %) 14 (10 %) 0 22 (16 %)
Blue duiker 5 2 (40 %) 3 (60 %) 0 0 0
Suni 57 12 %) 9 (16 %) 47 (83 %) 0 0
Bushbuck 2 0 0 0 2 (100 %) 0
Abbott’s duiker 38 5 (13 %) 0 0 5 (13 %) 28 (74 %)

and diet (Lunt and Mhlanga 2011). However, prior to this
analysis it seemed likely that a statistical assignment based
on mean pellet size would be valuable given the difference
in adult body size between some species. For example,
Harvey’s duiker weighs 13-16 kg compared to 50-60 kg
for Abbott’s duiker (Kingdon 1997) and yet we found
substantial overlap in faecal pellet size between the two
species (Fig. 2).

One limitation of our discriminant approach was the
small sample size included for the less frequently encoun-
tered species (bushbuck and blue duiker) even though these
species clearly overlap with at least one other species. Given
that blue duiker are absent from some areas of the Ud-
zungwa Mountains (Rovero and Marshall 2009) and that
bushbuck appear to be rare in our study area it could be
argued that these species should be excluded from our
analysis in order to improve accuracy. Indeed, the percent-
age of correctly assigned dung piles does improve if we run
the analysis with only three species (77.5 % correct, Wilks’
A = 0.332, x2 = 251.18, P < 0.001). However, we do not

recommend this approach because the probability of correct
identification still falls far short of our specified 95 %, the
analysis would not be valid for large areas where blue duiker
may be present, and camera-trap surveys reveal that Har-
vey’s duiker and bushbuck are almost always found in the
same forests as Abbott’s duiker in the Udzungwa Mountains
(Rovero and Marshall 2009; TJ unpubl. data).

The accuracy of field identification of forest antelope
dung could potentially be improved by the recording of
additional characters such as pellet weight, colour, smell or
the presence of known food-plant fragments. For example,
although we did not quantify pellet colour for each sample,
several dung piles were noted as containing yellow pellets
in the field and all of these were subsequently identified as
suni. However, in our experience the aforementioned
characters are difficult to measure under varied field con-
ditions with multiple observers and most could not easily
be incorporated into routine protected area patrols.

Although we cannot recommend the morphometric
approach to dung identification tested here, this study does
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demonstrate the value of genetic identification as a non-
invasive approach to detecting rare species in remote areas
(see also Jones and Bowkett 2012). Camera-trapping is
another survey tool that has proven useful for Abbott’s
duiker (Rovero et al. 2005; Rovero and Marshall 2009;
Jones and Bowkett 2012) but similarly to genetic identifi-
cation of dung it requires significant financial and scientific
input. These resources are not normally available to pro-
tected area staff in Tanzania but such investment in the
relatively few areas where viable Abbott’s duiker popula-
tions remain is recommended for the conservation of what
may well be Africa’s rarest duiker species.
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