' ~ &
N ’ ‘
K &,
. L l.
LT f * &
.* h i ‘-
oS
s
s et
' 10. 11609/jott*2020 12.15.17063- 17170
'S - i www threatenedtaxa org
i
L T 5

.

26 November 2020 (Online & Print)
Vol. 12 | No. 13:1 Pages:17063-17170,
14 B )

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)

N J ~ PLATINUM OPEN ACCESS
E . ar U - L]



ISSN 0974-7907 (Online); ISSN 0974-7893 (Print)

Publisher Host
Wildlife Information Liaison Development Society Zoo Outreach Organization
www.wild.zooreach.org www.zooreach.org

No. 12, Thiruvannamalai Nagar, Saravanampatti - Kalapatti Road, Saravanampatti,
Coimbatore, Tamil Nadu 641035, India

EDITORS

Founder & Chief Editor
Dr. Sanjay Molur

Wildlife Information Liaison Development (WILD) Society & Zoo Outreach Organization

(200), 12 Thiruvannamalai Nagar, Saravanampatti, Coimbatore, Tamil Nadu 641035,
India

Deputy Chief Editor
Dr. Neelesh Dahanukar
Indian Institute of Science Education and Research (IISER), Pune, Maharashtra, India

Managing Editor
Mr. B. Ravichandran, WILD/ZOO, Coimbatore, India

Associate Editors

Dr. B.A. Daniel, ZOO/WILD, Coimbatore, Tamil Nadu 641035, India

Dr. Mandar Paingankar, Department of Zoology, Government Science College
Gadchiroli, Chamorshi Road, Gadchiroli, Maharashtra 442605, India

Dr. Ulrike Streicher, Wildlife Veterinarian, Eugene, Oregon, USA

Ms. Priyanka lyer, ZOO/WILD, Coimbatore, Tamil Nadu 641035, India

Editorial Board
Ms. Sally Walker
Founder/Secretary, ZOO, Coimbatore, India

Dr. Robert Lacy

Department of Conservation Biology, Chicago Zoological Society (also known as
the Brookfield Zoo), Brookfield, Illinois 60513 USA; and Committee on Evolutionary
Biology, University of Chicago

Dr. Russel Mittermeier
Executive Vice Chair, Conservation International, Arlington, Virginia 22202, USA

Prof. Mewa Singh Ph.D., FASc, FNA, FNASc, FNAPsy

Ramanna Fellow and Life-Long Distinguished Professor, Biopsychology Laboratory,
and Institute of Excellence, University of Mysore, Mysuru, Karnataka 570006, India;
Honorary Professor, Jawaharlal Nehru Centre for Advanced Scientific Research,
Bangalore; and Adjunct Professor, National Institute of Advanced Studies, Bangalore

Dr. Ulrike Streicher, DVM

Wildlife Veterinarian / Wildlife Management Consultant, 1185 East 39th Place, Eugene,

OR 97405, USA

Stephen D. Nash

Scientific lllustrator, Conservation International, Dept. of Anatomical Sciences, Health
Sciences Center, T-8, Room 045, Stony Brook University, Stony Brook, NY 11794-8081,

USA

Dr. Fred Pluthero
Toronto, Canada

Dr. Martin Fisher
Senior Associate Professor, Battcock Centre for Experimental Astrophysics, Cavendish
Laboratory, JJ Thomson Avenue, Cambridge CB3 OHE, UK

Dr. UIf Gardenfors
Professor, Swedish Species Information Center, SLU, Uppsala, Sweden

Dr. John Fellowes
Honorary Assistant Professor, The Kadoorie Institute, 8/F, T.T. Tsui Building, The
University of Hong Kong, Pokfulam Road, Hong Kong

Dr. Philip S. Miller
Senior Program Officer, Conservation Breeding Specialist Group (SSC/IUCN), 12101
Johnny Cake Ridge Road, Apple Valley, MN 55124, USA

Prof. Dr. Mirco Solé
Universidade Estadual de Santa Cruz, Departamento de Ciéncias Bioldgicas, Vice-

coordenador do Programa de Pds-Graduagdo em Zoologia, Rodovia Ilhéus/Itabuna, Km

16 (45662-000) Salobrinho, Ilhéus - Bahia - Brasil

Ph: +91 9385339863 | www.threatenedtaxa.org
Email: sanjay@threatenedtaxa.org

English Editors

Mrs. Mira Bhojwani, Pune, India
Dr. Fred Pluthero, Toronto, Canada
Mr. P. llangovan, Chennai, India

Web Development
Mrs. Latha G. Ravikumar, ZOO/WILD, Coimbatore, India

Typesetting

Mr. Arul Jagadish, ZOO, Coimbatore, India
Mrs. Radhika, ZOO, Coimbatore, India
Mrs. Geetha, ZOO, Coimbatore India

Mr. Ravindran, ZOO, Coimbatore India

Fundraising/Communications
Mrs. Payal B. Molur, Coimbatore, India

Editors/Reviewers
Subject Editors 2017-2019

Fungi

Dr. B. Shivaraju, Bengaluru, Karnataka, India

Prof. Richard Kiprono Mibey, Vice Chancellor, Moi University, Eldoret, Kenya
Dr. R.K. Verma, Tropical Forest Research Institute, Jabalpur, India

Dr. V.B. Hosagoudar, Bilagi, Bagalkot, India

Dr. Vatsavaya S. Raju, Kakatiay University, Warangal, Andhra Pradesh, India
Dr. D.J. Bhat, Retd. Professor, Goa University, Goa, India

Plants

Dr. G.P. Sinha, Botanical Survey of India, Allahabad, India

Dr. N.P. Balakrishnan, Ret. Joint Director, BSI, Coimbatore, India

Dr. Shonil Bhagwat, Open University and University of Oxford, UK

Prof. D.J. Bhat, Retd. Professor, Goa University, Goa, India

Dr. Ferdinando Boero, Universita del Salento, Lecce, Italy

Dr. Dale R. Calder, Royal Ontaro Museum, Toronto, Ontario, Canada

Dr. Cleofas Cervancia, Univ. of Philippines Los Bafios College Laguna, Philippines

Dr. F.B. Vincent Florens, University of Mauritius, Mauritius

Dr. Merlin Franco, Curtin University, Malaysia

Dr. V. Irudayaraj, St. Xavier’s College, Palayamkottai, Tamil Nadu, India

Dr. B.S. Kholia, Botanical Survey of India, Gangtok, Sikkim, India

Dr. Pankaj Kumar, Kadoorie Farm and Botanic Garden Corporation, Hong Kong S.A.R.,
China

Dr. V. Sampath Kumar, Botanical Survey of India, Howrah, West Bengal, India

Dr. A.J. Solomon Raju, Andhra University, Visakhapatnam, India

Dr. Vijayasankar Raman, University of Mississippi, USA

Dr. B. Ravi Prasad Rao, Sri Krishnadevaraya University, Anantpur, India

Dr. K. Ravikumar, FRLHT, Bengaluru, Karnataka, India

Dr. Aparna Watve, Pune, Maharashtra, India

Dr. Qiang Liu, Xishuangbanna Tropical Botanical Garden, Yunnan, China

Dr. Noor Azhar Mohamed Shazili, Universiti Malaysia Terengganu, Kuala Terengganu,
Malaysia

Dr. M.K. Vasudeva Rao, Shiv Ranjani Housing Society, Pune, Maharashtra, India

Prof. A.J. Solomon Raju, Andhra University, Visakhapatnam, India

Dr. Mandar Datar, Agharkar Research Institute, Pune, Maharashtra, India

Dr. M.K. Janarthanam, Goa University, Goa, India

Dr. K. Karthigeyan, Botanical Survey of India, India

Dr. Errol Vela, University of Montpellier, Montpellier, France

Dr. P. Lakshminarasimhan, Botanical Survey of India, Howrah, India

Dr. Larry R. Noblick, Montgomery Botanical Center, Miami, USA

Dr. K. Haridasan, Pallavur, Palakkad District, Kerala, India

Dr. Analinda Manila-Fajard, University of the Philippines Los Banos, Laguna, Philippines
Dr. P.A. Sinu, Central University of Kerala, Kasaragod, Kerala, India

=

=

=

Invertebrates

Dr. R.K. Avasthi, Rohtak University, Haryana, India
Dr. D.B. Bastawade, Maharashtra, India
Dr. Partha Pratim Bhattacharjee, Tripura University, Suryamaninagar, India

continued on the back inside cover


https://www.threatenedtaxa.org

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17063-17076
ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print) PLATINUM

) ) OPEN ACCESS
DOI: https://doi.org/10.11609/jott.5343.12.15.17063-17076

#5343 | Received 17 August 2019 | Final received 11 May 2020 | Finally accepted 06 November 2020 M

Status of Nahan'’s Partridge Ptilopachus nahani (Dubois, 1905)
(Aves: Galliformes: Odontophoridae) in Uganda

Eric Sande ', Sisiria Akoth 23}, Ubaldo Rutazaana3 & William Olupot* &

123 Department of Zoology, Entomology and Fisheries Sciences, P.O. Box 7062, Kampala, Uganda.
4 Nature and Livelihoods, P.O. Box 21669, Kampala, Uganda.
tericsandephd@gmail.com (corresponding author), 2akocece @gmail.com, ®urutazaana@gmail.com, * wolupot@gmail.com

Abstract: We carried out a survey of Nahan’s Partridge Ptilopachus nahani in the Ugandan forests of Mabira, Bugoma, and Budongo
from December 2016 to December 2017, using a point count method employing a call playback technique. The aim was to establish the
population status of this globally threatened species, which was last surveyed in 2003. Separate analyses of the number of groups per
point and those involving use of the Distance Program yielded the same density estimates, indicating that either method reliably estimates
the density of the species. The density estimates for the three reserves were 31.6, 25.2, and 13.3 groups per km? for Bugoma, Budongo,
and Mabira forest reserves, respectively. In the last 14 years, it appears that the density of the species for Uganda has increased from 16.3
to 23.4 groups per km?, which when extrapolated translates to 16,000 and 23,000 groups, respectively. This represents a 44% increase in
density, or a group growth rate of 450 per year. The lowest density and population increment was registered in Mabira and we attribute
this to the apparently high incidence of disturbance and degradation of this forest compared to the other two. Since Mabira, Bugoma,
and Budongo are the only remaining large tropical rainforest reserves in Uganda, strengthening their conservation or upgrading their
conservation status to national parks is required to save the species.

Keywords: Conservation, degradation, density, endangered species, ecotourism sites, hunting, nature reserve, playback, vulnerable.
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Status of Nahan’s Partridge in Uganda

INTRODUCTION

Nahan’s Partridge Ptilopachus nahani is categorized
as a globally Vulnerable species (BirdLife International
2019a), although between 2000 and 2018 it was
categorized as Endangered. It is an enigmatic galliform
known from a few localities in the eastern Democratic
Republic of the Congo (DRC) from Yangambi eastwards,
and in central and western Uganda (Dranzoa et al. 1999;
McGowan 1994). Although Budongo, Bugoma, and
Mabira forests are recognized as Important Bird Areas in
Uganda (Byaruhangaetal. 2001) and are legally protected
forest reserves, Mabira is under severe pressure from
disturbance including logging and hunting. Nahan’s
Partridge is a strict forest specialist species (Bennun et
al. 1996), inhabiting closed forest up to 1,400m (Dranzoa
et al. 1999), but its tolerance of degraded and secondary
habitats is not well known. In fact, until a study by Sande
(2001), the species was listed as Data Deficient by IUCN
(Collar et al. 1994; McGowan et al. 1995). Being one of
the main sought-after species in Uganda for avi-tourism,
its conservation through tourism would benefit the three
forest reserves and their biodiversity. Nahan’s Partridge
was previously wrongly classified as a francolin. Now
it is classified as a partridge, a sister species to another
African endemic, the Stone Partridge Ptilopachus
petrosus. It is most closely related to the New World
quails (Odontophoridae) (Crowe et al. 2006; Cohen et al.
2012; BirdLife International 2016). Although the species
was downgraded from Endangered to Vulnerable in
2019, its population in some parts of its range remains
unknown and its global population size is believed to be
decreasing (BirdLife International 2019a).

The population status of Nahan’s Partridge is of
particular concern because it is a forest specialist species
occurringin only three forest reserves in Uganda (Mabira,
Bugoma, and Budongo). Fuller et al. (2004) carried out
a survey of the species in the three forest reserves in
2003 and estimated the Ugandan population to be
40,000 individuals. They recommended, among other
actions, the survey to be repeated every 10 years. This
is the first study to follow up those recommendations.
Conservationists used the occurrence of this species as
one of the arguments to reverse the 2007 government
proposal to degazette 7,000ha of Mabira forest reserve
for growing sugarcane. Fuller et al. (2004) estimated
the density of the species in the naturally forested part
of Mabira (204km?), Bugoma (300km?), and Budongo
(428km?) forest reserves (hereafter Mabira, Bugoma,
and Budongo) as 8.3, 19, and 21 groups km, respectively
(Fuller et al. 2012). They attributed the relatively low
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density in Mabira to a high rate of logging and human
disturbance compared to the other two forests. In their
assessment of recreational values to promote sustainable
use of Mabira, Olupot (2015) and Olupot & lIsabirye-
Basuta (2016) recommended the need for assessment of
the status of the species in the entire Mabira to promote
tourism and discourage the illegal human activities
that threaten it. This study was conducted in part as a
response to those recommendations.

The general aim of this study was to assess the
population status of Nahan’s Partridge in Uganda.
Specific objectives were to:

1. Determine the population status of the species
in Uganda after 14 years

2.  Compare the population status of the species
in the existing and proposed ecotourism sites (Olupot &
Isabirye-Basuta 2016) in Mabira Forest Reserve.

METHODS

Study area

The study was conducted in the Ugandan forest
reserves of Mabira, Budongo, and Bugoma (Figure 1).

Mabira Forest Reserve (Figure 2a) is the largest block
of moist semi-deciduous forest remaining in central
Uganda. It is estimated to be 303km? in total area
(Howard 1991) but Westman et al. (1989) estimated
the least degraded, high forest area to have fallen from
285.4km? in 1973 to 204.2km?in 1988. As Fuller et al.
(2004) used the area estimate of 204.2km? for their
study, we use the same for this study. The reserve
lies in a gently undulating landscape, characterized by
numerous flat-topped hills and wide, shallow valleys.
The reserve is isolated from other protected areas by
settled and agricultural land. The relative closeness of
Mabira to Kampala (59km), and the presence of various
ecotourism facilities, makes it a potentially popular site
for visitors (BirdLife International 2019b).

Mabira Forest Reserve is divided into three
management zones. The strict nature reserve covers
23% of the forest and no activities are legally permitted
there except scientific research and law enforcement.
Tourism activities are permitted only in the recreational
and buffer zones which covers 22% of the reserve.
The production zone which covers 54% of the reserve
is allocated to sustainable supply of round wood for
Uganda’s plywood and veneer industry (Ministry of
Water and Environment 2010). Despite having the
designated zones, it is difficult to regulate the use of
forest resources in the reserve because Mabira has 22
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Figure 1. The three study sites: Budongo Forest (1.794°N, 31.582°E), Bugoma Forest (1.287°N, 30.964°E) and Mabira Forest (0.389°N, 33.005°E).
These are the only sites for the Nahan’s patridge in Uganda (Fuller et al. 2004).

legal enclaves (Howard 1991). The human population
living in the forest enclaves was approximately 825,000
with a density of 200-230 people per km? in 2001
(Mrema et al. 2001). Mabira is considered an Important
Bird and Biodiversity Area (IBA) because of the presence
of the Nahan’s Partridge (VU) and the Papyrus Gonolek
Laniarius mufumbiri (NT) (BirdLife International 2019b).
The reserve is home to 315 species of birds (Byaruhanga
et al. 2001) and 30 species of mammals including the
endemic Uganda Mangabey Lophocebus albigena
ugandae. The survey was conducted in the following
compartments: Wantuluntu, Namaganda (Nature
Reserve), Namusa Hill, Kiwala, Lugala, Najjembe,
Griffin, Bugoma, and Buwola (Mulberry forest) (Figure
2a). Some of these sites (Namaganda, Namusa Hill,
Najjembe, and Buwola) were visited during previous
studies and are relevant to both objectives of this study.
Although not sampled during the early 2000s, we also
sampled in Kiwala, Lugala, and Griffin sites with the
primary purpose of fulfilling objective 2.

Bugoma Forest Reserve (Figure 2b) is situated on top
of an escarpment east of and overlooking Lake Albert on
the edge of the Western Rift Valley. It lies, approximately

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17063-17076

10km south-west of Hoima and 10km east of Lake Albert.
It sits on a gently sloping area, which drains towards
lake Albert in the west. It comprises irregular blocks of
high forest intersected by large patches of Hyparrhenia,
Pennisetum, and Cymbopogon grasslands, which occupy
approximately 18% of the reserve. About half of the
forested portion is dominated by Iron Wood Crynometra
alexandri and a further 38% is mixed Forest (BirdLife
International (2019c). Bugoma is an IBA because of
Nahan’s Partridge (VU) and the Grey Parrot Psittacus
erithacus (EN) (BirdLife International 2019c), and the
forested area is 300km? (Howard 1991). The reserve is
home to 225 species of birds (Byaruhanga et al. 2001)
and 23 species of mammals including the globally
endangered Chimpanzee Pan troglodytes (Humle et
al. 2016). The survey was done in the nature reserve
(Figure 2b) which is dominated by Crynometra alexandri.

Budongo Forest Reserve (Figure 2c), is one of
the most important forest reserves in Uganda for
biodiversity conservation. It lies on the escarpment
north-east of lake Albert and covers 793km? of which 428
is forested. It consists of a medium-altitude moist semi-
deciduous forest, with areas of savanna and woodland.
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Figure 2a. Mabira Forest Reserve
showing where the survey was done.

Figure 2b. Budongo Forest Reserve
showing where the survey was done.

Figure 2c. Bugoma Forest Reserve
showing where the survey was done.
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The reserve occupies gently undulating terrain, with a
general slope north-north-west towards the Rift Valley.
Budongo has five main forest-types: colonizing, mixed,
Cynometra, Cynometra-mixed and swamp-forest. The
vegetation has also changed considerably following 60
years of selective logging and silvicultural treatment
which favored the growth of valuable timber species,
especially mahoganies. Today, the forest is the richest
in Uganda for native timber production. The Budongo
Conservation Field Station (BCFS) based at Sonso carries
out research throughout the forest, mainly on primates
and birds (BirdLife International 2019d). Budongo is an
IBA because of the presence of the Nahan’s Partridge (VU)
and the Brown-cheeked Hornbill Bycanistes cylindricus
(VU) (BirdLife International 2019d) with a forested
area of 428km? (Howard 1991). The reserve is home
to 360 species of birds (Byaruhanga et al. 2001) and 24
species of mammals including the globally endangered
Chimpanzee Pan troglodytes (Humle et al. 2016). The
survey was carried out in three compartments namely:
N15 (66.7km?; Nature Reserve), N3, (384.4km?; logged in
logged 1947-52) and W21 (24.5km?; logged in logged in
1963-64 and 1996-97) (Figure 2c).

Survey techniques

The field survey was conducted on the following
dates: 14-23 December 2016, 7-8 January 2017 and
2—3 December 2017 in Mabira; 11-19 November 2017
in Bugoma, and 15-24 December 2017 in Budongo. The
point count method was used to survey the birds. At
each point, locations of the birds were determined using
a call playback technique at the points spaced evenly
along line transects of varying lengths at distances of
approximately 200m. Playback is the only method
currently available for surveying the presence, absence,
density and relative abundance of the species. Playback
surveys have been used in the past to survey the species
(Sande 2001; Sande et al. 2001; Fuller et al. 2004, 2012).
In their verification of the methods used by Sande (2001),
Fuller et al. (2012) noted that the playback method is
now well developed, and recommended the use of the
method for future surveys of the species. Elsewhere,
playback surveys have been widely used to determine
the presence of elusive birds (Glahn 1974; Marion et al.
1981; Gibbs & Melvin 1993).

The survey effort was 162, 231 and 397 points
(covering 32.6, 46.4 and 79.6km) in Bugoma, Budongo,
and Mabira forest reserves, respectively. The 200m
interval between survey points was used because the
investigator can hear the call within a radius of 100m
(Sande et al. 2001; Fuller et al. 2004, 2012). At every
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point, we played the call for 20 seconds, three times
at an interval of one minute. Fuller et al. (2004) on
the other hand played for 10 seconds, waited for any
ensuing response in 60 seconds and did this for two more
playbacks. They, thus, estimated density from responses
after three and a half minutes (70 seconds x3). Fuller
et al. (2004) recommended that future surveys use
a playback period of 20 seconds, play a total of three
times, with a one-minute gap between each playback.

Fuller et al. (2012) demonstrate that movement of
birds toward the sound stimulus during playback surveys
can lead to significant overestimation of bird densities.
They further showed that a higher number of groups
responded to the third playback than the first two. This
exacerbates the problem of overestimation, because
some birds delayed several minutes before responding
and were therefore likely to move a substantial distance
toward the observer before being detected.

Sande (2001) found that 77% (n=525) of Nahan’s
Partridge responded to the playback within one minute
and used only these records to estimate density in
Budongo Forest in 1997-1999. Also for this study, only
responses within one minute were used in the estimation
of density. This minimized the risk of overestimating
density arising from birds moving towards the observer
before being detected as the response within the one
minute meant that the birds would not have moved a
substantial distance before they responded. This is
confirmed by the fact that the population estimate by
Sande (2001) for Budongo Forest reserve (6000—7000
groups) (using the responses within one minute) was
comparable with the estimate by Fuller et al. 2012)
(8000 groups) in 2003 using the adjusted response
distance (based on the responses from three call
backs taking into account the distance they could have
moved before responding). Thus, either the population
estimate based on only the responses within one minute
of the playback (Sande 2001) or that based on adjusted
response distance (Fuller et al. 2012) can be used to
avoid overestimation of density.

For every survey point we recorded the GPS
coordinates, and wherever we got a positive response
we estimated the distance from the researcher to the
responding birds (sighting distance) and the number of
individuals in case they were seen. Playback surveys
were conducted from around 07.30h to around 15.00h.

Data analysis

Two methods were used: the number of groups
per point, and distance analysis. A requirement of the
latter is at least 60—80 sightings for fitting the detection
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function (Buckland et al. 1993). Since this may not always
be possible for rare or globally threatened species, there
is need to test and recommend other methods that can
be used to analyse data sets with fewer observations.
This is important in conservation terms since threatened
bird species require regular assessment to feed data into
the Global Bird Species Program that is updated every
four years.

Using the number of groups per point method, we
obtained the mean response distance r from which the
birds responded to the observer (which ranged from
10-200 m), the area of each point surveyed (mr? m?),
the number of points surveyed in each forest reserve
(n) and the total area surveyed in the reserve (nrtr? m2).
Thus, using the total number of groups (g) recorded in
each forest reserve, the density of groups per m? was g/
nrtrland the number of groups per km? was calculated.

The Program DISTANCE as described by Buckland et
al. (1993) and Laake et al. (1993) was used. For point
counts, this program calculates the density of animals
using the sighting/radial distances. According to Bibby
et al. (1998), each point surveyed is regarded as a sample
and the effort is the number of times the point was
surveyed. Buckland et al. (1993) stated that often when
distances are estimated, the observer tends to round
to convenient values (heaping) and recommended that
the analysis of such data can be improved by grouping
the distance data taking the midpoints as the distance
measurements for each observation. Following Buckland
et al. (1993), we used midpoint distances as these also
remove the zero distance in the unlikely event that a bird
was observed on the point. The six bands (groupings)
used were: 0-5, 6-15, 16-30, 31-50, 51-100, 101-200
m. Distance analysis using point count data requires
sighting distance and the number of individuals for every
group recorded. For groups whose individuals were not
seen during our surveys, the mean group size for the
forest in question was used. This technique (and the
groupings) was used by Sande (2001).

RESULTS

Use of the number of groups per point and distance
sampling analyses methods

The mean distance from the observer at which
the birds responded was 73.14, 73.43 and 62.90m
in Bugoma, Mabira, and Budongo, respectively. The
density estimates using the number of groups per point
and that using Distance sampling in each of the three
forest reserves didn’t differ (Z<1.96, P>0.05, Table 1).
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This shows that either method can be used to estimate
density for the species and thus the number of groups
per point method can be reliably be used to estimate
density when the number of observation or sightings is
less than 60. Therefore, the results presented in Tables
2, 3 and 4 were based on distance analysis method since
the number of observations were more than 60. Results
presented in Tables 5 and 6 however (comparisons
among Mabira forest reserve’s compartments) were
based on the number of groups per point analysis
method since the number of observations in study
compartments were less than 60.

Density and relative abundance of Nahan’s Partridge

The density estimates using Distance analysis for
the three reserves were 31.6, 25.2 and 13.3 groups per
km? for Bugoma, Budongo, and Mabira, respectively
(Table 2). Results show an increase of density in
Uganda from 16.3 in 2003 to 23.4 groups per km? in
2017. The mean group size in the three reserves was
not significantly different (F=1.52, df=2, 124, P=0.21,
One-way ANOVA). From 2002 to 2017, a period of
14 years, the total number of individuals of Nahan’s
Partridge in Uganda increased by 50% from about
40,000 to 60,000 (Table 3). Sande (2001) found that
although the Nahan’s Partridge breed throughout the
year, the peaks of breeding were January to March, and
then August to November. The survey by Fuller et al.
(2004) was done from July to September while that for
this study was done from November to January during
the peak of the breeding season. Since our study was
done in the breeding months, it is a good time to survey
these birds. Call playback surveys are recommended as
the most efficient survey method during the breeding
season, especially for those species that are known to
respond to call playback, occupy relatively large home
ranges and/or are otherwise difficult to detect (Ministry
of Environment, Lands & Parks (1999). The time when
our study was done is therefore the best to get a good
population estimate, and hence our results are reliable
and not an over or under estimate.

Intra-reserve status analyses are required for
monitoring of population changes within each reserve.
Comparisons were done only for Budongo and Mabira
where there was data from compartments with
different management histories. In Budongo, the three
compartments with different management histories
(N15-Nature Reserve, N3-logged in logged 1947-52
and W21-logged in logged in 1963-64 and 1996—97)
were surveyed in 1997 and 2017. In 2017, the mean
group size from the three compartments was not
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Table 1. Density estimation (95%Cl) for Bugoma, Budongo, and Mabira using Distance sampling and groups per point analyses.

Grps/km?
Forested area (km?)
Effort n MRD (+SE) GPM DSM Z value Significance
Bugoma (300) 162 79 73.14 +5.12 29.1 (20.6-33.6) 31.6 (19.3-51.7) 0.321 0.749
Budongo (428) 231 82 62.90+3.91 28.6 (25.3-32.5) 25.2 (13.4-47.5) 0.463 0.643
Mabira (204) 397 96 73.43 +4.24 14.3 (12.9-16.3) 13.3 8.13-21.68) 0.190 0.849
MRD—Mean response Distance | GPM—Groups per point | DSM—Distance Sampling method.
Table 2. Density estimates for Bugoma, Budongo, and Mabira.
Grps/ km? Grps/ km?
Forested area (km2) Effort n (95%Cl) (2017) (2002) Z value Significance
Bugoma (300) 162 79 31.6 (19.3-51.7) 215 1.386 0.166
Budongo (428) 231 82 25.2 (13.4-47.5) 19.0 0.933 0.351
Mabira (204) 397 96 13.3 (8.13-21.68) 8.3 1.076 0.282
(Ugancian popuaton 2.4 163 1127 0260

Table 3. Total no. of groups of Nahan’s Partridge (95%Cl) in Bugoma, Budongo, and Mabira for 2002 and 2017.

Forested Area Total no. of groups Total no. of groups Mean group size Total no. of Total number
(km?) - oTgroup - ot group group individuals of individuals
2002* 2017 2017 2002*
9,480 9,480 24,458
Bugoma (300) (5790-15,510) 6,458 2.58+0.19 (14,938-40,015) 24,458 18,400
10,785 10,785 29,228
Budongo (428) (5,735.20,330) 8,112 2.71+0.20 (15,54155,094) 29,228 18,658
. 2,713 6,891
Mabira (204) (1,658-4,422) 1,695 2,713 2.54+0.12 (4,211-11,231) 6,891 2,610
Total no. of groups in Uganda 16,265 22,978 Total no. of individuals in Uganda 60,577 39,668

* Fuller et al. 2012

significantly different (F=1.64, df=2, 17, P=0.43, One-
way ANOVA). The density was, however, significantly
higher between N15 and N3 (Z=2.74, P=0.006) and
also significantly higher between W21 and N3 (Z=3.25,
P=0.001). The density in N15 and W21 was the similar
(2=0.53, P=0.593) (Table 4). With the current estimate
of 10,000 groups and 30,000 individuals for Budongo,
(Tables 3), the population of Nahan’s Partridge in the
reserve increased by 33% groups and by 57% individuals
within 20 years. In two decades, (1997 to 2017), the
density did not change significantly in N3 (Z=0.195) but
it doubled in N15 (Z=2.676) and almost doubled in W21
(2=2.284) (Table 4).

Olupot & Isabirye-Basuta (2016) recommended
among other things the assessment of the status of the
Nahan’s Partridge in the entire Mabira Forest Reserve
and setting up of new tourism camps. We conducted
our surveys in nine sites (Table 6). Using the number of
groups per point method, the highest densities of Nahan’s
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Partridge were recorded in Wantuluntu (39.3 groups/
km?) and lowest in the forest adjacent to the Buwoola
enclave (2.0 groups/km?), which is predominantly a
Mulberry forest (Table 5). The density was significantly
higher in Wantuluntu compared to other sites (2>2.58,
P<0.01). There were no significant difference in the
densities between the existing and proposed ecotourism
sites and between proposed ecotourism sites and the
nature reserve (Z<1.96, P>0.05) (Table 6).

DISCUSSION

Status of Nahan'’s Partridge population in Uganda

The study has established that the density of
the globally Vulnerable Nahan’s Patridge in Uganda
increased from 16.3 to 23.4 groups per km? in 14 years.
Over the years, the total number of groups of Nahan’s
Partridge in Uganda grew from 16,000 to 23,000 (44%).
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Table 4. Density (95%Cl) and number of groups (abundance) (95%Cl) of Nahan’s Partridge in Budongo in 2017 compared to 1997.

N15 N3 w21
Mean response Distance 59.1+5.9 67.5+10.4 62.3+5.6
No. of responses 32.0 16.0 34.0
Sampling Effort 84.0 73.0 71.0
34.7 15.3 39.3
H 2'
Density (Gps/km?) (2017) (28.7-42.9) (21.4-11.5) (33.1-47.4)
Density (Gps/km?) (1997) 15.7 16.4 22.1
Z Value (2017 Vs 1997 density 2.676 (P=0.007) 0.195 (P=0.845) 2.284 (P=0.022)
2,316 5,337 962
Total No. of groups (2017) (1,915-2,859) (4,007-7,458) (810-1,162)
Total No. of groups (1997)* 751 6,051 450
Population change based on No. Tripled No change Doubled
of groups

*Sande (2001)

Table 5. Status of Nahans Partridge in the existing and proposed
ecotourism sites of Mabira.

curveyed | groups | Croups/m’
Wantuluntu 6 5 39.3
e e w [ e |
Namusa Hill** 15 5 15.7
Kiwala Hill** 17 5 13.9
Lugala** 9 2 10.5
Najjembe* 85 19 10.5
Griffin* 46 9 9.2
Bugoma 38 7 8.7
Buwola (Mulberry) 23 1 2.0

*—existing eco-tourism site | **—proposed eco-tourism site

The population growth is attributed to the fact that
the species inhabits only three remaining largest forest
reserves (Mabira, Budongo, and Bugoma) which are
protected by law. There is sustainable utilization of forest
resources in the three forest reserves and the other 503
central forest reserves in Uganda. Human activities in
the species habitat are allowed but fairly regulated by
the Uganda National Forestry Authority (NFA).

Mabira, Budongo, and Bugoma, the three major
forest reserves in Uganda, happen to be the only
reserves in the country that harbor Nahan’s Partridge.
They have been zoned into nature reserves (20% of
the forest is strictly protected), protection /buffer zone
where low-impact uses are permitted (30%) and the
production zone for controlled production of timber and
other forest products (50%). Although these zones occur
in theory, the situation on the ground is very different
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because the communities utilize the zones the way they
want in some reserves due to ineffective enforcement
by NFA. Current forest destruction within and outside
protected areas in Uganda is alarming. According to NFA
(2018), forest cover across the country declined sharply
from 24% (4,933,271ha) of land area in 1990 to less than
9% (1,956,664ha) in 2018 (https://www.nfa.org.ug/
index.php/12-nfa-news).

The lowest density in Mabira can be explained by
less favourable management forest practices compared
to the other reserves. Our study observed that at the
time of the survey, logging was very severe in Mabira
Forest Reserve in particular, although the intensity was
not quantified. It often involves use of tools such as
power saws to cut or damage large mature trees and
trees with prominent buttresses such as Ficus exasperata
and Alstonia boonei (Image 1a,b), which are vital for
nesting and roosting of Nahan’s Partridge. Loss of such
trees reduces the breeding and roosting micro-habitats
of the species. Sande (2001) found that 91% (n=58) of
breeding females nested in buttresses. Another tree
species that is intensively being harvested in Mabira
forest reserve is the wild rubber tree Funtumia elastic
(Image 2a,b). We were reliably informed by locals that
this treeis highly desired for making face-boards in house
construction and sofa set chairs. Other than the timber
harvesting, we encountered many charcoal burning
spots in Mabira Forest Reserve; some with stumps being
collected for burning, some covered with soil ready for
burning, and others after burning and charcoal taken
(Image 3a—c). The fact that Mabira Forest Reserve has
up to 22 enclaves (villages) legally settled within the
reserve makes it a fertile ground for forest encroachers
compared to Budongo and Bugoma, which do not
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Image 1. a—Logged Ficus exasperata (Mabira) | b—Logged Alstonia boonei (Bugoma). © Eric Sande

Table 6. Pair-wise comparison of density between the different compartments.

Pairs Value 1 Value 2 Z-Value P-Value
Wantuluntu vs Nature Reserve 393 18.4 2.751 0.006
Wantuluntu vs Namusa 393 15.7 3.182 0.001
Wantuluntu vs Kiwala 39.3 13.9 3.482 0.000
Wantuluntu vs Lugala 39.3 10.5 4.081 0.000
Wantuluntu vs Bugoma 39.3 8.7 4.416 0.000
Wantuluntu vs Najjembe* 39.3 10.5 4.081 0.000
Wantuluntu vs Griffin 393 9.2 4.322 0.000
Nature Reserve vs Namusa 18.4 15.7 0.462 0.644
Nature Reserve vs Kiwala** 18.4 13.9 0.791 0.429
Nature Reserve vs Lugala** 18.4 10.5 1.469 0.142
Nature Reserve vs Bugoma 18.4 8.7 1.863 0.062
Nature Reserve vs Najjembe* 18.4 10.5 1.469 0.142
Nature Reserve vs Griffin 18.4 9.2 1.751 0.080
Nature Reserve vs Namusa** 15.7 18.4 -0.462 0.644
Namusa** vs Kiwala** 15.7 13.9 0.330 0.741
Namusa** vs Lugala** 15.7 10.5 1.015 0.310
Namusa** vs Bugoma 15.7 8.7 1.417 0.156
Namusa** vs Najjembe* 15.7 10.5 1.015 0.310
Namusa** vs Griffin* 15.7 9.2 1.302 0.193
Kiwala** vs Bugoma 13.9 8.7 1.093 0.274
Lugala** vs Bugoma 10.5 8.7 0.410 0.681
Lugala** vs Najjembe* 10.5 10.5 0 1.000
Lugala** vs Griffin* 10.5 9.2 0.292 0.770
Kiwala** vs Lugala** 13.9 10.5 0.688 0.491
Kiwala** vs Najjembe* 13.9 10.5 0.688 0.491
Kiwala** vs Griffin* 13.9 9.2 0.977 0.328
Bugoma vs Najjembe* 8.7 10.5 -0.410 0.682
Bugoma vs Griffin* 8.7 9.2 -0.118 0.906
Najjembe vs Griffin* 10.5 9.2 0.292 0.770
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have such settlements within the reserves. According
to BirdLife International (2019a), Nahan’s partridge is
currently categorized as globally Vulnerable because it’s
very small, severely fragmented global range is declining
in the area of occupancy and in the extent and quality
owing to deforestation and forest degradation. The high
forest destruction of Mabira forest reserve is a significant
contribution to this global decline of the species area of
occupancy.

Fuller et al. (2004) indicated that around Mabira,
Bugoma, and Budongo forest reserves, 54% and 30% of
the respondents said that they hunt galliformes by hand
and using nets, respectively. Netting is probably by far
the more destructive of these two hunting techniques.
Hunters string out nets and then drive ground
animals towards them using dogs and by shouting
and beating objects. During our survey on Bugoma
Hill (Compartment 192 of Mabira), the informant (our
local guide who himself also occasionally participates
in hunting) informed us that forest management
authorizes hunting in that compartment three days a
week (Tuesdays, Thursdays and Saturdays), however, this
is contradicted by NFA managers who insist that hunting
is not authorized. Hunters can kill up to 30 duikers and
six Nahan’s Partridges in a single expedition. If this is
true, extrapolating from the figures provided by the
informant it would appear that one team of hunters can
kill up to 18 Nahan’s Partridge in a week. Such a level
of off-take likely explains why the abundance of Nahan’s
Patridge in Mabira lower than in other reserves. Further
detailed studies on the impact of hunting on the species
need to be carried out in the three reserves.

Density and relative abundance of Nahan’s Partridge in
Budongo from 1997 to 2017

Sande (2001) and this study provide a good baseline
assessment of the population status of the species after
two decades and a prediction of the population of the
species in the next 50 years if the conservation efforts
currently being undertaken are maintained or improved.
The tripling of the groups in 20 years in the Nature
Reserve (N15) can be explained by two factors. Firstly, the
relatively rapid population growth in the nature reserve
is explained by the healthy breeding environment there.
Our study has observed that Budongo’s Nature Reserve
(N15) still remains relatively intact. It is an lronwood
Cynometra forest which Eggeling (1947) suggested that
this represents the climatic climax and a species poor
forest type with Cynometra alexandrii dominating and
forming 75% of the cover. C. alexandrii usually has
extensive thin buttresses near the base that can be up
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to 8m long and several metres high. Sande (2001) found
that 91% of the Nahan’s Partridge nested in buttresses
and nest survival and nest success were higher in the
unlogged Nature reserve than in the logged habitat
with C. alexandrii being the most commonly used tree
species for nesting. So a microhabitat with many large
buttresses provides a good breeding environment for
the species.

The second factor could be that fewer researchers
and research assistants spend less time in the nature
reserve compared N3. There is therefore a high human-
Nahan’s Partridge encounter rate in N3 compared to
N15 and W21. This is because most of the research in
Budongo is done on primates, especially Chimpanzees.
The habituated groups of Chimpanzees spend most of
the time in N3 (where Sonso, the Budongo Conservation
Field Station is located) because fruiting trees, especially
figs, are abundant there. The number of researchers
and field assistants, and the amount of time they
generally spend, are much less in N15 and W21 than
in N3. Nahan’s Partridges being very shy birds, their
daily activity patterns particularly nesting are affected
by human disturbance. According to Sande (2001), the
survey from March 1998 to January 2000 reported that
43% of the nests (n=58) were located 2m or less from
the trail and 76% of these did not succeed probably
due to disturbance. It is therefore probable that the
relatively low research activity in N15 and W21 provides
better nesting conditions for the birds. Thus the tripling
of the number of groups in N15 can be explained by the
buttress-rich environment provided by C. alexandrii and
the less human-Nahan’s encounter while only the latter
explains the doubling of the population in W21. The high
human-Nahan’s encounter in N3 probably explains the
no change over the years. The impact of researcher’s
activities on Nahan’s Partridge’s nest success and nest
survival needs to however be further investigated.
Density of Nahan’s Partridge in the proposed
ecotourism sites

The highest density in Wantuluntu (39.3 groups per
km?) should be interpreted with caution because of
the small sample size (five sightings). When this site is
excluded, the density of Nahan’s Partridge was generally
the same in all the sites (11 groups per km?). This was
probably because of the high and increased incidence
of human activities generally in all the sampling sites
including what we noted in the strict nature reserve.
Although sustainable utilization of natural resources
is allowed in forest management in Uganda, areas
gazzeted as strict nature reserves should be managed for

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17063-17076



T
PR
PR

Status of Nahan’s Partridge in Uganda Sande et al.

Image 2. Logged Funtumia elastica for face boards at Namaganda | a—and stumps freshly cut for making sofa sets at Kiwala | b—both from
Mabira. © Eric Sande

Image 3. Charcoal burning: a—before covering with soil (Wantuluntu) | b—after covering with soil (Wantuluntu) | c—after burning (Kiwala)
all from Mabira. © Eric Sande

Image 4. a—Good birding trails stretch in Kiwala near Nagojje ranger post (Mabira) | b—the Royal Mile (Budongo). © Eric Sande

the purpose they are set aside for particularly in Mabira.  Kiwala and Lugala (sites that Olupot & Isabirye-Basuta
This will allow better assessments and predictions of 2016 recommended for ecotourism development) did
the impact of forest disturbance and utilization on  not do well in terms of Nahan’s Partridge abundance.
biodiveristy. This was probably because of the high and increased

Compared to Watuluntu and Namaganda areas, incidence of human activities noted there, particularly
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Image 5. Good birding trails along Namusa Hill: a—forest-grassland interface | b—swamp on Namusa Hill top. © Eric Sande

Image 6. a—Paper Mulbery forest in Mabira FR | b—understorey growth in the Cynometra (Bugoma). © Eric Sande

tree cutting for charcoal and fire wood. The two
recommended sites are nonetheless good potential
ecotourism sites that could be developed. Kiwala Hill
Area was recommended because of a good landscape
and camp site. In addition, it has an excellent hiking
route (Image 4a) from the valley near Nagojje Ranger
post to the sugarcane plantation that looks like the
famous Royal mile of Budongo (Image 4b) which is
believed to be one of the best places for forest bird
watching in Uganda according Rossouw & Sacchi (1998).
Lugala on the other hand has a good forest and high
potential for hiking route and camp site. Our survey in
Lugala found that in addition, an excellent 2-3 km long
birding trail along the forest boundary where the visitors
would enjoy watching the forest edge birds, e.g., turacos
and hornbills.

Namusa Hill is the third potential ecotourism
site which could be developed. Our study found that
because it has a good landscape appeal, good birding
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trail of up to 5km, the hill top has a grassland meadow
with a transitional grassland-forest interface (Image 5a)
and a swamp at the top of the hill (Image 5b). The hill
is therefore an excellent bird watching site where forest
specialists, forest generalists, grassland birds and water
birds can be seen.

Possible causes for the low abundance of Nahan’s
Partridge in Brousonettia papyrifera forest

Paper mulberry Broussonetia papyrifera is an exotic
tree that has colonised a large degraded area in the
eastern part of the forest. This is where the population
of Nahan’s Partridge was minimum. Fuller et al. (2004)
also did not report occurrence of Nahan’s Partridge in
this habitat. As this is a monodominant B. papyrifera -
dominated forest (Image 6a), the diversity of arthropods
that are known to be one of the major food items for
the species is low. The trees also do not have large
buttresses that can provide nesting and roosting sites,
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probably reducing breeding success. We suspect
these are the likely reasons why the population in that
particular forest type is low because we know that the
species prefers forest types that have trees with large
buttresses and a lot of undergrowth (Image 6b) that
presumably has lots of arthropods and insect larvae.

CONCLUSIONS

Results from this study show that the density of
Nahan’s Partridge (Image 7) increased by seven groups
per km? in Uganda, while the total number of groups
and total number of individuals increased by 44 and
50% respectively in the period of 14 years. The lowest
density was noted in Mabira, where the level of forest
disturbance and degradation was notably higher as
the forest lies in the vicinity of highly-industrialized
and populous Kampala City, Jinja, Lugazi, and Mukono
municipalities, which are in dire need of forest products
including bushmeat. The rampant exploitation is
exacerbated by the apparent weak and limited law
enforcement by NFA. There is, therefore, an urgent need
to hasten conservation action in these only remaining
forest reserves in Uganda that will save the 315, 225,
360 bird species and 30, 23, 24 mammal species in
Mabira, Bugoma, and Budongo forests, respectively,
many of which will undoubtedly disappear if the forests
themselves disappear.

RECOMMENDATIONS

1. Carry out a detailed study on impacts and
mechanisms through which forest, use including
hunting, affect Nahan’s Partridge populations in Uganda

2.  Stop or at least discourage hunting, particularly
with nets as they over exploit and do not discriminate
forest floor fauna according to target and non-target
species and age groups

3. Assess the impact of research intensity on the
nesting success of Nahan’s Partridge in Budongo Forest
Reserve.

4. NFA should ensure that the strict nature
reserves within these forests are better managed to
ensure that they are visited strictly for research and law
enforcement.

5.  As threatened primates and other biodiversity
occur in the three forest reserves, including globally
endangered chimpanzee in Budongo and Bugoma and
the endemic Uganda Mangabey Lophocebus albigena
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Image 7. A pair of Nahan’s Partridge roosting between buttresses of a
large Cynometra tree stand in Budongo Forest. © Eric Sande

ugandae, every effort should be made to strengthen
conservation of the three reserves, including the
possibility of having them gazetted as national parks.
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Fishes of Kalakad-Mundanthurai Tiger Reserve

INTRODUCTION

Kalakad-Mundanthurai Tiger Reserve (KMTR) is one
of the important biodiversity rich areas in southern
Western Ghats forming an important watershed for
the perennial east flowing Tamiraparani River. Since
this reserve has many perennial streams and rivers, this
protected area is popularly known as River Sanctuary
(Johnsingh & Viickram 1987). The watershed area has
very rich fish fauna with notable endemic and globally
threatened species. Information on fishes of this region
emerged in 1950s with the description of two new
species Garra joshuai and Dawkinsia tambraparniei
(Silas 1953). Later, Johnsingh & Viickram (1987) provided
the first comprehensive list of fishes (33 species) of the
Mundanthurai Sanctuary with illustrations. This checklist
covered the fishes from dams and associated rivers in
Mundanthurai Sanctuary, and gave an insight into the
ichthyological diversity of this region. Subsequently,
four new species Garra kalakadensis (Remadevi 1992),
and Haludaria kannikattiensis Arunachalam & Johnson
2002, Hypselobarbus tamiraparaniei Arunachalam et al.
2014 and Neolissochilus tamiraparaniensis Arunachalam
et al. 2017 were described from this region. In addition
to taxonomy, ecology and biology of fishes of this region
have also been studied in recent years (Johnson &
Arunachalam 2010, 2012; Kannan et al. 2013, 2014).
Despite this, the diversity of fishes in KMTR is probably
underestimated, because many streams/ rivers of
KMTR had not been explored in the past. Further,
comprehensive information on fish in KMTR is still in an
emerging stage. Hence, the present paper is an attempt
to provide an updated status of the fish diversity and
assemblage structure associated with different streams/
rivers of KMTR.

MATERIALS AND METHODS

Study Area

Kalakad-Mundanthurai Tiger Reserve is located
in the southern end of Western Ghats in Tirunelveli
District, Tamil Nadu. This reserve comprises of four
wildlife sanctuaries, namely, Kalakad, Mundanthurai,
Nellai, and Kanyakumari, covering a total area of about
1,601km?. It lies between 8.4166—8.8833 °N & 77.1666
—77.9166 °E with altitude ranging from 50m to 1,868
m at the highest point, Agasthyamalai Peak. This area
represents diverse vegetation types and the core zone
of the reserve is considered as one of the important
rainforest areas in the country (Johnson & Kannan 2012).
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The rich and dense forest types are important watershed
areas for many streams and rivers. The major perennial
river, Tamiraparani originates from Poonkulam at the
base of Agasthyamalai (Image 1) and flows through
the core zone of the tiger reserve. Along its course,
several major tributaries such as Servalar, Manimuthar,
Pachiyar, Gowthalaiar, Gadana, and Ramanadhi rivers
join delete the river Tamiraparani. In the present study,
25 streams covering different streams/ rivers within the
KMTR were sampled for species diversity and the survey
was carried out between January 2011 and March 2012.
The location of sampling sites in KMTR is presented in
Figure 1.

Fish sampling

Fish sampling was performed in different habitats
such as pools, riffles, runs, and cascades within 100m
reach based on the methods of Angermeier & Schlosser
(1989) and Johnson & Arunachalam (2009). These
reaches were selected based on regular pattern of
morphology such as pools and riffles and also special
scales covering different stream orders. Fishes were
collected using monofilamentous gill nets of different
mesh sizes (8 to 32 mm), drag and scoop nets. Sampled
fishes were examined, counted, photographed and
released back to the system. Gill nets were also set during
night along the habitat to obtain nocturnal catfishes.
In addition to netting, hooks and lines were also used
for collecting Anguillid and Mastacembelid fishes. Few
specimens of unidentified taxa were preserved in 10%
formalin and the species were confirmed using standard
taxonomic literature (Jayaram 2010). Current valid
species names follow the Catalogue of Fishes (Fricke et
al. 2020) and conservation status follow the IUCN Red

© J.A. Johnson

Image 1. Poonkulam - the origin of River Tamiraparani in Kalakad-
Mundanthurai Tiger Reserve, Tamil Nadu.
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List of Threatened Species (2020). At each sampling
location, altitude and GPS coordinates were recorded.
In addition, stream order classification was obtained for
all sampling reach based on Strahlar’s method (Strahlar
1957).

Data Analysis

Information on fish diversity and their distribution
pattern were extracted by adopting different univariate
indices, Shannon diversity index and evenness index.
Calculation of these indices followed the methods of
Padhye et al. (2006). The indices were used to compare
species distribution, richness, diversity, and equitability
across the study streams. Quantitative data of species
along with their abundance were used for construction
of dendrogram to understand the similarity of fish
assemblage structure between the streams. This was
done using Bray-Curtis similarity index based on non-
transformed species abundance data (Anderson 2001;
Padhye et al. 2006) in PAST program. Further, the
patterns of species distribution in KMTR streams was
examined using simple linear regression model, where
stream order and altitude were used as independent
variables and species richness as dependant variable.
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RESULTS

Diversity and assemblage structure

A total of 50 species of primary freshwater fishes
belonging to 10 orders, 15 families, and 32 genera
were recorded from the study area (Table 1 & Images
2-6). Among the species, Devario aequipinnatus,
Garra mullya, Garra kalakadensis, Garra joshuai, and
Rasbora dandia were commonly present across the
study streams. The Malabar Mahseer Tor malabaricus
was recorded from Mpyeelar, Pambanar, Gowthalyar,
Vaalayar streams, and also in Ingikuli river. Of 50
species, seven species namely, Garra kalakadensis,
G. joshuai, Haludaria kannikattiensis, Hypselobarbus
tamiraparaniei, Mesonemachilus tambraparniensis,
Neolissochilus  tamiraparaniensis, and Dawkinsia
tambraparniei are endemic to KMTR and Tamiraparani
River basin. Among these endemic species, Dawkinsia
tambraparnieiis the only species with a wide distribution
range in middle and lower reaches of Tamiraparani River
basin and the rest are restricted to the headwaters of
Tamiraparani (i.e., within KMTR). The exotic species
Oreochromis mossambicus was recorded in the lower
reach of Gadana and Tamiraparani rivers at Papanasam
region.

Total number of species, Shannon diversity, and
evenness index for each stream are given in Table 2.
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Maximum number of species were recorded in Gadana
River, (S=30), followed by Papanasam site (S=30),
whereas low number of species were recorded in
Poonkulam (Tamiraparani origin) in the upstream and
Elumbenodai Stream (two species in each). In the entire
study area, cyprinids were the dominant members of
the assemblage structure, comprising 12 genera and 23
species. High values for the Shannon diversity index were
registered in Gadana (H’=2.81), Papanasam (H’=2.78),
and Servalar (H'=2.62), whereas low value was registered
in Poonkulam (H’=0.61). The evenness index of species
equitability was high in Nalumukkuyar (E=0.97) followed
by Palavarathod and Aielar (E=0.96 in both) whereas the
site Chinnapullar and Vaalyar had comparatively uneven
distribution of species (0.74 and 0.77, respectively).
Cluster analyses of species composition in KMTR showed
that two distinct clusters and two separate lines were
formed based on the Bray-Curtis similarity (Figure 2).
The sites along the headwater streams had more similar
faunal assemblage and they were grouped together in
cluster ‘A’. The sites in the middle reach of the river with
rich diversity sites such as Papanasam, Gadana, Servalar,
Naraikkad, and Nambiyar had more similar faunal
assemblages and they were grouped in cluster ‘C". The
streams namely Vaalayar and Poonkulam (headwater)
had distinct species assemblage and they did not cluster
with other sites (line ‘B’ & ‘D’ in Figure 2). The result
of regression analysis revealed that there is a strong
significant pattern explained between stream order
and species richness (r’=0.86; p<0.05). The study site
with higher stream order had more species (Figure 3a).
Similarly in the case of regression result on altitude vs.
species richness a weak relationship explained between
altitude and species richness (r?=0.19; p<0.05). Sites
located at lower elevation such as Gadana, Papanasam,
and Servalar had more number of species than higher
elevation sites (Figure 3b).

Threatened species

Current status of KMTR fishes were compared with
IUCN Red List data (IUCN 2020) and of 50 species four
species are listed under threatened categories (Garra
kalakadensis, G. joshuai, Dawkinsia tambraparniei, and
Tor malabaricus). Apart from those, two species namely
Labeo pangusia and Ompok bimaculatus are listed in
the Near Threatened category. Distributions of these
threatened species in KMTR are presented in Table 3.
These threatened species constitute about 8% of the
species inhabiting KMTR region.
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Figure 2. Dendrogram resulting from Bray-Curtis similarities of species abundance data of study streams.

DISCUSSION

Previous studies on ichthyofauna of this region
covered different isolated patches. Silas (1953) listed
nine species of fishes including two new species
Garra joshuai and Dawkinsia tambraparniei from the
headwaters of Tamiraparani. Johnsingh & Viickram
(1987) listed 33 species of fishes from Mundanthurai
Sanctuary, primarily from Papanasam lower & upper
dam and Servalar & Manimuthar dams. Of the 33
species, four species, Homaloptera brucei (restricted

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17077-17092

to eastern Himalayan), Garra lissorhynchus (restricted
to eastern Himalaya), Barbodes carnaticus (restricted
to Cauvery River drainages), and Nemachilus pulchellus
were misidentifications of Bhavania annandalei,
Garra mullya, Neolissochilus tamiraparaniensis, and
Mesonemachilus tambraparniensis, respectively. Later,
Remadevi (1992) also listed 19 species from Kalakad
Sanctuary and Arunachalam et al. (2000) listed 14
species from Nambiyar River. Thus, the present list of
50 species represents a complete updated account on
fishes of KMTR.
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Table 2. Geomorphological features, species richness, Shannon index and evenness index recorded in streams/rivers of Kalakad-Mundanthurai

Tiger Reserve, Tamil Nadu.

Sites Stream order Alt(.i:)de Nsl:::‘::: of Shannon index (H’) Evenness index (E)
Aielar 3 609 7 1.87 0.96
Poonkulam 2 609 2 0.61 0.88
Sophar 3 600 7 1.63 0.84
Palavarathod 3 630 7 1.87 0.96
Ullar 3 637 8 1.77 0.85
Selampanodai 3 258 6 1.71 0.95
Elumbenodai 2 252 4 1.24 0.90
Myeelar 3 248 4 1.28 0.93
Pampanar 3 291 9 1.96 0.89
Gowthalyar 4 300 13 2.42 0.92
Karayar 4 300 15 2.44 0.88
Chinnapullar 3 300 4 1.02 0.74
Vaalayar 3 405 6 1.39 0.77
Thailar 3 400 6 1.53 0.85
Nalumukkuyar 3 1250 4 1.34 0.97
Kakachiodai 3 1230 3 1.05 0.95
Manimuthar 4 300 8 1.95 0.94
Thalayani 4 300 15 2.16 0.82
Kallar 4 150 10 2.01 0.87
Thooneyar 4 165 7 1.81 0.93
Naraikkad 4 350 15 2.49 0.92
Nambiyar 4 350 13 2.37 0.92
Servalar 5 300 22 2.62 0.88
Papanasm 6 250 24 2.78 0.90
Gadana 6 150 30 2.81 0.84

Table 3. List of threatened species and their distribution range within Kalakad-Mundanthurai Tiger Reserve, Tamil Nadu.

Threatened species IUCN status Distribution within KMTR
i Aielar, Sophar, Palavarathod, Ullar, Selampanodai, Elumbenodai, Myeelar, Pampanar, Gowthalyar,
L Garra kalakadensis Endangered Karayar, Chinnapullar, Vaalayar, Thailar, Nalumukkuyar, Kakachiodai, Nambiyar
2 Garra joshuai Endangered Aielar, Poonkulam, Sophar, Palavarathod, Ullar, Selampanodai, Elumbenodai, Myeelar, Pampanar,
. J 8 Gowthalyar, Karayar, Chinnapullar, Vaalayar, Thailar, Nalumukkuyar, Kakachiodai, Manimuthar
3. Dawkinsia tambraparniei Endangered Gowthalyar, Karayar, Manimuthar, Thalayanai, Kallar, Thooneyar, Servalar, Papanasam, Gadana
4. Tor malabaricus Endangered Pampanar, Gowthalyar, Karayar, Vaalayar

Interestingly, the record of a viable population
of Malabar Mahseer in streams such as Pampanar,
Gowthalaiar, Karayar, and Valayar in KMTR is additional
information to this area. This mahseer was described by
Jerdon (1849) as Barbus malabaricus from the mountain
streams of Malabar regions of India. Menon (1992)
synonymised this species with Tor khudree without
any explanation. Indra (1993), however, considered

this species as a valid subspecies as Tor khudree
malabaricus. Recently, Silas et al. (2005) confirmed the
validity of T. malabaricus as a separate species using
molecular techniques. This species is reported from
rivers Balamore in Kanyakumari District, Tamil Nadu
and Kallada River in Kerala (Silas et al. 2005). Though,
the presence of this species in Tamiraraparini River was
reported by various workers under different names (as
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Figure 3. Regression plot of species richness vs stream order (a) and species vs altitude (b)—among sampling streams/ rivers in Kalakad-
Mundanthurai Tiger Reserve, Tamil Nadu [S1—Aielar | S2—Poonkulam | S3—Sophar | S4—Palavarathod | S5—Ullar | S6—Selampanodai
| S7—Elumbenodai | S8—Myeelar | S9—Pampanar | S10—Gowthalyar | S11—Karayar | S12—Chinnapullar | S13—Vaalayar | S14—Thailar
| S15—Nalumukkuyar | S16—Kakachiodai | S17—Manimuthar | S18—Thalayani | S19—Kallar | S20—Thooneyar | S21—Naraikkad | S22—

Nambiyar | S23—Servalar | S24—Papanasam | S25—Gadanal.

Barbus malabaricus by Johnsingh & Viickram 1987; as Tor
khudree malabaricus by Johnson 1999; Tor malabaricus
by Johnson & Arunachalam 2012), the distribution of Tor
malabaricus in an east flowing river is questionable. In
this context, a separate investigation on identity of this
species using molecular techniques is in progress.
Moreover, recently the genus Horalabiosa was
synonymised with genus Garra by Yang et al. (2012)

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17077-17092

based on molecular data without any discussion on
Horalabiosa’s morphological features. Other workers
have also followed the same synonymy (Kottelat
2013; Bleher 2018). We, however, strongly suspect
that the chance of sampling error as juvenile Garra
are morphologically similar to Horalabiosa (Kottelat
2020). Further, combined molecular and morphological
investigation on the validity of genera Horalabiosa and
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Garra is necessary.

The patterns of diversity explained in the present
study revealed that sites falling in the lower altitude with
large stream size had high diversity of fish. The study
sites Gadana, Papanasam, and Servalar are large size
rivers (6™ order streams) and located at the foot-hills of
Western Ghats, which had high Shannon diversity index
(H’'=2.81; H’=2.78; H’=2.68, respectively) comparted
to study sites located high elevation with small stream
channel (2™ order stream). High diversity of fishes
found in Gadana, Papanasam, and Servalar rivers are
mainly due to the size of the channel and tributary effect
(Horwitz 1978; Vannote et al. 1980; Minshall et al. 1985),
as these are 6% order river channel with many tributaries
in the upstream. In general, main river channel will
have high species richness than head waters (Schlosser
1991; Pusey et al. 1993). Similar type of patterns have
been reported in east flowing streams of Western Ghats
(Johnson 1999; Johnson & Arunachalam 2010). Further,
the regression plot fitted with species richness vs altitude
suggest that altitude is covariate for temperature, which
may be a key environmental variable associated with
fish species distribution in the KMTR streams. Similar
observations of longitudinal gradient in species diversity
and assemblage structure have been reported from
other mountainous regions (Horwitz 1978; Oberdorff et
al. 1993, 1995; Godinho et al. 2000; Silvano et al. 2000;
Ostrand & Wilde 2002; Grenouillet et al. 2004).

An exotic fish Oreochromis mossambicus was
recorded from Gadana and Tamiranaparani rivers at
Papanasam. This species was introduced in south
Indian reservoirs in 1950s by fishery department
(including reservoirs of KMTR) to improve reservoir
fishery production (De Silva et al. 2004). Now it is
well established in rivers, canals, irrigation tanks and
downstream of Tamiraparani River, below the reservaoirs.
This species is not established in the upper reaches of
KMTR (above reservoirs) due to presence of natural
obstacles like high water falls and rocky cascades.

Although, the endemic fishes are present inside
the protected area, there are few threats to these
species.  The important threats faced by these
endemic species are: habitat degradation due to tea
garden operation, entry of household waste from
human settlements in some parts of KMTR and entry
of chemical contaminations from tea garden. These
activities may render the stream habitat not suitable
for highly specialized fishes like Garra joshuai and G.
kalakadensis, ultimately leading to reduction in endemic
fish population. In order to conserve these threatened
fishes, proper waste management mechanism should
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be placed in the tea garden areas. Further, the study
on population status of endemic species is essential for
conserving threatened species.
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Image 3. Fishes of Kalakad-Mundanthurai Tiger Reserve, Tamil Nadu. © J.A. Johnson, K. Kannan & K. Krishna Prasad
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Image 4. Fishes of Kalakad-Mundanthurai Tiger Reserve, Tamil Nadu. © J.A. Johnson & K. Kannan
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Image 5. Fishes of Kalakad-Mundanthurai Tiger Reserve, Tamil Nadu. © J.A. Johnson & K. Kannan
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Image 6. Fishes of Kalakad-Mundanthurai Tiger Reserve, Tamil Nadu. © J.A. Johnson & K. Kannan

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17077-17092

Kannan & Johnson

17091



Fishes of Kalakad-Mundanthurai Tiger Reserve

Ghats, India. Journal of Threatened Taxa 1(10): 507-513. https://
doi.org/10.11609/J0TT.02146.507-13

Johnson, J.A. & M. Arunachalam (2010). Habitat use of fishes in
streams of Kalakad-Mundanthurai Tiger Reserve, India. International
Journal of Ecology and Development 17(10): 34-47.

Johnson, J.A. & M. Arunachalam (2012). Feeding habit and food
partition in a stream fish community of Western Ghats, India.
Environmental Biology of Fishes 93: 51-60. https://doi.org/10.1007/
s10641-011-9889-9

Kannan. K., J.A. Johnson & H. Malleshappa (2013). Growth and fitness
of an endangered fish Dawkinsia tambraparniei (Cypriniforms:
Cyprinidae) from southern Western Ghats, India. Aqua, International
Journal of Ichthyology 19(2): 61-66.

Kannan. K., J.A. Johnson, A. Kumar & S.K. Gupta (2014). Mitochontrial
variation in the endangered fish Dawkinsia tambraparniei
(Actinopterygii: Cypriniform: Cyprinidae) from Southern Western
Ghats, India. Acta Icthyologica Et Piscatoria 44(1): 3-8. https://doi.
org/10.3750/A1P2014.44.1.01

Kottelat, M. (2013). The fishes of the inland waters of southeast Asia:
a catalogue and core bibliography of the fishes known to occur in
freshwaters, mangroves and estuaries. Raffles Bulletin of Zoology
Supplement 27: 1-663.

Kottelat, M. (2020). Ceratogarra, a genus name for Garra
cambodgiensis and G. fasciacauda and comments on the oral and
gular soft anatomy in labeonine fishes (Teleostei: Cyprinidae).
Raffles Bulletin of Zoology 35: 156—178.

Menon, A.G.K. (1992). Taxonomy of Mahseer fishes of the genus Tor
Gray with description of a new species from the Deccan. Journal of
the Bombay Natural History Society 89(2): 210-228.

Minshall, G.W., KW. Cummins, R.C. Petersen, C.E. Cushing, D.A.
Burns, J.R. Sedell & R.L. Vannote (1985). Development and in
stream ecosystem theory. Canadian Journal of Fisheries and Aquatic
Sciences 42: 1045-1055.

Oberdorff, T., J.F. Gugan & B. Hugueny (1995). Global scale patterns of
fish species richness in rivers. Ecography 18: 345-352.

Oberdorff, T., E. Guilbert & J. Lucchetta (1993). Patterns of fish
richness in the Seine River basin, France. Hydrobiologia 259: 81-91.

Ostrand, K.G. & G.R. Wilde (2002). Seasonal and spatial variation in
a Praire stream fish assemblage. Ecology of Freshwater Fish 11:
137-149.

17092

Kannan & Johnson

Padhye, A.D., N. Dahanukar, M. Panigankar, M. Deshpande & D.
Deshpande (2006). Seasonal and landscape wise distribution
of butterflies in Tamhini, northern Western Ghats, India. Zoos’
Print Journal 21: 2175-2181. https://doi.org/10.11609/JoTT.
ZP).1142.2175-81

Pusey, B.J., A.H. Arthington & M.G. Read (1993). Spatial and
temporal variation in fish assemblage structure in the Mary River,
south-eastern Queensland: the influence of habitat structure.
Environmental Biology of Fishes 37: 355-380. https://doi.
org/10.1007/BF00005204

Remadevi, K. (1992). Fishes of Kalakad Wildlife Sanctuary, Tirunelveli
District, Tamil Nadu, India. Records of Indian Museum 92(1-4): 193—
209.

Schlosser, 1.J. (1991). Stream fish ecology a landscape perspective.
Bioscience 41: 704—712. https://doi.org/10.2307/1311765

Silas, E.G. (1953). New fishes from the Western Ghats, with notes on
Puntius arulius (Jerdon). Records of Indian Museum 51: 27-38.

Silas, E.G., A. Gopalakrishnan, L. John & C.P. Shaji (2005). Genetic
identity of Tor malabaricus (Jerdon) (Teleostei: Cyprinidae) as
revealed by RAPD markers. Indian Journal of Fisheries 52(2): 125—
140.

Silvano, R.A.M., B.D. do Amaral & O.T. Oyakawa (2000). Spatial and
temporal patterns of diversity and distribution of the Upper Jurua
River fish community (Brazilian Amazon). Environmental Biology of
Fishes 57: 25-35.

Strahlers, A.N. (1957). Quantitative Analysis of Watershed
Geomorphology. American Geophysical Union Transactions 38:
912-920.

Vannote, R.L.,, G.W. Minshall, KW. Cummins, J.R. Seebell & C.E.
Cushing (1980). The river continuum concept. Canadian Journal
of Fisheries and Aquatic Sciences 37: 130-133. https://doi.
org/10.1139/f80-017

Yang, L., M. Arunachalam, T. Sado, B.A. Levin, A.S. Golubtsov, J.
Freyhof, J.P. Friel, W. Chen, MLV. Hirti, R. Manickam, M.K. Agnew,
A.M. Simons, K. Saitoh, M. Miya, R.L. Mayden & S. He (2012).
Molecular phylogeny of the cyprinid tribe Labeonini (Teleostei:
Cypriniformes). Molecular Phylogenetics and Evolution 65(2): 362—
375. https://doi.org/10.1016/j.ympev.2012.06.007

WizD

il

Threatened Taxa

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17077-17092


https://doi.org/10.11609/JoTT.o2146.507-13
https://doi.org/10.11609/JoTT.o2146.507-13
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10641-011-9889-9?_sg%5B0%5D=PN_aYloNXwdJBDsMUP4WjEYZASxwRMOCesFWCL-wg3iNM9IOA2dRbre72cAXt9J5HWTUKClyhyhRrL6W0RZ51fC1Tg.rT7Z5v62RHzw9WmI4CKBVkFTZDsnxP62Fk7J4cy6XHTE3ZwXSUDlsObYq49Pl47kKXN7reog6t2oiWOu38EW-g
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10641-011-9889-9?_sg%5B0%5D=PN_aYloNXwdJBDsMUP4WjEYZASxwRMOCesFWCL-wg3iNM9IOA2dRbre72cAXt9J5HWTUKClyhyhRrL6W0RZ51fC1Tg.rT7Z5v62RHzw9WmI4CKBVkFTZDsnxP62Fk7J4cy6XHTE3ZwXSUDlsObYq49Pl47kKXN7reog6t2oiWOu38EW-g
https://doi.org/10.3750/AIP2014.44.1.01
https://doi.org/10.3750/AIP2014.44.1.01
https://doi.org/10.11609/JoTT.ZPJ.1142.2175-81
https://doi.org/10.11609/JoTT.ZPJ.1142.2175-81
https://doi.org/10.1007/BF00005204
https://doi.org/10.1007/BF00005204
https://doi.org/10.2307/1311765
https://doi.org/10.1139/f80-017
https://doi.org/10.1139/f80-017
https://doi.org/10.1016/j.ympev.2012.06.007

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2020 | 12(15): 17093-17104

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print) PLATINUM

) ) OPEN ACCESS
DOI: https://doi.org/10.11609/jott.5160.12.15.17093-17104

10
#5160 | Received 11 June 2019 | Final received 16 November 2020 | Finally accepted 18 November 2020

Gastrointestinal helminth and protozoan infections of wild mammals in
four major national parks in Sri Lanka
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Abstract: A cross-sectional, coprological survey of gastrointestinal (Gl) parasites of wild mammals in four major National Parks in Sri
Lanka: Wilpattu, Udawalawe, Wasgamuwa, and Horton Plains was carried out during November 2016 to August 2017. Fresh fecal samples
were collected and analyzed using sedimentation technique, iodine & saline smears, and Sheather’s sucrose flotation for morphological
identification parasite eggs, cysts, and larvae. A modified salt flotation was carried out for egg counts. Seventy samples from 10 mammal
species: Asian Elephant, Spotted Deer, Water Buffalo, Sambar, Indian Hare, Asian Palm Civet, Sloth Bear, Wild Boar, Grey Langur, Leopard,
and four unknown mammals (two carnivores, one herbivore and one omnivore) were analyzed. Most were infected (94.3%) with more than
one Gl parasites. The highest prevalence of infection was recorded in Horton Plains (100%), followed by Wasgamuwa (92.8%), Wilpattu
(90.4%) and Udawalawe (75.0%) with a significant difference among four parks (Chi square test; x?=35.435; df=3; p<0.001). Nineteen species
of Gl parasites were recorded, of which Entamoeba, Isospora, Balantidium, Fasciola, Moniezia, Dipylidium, strongyles, Toxocara, Trichiurus
and hookworms were the most common. Strongyles (62.1%) and Entamoeba (80.3%) were the most prevalent helminth and protozoan
infections, respectively. Overall, there was no difference in the prevalence of protozoans (84.3%) and helminths (87.1%; x*=1.0; df=1;
p=0.317). In carnivores, Entamoeba, Balantidium, Moniezia, strongyles and Strongyloides were common and in herbivores, Entamoeba,
strongyles, Strongyloides and Toxocara were common. The quantitative analysis showed strongyles (17.639 EPG) and Isospora (18,743
OPG) having the highest infection intensity among helminthes and protozoans, respectively. This study provides baseline information of GI
parasites and their distribution in wild mammals in the four national parks. Although the prevalence of Gl infections was high, their intensity
shows that they could be incidental infections. When the prevalence of an infection is high but the intensity is low, it is unlikely to be a
major health problem leading to the endangerment of a species. Parasitic diseases can not only affect conservation efforts, but they are also
natural selection agents and drive biological diversification, through influencing host reproductive isolation and speciation.
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Gastrointestinal helminth and protozoan infections of wild mammals

INTRODUCTION

National parks are established in many countries
to protect and conserve nature while also serving for
education, tourism and entertainment (Kaffashi et al.
2015). National parks in Sri Lanka were first established
100 years ago to conserve valuable natural environments
(Dahlberg et al. 2010) and are distributed over three
climatic zones; dry zone, wet zone and intermediate
zone. Today, there are 35 national reserves consisting
of three strict nature reserves, 26 national parks, five
nature reserves, and one jungle corridor. In Sri Lanka,
the Department of Wildlife Conservation (DWC) is the
main government authority which has the legal power
to control national reserves and natural forests. In these
national reserves, a total of 95 species and subspecies of
mammals have been described consisting of 21 endemic
species and 12 introduced species (Weerakoon 2012).

Endoparasites are an important part of studying
the disease ecology of wild animals as the abundance
and diversity of parasites can determine the health of
a particular ecosystem (Sallows 2007). Especially, in a
natural ecosystem carnivores occur in lower densities
than ruminants, therefore, parasitic infection of
carnivores is a good indicator to understand the health
of a specific national park (Stuart et al. 2017). Moreover,
parasitic infections can vary between sexes, for example
male ungulates are more susceptible to parasitic
infections than the females (Dunn 1978; Apio et al.
2006). Environmental conditions like monsoon rains
and soil moisture affect parasitic transmission and many
parasitic diseases are acquired through contaminated
soil and water (Marathe et al. 2002). When food and
water are contaminated with infected feces it can
easily spread the diseases among wild animals in the
park (Coffey et al. 2007; Stuart et al. 2017). Parasites
can affect the growth rate, mortality rate, population
size and interaction between individuals such as sexual
selection and social behaviors of wild mammals (Sinclair
& Griffith 1979; Sumption & Flowerdew 1985; Freeland
et al. 1986; Marathe et al. 2002).

Ecologists have recently begun to understand the
importance of diseases and parasites in the dynamics of
populations (Altizer et al. 2003). Diseases and parasites
were probably responsible for some extinctions on
islands but also on larger land masses, but the problem
has only been identified retrospectively (reviewed in
McCallum & Dobson 1995). On the other hand endemic
pathogens and parasites might play a crucial role in
maintaining the diversity of ecological communities and
ecosystems (Karesh et al. 2012). When the hosts are
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keystone or dominant species with important functions
in an ecosystem, the effects of diseases on ecological
communities can be particularly pronounced (Preston
& Johnson 2010). Patterns of disease emergence in
wildlife and integration of parasitism into community
ecology provide information for better understanding
of the roles of parasites in nature. Among these, their
role in food webs, competitive interactions, biodiversity
patterns, and the regulation of keystone species, make it
clear that parasites contribute to structuring ecological
communities (Preston & Johnson 2010).

There is no current literature available on the Gl
parasites of wild animals in national parks in Sri Lanka.
The present study was carried out to obtain baseline
information of the types, prevalence and infection
intensity of Gl parasites in wild mammals in four major
national parks located in three climatic zones of Sri
Lanka.

MATERIALS AND METHODS

Study site and study animals

Four nature reserves were selected. Wilpattu
National Park (8.433N & 80.000E), Wasgamuwa National
Park (7.716N & 80.933E) and Udawalawe National Park
(6.438N & 80.888E) are located in the dry zone with
mean annual temperature of 27.2°C, 27.0°C, and 27.5°C,
respectively. Horton Plains National Park (6.800N &
80.000E), located in the wet zone has a mean annual
temperature of 13.0°C (Figure 1).

The number of wild mammal species varies among
the four parks: 31 species of mammals in Wilpattu
National Park, 43 in Udawalawe National Park, 23 in
Wasgamuwa National Park and 24 in Horton Plains
National Park (DWC, Sri Lanka).

Collection of samples

Fresh fecal samples from wild mammals in the four
parks were collected during November 2016 to August
2017. Approximately, 10-15 g of fecal matter was
collected from each animal that had defecated in the
morning between 07.00 and 10.00 h while samples from
those that defecate in the afternoon (e.g., Elephant and
Wild Boar) were collected in the late afternoon between
16.00 and 18.00 h. A trained tracker from the DWC
identified the fecal samples. Samples were taken to
the laboratory in a cooler, stored in a refrigerator at 4°C
and were analyzed in the parasitology laboratory in the
Department of Zoology at the University of Peradeniya.
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Figure 1. The four national parks in Sri Lanka.

Sample analysis

Fecal samples were analyzed using four methods:
(a) sedimentation technique, (b) direct iodine and
saline smears, (c) Sheather’s sucrose flotation, and (d)
modified salt flotation. The eggs of different species
were identified morphometrically under a microscope
under 10X ocular lens and objective lens of 40X (total
magnification 400x). The number of eggs, cysts/oocysts
in 0.5ml were calculated as eggs per gram (EPG) in
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helminthes and cysts per gram (CPG) or oocysts per
gram (OPG) in protozoans. The length and width of the
eggs were measured under the same 400x magnification
(10x40).

Sedimentation technique (Zajac & Conboy 2012; page
13)

Since the trematode eggs are relatively large
and heavy they were qualitatively isolated using the
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sedimentation method. Approximately, 3g of feces was
measured (for elephants 50g was measured due to the
high fiber content in their feces) and mixed with 50ml
distilled water. Then the suspension was poured into a
testtube and allowed to settle for 5 min. The supernatant
was removed and the pellet was re-suspended in 5ml
of distilled water and then allowed to set for another
5 min. Finally, the supernatant was removed and the
sediment layer collected in the bottom of the test tube
was examined after adding one drop of Methylene Blue
under 400x magnification.

Direct iodine and saline smears (Zajac & Conboy 2012;
pages 12-13)

A drop of Lugol’s iodine was placed on a microscopic
slide and a small portion of fecal matter (~ size of head of
a match) was picked up by using a cleaned toothpick and
mixed thoroughly with iodine. Then a drop of saline (1%
solution) was added to the smear, covered using cover
slip and was observed under light microscope at 400x
magnification.

Sheather’s sucrose flotation technique (Zajac & Conboy
2012, pages 4-11)

This method was used to identify nematode and
cestode eggs, coccidian oocysts and other protozoan
cysts in the fecal sample. Approximately, 3g of fecal
sample was measured (again 50g was used for elephant
dung samples) and mixed with 50ml of freshly prepared
Sheather’s sucrose solution (SPG 1.2-1.25) to make a
suspension. The suspension was filtered and poured
into cleaned test tube and filled until a convex meniscus
formed at the top of the tube. A cover slip was placed
over the meniscus and left for 20 min. The cover slip
was then placed on a slide and examined under the
microscope at 400x magnification.

Modified salt flotation technique (Zajac & Conboy
2012; pages 4-11)

Modified salt flotation is a quantitative method to
count eggs of nematodes, trematodes and cestodes
and cysts of protozoa. Approximately, 3g of the sample
was transferred into a 15ml clean centrifuge tube and
14ml of distilled water were added. For elephant dung
samples, 50g was transferred into a 50ml centrifuge
tube and 45ml of distilled water were added. Then the
fecal solution was stirred well with using a glass rod, the
tube was centrifuged at 3000G (N/kg)for 20 min. After
that, the supernatant was removed, and the tube was
filled again with 14ml (or 45ml) of distilled water and
was centrifuged at 3000G for 20 min. This procedure
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was repeated until a clear solution of the supernatant
was obtained. Then the supernatant was removed and
salt solution was added to the butt of the centrifuge
tube up to 14ml (or 45ml) level. Again, the tubes were
centrifuged at 3000G for 20 min. Then the supernatant
with the floating parasitic eggs was transferred into
a 15ml clean centrifuge tube and distilled water was
added up to the 15ml level and was centrifuged at 3000G
for 10 min. Then the supernatant was removed and the
sediment was pipetted out into microcentrifuge tubes
(Eppendorf’). These tubes were then centrifuged at
3000G for 10 min. The supernatant was removed leaving
about 0.5ml of solution. This was mixed thoroughly and
about 0.1ml of the suspension was placed on and a
microscopic slide. Five such smears were prepared from
each sample and examined using a light microscope.
Eggs of different species were identified and counted
and the number of eggs per gram in each sample was
calculated. Intensity of infections was calculated using
CPG (cysts per gram), OPG (oocysts per gram) and EPG
(eggs per gram) of feces.

RESULTS

Prevalence of parasites

A total of 70 mammals were examined (Wilpattu =
21, Udawalawe = 8, Wasgamuwa = 28 and Horton Plains
= 13) of which 66 (94.3%) were infected with more than
one Gl parasite of protozoans, trematodes, nematodes
and cestodes. Among the four parks, the highest
prevalence of Gl parasites was observed in the Horton
Plains where all the mammals were infected (100%),
followed by Wasgamuwa (92.8%) and the lowest was
Udawalawe (75.0%) with a significant difference in the
prevalence among parks (Chi square test; x> = 35.435;
df = 3; p<0.001). Overall, there was no difference in
the prevalence of protozoans (84.3%) and helminths
(87.1%; x*= 1.0; df = 1; p = 0.317).The highest protozoan
prevalence was observed in Horton Plains(100%),
followed by Wasgamuwa (85.7%), Wilpattu (80.9%) and
Udawalawe (62.5%). The highest helminth prevalence
was observed from Horton Plains (92.3%), followed by
Wasgamuwa (89.3%), Wilpattu (85.7%) and Udawalawe
(75.0%).

Types of gastrointestinal parasites

Parasites belong to 19 genera were observed in
mammals in the four national parks. Out of which 14
species were identified (Table 1; Figure 2). The most
common protozoan was Entamoeba (80.3%) observed
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Table 1. Prevalence of gastrointestinal parasites of wild mammals in four national parks in Sri Lanka.

National Park
Parasite
Wilpattu Udawalawe Wasgamuwa Horton plains

Entamoeba 71.4% 83.3% 85.7% 92.3%
Isospora 52.4% 50% 35.7% 84.6%
Balantidium 14.3% 16.7% - -
Moniezia 19.0% 16.7% 39.3% 53.9%
Fasciola 38.1% 33.3% 39.3% -
Schistosoma 4.8% - 10.7% -
Dipylidium - - 32.1% -
Diphyllobothrium - - 14.3% -
Ascaris 14.3% - 32.1% -
Strongylus 57.1% 83.3% 57.1% 61.5%
Strongyloide - 33.3% 10.7% -
Trichostrongylus 19.0% 16.7% 10.7% -
Trichiurus - - 10.7% 15.4%
Toxocara - - 10.7% -
Hook worm - 50% - 7.7%
Pin worm 23.8% - 7.1% -
Unknown sp 1 4.8% - - 3.8%
Unknown sp 2 - - - 15.4%
Unknown sp 3 - - 3.6% 15.4%

Figure 2. Percentage prevalence of gastrointestinal parasites in wild mammals of four national parks in Sri Lanka.

in the Asian Elephant, Water Buffalo, Spotted Deer,
Asian Palm Civet, Indian Hare, Sloth Bear, Sambar, Wild

Boar, and Grey langur. The most common helminth
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were strongyles (62.1%) observed in the Asian Elephant,
Water Buffalo, Asian Palm Civet, Leopard, Sloth Bear,
Sambar, Indian Hare, and Grey Langur. The least
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common parasite infections were pinworm, Toxocara,
Diphyllobothrium and Balantidium.

Intensity of Infections

Overall, the intensity of infection was not high in any
Gl parasite observed in the four parks (Table 2). The
highest protozoan infection was observed in the Horton
Plains (23.811 CPG) and the highest helminth infection
was observed in Wasgamuwa (18.743 EPG; Table 2).

DISCUSSION

Results show that the prevalence of Gl infections
in wild mammals in the four national parks was high
(94.3%). High prevalence of Gl infections are recorded
in many national parks: Masai Mara National Reserve
(100%) in Kenya (Engh et al. 2003), Kibale National Park
(84%) in Uganda (Bezjian et al. 2008), Serengeti and
the Ngorongoro Crater (97.3%) in Tanzania (Muller-
Graf, 1995), Langtang National Park (88.9%) in Nepal
(Achhami et al. 2016). There was a significant difference
in the prevalence among the four parks. Udawalawe
had the lowest prevalence Gl infections while Horton
Plains had the highest. This could be due to the period
of sampling where it was carried in the dry period in
Udawalawe and in the rainy season in Horton plains.
During rainy periods, the transmission of parasitic
infections is high. The environmental conditions such
as rainfall patterns have a significant influence on the
parasitic transmission in mammals and there is a strong
relationship between the rainfall and the pathogenecity
of Gl infection (Marathe et al. 2002; Rosenthal 2010;
Turner et al. 2012; Chattopadhyay & Bandyopadhyay
2013; Stuart et al. 2017). On the contrary, Wasgamuwa
Park was also sampled during the dry season but had a
higher prevalence of infection. Some studies, however,
show that the prevalence of certain Gl parasites is not
correlated with rainfall pattern (Gillespie et al. 2004,
2005). For example, Oesophagostomum is a common
infection in baboons in the dry season in Kibale National
forest (Bezjian et al. 2008). The authors point out that
this parasite may resist desiccation due to the lush
habitat of the Kibale National Forest and the presence of
the Dura River. It has also been noted that during the dry
season, Oesophagostomum sp. larvae can avoid adverse
weather conditions by arresting their development
(Pettifer 1984). Nevertheless, the sample size in the
Udawalawe Park was small (n = 8) and therefore
comparing across parks and drawing conclusions cannot
be done uncritically. The prevalence of infection did not
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show any marked seasonal variation among the four
parks.

There was no difference in the prevalence of
helminthesand protozoansinthe four national parks. The
two groups have developed different adaptive strategies
for their survival. Protozoans release large number of
cysts with feces, compared to helminthes. But helminth
egg is resistant to various environmental conditions like
high temperature, high rainfall, desiccation etc (e.g.,
Toxocara, Trichiurus) (Okulewicz et al. 2012) as they
have a thick egg shell. Wilpattu and Udawalawe parks
are located in the dry zone of the country that has high
temperatures but the helminth eggs and protozoan cysts
were able to survive those conditions. Some studies
however, show high prevalence of helminthes than
protozoans, have been reported in wild lions in Tanzania
(Muller-Graf 1995) and spotted hyenas in Masai Mara
Reserve, Kenya (Engh et al. 2003) whereas in captive
conditions such as zoological gardens, the protozoan
prevalence is higher than helminthes due to regular
anthelmintic treatments (Dawet et al. 2013) but may
not be the case always (Adeniyi et al. 2015; Aviruppola
et al. 2016).

Prevalence of parasite infections can lead to evolution
of tolerance or resistance in the host. Tolerance to
parasites, or infection tolerance is the ability of a host
to limit the health or fitness effect of a given infection
intensity whereas resistance is the ability of the host
reduce risk of infection. Both resistance and tolerance
are host traits that have evolved to alleviate the health
and fitness effects of infection, but they represent two
fundamentally different strategies to deal with parasites.
The main difference of the two is that resistance reduces
the risk of infection and/or the replication rate of the
parasite in the host, whereas tolerance does not.
Tolerance and resistance lead to different ecological
and evolutionary interactions between hosts and their
parasites (Roy & Kirchner 2000; Rausher 2001; Best et
al. 2014; Vale et al. 2014). Roy & Kirchner (2000) show
that if hosts evolve resistance, this should reduce the
prevalence of the parasite in the host population and if
hosts evolve tolerance instead, this will have a positive
effect on parasite prevalence.

Among the Gl parasite species observed Entamoeba,
Isospora, and Balantidium were the most common
protozoans while Moniezia, Fasciola, Schistosoma,
Dipylidium, Diphyllobothrium, Ascaris, strongyles,
Strongyloides, Trichostrongylus, Trichiurus, Toxocara,
hookworm, and pinworm infections were the common
helminthes. The diversity of parasite species was
highest in the Wasgamuwa Park and the lowest in the
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Table 2. Prevalence and the intensity of parasites found in wild mammals in four national parks in Sri Lanka.
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National Park Mammal species (n) Parasite Prevalence Intensity (CPG/EPG/OPG)
Entamoeba 100% 0.020
Asian Elephant Fasciola 100% 0.060
Elephas maximus (1)
Strongyles 100% 0.300
Entamoeba 40% 0.334
Balantidium 60% 0.734
Isospora 60% 3.467
Water Buffalo . o
Bubalus arnee (5) Fasciola 40% 0.201
Moniezia 20% 0.067
Schistosoma 20% 0.067
Strongyle 40% 0.400
Entamoeba 50% 0.417
Isospora 75% 0.084
Spotted Deer Moniezia 75% 0.084
Axis axis (4)
Ascaris 75% 0.084
Trichostrongylus 50% 4.834
Entamoeba 100% 6.670
Indian Palm Civet
Paradoxurus Isospora 100% 1.334
hermaphroditus (1)
Strongyle 100% 0.334
Wilpattu Entamoeba 100% 0.334
Sloth Bear Isospora 100% 14.000
Melursus ursinus (1) Dipylidium 100% 10.000
Strongyle 100% 14.668
Indian Hare Entamoeba 100% 1.334
Lepus nigricollis (1) Moniezia 100% 0334
Entamoeba 100% 0.778
Isospora 100% 1.222
Sambar Fasciola 100% 2.889
Rusa unicolor (3) Ascaris 66.7% 0.222
Strongyle 66.7% 0.778
Trichiurus 33.4% 0.222
Entamoeba 50% 0.333
Isospora 25% 0.416
Fasciola 50% 0.416
Wild Boar . o
sus scrofa (4) Moniezia 25% 0.084
Dipylidium 25% 0.084
Strongyles 75% 1.000
Unknown sp1 100% 2.084
Isospora 100% 1.000
Dipylidium 100% 7.334
Unknown omnivore (1)
Unknown sp 1 100% 4.334
Unknown sp 2 100% 0.334
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National Park Mammal species (n) Parasite Prevalence Intensity (CPG/EPG/OPG)
Asian Elephant Fasciola 100% 0.020
Elephas maximus (1) Strongyle 100% 0.960

Entamoeba 100% 2.000
Water Buffalo Balantidium 100% 1.000
Bubalus arnee (1) Isospora 100% 4.667
Strongyle 100% 1.334
Entamoeba 100% 1.000
Isospora 100% 5.334
Grey Langur o
Semnopithicus priam (1) Strongyle 100% 18.668
Udawalawe Strongyloide 100% 7.334
Hook worm 100% 0.334
Entamoeba 100% 1.000
Isospora 100% 1.667
Unknown carnivore (1) Strongyle 100% 8.334
Strongyloide 100% 1.667
Hook worm 100% 0.334
Entamoeba 100% 2.000
Spotted Deer Fasciola 100% 0.334
Axis axis (1) Hook worm 100% 0.334
Trichostrongylus 100% 1.000
Entamoeba 100% 2.000
Indian Hare Moniezia 100% 4.000
Lepus nigricollis (1)
Strongyle 100% 8.000
Entamoeba 100% 2.667
Isospora 25% 0.166
Asian Elephant
Elephas maximus (6) Fasciola 50% 0.334
Moniezia 100% 1.083
Strongyle 50% 1.883
Entamoeba 100% 3.050
Isospora 50% 0.555
Water Buffalo Moniezia 66.7% 0.611
Bubalus arnee (6) Schistosoma 50% 0.167
Wasgamuwa Ascaris 83.3% 0.889
Strongyle 66.7% 0.833
Entamoeba 83.3% 0.833
Isospora 83.3% 0.833
Unknown sp3 16.7% 0.055
Fasciola 66.7% 0.444
Spotted Deer Moniezia 50% 0.167
Axis axis (6)
Dypylidium 33.3% 0.222
Diphyllobothrium 33.3% 0.166
Ascaris 16.7% 0.167
Trichostrongylus 50% 0.500
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National Park Mammal species (n) Parasite Prevalence Intensity (CPG/EPG/OPG)
Entamoeba 100% 1.048
Isospora 14.2% 0.528
Fasciola 85.7% 3.667
Dipylidium 71.4% 1.000
Asian Palm Civet Diphyllobothrium 28.5% 0.190
Paradoxurus
hermaphroditus (7) Strongyle 100% 19.667
Strongyloide 42.8% 1.381
Wasgamuwa Trichiurus 42.8% 1.714
Toxocara 28.5% 0.809
Pinworm 14.2% 0.407
Dipylidium 100% 0.334
Leopard N
Panthera pardus kotiya (1) Strongyle 100% 9334
Toxocara 100% 5.000
Sloth Bear Dipylidium 100% 2.000
Melursus ursinus (1) Strongyle 100% 1.668
Entamoeba 100% 2.000
Unknown herbivore (1) Ascaris 100% 0.667
Strongyle 100% 0.667
Entamoeba 100% 15.755
Isospora 100% 45.697
Indian Hare Moniezia 75% 2.647
Lepus nigricollis (4) Strongyle 75% 12.521
Trichiurus 50% 3.014
Unknown sp 3 25% 6.500
Entamoeba 100% 16.000
Asian Palm Civet
Paradoxurus Strongyle 100% 4.000
hermaphroditus (1)
Unknown sp 3 100% 2.000
Horton Plains Entamoeba 50% 0.333
Wild Boar Isospora 100% 4.667
Sus scrofa (2) Strongyle 100% 0.667
Unknown sp 1 100% 2.000
Entamoeba 100% 1.401
Isospora 100% 0.734
Sambar Moniezia 60% 0.200
Rusa unicolor (5)
Strongyle 20% 0.067
Hook worm 20% 0.067
Entamoeba 100% 6.000
Unknown carnivore (1) Moniezia 100% 2.000
Strongyle 100% 4.000
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Horton Plains. Although the prevalence of infection was
highest in the Horton Plains National Park, the diversity
of infection was the lowest. The common Gl parasites
for both herbivores and carnivores were Entamoeba
and strongyles. Fecal samples of herbivores such as
the Asian Elephant Elephas maximus, Water Buffalo
Bubalus arnee, Spotted Deer Axis axis, Sambar Rusa
unicolor, Grey Langur Semnopithecus priam, and Indian
Hare Lepus nigricollis were infected with Entamoeba,
Balantidium, Moniezia, Fasciola, Trichiurus, strongyles,
Strongyloides, and Trichostrongylus. Carnivorous such
as Leopard Panthera pardus kotiya and other unknown
carnivorous species were infected with Entamoeba,
strongyles, Strongyloides,Toxocara, and hookworm.

Herbivores get the infections through contaminated
food or water as most of these Gl parasite eggs, cysts
and larvae are associated with pasture. Digenetic
trematodes like Fasciola, and Pharamphistomum have
indirect life cycles where a snail (e.g., Lymnea, Planorbis,
Balinus, Oncomelaria) acts as an intermediate host of
parasite who associate with water bodies. Cercariae of
these trematodes encyst on vegetation where herbivores
feed. Moniezia is a common cestode of herbivores and
it was recorded from all four parks. It was also recorded
in an unknown carnivore in Horton Plains. A recent
study on Gl parasites of wild cats reported Moniezia
in four leopards in Horton plains (Kobbekaduwa et al.
2017) and the authors attribute this as an accidental
ingestion of oribatid mites, the intermediate host
of Moniezia by the leopards. The mite lives on the
pasture and enters the mammalian host while feeding.
Fasciola, Moniezia, Strongyloides, and Trichuris obtained
from herbivores in Bhutan (Tandon et al. 2005) and
strongyles, Strongyloides, Moniezia observed from
Musk Deer in Nepal (Achhami et al. 2016). Balantidium
is also transmitted through fecal-oral route infection via
contaminated pasture (Schuster & Ramirez-avila 2008).
Carnivores get infected by Gl parasites like Toxocara
mainly by ingesting the intermediate host (Okulewicz et
al. 2012) or by direct penetration like the hookworms.
Toxocara is a common Gl parasite of carnivores
worldwide. Studies have shown Grey wolves in Riding
mountain National Park of Canada (Sallows 2007; Stuart
et al. 2017) wild Lions in Tanzania (Muller-Graf 1995),
Wolves in northeastern Poland (Kloch et al. 2005) wild
carnivores in Przybyszewskiego (Okulewicz et al. 2012),
and Spotted Hyena samples in Masai Marai Reserve in
Kenya (Engh et al. 2003) as few examples.

Although the prevalence of infection was high
among the mammals, the intensity of most infections
were not high enough to cause serious health problems
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in these mammals. Wild mammals have natural
resistance against parasites or live mutually with them,
unlike captive stressful conditions where the animals
are more susceptible to parasitic infections (Borkovcova
& Kopriva 2005; Singh et al. 2006a,b; Adeniyi et al.
2015). Free ranging animals can disperse the parasite
throughout the environment, therefore the infections in
wild mammals or free living ones occur in low intensities
compared to captive or domestic mammals (Stuart et
al. 2017). Because of constant stress of captivity makes
animals more susceptible to parasitic infection as the
immune system of these captive animals become weak
(Gracenea et al. 2002; Cordon et al. 2008). Moreover,
some infections in most captive and domestic mammals
has both transplacental and transmammary transmission
which can cause serious damage such as acute and
ocular infections of Toxocara in cubs (Okulewicz et al.
2012). In some cases parasites can affect the cellulose
digestion of host species, increase the rate of morbidity
and mortality (e.g., Oesophagostomum; Muehlenbein
2005). This may depend on the intensity of infection,
where some parasites become less pathogenic even
with large number of eggs or cysts (>20,000), but some
become high pathogenic with few eggs or cysts.

This study provides baseline information of
Gl parasites and their distribution in wild mammals in
the four national parks. The prevalence of Gl infections
was high, nevertheless, their intensity shows that they
could be incidental infections. When the prevalence of
an infection is high but the intensity is low, it is unlikely
to be a major health problem to endanger species.
Mathematical models have shown that parasitic diseases
affecting host mortality maintain equilibrium far below
their disease free carrying capacity (Anderson 1979;
McCallum & Dobson 1995). Highly pathogenic diseases
also have minor effect on host populations. If a disease
is detectable at high prevalence, it is probably mild and
unlikely to be a major problem to an endangered species.
Parasitic diseases can affect conservation efforts, acting
as a contributing threat in the endangerment of wildlife
hosts, and occasionally causing severe population
declines (de Castro & Bolker 2005; Blehert et al.
2009). The maintenance of host-parasite relationships
in managed wildlife populations can be ultimately
beneficial, and points to a critical role for wildlife
parasitologists in conservation efforts (Gomez & Nichols
2013). Parasites are also natural selection agents
influencing a variety of host attributes, from phenotypic
polymorphism and secondary sexual characters, to the
maintenance of sexual reproduction (Wegner et al.
2003; Lively et al. 2004; Blanchet et al. 2009). These
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effects ultimately drive biological diversification, through
influencing host reproductive isolation and speciation
(Summers et al. 2003). Infections are fundamental to the
ecological and evolutionary drivers of biological diversity
and ecosystem organization (Marcogliese 2004). Wildlife
parasites should be considered meaningful conservation
targets as important as their hosts as they not only can
affect conservation efforts, but they are also natural
selection agents and drive biological diversification,
through influencing host reproductive isolation and
speciation.
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Reviewing carnivore studies in Bangladesh

INTRODUCTION

Carnivora that constitute the fifth largest mammalian
order faces taxon-wide existential crisis (Inskip &
Zimmermann 2009; Ripple et al. 2014). According to
IUCN (2019), 88 species are threatened with a trend of
decreasing population. Conserving carnivores is now a
major concern worldwide (Treves & Karanth 2003).

The concern is in recognition of the fact that for
a stable and diverse community of wild animals,
carnivorous mammals exert intangible influences.
They can act as apex predators and their absence often
leads to trophic cascades (Prug et al. 2009; Ripple et
al. 2014; Suraci et al. 2017). As the ecosystem services
of a carnivore can be of an umbrella or keystone to
conserve an ecosystem in its entirety (Sergio et al. 2008;
Baker & Leberg 2018), human intervention in wildlife
management practices cannot supersede or bypass
a carnivore’s natural impact in the wild (Gittleman &
Gompper 2005; Ripple et al. 2014).

Bangladesh is the world’s 92™ largest country
covering an area of 147,610km? and the 8™ most
populous with about 165.6 million people. Also, the
country is rich in biodiversity and harbors 138 extant
mammals; 28 of which are carnivores (IUCN Bangladesh
2015; Khan 2015, 2018).

Geographically, Bangladesh is traversed by the Tropic
of Cancer, and there exists a transition zone between the
Indo-Himalayan and the Indo-Chinese sub-regions of the
Oriental realm, which are considered advantageous to
form wildlife habitats (Corlett 2007; Feeroz 2013; Khan
2018). Historical anecdotes indicate about the rich
presence of carnivores all over Bangladesh once. Many
carnivore species have now become restricted to certain
areas or are known only from sporadic encounters (Khan
2015).

The carnivores of Bangladesh are in six terrestrial
families: Viverridae, Felidae, Herpestidae, Canidae,
Ursidae, and Mustelidae. The Bengal Tiger Panthera
tigris is the country’s national animal. Three other large
carnivores, the Indian Wolf Canis lupus, Striped Hyena
Hyaena hyaena, and Sloth Bear Melursus ursinus are
deemed to be extinct in Bangladesh (Khan 2018). If
compared to more diverse carnivore assemblages of
neighboring India (57 species), Nepal (47), and Bhutan
(39) and their respective habitat diversity, the inventory
of Bangladesh is still considerable given its <7% natural
forest cover and >1000 people living km2 (Wangchuk
2004; NFA 2007; Menon 2014; Amin et al. 2018).

Carnivores are still present in all the three major
forest types of Bangladesh (IUCN Bangladesh 2015)
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(Fig. 1). The Sundarbans mangroves support the only
stable Tiger population in the country. Wet deciduous
forests which once swathed from central to north and
northwest, is now extremely fragmented, but continue
to be known for civets, mongooses, Felis and Prionailurus
cats. Concentrations of mixed evergreen forests are
in eastern regions typified by hills, streams, rugged
terrain, and, in cases, tea-gardens on the periphery.
Eastern forests are long credited for every native
carnivore. Apart from the forests, homestead jungle and
wetland vegetation support small mammals. Although
protected under several formal definitions, here,
threats to wildlife and wildlife habitats are surmounting
because of encroachment, altercation, destruction,
high-dependency on forest products, agro-industries,
trafficking, persecution, and retaliatory killings, to name
but a few (Khan 2015, 2018).

We find no comprehensive assessment of the status
of existing knowledge on mammalian predators of
Bangladesh. But on global or regional scales, extensive
reviews tend to highlight species in critical research
needs, and steer conservation interventions to new
perspectives as exemplified by Dalerum et al. (2008),
Inskip & Zimmermann (2009), Periago et al. (2014),
Broto & Mortelliti (2018).

Forinstance, Broto & Mortelliti (2018) highlighted the
pattern of researches on mammals of Sulawesi Island in
Indonesia with high insular endemism. Similarly, Periago
et al. (2014) assessed the pattern and consequence of
losing mammalian herbivores and frugivores in savanna
woodland of Central South America. On a larger scale,
Inskip and Zimmerman (2009) evaluated the nature and
level of conflict between human and each of the wild
feline species. Whereas, Dalerum et al. (2008) reviewed
the status and decline of carnivore guilds in continental
perspective. All these reviews were systemic in assessing
literary works. These have stressed on knowledge gap
and research bias only to envisage better and bolder
scheming of conservation pursuits.

In order to make an appraisal of the works on
mammalian carnivores of Bangladesh, here we have
proceeded with three objectives: (1) to construct a
systematic compilation of peer-reviewed researches,
(2) to identify taxonomic and knowledge bias in these
studies, and (3) to assess their geographic trend within
the country and the temporal trajectories.
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MATERIALS AND METHODS

Extent of the review

Within a period of four months between April 2019
and July 2019, we carried out the literature search. In
order to meet our objectives, we picked five traits for
any work: publication type, research topic, region in
Bangladesh, time (year of publication), and the studied
species. We have investigated the pattern in publication
types and research themes. We recognized the most-
studied and the least-studied carnivores. We compared
the relevance of research to threatened status of the
species. We have examined the geographic distribution
of works, their aforementioned traits, and consideration
for protected areas. Similarly, we have examined plots
over year bands to understand a temporal trend. On any
pertinent bias and gap, we conjectured on the possible
factors in discussion.

Consideration of literature

We restricted our search to the following types of
publications: peer-reviewed scientific papers, peer-
reviewed book/book chapters, conservation action
plans, and doctoral theses completed from 1971 to
2019. We observed project reports within this period
but excluded them from analyses. We did not consider
conference abstracts, MS theses and non-scholarly
articles.

We have considered only mammalian carnivores
reportedly living within the geopolitical boundary
of Bangladesh. To enlist the extant carnivores for
consideration, we consulted Khan (2018, 2015), and
Ahmed et al. (2009). To obtain insight to assessment of
threat at the regional and global levels, respectively, we
used IUCN Bangladesh (2015) and IUCN (2019).

Sourcing literature

Works were collected using three primary research
databases, i.e., Google Scholar, BioMedCentral, and
Web of Science. To intensify in-depth search, we
followed preset keywords in English. Our search
protocol was based on Pullin & Stewart (2006), and
we included ‘species name’ (scientific or common) and
‘Bangladesh’ in every attempt. In addition to the pair
of obligatory words we used the following keywords
in combination: ‘attitude’, ‘behavior’, ‘camera-trap’,
‘coexistence’, ‘conflict’, ‘depredation’, ‘distribution’,
‘diversity’, ‘ecology’, ‘mortality’, ‘new record’, ‘prey’, and
‘zoonotic disease’. We followed the search pattern for
every extant carnivore species of the country. We also
looked for key wildlife biologists of Bangladesh during
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Table 1. Terminologies applied for categorization of published studies
on carnivore mammals of Bangladesh.

Research Topic

Scope of study

1. Inventory

Checklist of mammals of any study area.

2. Discovery and
distribution update

Discovery, distribution update, new records,
sighting documentations.

Ecological study, breeding behavior, feeding
behavior, territorial behavior, activity
pattern, home range, habitat preference.

3. Ecology

Ethno-zoological aspects, human-carnivore
interactions, threat analysis, environmental
impact, climatic impact, wildlife poaching
and trade, anthropogenic effects and
perceptions, conservation genetics, research
in recovery strategies, conservation action
plan.

4. Wildlife management
and conflict analysis

Population status, population size,

5. Population dynamics population density.

6. Zoonotic and

L Case studies on these diseases.
anthroponotic disease

7. Consideration of
protected area (PA)

Researches that considered any protected
area declared under international or
regional definition, i.e., national park,
wildlife sanctuary, reserve forest,
ecologically critical area, eco-park, RAMSAR
site as study site.

7.1. Inside PA

Researches that did not consider any of the

7:2. Outside PA above as study site.

Researches that encompassed study area
covering both protected and non-protected
habitats.

7.3. Both

8. Regions: As per Khan (2018)

8.1. Central, 8.2. North, 8.3. South, 8.4. Northeast, 8.5. Northwest, 8.6.
Southeast and 8.7. Southwest

searches to obtain maximum results.

In addition to the three primary searches online,
relevant books and journals were accessed from
Professor Yousufzai Seminar Library repository of the
Department of Zoology, University of Dhaka. This was
carried out to acquire older works that could have
missed digital indexing.

Categorization under pre-defined themes

We observed the respective aims and outcomes of
the obtained works. Then, we categorized them under
six pre-determined research themes. We construed the
categorization after consulting verde Arregoitia (2016),
Broto & Mortelliti (2018), and Inskip & Zimmermann
(2009). The definition and scope for each category are
given in Table 1.

Studies were examined to ascertain whether each of
these dealt with a single species or multiple species or
any particular group (taxa higher than genus). If multiple
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species names were specified in a single work, we
added the work to tally count of each pertinent species,
however, if any study approached a group (for example,
a taxonomic family), we kept it to the mentioned
group. For example, Islam et al. (2013) assessed bears
of Bangladesh, we counted the work for the ‘ursids’
rather than each of the three bears of the country. We
also considered the works that covered all wildlife or
all mammals or all carnivores of Bangladesh and kept
the count to ‘wildlife’, ‘mammals’, and ‘carnivores’,
consecutively (Table 1; Appendices 1-2).

Spatial and temporal classification

We followed Khan (2018) where seven geographical
regions have been defined to characterize wildlife
distribution in Bangladesh and recreated the map for the
review (Table 1). We put a particular work to a specific
region, considering whether the respective work’s
study area fell within the geographic region. If multiple
regions were specified in a single work, we added the
work to tally count of each respective region, however, if
any work considers the country, we accredited the count
to ‘Bangladesh’.

The works were also classified on their consideration
of protected area (PA) and assorted into three groups:
outside PA, inside PA or both (Table 1).

To assess the research trajectory in time, we
considered two trends: year-wise pattern and a
cumulative rate. We assigned a study to the year it was
published. For tracking changes in publication types
and research topics, works were classified into six time
periods, each of a decade: 1971-1980, 1981-1990,
1991-2000, 2001-2010, 2011-2019. Time trajectory
was initiated from 1971; this was when Bangladesh had
gained independence.

Analyses

We summed the total number of works for each
pertinent species, and, thus, identified the most-
studied and the least-studied species. We summed the
number of studies tallied for a research topic to check
the bias among topics. In manner alike, to point out the
geographic/temporal pattern, we considered the total
number of works assigned to a region or a year.
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RESULTS

A brief on the reviewed literature

We found 95 peer-reviewed works on carnivores of
Bangladesh completed within the considered timeframe,
i.e., 1971-2019. Of these, 63 (66.3%) were peer-
reviewed scientific papers, six (6.3%) doctoral theses, 24
(25.3%) books. There were two action plans (2.1%) on
Tiger. In addition, we came across seven project reports
(Appendix 1) that were excluded from our analysis. All
these 102 works we extracted through literature search
are provided in Appendix 2.

Out of total 95 references used for analysis in the
study, ‘wildlife management and conflict analysis’ (n=42,
44.2%) appeared to be the most prolific research topic
among all types. Topics dedicated to other studies
are: Ecology (n=15, 15.8%); discovery and distribution
update (n=9, 9.5%), inventory (n=24, 25.3%), population
dynamics (n=3, 3.1%), and investigation of zoonotic and
anthroponotic diseases (n=2, 2.1%) (Fig. 1).

When we compared the research topics to
publication types, Figure 1 also showed a preference for
books in terms of inventory build-ups (n=18). Although
a few books covered the topic of wildlife management
and conflict analysis, we found no book on other topics.
We came across only nine papers on discovery and
distribution update whereas 14 papers were there on
ecology.

Species-wise trend in studies

Of the 28 extant carnivores of Bangladesh, seven
are Critically Endangered (CR), three Endangered (EN),
six Vulnerable (VU), five Near Threatened (NT), four
Least Concern (LC), and two are Data Deficient (DD)
(IUCN Bangladesh 2015). Large-toothed Ferret Badger
Melogale personata was recorded for the first time from
northeastern Bangladesh in 2008 (Islam et al. 2008),
although it is not assessed or included in the IUCN
Bangladesh (2015).

After segregating the number of publications which
targeted at threatened carnivores on both national and
global assessments, we found that 14 species were
without any dedicated work at all. Table 2 shows the
comparison and the species without any research. On
the other hand, 66 studies were found exclusively
dedicated to 14 carnivore species. The studies covered
six felids, four mustelids, two herpestids and one for
each of a canid and a viverrid species. There are 29
studies which considered higher or multiple taxa: two
for the felids, two for the ursids, one for all carnivore
mammals of Bangladesh, six for all mammals, and 18
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were inclusive of wildlife of Bangladesh (Appendix 1, Fig.
2, Table 2).

The most- and the least-studied species

The highest number of publications (n=45) was
on Tiger. It experienced all types of publications.
Considering the topic, wildlife management and conflict
analysis were the most common subjects for studies on
Tiger (Fig. 2). In Bangladesh, Tiger is the only carnivore
with a conservation action plan that has been formulated
twice (Ahmad et al. 2009; Aziz et al. 2018).

There were seven works on the Asian Golden Jackal
Canis aureus, three on Fishing Cat Prionailurus viverrinus,
two on Smooth-coated Otter Lutrogale perspicillata, one
combined study on Masked Palm Civet Paguma larvata,
and Small Indian Mongoose Herpestes javanicus. Only
one study was found for each of the Asian Golden Cat
Catopuma temminckii, Crab-eating Mongoose Herpestes
urva, Yellow-throated Marten Martes flavigula, Large-
toothed Ferret Badger, Leopard Panthera pardus,
Leopard Cat Prionailurus bengalensis, Marbled Cat
Pardofelis marmorata and Oriental Small-clawed Otter
Aonyx cinereus (Fig. 2).

Region-wise trend in studies

A total of 47 studies were found in southwestern
region, followed by 12 studies in southeast, 10 from
northeast, and seven from central region (Table
3). Among all 95 references there are three studies
accomplished by combining different regions in the
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Figure 1. Characteristics of
i carnivore mammal studies in
Bangladesh as the number
of different publication types
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projected against different
research topics. Appendices 1
and 2 detail out the works and
the classification scheme used in
these projections.

works by Feeroz et al. (2011), Islam et al. (2013) and
Al-Razi et al. (2014). Bangladesh is considered as the
study site in 22 studies (Appendix 1). We projected the
regions according to number of works and number of
species exclusively targeted across regions (Fig. 3). Since
1971, there is no study from southern and northwestern
regions (Fig. 3a). Figure 3b indicates the inadequacy
in consideration of the number of species in different
regions.

Of the 95 works considered for the analyses, 25
carried out the research in both protected and non-
protected areas, and 57 of these exclusively considered
the protected areas. Only 13 works took non-protected
areas as study sites (Appendix 1).

Year-wise trend in studies

Only after the year 2000, the number of scientific
publications has started to show a noticeable increase
(Fig. 4). The highest number of publications were in
2008, 2013, and 2018 (n=7 for each year) (Fig. 4a). We
could not find any particular reason behind these spikes;
10 publications on Tiger were found from these three
years (n=4 in 2008, 4 in 2013, 2 in 2018). No scientific
paper, however, was found until 1974, perhaps because it
took some time for the conditions to become conducive
for field research after the independence. It was the
two recent decades (2001-2010 and 2011-2019) when
carnivore studies in Bangladesh gained momentum.
These periods were also a leap for conservation scie