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CAMERA TRAP SURVEY OF MAMMALS IN CLEOPATRA’S NEEDLE
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Abstract: A camera trap survey was conducted in the recently protected Cleopatra’s Needle Critical Habitat (CNCH) in Puerto Princesa City,
Palawan, Philippines from February to May 2015 at 39 camera trap sites. A bait of common pig’s blood was used at 36 sites, while the three
remaining sites were surveyed without a bait and monitored a stream with a latrine site or mud bath with tracks. Seven native species were
detected and three of these species were endemic to the island province. Species included: Common Palm Civet Paradoxurus philippinensis,
Palawan Porcupine Hystrix pumila, Collared Mongoose Urva semitorquata, Palawan Stink Badger Mydaus marchei, Palawan Leopard Cat
Prionailurus bengalensis heaneyi, Asian Small-clawed Otter Aonyx cinereus, and Malay Civet Viverra tangalunga. Analysis of the activity
patterns of the three most commonly captured species revealed predominantly nocturnal activity for the Common Palm Civet, Palawan
Porcupine, and Palawan Stink Badger. The Philippine Palm Civet showed occasional diurnal activity. The seven photo-captured species
appeared most common, or were at the least recorded, below 750m. Five species (the Philippine Palm Civet, Palawan Porcupine, Collared
Mongoose, Palawan Stink Badger, and Palawan Leopard Cat) were also recorded above 1000m. The CNCH supports two threatened species,
the Palawan Porcupine and the Asian Small-clawed Otter, which are listed as Vulnerable by the IUCN, and the Collared Mongoose is listed as
Near Threatened. The Palawan Leopard Cat is considered Vulnerable within the Philippines, although it has yet to be assessed by the IUCN.
This documentation highlights the biodiversity significance within the newly protected critical habitat and the need to support ongoing
conservation efforts within the critical habitat.

Keywords: Activity patterns, camera trap, carnivores, Felidae, Herpestidae, Hystricidae, Mephitidae, Mustelidae, Viverridae.

Abbreviations: CNCH—Cleopatra’s Needle Critical Habitat | IUCN—International Union for the Conservation of Nature | SD—Secure Digital.
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Mammals of Cleopatra’s Needle Critical Habitat

INTRODUCTION

The seven carnivore species inhabiting Palawan,
Philippines belong to five families: Viverridae,
Herpestidae, Mephitidae, Felidae, and Mustelidae
(Esselstyn et al. 2004). One porcupine species (family
Hystricidae) also inhabits this island province (Esselstyn
et al. 2004). Of these eight species, four are endemic
to Palawan: Palawan Porcupine Hystrix pumila Glinther,
1879; Palawan Stink Badger Mydaus marchei Huet,
1887; Palawan Leopard Cat Prionailurus bengalensis
heaneyi Groves, 1997; and Palawan Bearcat Arctictis
binturong whitei Allen, 1910. The remaining four species
are indigenous: Common Palm Civet Paradoxurus
philippinensis Jourdan, 1837; Collared Mongoose Urva
semitorquata Gray, 1846; Malay Civet Viverra tangalunga
Gray, 1832; and Asian Small-clawed Otter Aonyx cinereus
Illiger, 1815. Researchers have reported the occurrence
and morphology of these species in Palawan since the
early 20" century (Allen 1910; Sanborn 1952; Rabor
et al. 1986; Heaney et al. 1998; Esselstyn et al. 2004;
Castro & Dolorosa 2006; Santiago-Flores et al. 2010;
Manalo et al. 2016). Veron et al. (2015a & b) recently
conducted molecular analyses of U. semitorquata and P.
philippinensis in Palawan, resulting in some taxonomic
changes.

Deforestation and mining are widespread in Palawan,
evident in the 11% of forest loss between 2000 and
2005 and over 300 pending mining applications in 2008
(Mallari et al. 2011). Increased human immigration to
Palawan has put greater stress on the land to sustain
agriculture for the growing human population (Shivliey
& Martinez 2001). These mounting environmental
pressures have been inadequately studied, but may
have devastating effects on the habitats of the island’s
native species. We need ongoing ecological research to
increase our understanding of how Palawan’s wildlife
will respond to the accumulating anthropogenic changes
and how we can protect Palawan’s wildlife.

In 2017, as part of a collaborative effort by the
Centre for Sustainability PH, Inc., the City Government of
Puerto Princesa, and the Palawan Council for Sustainable
Development, the Cleopatra’s Needle Critical Habitat
(CNCH) in northeast Puerto Princesa City, Palawan was
legally proclaimed, as per the Philippine Wildlife Act.
This effort has safeguarded the native species occupying
this forest from deforestation, while ensuring the rights
of access for the Batak and Tagbanua indigenous people
communities living within the critical habitat. Prior
surveys of mammals within this newly-protected forest
have been limited in sampling time and extent (Esselstyn
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et al. 2004; Marler et al. 2018).

In this study we aimed to document the eight
target mammal species within the CNCH and observe
patterns in the activity times of these species using
baited and unbaited camera traps over a four-month
period. The findings from this study contributed to the
2017 protection of the CNCH and will help guide future
mammal research in this forest. We provide elevational
occurrence and for the first time, activity patterns for
several species of mammals in Palawan.

MATERIALS AND METHODS

Study Area

The CNCH is situated in Puerto Princesa City,
Palawan, Philippines, approximately 50km north of the
city proper (Figure 1b). Seven ‘barangays’ (Tagalog:
smallest political districts in the Philippines) that
comprise the 41,350-hectare critical habitat include:
Binduyan, Concepcion, Langogan, New Pangangan, San
Rafael, Tagabinet, and Tanabag. The centerpiece of
the CNCH is Cleopatra’s Needle Mountain (10.123°N &
118.995° 1,593m; Figure 2). The CNCH is adjacent to
the Puerto Princesa Subterranean River National Park,
which extends to the west coast of the island. The CNCH
is bordered by the Sulu Sea to the southeast. Major
vegetation types in the CNCH include: lowland tropical/
evergreen forest, lower montane forest, mossy forest,
swamp forest, beach forest, and cultivated land for
perennial and annual crops (Fernando et al. 2008). This
study was conducted between February and May of 2015
in three political districts within the CNCH: Binduyan,
Concepcion, and Tanabag. Study sites spanned lowland
tropical forest (0—~900 m), lower montane forest (~900—
~1100 m), and mossy forest (~1100—~1593 m) (Table 1).

METHODS

Camera trapping was conducted using Bushnell
Trophy Cams (Model 119537C and Model 119436C).
These trail cameras use a passive infrared (PIR) motion
sensor, wherein cameras are triggered when heat passes
within the detection cone of the infrared sensor. The
cameras use built in infrared LED’s to capture low light
images and a color flash to capture brighter, daytime
images. Model 119537C was capable of recording
photographs or videos, while Model 119436C was
capable of recording photographs followed by a video.

When camera model 119537C was used, it was set to

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2019 | 11(13): 14631-14642



Mammals of Cleopatra’s Needle Critical Habitat

Marler et al.

. PHILIPPINES

PALAWAN ISLAND

| mewrgmy boundary
[ oo prapoes Avma = 45 300 va g2ty
Lol L (o
R e ]
L I ]
L v
|

| Cuteetet wd - W oop
B oot st e oy
100 et
Comerniiom

* Tresssniee

& Oppormemiec heted o

§ rhetedie

o~ G S

o~ — - -

Figure 2. Map of the Cleopatra’s Needle Critical Habitat with the locations of 39 camera trap sites. © Centre for Sustainability PH, Inc.
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Table 1. Camera trap effort and elevational occurrence for the study sites in the Cleopatra’s Needle Critical Habitat.
Camera trap effort Trap-nights per elevation Unit (m)
Trap- 1001- 1251- 1501~

Study location nights Hours 0-250 251-500 501-750 751-1000 1250 1500 1593

Transect sites 769 8,456 129 280 96 144 96 0 24

Opportunistic baited 73 1,752 0 1 23 39 0 0 0

sites

Unbaited sites 81 1,944 7 37 0 0 37 0 0

Total 923 12,152 136 328 119 183 133 0 24

take three photographs; when camera model 119436C
was used, it was set to take three photographs followed
by a 10-second video. A 32GB secure digital (SD) card
was used in each camera. Cameras functioned for 24-
hour cycles with a five-second trigger time between
trigger events. Cameras were deployed at 39 locations
throughout the critical habitat for a total of 12,152
trapping hours (Table 1). Thirty sites in three transects
were referred to as the ‘transect sites;” six sites set
randomly were referred to as the ‘opportunistic baited
sites;” and three sites set near a stream or mud bath
were referred to as the ‘unbaited sites’ (Figure 2).

For the transect sites, 10 cameras were set along
each of the three 10-kilometer transects. Each
transect extended from the southern border of the
critical habitat towards the peak of Cleopatra’s Needle
Mountain (Figure 2), with one camera trap positioned
at the peak. These sites employed the same methods
used for the CNCH sites in Marler (2016). We followed
regular trail routes created by hunters and by almaciga
tree Agathis philippinensis Warb. resin collectors to
reach pre-selected UTM coordinates (Gerber et al. 2010;
Gerber et al. 2012). We created our own trails only
when there were no existing trails. Camera trap sites
were established near signs of animal presence (such as
animal trails, droppings, or dig marks in the ground) at
least 10m from the trail (O’Brien et al. 2003; Ancrenaz et
al. 2012; Meek 2012). New coordinates were recorded
using a Garmin etrex handheld GPS unit at each camera
trap site. Camera traps were strapped to large trees 30
—40 cm from the ground with 150ml of domestic pig’s
blood bait placed 2m in front of each camera trap (Thorn
et al. 2009; Gerber et al. 2011; Meek 2012). This bait is
likely to attract the carnivores in the forest, however, H.
pumila is herbivorous and A. binturong whitei is mostly
frugivorous, so they are unlikely to be strongly attracted
to this bait. From the GPS coordinates recorded in the
field, camera traps were ultimately spaced 1.05 kmzt
0.1 km (mean * standard deviation) away from the next

camera in each transect (O’Brien et al. 2003; Ancrenaz
etal. 2012). These sites were surveyed for 21-39 nights.

Six opportunistic baited sites were surveyed east of
the transect sites in Binduyan. Camera trap site selection
was performed in the field at random, but the sites were
similarly selected near signs of animal presence (O’Brien
et al. 2003; Ancrenaz et al. 2012; Meek 2012). Once a
site was selected, the coordinates were recorded, and
the camera traps were strapped to large trees with a
pig’s blood bait, following the procedure for the transect
sites. These sites were surveyed for 11-14 nights.

For the unbaited sites, two sites were selected
near streams with A. cinereus spraints and one site
was selected near a mud bath (1165 masl) created by
Palawan Bearded Pigs Sus ahoenobarbus Huet, 1888
(Anito Dinampo and Pedro Mutin 2015 pers. comm.).
The coordinates for these locations were recorded.
Camera traps were strapped to large trees or sturdy logs
at 40-90 cm above the ground and 1m away from the
stream to best attain images of the stream or mud bath
nearby. No bait was used in these locations. These sites
were surveyed for 7-37 nights.

Upon retrieval of the camera traps in the field, SD
cards were securely packed. The SD cards were observed
for the presence of the eight target species and labeled
accordingly from a computer in the lab. Photo-captures
were recorded from the photographs and videos of the
target species: if a species triggered the camera within
a one-hour time frame, it was considered one photo-
capture, regardless of the number of individuals in the
image. The photo-captures were used to create time
activity patterns for mammals with 4% or more of the
target species photo-captures, following Sreekumar &
Nameer (2018) who excluded carnivores under 4% of
photo-captures from their time activity analysis. Photo-
captures of the same species at the same camera-trap
location within a one-hour time frame were considered
oneindependent event; multiple species photo-captured
in one image were each considered an independent
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event. We examined the independent events at various
elevations across the camera trap array.

RESULTS

A total of 8,963 images and videos were recorded
among 38 sites during the study period, as one camera
within the transect sites malfunctioned. Seven of our
target species were detected in 2,328 images and videos,
with the following percentage of photo-captures: P.
philippinensis (50%), H. pumila (42%), M. marchei (4%),
U. semitorquata (3%), P.b. heaneyi (2%), A. cinereus
(1%), and V. tangalunga (<1%) (Images 1-7, Table 2).

Time activity patterns were analyzed for P
philippinensis, H. pumila and M. marchei. We used
2,189 images for this analysis (Figure 3), which resulted
in 318 independent time stamps. All three species were
active throughout the night between 18.00-06.00 h.
Paradoxurus philippinensis, however, showed activity as
late as 10.00h in the morning and as early as 16.00h in the
afternoon, with peak activity occurring near crepuscular
hours between 04.00-06.00 h and 18.00-22.00 h.
Hystrix pumila was active into crepuscular hours, with
three peaks in activity occurring from 01.00-02.00 h,
19.00-20.00 h, and 22.00-23.00 h. Mydaus marchei
was only found to be active at night, with stark peaks in
activity between 00.00—01.00 h and 19.00-20.00 h.

Urva semitorquata was recorded eight times between
16:00 and 18:00 and three times during the day (06.54h,
09.33h and 14.41h). Prionailurus bengalensis heaneyi
was recorded five times at night and twice after dawn
(06.34h and 07.34h). Aonyx cinereus was recorded once
at night, once at 16.51h, and twice after dawn (06.01h
and 06.36h). Viverra tangalunga was recorded twice at
05.47h and 06.39h.

The independent events recorded for each species
at various elevation ranges are found in Table 3.

Marler et al.

Paradoxurus philippinensis was found at every elevation
range where we had camera traps and appeared most
common between 250m and 1,000m. Hystrix pumila
was documented up to 1,165m, but was more common
below 1,000m. Urva semitorquata was photo-captured
between 251m and 1,000m and twice at the peak of
Cleopatra’s Needle Mountain. Mydaus marchei was
more readily found between zero and 750m, with one
record at 1,233m. Prionailurus bengalensis heaneyi
was found between zero and 1,250m, but was more
common at elevations above 1,000m. Aonyx cinereus
was recorded from the two camera trap sites by streams
at 382m and 120m. Viverra tangalunga was recorded
twice at 403m and 962m.

DISCUSSION

We recorded P. philippinensis, H. pumila, M. marchei,
V. tangalunga, U. semitorquata, P.b. heaneyi, and A.
cinereus using camera traps within the CNCH. The three
most commonly photographed species, P. philippinensis,
H. pumila, and M. marchei, exhibited predominantly
nocturnal activity. The remaining species represented
too small a percentage of the photo-captures to visualize
activity patterns.

Three ecological studies (Allen 1910; Rabor 1986;
Esselstyn et al. 2004) recorded Arctictis binturong
whitei in Palawan. But in this study, we were unable
to photo-capture this species probably because they
are not attracted to pig’s blood as bait. Our lack of
photo-captures might also be due to our camera trap
positioning on the forest floor. Arctictis binturong whitei
is largely arboreal (Wemmer & Murtaugh 1981), hence
arboreal positioned camera traps could increase the
probability of photo-captures. Previous studies have
recorded A. binturong using terrestrial camera traps in
forests outside of the Philippines (Azlan & Lading 2006;

Table 2. Recorded mammals with their family, common, scientific, and local names with their corresponding IUCN status.

Family Common name Scientific name Local name IUCN Red List status

Hystricidae Palawan Porcupine Hystrix pumila Durian Vulnerable (Clayton 2018)

Mustelidae Asian Small-clawed Otter Aonyx cinereus Dungon Vulnerable (Wright et al. 2015)

Herpestidae Collared Mongoose Urva semitorquata Near Threatened (Mathai et al. 2015)

Viverridae Common Palm Civet Paradoxurus philippinensis Musang/ Alamid Least Concern (Duckworth et al. 2016a)
Malay Civet Viverra tangalunga g:;aalrfrginggalong/ Least Concern (Duckworth et al. 2016b)

Mephitidae Palawan Stink Badger Mydaus marchei Pantot Least Concern (Widmann 2015)

Felidae Palawan Leopard Cat Z;ig:g;liurus bengalensis Singgarong Not Yet Assessed
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Image 1. Camera trap image of the Common Palm Civet Paradoxurus Image 2. Camera trap image of the Palawan Porcupine Hystrix
philippinensis. pumila.
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Image 3. Camera trap image of the Palawan Stink Badger Mydaus Image 4. Camera trap image of two Collared Mongoose Urva
marchei. semitorquata individuals.
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Image 5. Camera trap image of the Palawan Leopard Cat Prionailurus Image 6. Camera trap image of five Asian Small-clawed Otter Aonyx
bengalensis heaneyi. cinereus individuals.
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Mathai et al. 2010), but these detections were limited.

We photo-captured multiple individuals in one
photograph for H. pumila, U. semitorquata and A.
Two and three H. pumila individuals were
photo-captured in a single image. Two U. semitorquata
individuals were photo-captured in a single image. Four
and six A. cinereus individuals were photo-captured
in a single image. Further data collection could help
us determine average family size for these gregarious
species within the CNCH.

The time activity patterns visualized for P
philippinensis, H. pumila, and M. marchei are similar
throughout the night (Figure 4). Palawan lacks large
mammals (Reis & Garong 2001), which could give the
mammals in our study greater freedom to range without
the danger of being preyed on. The CNCH carnivores
may have less competition for resources that would
otherwise be present in forests with larger predators.
Further studies analyzing the time activity patterns
of carnivores within the CNCH could prove mutually
exclusive activity at specific hours by species with similar
diets.

cinereus.

Species Accounts

Common Palm Civet Paradoxurus philippinensis:
This civet is the most common carnivore in Palawan
(Esselstyn et al. 2004), with widespread sightings in
published surveys (Allen 1910; Sanborn 1952; Esselstyn
et al. 2004; Marler et al. 2018) and the most photo-
captures among mammals in this study. Paradoxurus
philippinensis’ primarily nocturnal activity contributes
to other nocturnal observations for P. hermaphroditus,
a close relative (Chetana & Ganesh 2007; Gray &
Phan 2011). The occasional diurnal activity observed
here was also reported by Mathai et al. (2010) for P.
hermaphroditus in Borneo. We photo-captured this
species across the elevation ranges, which mirrors this
civet’s common occurrence from sea level up to 2400m

Marler et al.

within the Philippines (Heaney et al. 2010).

Palawan Porcupine Hystrix pumila: This porcupine is
endemic to the Palawan Faunal Region where it holds
a Vulnerable listing in the IUCN Red List due to threats
of habitat loss and hunting for the pet and bushmeat
trade (Clayton 2018). Hystrix pumila is thought to be
locally common, with several sightings during surveys in
Palawan (Sanborn 1952; Heaney et al. 1998; Esselstyn
et al. 2004; Manalo et al. 2016). This species had the
highest record of independent events in our study, even
though it was not attracted to our pig’s blood bait due
to its herbivorous diet. This implies that it is relatively
common in the CNCH and bait is not required to obtain a
large number of images. Our observations indicate that
H. pumila is primarily nocturnal with some crepuscular
activity, which is similar to the findings in Esselstyn et
al. (2004) with reported activity for this species at dusk
and night. Although H. pumila was documented up to
1,165m in our study, we found it was more common
below 1000m. Previous accounts also indicate it is
common from sea level to above several hundred meters

-5

O
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Image 7. Camera trap image of the Malay Civet Viverra tangalunga.

Table 3. Independent events for each recorded species at each elevational range within the Cleopatra’s Needle Critical Habitat.

Independent events by elevation (meters)
Species 0-250 251-500 501-750 751-1000 1001-1250 1251-1500 1501-1593 Total
Common Palm Civet 6 74 22 16 7 0 4 129
Palawan Porcupine 18 47 44 21 4 0 0 134
Collared Mongoose 0 7 1 2 0 0 2 12
Palawan Stink Badger 2 9 5 0 1 0 0 17
Palawan Leopard Cat 1 1 0 1 4 0 0 7
Malay Civet 0 1 1 0 0 0 0 2
Asian Small-clawed Otter 12 8 0 0 0 0 0 20
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Figure 3. Occurrences of carnivores within the Cleopatra’s Needle Critical Habitat: (a)—Common Palm Civet | (b)—Palawan Porcupine | (c)—
Palawan Stink Badger | (d)—Collared Mongoose. ©Centre for Sustainability PH, Inc.

in elevation from disturbed to lowland forests (Heaney
et al. 2010).

Palawan Stink Badger Mydaus marchei: This badger
is endemic to and has a stable, widespread population
in Palawan (Widmann 2015). This species has been
reported in past surveys by sight and by smell (Sanborn
1952; Kruk 2000; Esselstyn et al 2004; Marler et al. 2018).
Mydaus marchei is known to be nocturnal (Kruuk 2000)
but has also been reported in the daytime (Grimwood
1976). Our findings support nocturnal activity for

14638

this species. Mydaus marchei is common in second
growth and disturbed forests in Palawan (Heaney et
al. 2010), suggesting it is primarily found in lowland
areas where agriculture and land-modification occur.
Our observations predominantly occurred in lowland
tropical forest below 750m, with one sighting at 1233m.

Malay civet Viverra tangalunga: Scant information
exists within the literature for V. tangalunga in Palawan
(Allen 1910; Esselstyn et al. 2004), though there have
been several sightings during surveys in other Philippine
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Figure 3 continued. Occurrences of carnivores within the Cleopatra’s Needle Critical Habitat: (e)—Palawan Leopard Cat | (f)—Asian Small-

clawed Otter | (g)—Malay Civet. ©Centre for Sustainability PH, Inc.

islands (Rickart 1993; Heaney et al. 1999). Surveys of
this species in Sulawesi, Malaysia and Borneo confirmed
that it is primarily nocturnal with occasional daytime
activity (Colén 2002; Jennings et al. 2005, 2010; Mathai
et al 2010). Our two sightings occurred around dawn.
This species is found from sea level to 1600m in the
Philippines (Heaney et al. 2010), hence, our limited data
contributes to this elevational range of occurrence.
Collared mongoose Urva semitorquata: Urva
semitorquata is listed by the IUCN as Near Threatened

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2019 | 11(13): 14631-14642

due to habitat reduction from deforestation (Mathai
et al. 2015); however, specific threats to the Palawan
populations have yet to be assessed. This mongoose is
only known to occur in Palawan and Busuanga islands
in the Philippines (Heaney et al. 1998); few published
sightings of 1 to 3 individuals per study exist in Palawan
(Allen 1910; Sanborn 1952; Rabor et al. 1986). The
diurnal observations reported in our study were
consistent with diurnal observations of U. semitorquata
in Borneo (Cheyne et al. 2010; Brodie & Giordano 2011).
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This species is known at low elevations in Palawan, near
rivers (Heaney et al. 2010). We predominantly found this
species between 250m and 1,000m, however, we photo-
captured this species twice at the peak of Cleopatra’s
Needle. Further elevational studies for U. semitorquata
could support an expansion of its known elevational
range on Palawan.

Palawan Leopard Cat Prionaillurus bengalensis
heaneyi: This leopard cat subspecies is only found in
Palawan (Groves 1997) where it holds a Vulnerable listing
within the Philippines (Department of Environment
& Natural Resources 2017; Gonzalez et al. 2018). The
subspecies has not yet been assessed by the IUCN.
Published records of Pb. heaneyi are sparse (Allen
1910; Sanborn 1952; Rabor et al. 1986; Esselstyn et
al 2004; Marler et al. 2018). Activity patterns for this
subspecies do not exist, but activity pattern studies for
P. bengalensis in Borneo and Thailand confirmed that
the species is nocturnal (Grassman et al. 2005; Cheyne
& Macdonald 2011; Lynam et al. 2013) with some
crepuscular activity (Grassman et al. 2005). Saxena &
Rajanshi (2014) also observed diurnal activity in India.
Our photo-captures were at night and dawn. Leopard
cats are found from Om to 1,500m within the Philippines
(Heaney et al. 2010). We similarly recorded this species
from low to high elevations, with more photo-captures
above 1,000m.

Asian Small-clawed Otter Aonyx cinereus: This otter
is only found in Palawan within the Philippines. The
IUCN lists this species as Vulnerable and the Department
of Environment and Natural Resources (2017) lists this
speciesas Endangered withinthe Philippines. Thisspecies
has been reported by sight and by their droppings within
Palawan (Esselstyn et al. 2004; Castro & Dolorosa 2006;
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A

Figure 4. Time activity patterns for
three mammals in the Cleopatra’s
¥ Needle Critical Habitat.

Marler et al. 2018). Aonyx cinereus studies in Malaysia
reveal nocturnal and crepuscular activity (Foster-Turley
1992). Our few sightings reflected this activity pattern
with one sighting in the late afternoon. Aonyx cinereus
is believed to occur in lower portions of rivers in Palawan
(Heaney et al. 2010), which is reflected in our findings at
our unbaited sites beside rivers.

CONCLUSION

Primary forest is at risk of being converted and lost as
mining pressures (Mallari et al. 2011) and anthropogenic
land modification (Shivley & Martinez 2001) increase
in Palawan. This habitat loss coupled with hunting
pressures for various species (Castro & Dolorosa
2006; Clayton 2018) and lack of proper environmental
law enforcement (Castro & Dolorosa 2006) makes
conservation work on the island a high priority. The
seven species observed here appeared most common,
or were at least recorded, below 750m in lowland
tropical forest. This lowland area is prime location for
land modification, such as agriculture and logging, and
is thus a crucial area to protect. The protection of the
CNCH in 2017 was monumental for Palawan’s wildlife
and indigenous communities. We need to support the
ongoing research to understand the species within the
CNCH and develop management strategies to ensure
their survival.
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Abstract: Asian Elephants Elephas maximus in Nepal are known to have habitats and movement corridors in Parsa National Park (PNP)
and its buffer zone (BZ), located east of Chitwan National Park. A study was conducted in this area to assess the suitability of PNP and
BZ as elephant use areas, and to determine factors relevant to the presence of elephants in PNP. Field measurements were carried out
in 67 plots for vegetation analysis. Boosted Regression Tree (BRT) analysis was used to examine the relationship of habitat suitability and
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cover. The results indicate that elephant habitat suitability is mainly determined by the dominant plant species, temperature, altitude,
habitat preference and precipitation. Slope, ground cover, crown cover and substrate have lesser effects. Elephants were recorded up to
400m in the northeast and southeast aspects of the study area. Most suitable habitats were low slope forest dominated by Acacia catechu
and Myrsine semicerate that received 300mm annual precipitation. The model emphasizes environmental suitability, and contributes to
knowledge for conservation of elephants in PNP and BZ by delineating sites that require specific planning and management.
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Habitat suitability modeling of Asian Elephant in Parsa NP

INTRODUCTION

The Asian Elephant was recognized as an endangered
species in 1975 after its inclusion in Appendix | of CITES
(Convention on International Trade in Endangered
Species of Wild Fauna and Flora) (Bisht 2002) and listed
as “Endangered” on the IUCN Red List of Threatened
Species (IUCN 2017). These elephants are found in
a variety of habitats that include grasslands, tropical
evergreen, moist deciduous, dry deciduous and dry
thorn forests, as well as secondary forest, scrublands,
and cultivated areas (Sukumar 2003). Armbruster
& Lande (1993) stated that human encroachment of
natural habitats is one of the most critical issues facing
elephant conservation. In Asia, elephants have lost
extensive habitat areas, and as a result, conflicts with
people have increased (Santiapillai 1997).

In Nepal, elephants are distributed throughout
the lowland Terai in four isolated populations ranging
over 10,982km? of forest habitat (DNPWC 2008). The
estimated number of resident wild elephants in Nepal
is between 107 and 145 (DNPWC 2008; Pradhan et al.
2011). The eastern population has 7-15 resident animals
and 100 migratory animals from India. In central Nepal,
20-25 elephants reside primarily in Parsa National Park
(PNP) and Chitwan National Park (CNP). The western
and far western populations consist of 60-80, and 15—
20, wild elephants respectively (DNPWC 2008; Pradhan
etal. 2011).

Habitat conservation is an important aspect of
wildlife conservation, and habitat suitability analysis is
an essential aspect of management of wild animals such
as elephants. Habitat suitability modeling can predict
the quality and suitability of habitats for given species
based on predictor variables such as topography (aspect,
slope, altitude), climate (temperature, precipitation)
and other biotic and abiotic factors. Different methods
of modeling are used to determine suitable habitats
for elephants. The boosted regression trees (BRT)
method is an ensemble tree-based species distribution
modelling technique that iteratively grows small/ simple
trees based on the residuals from all previous trees
(Elith et al. 2008). BRT has proven useful for working
with large datasets of environmental variables and
observations (Elith et al. 2008). For example it has been
used to identify determinants of above ground biomass
(Adhikari et al. 2017) and fish species distribution
(Elith et al. 2008; Trigal & Degerman 2015). BRT and
geographic information have also proven to be effective
in the assessment of habitat quality.

The present study aims: 1) to assess the suitable
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habitat of elephants, and 2) to determine which
explanatory variables better explain elephant presence
in PNP and buffer zone. This study has assessed habitat
suitability in order to provide insights towards better
management of elephant populations.

METHODS AND MATERIALS

Study area

The study was conducted in Parsa National Park (PNP)
and its buffer zone (BZ), located in the sub-tropical zone
of the southern part of Nepal. It has an area of 627km?.
In 1984, PNP was established to preserve the habitat of
natural populations of Asian Elephant Elephas maximus,
Tiger Panthera tigris, and Gaur Bos gaurus (Rimal et al.
2018). The BZ of PNP was declared in 2005, which covers
an area of 285.17km? encompassing three districts and
11 village development committees (VDC) (Figure 1).
The region experiences four different seasons: summer
(April-June), rainy/monsoon (July-September), winter
(October—December), and spring (January—March).

The forests of PNP consist of tropical and subtropical
tree species. Sal Shorea robusta forests compose about
90% of the park’s vegetation. The riverine forests are
found along the banks of rivers entailing species like
Sisso Dalbergia sisoo, Silk Cotton Tree Bombax ceiba,
and Khair Acacia catechu. Grass including Siru Imperata
cylindrica and Kans Saccharum spontaneum are in the
park. PNP and BZ support various endangered animal
species including wild Asian Elephant, Royal Bengal
Tiger Panthera tigris, and Sloth Bear Melursus ursinus.
Mammals including Blue Bull Boselaphus tragocamelus,
Sambar Rusa unicolor, Hog Deer Axis porcinus, Barking
Deer Indian muntjac, Rhesus Macaque Macaca mulatta,
and Palm Civet Paradoxurus hermaphrodites are also
found in the park. Anthropogenic pressures like sand
extraction, shifting cultivation and domestic cattle
grazing are high in PNP and BZ (CHEC Nepal 2012).

Quantitative data collection

Field work was conducted during the morning hours
of May—-June 2017. In reconnaissance, the habitats
preferred by elephants were identified in consultation
with local people. Questions concerned areas where
elephants were frequently sighted, places where indirect
signs of elephants were found, and availability of water.
Reconnaissance field visits were made with the help of
elephant rides, on foot and by vehicle, and areas were
allocated into blocks according to habitat types. Sample
plot centers were positioned using hand-held Garmin
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b
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Figure 1. Location of the
study area and sample plot
distribution in Parsa National

Park and buffer zone, Nepal.

global positioning system (GPS) with a 2-5 m accuracy.

Nested quadrats of different size were purposively
assigned in the study area (Figure 2). Total 67 plots were
assigned and used to assess the status of tree, pole and
regeneration condition. Quadrats of 10m x 10m were
set in the study area to calculate the intensity for tree
species. All plant species within each quadrat were
identified and counted. For trees, trunk diameter at
breast height (DBH; 1.3m) and height was measured.
Quadrats of 5m x 5m were allocated randomly for
shrubs. Herbs and regeneration were recorded from
nesting sampling of 1m x 1m quadrate within the 5m x
5m quadrate.

Tree diameter, height, dominant species, crown
cover and ground cover were measured, poles and
regeneration were counted and in cases of grasses,
clumps were counted within each quadrat. Plant
species were identified by a local para-taxonomist,
field guide and also based on literature related to plant
identification in Nepal (Rimal et al. 2018). Leaves of
unidentified tree species were brought to the faculty of
forestry at Agriculture and Forestry University (AFU) and
were identified.

To assess the habitat, important value index (IVI) and
prominence value (PV) of vegetation available in the
habitat range is crucial. The vegetation data collected
in the field were used to calculate IVI, density, relative
density, frequency, and relative frequency of the tree
species by using equations 1-8 explained in Greig-Smith
(1983). The IVI of a species signifies its dominance and
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Figure 2. The layout of the quadrate used to assess the status of tree,

pole and regeneration condition.

ecological success, its good power of regeneration and
greater amplitude. The IVl was calculated by using three
measures including relative frequency, relative density,
and relative dominance. Vegetation data were calculated
following the broad principle described by Mishra (1968)
and Mueller-Dombois & Elienberg (1974). Basal area
helps to determine the dominance and nature of the
community and it refers to the actual ground covered by
the stems. Density is generally used for large plants that
have discrete individuals (Zobel et al. 1987). Frequency
and relative frequency give an index on the spatial
distribution of a species (Krebs 1978). To calculate the
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prominence value, the percentage cover of each species
is estimated in each quadrate and recorded in classes as
follows, for high coverage = > 50%, medium= 26-50%
and low = 0-25%. Prominence value is used to calculate
the availability of plants in the research sites (Jnawali
1995).

1. Density of species = (Total number of individuals
of a species) / (Total number of quadrats sampled x area
of a quadrate)

2. Relative density of species (RD) = (Total individuals
of species) / (Total individual of all species)

3. Frequency of species = Number of plots in which
a particular species occurs / Total number of plots
sampled x 100

4. Relative frequency of species (RF) = Frequency
value of a species / Total frequency of all species x 100

5. Relative dominance of species = Total basal area of
a species / Total basal area of all species x 100

6. Basal area =t d?/4

7. Important value index (IVI) = Relative density +
Relative frequency + Relative dominance

8. PVX = MX (VFX)

(where, d = diameter at breast height (1.3 m) of
tree, PVX = prominence value of species X; MX = mean
percentage cover of species X; FX = Frequency of
occurrence of species X)

Explanatory variables for modeling of habitat suitability
distribution

A range of explanatory variables was derived from
geospatial data sets for modeling habitat suitability.
Table 1 presents the complete list of variables. The
slope, aspects, and altitude were derived from the Japan
Aerospace Exploration Agency (JAXA) digital elevation
model (dem). Precipitation and temperature were
downloaded from WorldClim data. Field measurements,
dominant species, habitat preference, segment type,
crown and ground cover and substrate conditions were
derived. All topographic, climatic, and land use data
available for the study area were resampled to 30m
resolution and UTM 45N, WGS 84 projection system.
For each absence and presence of GPS location, these
variables were extracted. The correlation co-efficient
between the explanatory variables and presence-
absence data of elephant is shown in Appendix 1.

Statistical analysis

Boosted regression tree (BRT) (Elith et al. 2008)
was used for examining the habitat preference area
for elephant. BRT handles different types of predictor
variables and accommodates missing data (Elith et al.
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2008). Besides these, there is no need for prior data
transformation or elimination of outliers. This is an
advanced form of regression methods, which consists
of two component—regression trees and boosting. BRT
analysis was done using the ‘dismo’ package in R. The
Bernoulli error distribution was used. Furthermore, the
minimum predictive error was achieved when using
a learning rate of 0.001, tree complexity (interaction
depth) of 5, bag fraction of 0.75 and tolerance method
“fixed”. All predictor variables were used as BRT can
handle multi-collinearity among variables.

RESULTS

Habitat assessment

IVl was calculated to find out the dominant tree
species (Appendix 2) and prominence value was
observed in the case of shrubs and herbs (Appendix 3
& 4). We calculated the species diversity of the study
area for trees. Fifty-seven species were present in
the quadrates; among them, 10 tree species were the
dominant tree species present in the study area. In the
study area, Sal (IVI-50.7753) was found most dominant
and Careya arborea (IVI-5.2802) as least dominant.
The species including Mallotus philipinensis, Dillenia
pentagaina, and Careya arborea have the highest VI
among all, and they are the most preferred species of
the elephant.

To determine the preferred habitat used by elephant,
we calculated the PV of shrubs and herbs. Among 40
species, each of shrubs and herbs was present in the
study area. Among the shrub species, Eupatorium
spp. (PV-306.25) was the most abundant species and
Bauhinia vahilli (PV-53.07) was the least abundant.
Among the herb species, Imperata cylindrica (PV-
317.66) was the most abundant and Piper longum (PV—
29.48) the least abundant. The shrub species including
Eupatorium odoratum, Leea macrophylla, and Cleroden
dronviscosum and herb species including Imperata
cylindrica, Saccharum spontaneum, and Fritillaria
camschatcensis have the highest PV among all species
found in the study area as well as, they are the most
preferred species of the elephant in the study area.

Habitat suitability

The total deviance explained by the BRT model
was 0.16. The correlation between different variables,
including presence-absence, altitude, land cover of
the plot, segment type, substrate condition, dominant
species, ground cover, crown cover, habitat preference,
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Table 1. Predictor variables used to model the habitat of Elephant.

Predictor variables

Format (Source)

Description

Temperature (x 10 °C)
(1km x 1km)

Raster (WorldClim) 1*

The temperature of June was used

Precipitation (mm)
(1km x 1km)

Raster (WorldClim) 1*

Precipitation of June was used

Slope (°) (30m x 30m)

Raster (Jaxa DEM) 2*

Aspect (30m x 30m)

Raster (Jaxa DEM) 2*

Altitude
(30m x 30m)

Raster (Jaxa DEM) 2*

Habitat preference

Field measurement

Species preferred by elephant, including Mallotus philipinensis, Imperata cylindrica, Dillenia
pentagina, Saccharum spontaneum, Careya arborea, and Pennisetum purpureum

Dominant Species

Field measurement

Area dominated by species like Acacia catechu (AcC), Bombax ceiba (BoC), Dillenia pentagaina (DiP),
Albizzia procera (AlIP), Lagerstroemia parviflora (LaP), Terminalia chebula (TeC), Trewia nudifolia
(TrN), and Myrsine semicerata (MyS)

Segment type

Field measurement

Divides the area into the segment by fire line, foot trail, pond, river, and railway

Crown and ground cover

Field measurement

Cover (%) of forest crown and ground

Substrate condition

Field measurement

The condition of the soil, including hard soil, soft soil, and leaf litter

1*—www.worldclim.org | 2*—www.global.jaxa.jp/press/2015/05/20150518_daichi.html.

precipitation, temperature, slope, and aspect is shown
in Appendix 1. The relative influence of each predictor
variables is shown in Figure 3. Each predictor variable
has different relative contributions for the BRT model.
Dominant species, temperature, and altitude have
higher relative influence, whereas ground cover, crown
cover and substrate condition have a lower relative
influence.

Prioritized dependence plots visualize the effect of a
single variable on the model response, holding all other
variables constant. Model results vary the most with
dominant species as seen in the first left plot (Figure 3).
Dominant species (34%), temperature (15.3%), altitude
(12.4%), habitat preference (11.1%) and precipitation
(8.8 %) have the highest relative influence percentage
and play a crucial role in the elephant distribution based
on these plots. For more details on how they were
calculated and model parameters used, see Sharma
(2017).

On the basis of partial dependence plots, the
elephant was more available at the altitude of 250-350
m with precipitation 310mm. The suitable habitat for
the elephant was at the temperature of 28.5°C, a slope of
0-5° and in the northeastern and southeastern regions.
Dominant species shows that Acacia catechu (AcC) and
Myrsine semicerata (MyS) forest are more suitable for
the elephant. Species including Dillenia pentagaina
(DiP), Saccharum spontaneum (SaS), and Pennnisetum
purpureum (PeP) are the most preferable species of
the elephant. Elephants dwelled in forest dominated
by Mallotus philipinensis followed by Syzigiym cumini.
Thus areas having these species were the most suitable

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2019 | 11(13): 14643-14654

habitats.

The weighted mean of discrete data was not available,
whereas the weighted mean of continuous data was
altitude (264m), precipitation (310mm), temperature
(28.6 °C), slope (5.6°) and aspect (190°). Elephants were
found mostly around the fire line and river, at an altitude
of 150-350 m with temperature around 28.6 °C, crown
cover 40-70 and slope below 0-5° (Figure 4).

The correlation between elephant presence-absence
and temperature is 0.24, that implies a slight positive
relationship between them, the elephant is mostly
found in increasing temperature (Appendix 1). Whereas
there is almost no linear association between presence-
absence, and slope, dominant species, land cover of the
plot, crown cover and ground cover. The relationship
of altitude with temperature is negative, i.e., 0.84, the
temperature of the area increases with a decrease in
altitude and vice versa.

The elephant distribution prediction map based on
altitude, slope, aspect, precipitation, and temperature
only using boosted regression tree model is presented
in Appendix 5. Other predictor variables were based
specifically on field data and their extrapolation to
spatial scale was not possible.

DISCUSSION

The elephant population in Nepal is restricted to
the Terai and Siwalik regions, where there have been
large-scale conversion of forest and expansion of
agricultural lands (Koirala et al. 2015). This has resulted
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in negative human-elephant interactions in many parts
of Nepal. Movement of elephants outside the national
park and wildlife reserve could have been the result of
unsuitable habitat, reduced supply of food and water,
and encroachment by human beings. Assessing habitat
suitability of elephants assists in the preparation of
sustainable management plans. PNP and BZ has been the
habitat of elephant for long time, but habitat suitability
studies are rare in this area. This research examines
habitat suitability of the elephant in PNP and BZ based
on different variables including dominant species,
temperature, altitude, habitat preference, precipitation,
segment type, aspect, slope, ground cover, crown cover
and substrate condition.

Based on the BRT model, PNP and BZ are suitable
habitats for elephants. We witnessed the outcome
of parameters as per the physical, biological and
climatic features of the area like slope, aspect, altitude,
precipitation, temperature, habitat preference, crown
cover and ground cover. The result shown by Koirala
et al. (2016) posits that species like Spatholobus
parviflorus, Saccharum spontaneum, Shorea robusta,
Mallotus phillippensis, Garuga pinnata, Litsea mono-
petala contributed the highest proportion of diet for an
elephant in the PNP. In consent with our result, similar
species of trees, shrubs, and herbs have the highest IVI
and PV and distributed in the lower part of the area.
This result concludes that the study area is the most
suitable for elephant to dwell. Our study revealed that
the habitat is suitable in the Northeast and Southeast
region of the study area, which is similar to the result of
Shamsuddoha & Aziz (2015).

Rood et al. (2010) studies have found that the
elephant’s habitat use in a tropical forest is depicted by
areas of high forest cover. Our analysis, however, found
no marked relationship between ground cover, crown
cover, and presence of elephants. Our findings revealed
that in the study area, slope 0-5° and altitude 400m is
suitable for elephants which are almost similar to the
result of Areendran et al. (2011). In accordance with
the studies of Douglas et al. (2006), Lin et al. (2008) and
Ochieng (2015), suitable habitat for elephants was found
to be limited by augmentation of both altitude and slope.
There is no abundance of elephants’ presence sign with
the increment of the altitude and slope in PNP. In order
to preserve their energy needs, Ntumii et al. (2005)
mention that elephants avoid the height and steeply
sloped area.

Variability in results might have occurred due to
the differences in sampling methods, variance in forest
condition, composition, and sampling area, etc. The
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research outcome was concluded based on only one
season field work; however, taking all the results of
four seasons might produce more effective result. Data
of precipitation and temperature were extracted from
Worldclim; the data taken from the nearest metrological
station of Samara could be better with more accuracy. The
outcomes from this study, linked to slope, and elevation
are valid for PNP only, and cannot be generalized to
the habitat of an elephant in other countries. Further
research should focus on creating map of elephant
distribution, habitat suitability, and threats to elephant
from invasive species.

CONCLUSION

BRT was applied to assess elephant habitat suitability
in PNP. In this study, we analyzed the distribution of
elephant using a combination of biotic and abiotic
environmental variables, including the topographic and
climatic factors. The model emphasizes on environmental
suitability and contributes to knowledge for conservation
of elephant in PNP. It provides a basis for habitat analysis.
Elephants were recorded up to 400m and in northeastern
and southeastern aspects. Its presence could not be
related to forest cover and substrate condition. The
result from the modeling may become useful to plan and
delineate areas for management of elephant. It presents
scope to minimize HEC through precautionary measures.
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Appendix 2. Important Value Index (IV1) of dominance tree species

Relative Important value
Scientific name Local name Relative frequency Relative density dominance % index (V1)
Shorea robusta Sal 13.36 0.27 37.14 50.77
Mallotus philipinensis Sindure 6.45 0.14 10.60 17.20
Terminalia tomentosa Asna 4.60 0.04 8.22 12.87
Acacia catechu Khair 4.60 0.11 5.57 10.29
Lagestromia parviflora Bot dhayero 6.91 0.05 3.44 10.41
Dillenia pentagaina Tatari 6.45 0.05 3.73 10.23
Adina cordifolia Haldu 3.68 0.02 3.44 7.14
Garuga pifiata Dabdabe 5.06 0.03 1.97 7.08
Albigia procera Setosiris 2.76 0.01 3.10 5.88
Careya arborea Kumbe 2.76 0.01 2.50 5.28

Appendix 3. Prominence value of shrubs in the study area.

Mean cover of
Number of individual species Prominence value
Scientific name Local name individuals Frequency (M,) (PV)
Eupatorium odoratum Setobanmara 188 50.72 43 306.25
Leea macrophylla Galini 213 50.72 38 270.64
Clerodendron viscosum Bhati 248 33.33 25 144.33
Murraya koenigii Curry leaf 72 26.08 20 102.15
Fritillaria spp. Thulobandhan 19 5.79 30 72.23
Lantana camera Lantana 14 4.34 30 62.55
Asparagus racemosus Kurilo 34 18.84 14 60.76
Agiratus conyzoides Gande 111 5.79 25 60.19
Parthenium spp. Parthenium 517 5.79 24 57.78
Bauhinia vahlli Bhorla 20 8.69 18 53.07

Appendix 4. Prominence value of herbs in the study area.

Mean cover of
Number of individual species Prominence value

Scientific name Local name individuals Frequency (M) (PV)

Imperata cylindrica Siru 3516 42.02 49 317.66
Saccharum spontaneum Kans 970 13.04 32 115.57
Fritillaria camschatcensis Ban dhan 1035 18.84 20 86.81
Hemalthriya compressa Ghodeydubo 699 10.14 25 79.62
Cynodon dactylon Dubo 634 7.24 29 78.06
Digitarea spp. Chitrebanso 382 10.14 23 73.25
Pennisetum purpureum Elephant grass 163 4.34 22 45.87
Barlaria cristata Kuro 151 7.24 16 43.07
Dendrobium spp. Orchid 27 7.24 11 29.61
Piper longum Pipla 18 8.69 10 29.48
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Appendix 5. Elephant distribution prediction based on altitude, slope, aspect, precipitation, and temperature only using boosted regression

tree model. Other predictor variables were based on field data and not available at the wall-to-wall spatial scale.
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Hog Deer population in Manas

INTRODUCTION

The Hog Deer Axis porcinus, historically distributed
across South and Southeast Asia, underwent a drastic
range-wide decline during the mid and late 20" Century
(Brook et al. 2015; Timmins et al. 2015). Subsequently,
A. porcinus was categorised as an Endangered species
by the IUCN in 2008 (Timmins et al. 2015). Despite
being an Endangered species, it is one of the least
studied mammals and its range-wide decline was mostly
overlooked (Brook et al. 2015). The southeastern Asian
population is locally extinct in most countries, including
China, Lao PDR and Vietnam (Ohtaishi & Gao 1990); the
only wild populations remain in Cambodia and Myanmar
(Brook et al. 2015; Lwin et al. 2016). In southern Asia,
with a declining population trend, the Hog Deer is mostly
confined to protected areas (Karanth & Nichols 2000;
Biswas 2004; Odden et al. 2005). Timmins et al. (2015)

Image 1. Hog Deer Axis porcinus,
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recommended that estimating population abundance
was important in assessing the conservation status of
A. porcinus. Though deer population estimates are
available for few well-managed protected areas, mostly
in Nepal (Odden et al. 2005; Bhattarai & Kindlmann 2012;
Lovari et al. 2015), data from other areas of southern
Asia are lacking.

The Hog Deer (Image 1) is a grassland obligate
(Dhungel & O’Gara 1991; Odden et al. 2005), primarily
threatened by habitat degradation or loss and illegal
hunting. It is an important prey for large carnivores
(Stoen & Wegge 1996; Lovari et al. 2015), and thus plays
a vital ecological role. India is one of the strongholds
of A. porcinus populations in southern Asia, although
historically it has received little attention and available
information is mostly anecdotal (Biswas 2004). To
implement rational conservation measures, reliable
estimates of population abundance are fundamental,
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and their lack can undermine the entire process (Lopez-
Bao et al. 2018). Thus the current population status
of A. porcinus was assessed and potential threats to
the population in Manas National Park in Assam were
documented.

Manas National Park (henceforth, Manas) in
northeastern India harboured a population of
approximately 10,000 Hog Deer until the 1980s (Tikader
1983), and armed conflict in the region from the mid-
1980s to 2003 lowered the population density (Goswami
& Ganesh 2014). The instability resulted in habitat
degradation, destruction of park infrastructure and
poaching/huntingin the absence of normal law and order.
With the restoration of peace, conservation efforts were
implemented to safeguard remaining wildlife populations
(UNESCO 2005). The cessation of civil unrest facilitated
access to Manas by various conservation organisations
that work with management authorities to conserve
wildlife and promote species recovery. Most of the
management and conservation inputs have focussed on
securing and conserving charismatic megafauna like One-
horned Rhinoceros Rhinoceros unicornis and Bengal Tiger
Panthera tigris, which are apex species in the ecosystem
and iconic species for conservation. In comparison,
lesser-known mammals like the Hog Deer have received
little attention. With about 40% grassland habitat (Das
2018), Manas represents one of the last remnant patches
in western Assam that can support grassland obligates
such as One-horned Rhinoceros, Hog Deer, Hispid Hare
Caprolagus hispidus, Pygmy Hog Porcula salvania,

Sinha et al.

Bengal Florican Houbaropsis bengalensis, Swamp Deer
Rucervus duvaucelii, Asiatic Water Buffalo Bubulas arnee,
and others (Lahkar 2008). These grasslands are under
threat from invasion by alien plant species, mostly by
Chromolaena odorata and Mikania micrantha (Lahkar et
al. 2011; Nath et al. 2019), agricultural encroachment,
and cattle grazing (Sarma et al. 2008), which may have
had an impact on Hog Deer population abundance.

It is evident that Hog Deer and their habitat in Manas
deserve immediate conservation attention. Goswami
& Ganesh (2014) attempted to estimate the population
density of herbivores immediately after the cessation
of the conflict, but their study had limited observations.
The authors conducted line transect sampling on foot,
which may have an influence on the detection probability
(Wegge & Storaas 2009). This is the first intensive study
from Assam that focussed on estimating the population
density of Hog Deer. This provides an important insight
regarding the current status of this threatened species
and the need for management intervention for its long-
term conservation.

MATERIALS AND METHODS

Study area

The study was conducted in Manas National Park
(26.722°N & 91.043°E), which forms the core of the Manas
Tiger Reserve in the northeastern Indian state of Assam
(Figure 1). It lies along the foothills of the Himalaya,
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Figure 1. Manas National Park and lay-out of line transects in the grassland habitat in Manas. (Map Source: Aaranyak).
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and is contiguous with the Royal Manas National Park of
Bhutan to the north, bounded by villages to the south, by
Daodhara and Batabari reserve forests to the east, and
reserve forests to the west. The park comprises an area
of 519km? (Sarma et al. 2008) and has a predominantly
flat terrain. Broadly, the vegetation of Manas is classified
as sub-Himalayan alluvial semi-evergreen forest, east
Himalayan mixed moist and dry deciduous forests, the
commonest type, and grasslands (Champion & Seth
1968). The grasslands are further classified into dry
savannah grasslands and wet alluvial grasslands. These
grasslands occur in seven major grass assemblages which
harbour many threatened grassland obligates (Lahkar
2008). Manas harbours a rich faunal assemblage, with 60
species of mammals, around 470 avian species, and 42
species of herpetofauna. The climate of Manas is warm
and humid, with rains from mid-March to October; most
rain falls during the monsoon months from mid-May to
September and November to February is relatively dry
(Borthakur 1986).

In Manas, political stability was attained with the
formation of Bodoland Territorial Autonomous Districts
(BTAD) in 2003, and subsequently the conservation
intervention gained momentum, such as with a
Rhino restocking programme (Barman et al. 2014).
Nevertheless, instances of occasional conflicts were
prevalent in the western Range (Panbari) until 2016
(Lahkar et al. 2018). Therefore, the study was restricted
in the central (Bansbari) and eastern (Bhuyanpara)
administrative ranges of the park which had one such
incident in 2014.

Field Survey

The population density of Hog Deer was derived
through distance sampling (Buckland et al. 2004), which is
established as a standard method and has been adopted
widely to generate herbivore densities across various
habitats in the tropical and temperate ecosystems in
Asia (Varman & Sukumar 1995; Khan et al. 1996; Biswas
& Sankar 2002; Jathanna et al. 2003; Wegge & Storass
2009; Wang 2010; Bhattarai & Kindlmann 2012; Goswami
& Ganesh 2014; Lovari et al. 2015). The entire study area
was overlaid with 2 x 2 km grid and stratified random
sampling was adopted. Line transect surveys from
elephant back (Wegge & Storaas 2009) were conducted
in the grids with grassland cover as the species is a
grassland obligate (Dhungel & O’Gara 1991; Odden et
al. 2005) during the dry season of 2014—15 (henceforth,
2015) and 2015-16 (henceforth, 2016). A total of 75
transects were sampled, covering a total distance of
206.56km. Spatial replicates were used, as Hog Deer
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sightings were relatively low in Manas (Krishna et al.
2008) and transect lengths varied from 2 to 5 km. During
the elephant transects, the Mahout (elephant driver)
and one observer detected and counted the animals. For
each detection the radial distance of the animal to the
observer and sighting angle were measured using a range
finder and a compass respectively.

Data Analysis

Initially, the encounter rate of Hog Deer per transect
per year was compared to investigate whether there is
any significant difference between them using a Z-test.
As there was no significant difference between both
years (z=0.05, P > 0.05, n1= 35, n2 =40), the data from
two consecutive years were pooled to estimate the Hog
Deer population density in the park using programme
DISTANCE 7.1. Conventional distance sampling (CDS)
approach in DISTANCE programme was used to derive
Hog Deer density estimates (Buckland et al. 2001).
Exploratory analyses were carried out to check for
evasive movement before detection, heaping effect,
and truncation of observation outliers (Buckland et al.
2001). The data were grouped into unequal distance
bins, and chi-square goodness-of-fit values (the lowest)
were considered to select the interval combination
(Buckland et al. 2004; Zamboni et al. 2015). The data
beyond the distance of 45m were truncated as they
were outliers for better model fitting. The probability of
detection was estimated using six models recommended
by Buckland et al. (2001) combining probability density
function (uniform, half normal and hazard-rate) with
adjustments (cosines, simple and hermite polynomials).
The models were selected based on the criterion of
lowest AIC as generated by the program. The estimates
were generated with standard error, the coefficient of
variation and confidence intervals. Hog Deer density (D)
was estimated, and approximate population size (N) was
computed based on the size of the habitat area.

To derive the population structure and age-sex-ratio
of Hog Deer, intensive surveys were conducted in the
entire park and computed based on percentage sightings.
Data were recorded both during the line transect
sampling and opportunistic sightings over a period
of two years on group size and composition. For each
detection, the animals were classified into the following
age-sex categories; fawn (1-12 months), yearlings (13—
24 months) and adults (>24 months) based on Dhungel
& O’Gara (1991) classification. Based on the sightings,
adult male to adult female and doe to fawn ratio was
calculated. The data from both the years were pooled
as there was no significant difference between the adult
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male (z=0.49, P>0.05, n1=56, n2=68) and adult female
(z=1.65, P>0.05, n1=56, n2=68) categories between the
years. Furthermore, a significant difference between
the percentage of adult male and female in a group
was tested using z statistic. The percentage data was
transformed using arcsine transformation and analysed
using MS Excel.

RESULTS

A total of 202 sightings of Hog Deer were made along
the 206.56km of transects during the two years sampling
period. Of these, 56.20% of the sightings were from the
central range and 43.80% from the eastern range. The
overall density of Hog Deer in Manas was estimated
to be 18.22 + 3.32 km? (CV = 18.27%, 95% Cl = 12.72—
25.09). Based on comparisons of the lowest AIC values,
the uniform key function with cosine adjustment best
described the Hog Deer data (Figure 2). The result, with
estimated density, percent coefficient of variation, 95 %
confidence interval and AIC is summarised in Table 1. On
extrapolating the population density of 18.22km™ to the
available grassland habitat in the park (194.57km?, Das
2018), the population size of Hog Deer was estimated to
be 3,545 + 647.64 (CV = 18.27%, 95% Cl = 2,475-5,077).

To understand the age structure of Hog Deer
population, the percentage of different group types was
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calculated based on the number of animals detected
during the line transect and other opportunistic sightings
for both the years. In a few instances (4.59%), though,
the sex of the animal could not be identified. The groups
were classified as solitary-consisting of single animal,
small (2-3 animals), medium (4—6 animals) and large (>6
animals) groups (modified from Biswas 2004). Most of
the animals occurred solitary (50.79%), 36.50 % occurred
in small groups, 10.31% in medium groups, and only
2.38% in large groups. The mean group size of Hog Deer
is estimated to be 1.81 + 0.11. The observed overall sex
ratio in Manas, of adult male to adult female to fawn
is 47.01:100:17.88. There is a significant difference
between the adult male and female percentage in a
group (z=4.72, P<0.01, n1=n2=125).

DISCUSSION

Our study suggests that the current estimated Hog
deer density in Manas differs substantially from that of
the previous study which reported a density estimate
of 4.59km? (Goswami & Ganesh 2014). One of the
possible reasons is the difference in the line transect
sampling method that the two studies have adopted.
Sampling in grassland habitats on foot may influence the
detection probability and underestimate the population
abundances of species like Hog Deer (Wegge & Storaas

E— Figure 2. Distance data for Hog Deer Axis porcinus
truncated at 45m, and fitted with the uniform
cosine model.

Table 1. Summary of overall Hog Deer density estimate in six models as recommended by Buckland et al. (2001).

Uniform + Half normal + Hazard rate
Simple Half normal + Hermite Hazard rate + + Simple
Parameter Uniform + Cosine polynomial Cosine polynomial Cosine polynomial
Density km? 18.22 18.12 18.86 18.86 17.57 17.57
percent Coefficient 18.27 19.07 19.26 19.26 20.14 20.14
of variation
Upper Cl 25.09 26.25 27.51 27.51 26.06 26.06
Lower CI 12.72 12.50 12.93 12.93 11.84 11.84
AIC 375 376.79 375.07 375.07 376.54 376.54
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Table 2. Estimates of Hog Deer density across southern Asia.
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Location Habitat type

Density of Hog Deer (km™)

Chitwan National Park, Nepal Savanna grassland

15.5-19.1

Bardia National Park, Nepal Floodplain grassland

773

Kaziranga National Park, India Floodplain grassland

38.6

Sukhlaphanta Wildlife Reserve, Nepal Grassland 4.1(2010) and 11.6 (2011)
Keibul Lamjao National Park, India Grassland/phumdis 2.51
Manas National Park, India Grassland 4.59
2Manas National Park, India Grassland 18.22

Sources: Chitwan (Dhungel & O’Gara 1991), Bardia (Odden et al. 2005); Kaziranga (Karanth & Nichols 2000); Sukhlaphanta (Lovari et al. 2015); Keibul (Angom 2012);

Manas 1 (Goswami & Ganesh 2014); Manas 2 (present study).

2009). Therefore, we conducted line transect surveys
from elephant back following Wegge & Storaas (2009),
which may have led to higher Hog Deer density estimate
than the previous study. During the All India Tiger
Monitoring exercise, the attempt to estimate prey density
in Manas with an effort of 134km was hindered due to
low number of observations (Jhala et al. 2015). The line
transect sampling was conducted on foot, which might
have resulted in lesser sighting records due to tall and
dense vegetation. Therefore, sampling from elephant
back in the grassland habitat in Manas is recommended
for all the future population estimates of Hog Deer. In
this study the estimated population size of Hog Deer is
3,545, considerably different from the previous estimate
of 1,626. The sampling protocol to used derive this
estimate was not clear. Nonetheless, our study finding
indicates a possible recovery of the Hog Deer population
over the years with the cessation of the conflict which
can be attributed to enhanced protection and anti-
poaching measures.

The Hog Deer population in Manas is female-biased.
The sex ratio favouring the females is a characteristic
of polygamous species (Dhungel & O’Gara 1991).
Seidensticker (1976) reported a sex ratio of 51 males:
100 females: 24 fawns, whereas Mishra (1982) observed
a ratio of 59 males: 100 females: 55 fawns. A similar sex
ratio was also observed by Dhungel & O’Gara (1991) (56
males: 100 females). The mean group size of Hog Deer
in Manas is similar to that of Chitwan (1.8, Dhungel &
O’'Gara 1991), but lower than reported in Jaldapara
Wildlife Sanctuary (2.68, Biswas 1999). Hog Deer is
primarily a solitary cervid (Odden & Wegge 2007), but
congregates in small groups while feeding. During our
study period we mostly documented Hog Deer singly
or in small groups. Large groups comprising of more
than six individuals were observed less frequently
(12.69%). Biswas (1999) reported that 41% of animals

14660

were solitary, 56% occurred in small to large groups and
only 3% occurred in very large groups (>10 animals) in
Jaldapara. The largest congregation observed was of 33
animals, feeding on the fallen flowers of Gmelina arborea
during the dry season in Manas.

Prior to the armed conflict, Manas harboured an
abundant Hog Deer population of approximately 10,000
animals (Tikader 1983). The absence of empirical data on
Hog Deer populations before and after the conflict limits
our efforts to quantify the population change; interactions
with experts who have worked in the area during the
1980s suggest that the population has declined sharply,
more than 70% (Goutam Narayan pers. comm. December
2017). The local extinction of One-horned Rhinoceros
(Talukdar 2003), depressed population of Swamp Deer
(Das et al. 2009; Borah et al. 2013), Pygmy Hog (Bibhuti P.
Lahkar pers. obs. 19.xii.2017) and Bengal Florican (Namita
Brahma pers. comm. 19.xii.2017) due to the armed
conflict (Lahkar et al. 2018), reflects that the grassland
species declined drastically because of selective hunting
by both opportunistic hunters and the anti-government
forces (Goswami & Ganesh 2014). The possible drivers
of Hog Deer decline are habitat degradation & reduction
and illegal hunting. The grasslands which Hog Deer
prefer have reduced in area over the last four decades
(Sarma et al. 2008; Das 2018). The grassland patches
such as ‘Pahufield’ area, ‘Rhino camp’ area and the
grasslands particularly near the southern boundary of
the park, mostly in the central range, which were prime
Hog Deer habitats (Bibhuti P. Lahkar pers. obs. February
2002) are heavily infested with invasive plants such as
Chromolaena odorata and Mikania micrantha (Nath
et al. 2019). There is also livestock grazing pressure in
the grassland (approximately 2000 cattle per day graze
inside the park during the dry season, (Alolika Sinha pers.
obs. 20.iii.2017) and can lead to severe competition for
forage.
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Trapping of Hog Deer for consumption using snares
in the fringe village is not uncommon (Alolika Sinha pers.
obs. 25.iii.2017). During the study period, four incidents
of Hog Deer hunting were recorded in the fringe villages.
This may underestimate hunting incidents, since many go
unreported. We also found snares along the southern
boundary of the park, which were possibly set-up to trap
Hog Deer, other small mammals (e.g., hares), and birds.
Another emerging threat to the species in Manas is attack
by feral dogs. During the dry season, when the Hog Deer
congregate to feed on Gmelina arborea flowers and fruits
in the central range near an area called ‘second gate’, they
are attacked by the feral dogs. We recorded six incidents
over a period of two months (February-March 2016)
where the feral dogs attacked and killed deer, although
the dogs were not seen eating them. A multitude of
factors like habitat degradation, occurrence of invasive
plant species, and anthropogenic disturbances might
affect the Hog Deer population in Manas. The influence
of these various factors on Hog Deer population can be
drawn more conclusively, upon long-term monitoring of
its population and grassland habitat.

The present Hog Deer estimate, when compared
with those from other areas in southern Asia revealed
that Manas is an area of intermediate deer density (Table
2). Nevertheless, with the restoration of governance and
administration, the management intervention improved
substantially. A major step was the conversion of the
former poachers/hunters into conservation volunteers
and engaging them in regular patrolling of the park
along with the forest personnel. Hog Deer are known
to occur in high density in other well-protected areas
(Table 2) (Karanth & Nichols 2000; Odden et al. 2005).
The grasslands in Manas are one of the last remnant
habitats in the eastern Terai (Lahkar 2008) and crucial
for Hog Deer survival in the region (Biswas 2004). The
scope of Hog Deer persistence beyond the National Park
is limited due to scarcity of potential habitats and high
anthropogenic pressure on these habitats.

Our study highlights the current population status
of this threatened species, and we have documented
potential threats to Hog Deer in Manas. This baseline
population estimate will be useful to monitor future
changes and conservation of Hog Deer in one of the
high-value conservation landscapes. Manas is the most
promising potential habitat for long-term survival of Hog
Deer in western Assam, given that it is the best protected
grassland habitat in the region. To this end, we suggest
regular monitoring of Hog Deer populations and habitat
improvement to document population recovery with the
minimisation of the extant threats, and the formulation
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of future management strategies.
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Food spectrum analysis of three bufonid species

INTRODUCTION

The family Bufonidae (Gray 1830) is one of the most
species-rich families of anurans belonging to the class
Amphibia. It is a large and geographically widespread
taxon of neobatrachian frogs (Reig 1958; Lynch 1973;
Duellman & Trueb 1986). It comprises more than 550
species in ca. 50 recognized genera geographically
ubiquitous, only two of the remaining 32 genera have
more than 10 species and all have relatively restricted
geographic ranges (Frost 1985, 2011). Bufonidae
comprises the true toad: they are best known for their
thick, warty skin appearances and have prominent skin
glands especially a pair of parotoid glands on the back
of their heads. In the context of Uttarakhand, western
Himalayan anuran fauna comprises three species of the
family Bufonidae, namely, Duttaphyrnus himalayanus
(Glinther, 1864), D. melanostictus (Schneider, 1799), and
D. stomaticus (Lutken, 1864).

Foodis animportantitem forany living organism. The
body requires the range of nutrition in organism’s diet to
keep all organs alive and in the correct balance. Diet is
a also crucial part of the natural history of an animal,
because not only does it reveal the source of the animal’s
energy for growth, reproduction and survival (Zug et al.
2001; Norval et al. 2014), but it also indicates part of the
ecological roles such as food webs, resource portioning
and ecological energetic. Anurans are thought to be
opportunistic predators with their diets just reflecting
the availability of food of appropriate size. Different
studies suggest that food is a vital factor that explains

Bahuguna et al.

the structure of anuran communities in different parts
of the world (Duellman 1967; Inger & Colwell 1977;
Duellman & Toft 1979; Toft 1980; Clcek & Mermer 2007).
The stomach contents of many Bufonidae species have
been examined in the past to determine their role in an
ecosystem (Yu & Guo 2012; Sulieman et al. 2016).

Although the Uttarakhand region of the western
Himalayan ecosystem embraces all types of amphibians
onaccount ofiits varied climate, topographical, altitudinal
and vegetational conditions, information about diets
of amphibians is very scarce and the biology of most
amphibians is poorly known from this region (Ray 1995;
Bahuguna & Bhutia 2010). Therefore, the present work
on a food spectrum analysis of three toad species fills
the lacuna that would be helpful in understanding their
feeding habitat and ecological role in Uttarakhand,
the western Himalaya. Our analysis was aimed at (1)
identifying and determining small invertebrate prey,
(2) examining importance of the relative index of three
toad species, (3) comparing the food spectrum and
niche breadth among three toad species from its natural
range.

MATERIALS AND METHODS

For the present study fieldwork was carried
out in several localities, viz., Dayara (S1) (2,800m),
Triyuginarayan (S2) (2,300m), Badhani tal (S3) (2,089m),
Joshimath (S4) (2,240m), and Sem Mukhem (S5) (2,200m)
(Fig. 1). Samples were studied in breeding seasons, i.e.,
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March—September from 2014-2017 at evening hours
(18.00-23.00 h) in their natural habitats such as pools,
ponds and in the vicinity of shaded mountain streams
and so on. It was based on nocturnal visual encounter
survey (Heyer et al. 2014).

Toads were collected manually in their habitats and
stomach flushing was carried out immediately. Flushing
was applied as soon as possible after capturing anurans,
in order to precede digestion (Secor & Faulkner 2002;
Sole et al. 2005). The subsequent immediate release of
all specimens into their habitats ensured that the current
activity of the treated specimens was not essentially
disturbed by the stomach-flushing. The stomach
contents were picked up with forceps and fixed in 70%
ethanol in a vial. All contents were analyzed under
a stereomicroscope (Olympus SZX 7). Identifications
of food items were possible up to the order level with
the exception of Hymenoptera, which was classified
as Formicidae and non Formicidae and the rest of the
items have been categorized as ‘miscellaneous’ (for
broken materials) or unidentified (Gibb & Oseto 2006;
Chowdhary et al. 2016). The food contents were then
identified with the aid of keys provided by Ward &
Whipple (1959). The food preferences of the three toad
species were analyzed in terms of number, volume and
frequency of occurrence. Prey’s length and width were
evaluated with a digital vernier caliper (Aerospace) to
the nearest 0.1mm accuracy. Preserved items were
measured and their volume (in mm?3) was calculated
using the formula for ellipsoid bodies (Griffiths &
Mylotte 1987).

4 L. W
V= 3T (7) (3)

where, L=prey length, W=prey width

We obtained the frequency of occurrence of each
prey categories in the diet dividing the number of
stomachs which contained that category by the total
number of stomach analyzed, with the exception of
empty ones.

The index of relative importance (IRI) was employed
as a measure that reduces bias in the description data of
animal dietary items (Pinkas et al. 1971).

IRl = (N %+V %) F%

Where N%=numeric percentage, V%=volumetric
percentage, F=frequency of percentage

In order to compare the habitat trophic niche breadth
the standardized Shannon-Weaver entropy index J' was
used (Shannon & Weaver 1949).

V=H’/In(n)
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whereby,

H’=- Zpi In(pi)

pi is the relative abundance of each prey categories,
calculated as the proportion of prey items of given
categories to the total number of prey items (n) in all
compared species. To make H’ index number more
biological sense, it was converted into the effective
number of species (ENS), which is the real biodiversity
and allows to compare the biodiversity with the other
community containing equally-common species of
exp(H’), the ENS.

The niche breadth was obtained by Levins’
standardized index (Krebs 1999), in which the value of
Levins’ measure (B) was first obtained by the following
equation

B=1/3pi’

where, pi =fraction of item i in the diet

Levins’ measure was then standardized on a scale of
0-1.0 by the following equation:

B,= (B-1) /(n-1)

where, B, corresponding to Levins’ standardized niche
breadth ranges from 0 (narrowest amplitude), when
there is exclusive use of a single resource categories, to
1 (broadest amplitude), when all categories are equally
used (Krebs 1999); the species is considered to have a
wide niche breadth when B, 20.5.

RESULTS

The anurans used in this study, consisted of 84
specimens of three toad species. We recorded 1,222
prey items from 27 invertebrate categories (Table 1).
Because toad samples were stomach-flushed within
three hours after capture, few of the food materials were
totally intact, most were partially digested. Parts with
heavily sclerotised cuticle remained undigested so that
heads, thorax, abdominal segments and single wings of
arthropods allowed an identification of the item, at least
to order level. Identified diet items belonging to the
order Hymenoptera were categorized into Formicidae
and non Formicidae. Mostly male Bufo specimens seem
to stop feeding during courtship so some of them had an
empty stomach (Table 1).

The most numerous prey taxon on the basis of
number percent in the diet was Formicidae in all three
toad species. The predominant food in terms of volume
was Orthoptera in D. himalayanus and D. melanostictus
while it was Lepidoptera in D. stomaticus. The index of
relative importance (IRI) was maximum for Formicidae
in the three toad species (Table 2; Fig. 2). Based on
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Table 1. Prey details for all three bufonid species in studied sites of Uttarakhand, western Himalaya.

Total sample size

Duttaphrynus

h

Duttaphrynus

ictus

Duttaphrynus

yanus

icu.

Individual with empty stomach

7

7

8

Total prey taxa present

24

25

19

Total no. of prey

376

322

524

Average no. of prey items/sample

22

13

20

Maximum no. of prey/sample

26

19

25

Terrestrial preys (%)

95.73

96.89

94.46

Aquatic preys (%)

4.26

3.10

5.53

Maximum length of prey items (mm)

26

26

22

Minimum length of prey item (mm)

plant Matter
Oplones
Araneae
Mecoptra
Neuroplera
Odonata
Ephemeropiera
Dermagtera
Formicidae
Diptra Larvae
Diplera
Isoptera
Homoplera
Trichoptera
Thysanura
Hymenptera
Lepidoptera larvae

Lepdoptera
Coleoplera Liwvae

Prey items

Coleoplera
Hemiptera
Mantodae

Orthroptera

Isopoda
Scolopendromorpha
Spirobolida
Haplotaxida

100

“ IRI DS

¥ IRIDM

300

400

Index of relative importance (IRI)

Bahuguna et al.

Figure 2. Index of relative importance (IRI) for prey items based on total diet contents of D. himalayanus (D.H.), D. melanostictus (D.M.) and D.

stomaticus (D.S.) in Uttarakhand.

the Shannon-Wiener function, D. melanostictus had
the highest prey diversity followed by D. himalayanus

and D. stomaticus (Table 3). As for the niche breadth,
Duttaphrynus melanostictus also had the broadest

14666

dietary niche breadth, followed by, D. himalayanus and
D. stomaticus, in that order (Table 3).
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Table 2. Shannon-Wiener function of niche breadth (H’), evenness
measure (J’), Levin’s measure of niche breath (B’), and standardized
Levin’s measure of niche breath (B,) of prey items of studied bufonid
species in Uttarakhand.

Shannon-Wiener
function Levin’s measure
Species H'(¥) y B B,
D. himalayanus 2:37 0.757 7.60 0.300
g V (10.69) - : :
D. melanostictus 2.76 0.859 11.52 0.438
: (15.79) : : ’
. 2.20
D. stomaticus (9.02) 0.748 4.86 0.214

DISCUSSION

D. himalayanus is a large toad distributed in the high
altitudinal region of the Himalaya, while D. melanostictus
and D. stomaticus are found up to 2,500m but prefer
lowland plains and agricultural as well as urban areas in
Uttarakhand (Husain 2015). The inter-locality variations
and similarities in the diets of these three toad species
suggest that these are generalist predators that lack
an apparent food preference, and that their diets are
most likely dependent on what type of prey is available
in inhabited areas, but prey diversity may vary among
regions. As a result, D. melanostictus can be expected
to have access to a greater variety of prey types. D.
melanostictus was the only species that preyed upon
all about the prey orders recorded and shown rich prey
species biodiversity index by Shannon-Wiener measure
of niche breadth (H’=2.76). In spite of this, due to the
dominance of Formicidae in its diet, D. stomaticus has
a lower prey diversity index (H’=2.20) than other toad
species. D. himalayanus has intermediate value of prey
diversity (H'=2.37) (Table 3). Toft (1980, 1981) stated that
many species from the family Bufonidae are specialists,
characterized by the preference of some arthropods
(often Formicidae). Levins’ measure of niche breadth
does not allow for the possibility that resources vary
in abundance. In many cases, ecologists should allow
for the fact that some resources are very abundant and
common, and other resources are uncommon or rare.
Levin’s measure of niche breadth (B,) calculated for
the three species of toads are less than 0.5 in our study
which shows the opportunistic feeding behavior of the
studied toad species. Study of Levin’s measure of niche
breadth (B,) in D. melanostictus from southwestern
Taiwan also showed resemblance (Norval et al. 2014).

Toad feeds exclusively on the ground on a wide
variety of terrestrial food in which arthropods are
dominant (Mercy 1999; Hirai & Matsui 2000; Kidera et
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al. 2008; Menin et al. 2015). Our study showed that
arthropods and invertebrates including other prey
groups are the main constituents of the diet. This
study revealed consistency in the presence of a few
dominant taxonomic groups of prey in these species,
but differences in diversity of the occurrence of other
prey items. This may be due to the fact that the diets of
these toads are defined by prey availability more than
by active choice. Previously, it had been reported that a
higher frequency of prey and presence of different prey
sizes in the stomachs of some toad species were due
to the availability of prey in the habitat of the predator
(Guix 1993; Sulieman et al. 2016).

Toads might be classified as an ant specialist and
wide forager, this classification is justified by having slow
moving locomotion, possessing toxins in the parotid
glands, prefer small preys, and high frequency of ants
founds per stomach (Ferreira & Teixeira 2009). Ants and
several beetle groups are unpalatable to many predators
due to formic acids and quinones, respectively (Zug &
Zug 1979). Therefore, specialization on those preys
might confer certain advantages. Predators specialized
in eating unpalatable preys decrease food competition
with other predators. In our study, Formicidae was
the most common prey category consumed maximum
in comparison to other prey categories. This is due
to their abundance and wide range of habitats. Zug
et al. (2001) and Damasceno (2005) also reported
that ants are common and the basic food content of
toads with low energy value due to a large amount of
exoskeleton when compared to other insects such as
larvae of some insects (e.g., caterpillars); however, the
studied toad species readily feeds on arthropods, such
as ants, beetles, millipedes and centipedes that contain
noxious chemicals. Toads actually incorporate the
noxious chemicals produced by such type of arthropods
into their own defensive mechanisms (Daly 2007).
Therefore, the kind of food spectrum is very important
for the composition of the toad poison and its defensive
activity also.

Observations of stomach content analysis of adult
toads revealed that the diet composed of insects of the
orders Coleoptera, Hymenoptera, Isoptera, Lepidoptera,
Orthoptera, Hemiptera, and Diptera. Some of these are
major pests of an agricultural crop of this region. Toads
feed on these harmful pests and help in controlling
them. Apart from insects, the diet also includes
annelids, crustaceans and some plant materials. Plant
matter such as stem of Doab Grass Cynodon dactylon
was observed in the diet of D. himalayanus and plant
seeds in D. melanostictus and D. stomaticus. Similar

14667



Bahuguna et al.

Food spectrum analysis of three bufonid species

89'€C (9s's) ot (90°0) 60°C (zv) e 206 (€0'2) € (To)8z9 (Se'v) vT 18'T (L21) T (5°0) ¥8'8T (€s0) seale| esardig

90°€T (vv'v) 8 (£z0) €98 (L9271 8t°0T (L2 v (50) 97'82 (zve) 1T ja7ads (zrv) s (£8'0) 96°2€ (6€727) 6 esadig

[VAT4 (68°€) £ (ze0) 9v°01T (€9) €€ 107 (se'1) ¢ (z0)9v0T (826 10V (80°2) 8 (€€) 9'seT (6¥°91) 29 esaydos|

0 0 0 0 L9°TT (€00 € (€) 9T°€8T (82)6 8Tk (te's)9 M.mm.%w (e60)TT eta1dowoy

0 0 0 0 10°L (se1) ¢ (%) 92'€9¢ (€6'0) € 60'9 (1) Mw.ﬂmvﬁ (80) € etadoydiil

69°€T (S)6 (zo'1) v6°2€ (zz1)6 90 (89°0) T (9°0) 89'L€ (te0) T SLe (e1)e (s'0) v8'8T (90°T) ¥ eanuesAyy

S6'779 (vv'v1) 9C (vee) 9g'sL (8T2¥) TTT 16'£8¢ (6T'¥T) TC (r'1)eLes (v6'8T) 19 ST'ETE (STT) €T (veT) ULy (9892) TOT aeploiwiog

(sepd1wio4 uoN)

v8'8C (rrv) 8 mAM.M%H (vze) L1 See (1v°s) 8 (90)89°LE (ece)er LLYST (80°2) 8 nﬁmmﬁ.mmw (te:2) 6T es2douswiAH

9v'SS (eg€) 9 Am.mmww (T2t 6T'€E (8e€) S (£) TSev (826 €SV (L21)e (9£°T) 8699 (80) € aeAle| esardopldal

20'88 (8272) s (TT62) 206 (8v'2) €T [ ] (Tv's) 8 (£'6) 88'209 (82°9) LT 68'TT (vs€) v (9£°T) 8699 (9T)9 eiadopida

91'SS (8272) ¥1T (95'T) ¥T°0S (€s's) 62 LT09T (6v°TT) LT (€'v) v6'£9¢ (€96) 1€ 96'67 (619) £ (8v'2) T'v6 (65°8) 1T aenJe| 433d0os|0)

TTCrT (95°01) 6T toz's) (Tz8) ev 89¢ (vs'sT) €2 (€) 9T€8T (6T¥T) 9 TESLT (s8'8) 0T vo's) (2L72T) 8Y £191d03|0)

95'691T ¥6'£9T

Loey (czL) et (z8'1) 19°85 (to'v) T 57’89 (80'9) 6 (TL) Tsvy (vo'v) €T §'sT (vse) v (z2'1) T9°59 (99'27) 01 elandiway

0 0 0 0 0 0 0 0 65°CT (rse) v (€ze) 8L v8 (ee1) S e3poIUBN

19°09T (tT'9) 1T Mm%wmw (vv'€) 81 8€'69T (80'9) 6 (z2) £9°09¢T (6's) 6T L8'LET (619) £ (v£°'5€) 09€T (99'2) 01 esa1doyo

B129suU]| isse|n

0 0 0 0 96T (se'1) e (50)sT'Ce (€6'0) € 20°TT (s92) € (9£°T) 8699 (6€2) 6 epodos|

BOeJISOde|B|A iSSe|D

0 0 0 0 98'C (89°0) T (67€) z8'2ve (teo) T 0 0 0 0 _ eydiowoipuado|ods

epodojiy) :sse|d

0 0 0 0 66'9 (€00 € (6'T)SLLTT (ss'1) S 0 0 0 0 _ epijoqouids

epodo|diq :sse|)

0 0 0 0 £V'LT (VAraR7 (9°€) 80°92¢ (82)6 WL (s9'2) € (5°5) ¥€'602 (90'1) v epixejo|dey

ele|[au|d :sse;n

] (%) 4 (%) A (%) N 1l (%) 4 (%) A (%) N ] (%) 4 (%) A (%) N exe] Aaud
snagpwoys snufiydonng snynsounjaw snufiydonng snupnApojpwiy snuhiydopng

*(141) xapui aane|aJ jo asuenodwi pue
(%N pue p) awn|on ‘(%4 pue 4) Aouanbauy /(%N pue N) @duepunge aALle|a] pue sanjeA a1njosqe aARdadsal 419y YiIm snojewols *g pue ‘snyoygsouejdw g ‘snuelejewiy *q ayi jo swayl Aseyaiq g 9jqeL

14663-14671

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 October 2019 | 11(13)

14668



Food spectrum analysis of three bufonid species Bahuguna et al.

observations for the intake of plant matter in Bufonidae
~ S R A | « were also made by Winston (1955) and Tyler (1958) as
ZEld|leo| 5 |2l= 2ls 2103 . . .
= ® | S| |- S they had recorded the ingestion of the calyces of Morinda
lucida by D. regularis and presence of the flowers of
_ . Polygonum amphibium and grass in the stomachs of
2 F = o | © q = ~ ~ Q . . .
SIEl3|o] 2 2]48 Jl=| ] |R| g Rana esculanta, respectively. Although the immediate
sl TS 4 |els dld| d|d] 5 : . . . .
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from Uttarakhand region of the western Himalaya.
Information pertaining to the food spectrum analysis
contributes to understanding the ecological roles in
the ecosystem and used as a baseline data for future
successful amphibian conservation and management
programs in the Himalayan ecosystem.
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Abstract: The final emergence of the Coromandel Marsh Dart Damselfly Ceriagrion coromandelianum was studied for 50 days (22
January—12 March, 2011) from the botanical garden of Hislop College, Nagpur, India, (a semi controlled site) where small underground
cement tubs/tanks are used to grow macrophytes by the Botany department. In C. coromandelianum emergence is asynchronous, diurnal
and occurs between 07.00h and 18.00h. Stage-I starts when the ultimate instar nymph of C. coromandelianum leaves the water body,
searches for a suitable place and then begins to shudder its body to detach the trapped pharate from the nymphal exuvia. The pharate
exerts pressure on the thoracic tergites to split the cuticle. Stage-Il starts when the head and thorax of the pharate emerges out of the split
exuvia. The pharate struggles to remove its trapped body from the nymphal exuvia. During Stage-Ill, the wings expand but are opaque;
pigmentation of the body occurs simultaneously all over the body. Soon the whole body develops its species specific coloration while the
expanding wings gain transparency, unfold and separate out and now the imago is ready for its maiden flight. Stages |, I, and Il occupy
31.66%, 11.73%, and 56.60% of the total moulting period, respectively. A total of 243 emergences occurred during the observation period,
158 emergences occurred in tanks containing Pistia stratiotes, while 65 emergences in tubs containing Nymphaea nouchali indicating that
C. coromandelianum prefers P. stratiotes over N. nouchali for oviposition. Twenty deaths were recorded during the present observation.
Failure to moult (15%) and failure to emerge completely out of the exuvia (85%) were the two reasons for mortality.
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Moulting and mortality of the Coromandel Marsh Dart

INTRODUCTION

In Odonata, moulting during the final emergence
when the aerial imago is released from the exuvia of
aquatic nymph is a fascinating event involving many
different types of rhythmic movements. It is also a very
vulnerable period since the helpless individual is exposed
to various antagonistic factors of the environment. This
process was documented by various workers (Tillyard
1917; Corbet 1957; Pajunen 1962; Trottier 1966; Ubukata
1981; Banks & Thompson 1985; Gribbin & Thompson
1990, 1991; Haslam, 2004; Andrew & Patankar 2010)
and was evaluated by Corbet (1999) who divided it into
four observable stages. Later, Andrew & Patankar (2010)
modified this division and proposed only three stages
taking into consideration the time-lag and attainment of
morphological characters of the freshly moulted imago.
Eda (1963), reported two major types of posture during
emergence- horizontal emergence commonly found in
Zygoptera and Gomphidae and the vertical, found in the
remaining groups, though inverted emergence has also
been reported in some species of Zygoptera (Rowe 1987).
Mortality during emergence can be caused by three
observable factors: failure to moult, failure to harden
body/wings, and predation (Thompson 1991; Bennett &
Mill 1993; Andrew 2010). It can range from 0% to 100%
and is dependent upon factors like temperature, rain,
wind, oxygen level, lack of suitable emergence support,
overcrowding and predation (Corbet 1957, 1999; Pajunen
1962; Kurata 1974; Inoue 1979; Thompson et al. 1985;
Gribbin & Thomas 1990; Bennett & Mill 1993; Jacob &
Suhling 1999; Purse & Thompson 2003; Andrew 2010).
Most studies on the final emergence in Odonata are
confined to species of the sub-tropical and temperate
regions, while only a few attempts have been undertaken
to study this process in detail in the tropical region mostly
covering only the anisopteran species (Mathavan &
Pandian 1977; Andrew 2010, 2012; Andrew & Patankar
2010).

The zygopteran  Ceriagrion  coromandelianum
(Fabricius, 1798) is a very common damselfly of the
Indian subcontinent. The life history of this species was
described in detail by Kumar (1980) and Sharma (2009).
Kumar (1980) also described the larval morphology of all
the instars. We have used this species to evaluate various
aspects of odonate reproductive biology (Andrew et
al. 2011a,b; Thaokar et al. 2018a,b). It is found almost
throughout the year, ovipositing in various floating and
submerged vegetations of small natural and man-made
water bodies (Sharma 2009; Andrew et al. 2011a). The
present paper describes the pattern and process of
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emergence of this damselfly with a note on mortality
during this event.

MATERIAL AND METHODS

Site: The observation was carried out at the
botanical garden of Hislop College, Nagpur, (21.147%N,
79.071°E), India, a semi-controlled site, where small
underground cement tubs are used to grow macrophytes
by the Botany department. The tubs contain floating
Nymphaea nouchali, Lemna paucicostata and submerged
Hydrilla verticillata vegetation, while the cement tank
contains only Pistia stratiotes. These are surrounded
by bushes of flowering plants and post-noon, this area
is under the shadow of the college building. Ceriagrion
coromandelianum is found breeding all round the year at
this site.

Mature F-O larvae were collected from this site and
kept in a glass tank partially filled with water along with
floating vegetation. Natural conditions were maintained
by keeping the containers near the large open windows.
With the help of an aim-n-shoot Sony (DSC-W30) and
Canon (G11) cameras, various stages of the process of
moulting during metamorphosis were documented.
All movements of the larva/emerging pharate were
documented and an electronic stopwatch was used to
record the time. Some of the emergences were directly
recorded at the collection site. Daily collection of exuviae
was undertaken at the study site from 22 January to 12
March, 2011 (Table 1). Details of the weather report of
the city were procured from the website https://www.
timeanddate.com.

RESULTS

The daily emergence of Ceriagrion coromandelianum
was recorded for 50 days by collecting the exuviae from
the water tubs of the above described site from 22
January to 12 March 2011. The tubs and tank were filled
with floating Pistia stratiotes and Nymphaea nouchali
which made a perfect substrate for the final emergence.
A total of 243 emergences occurred during the
observation period of 50 days at the study site (excluding
the ones collected from the study site and reared in the
laboratory), 158 emergences occurred in tanks containing
Pistia stratiotes while 65 emergences in tanks containing
Nymphaea nouchali. Two peaks of emergences were
recorded, the first emergence on 14 February (19) and the
second on 21 February (17) (Table 1). Fifty percent of the
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Table 1. Ceriagrion coromandelianum: Number of emergence and mortality observed during the 50-day study period (mortality in parenthesis).

total emergence of C. coromandelianum was observed
by the 29 day (19 January 2011) (Fig. 1). The duration
of the day was divided as morning (07.00-12.00 h), noon
(12.00-16.00 h), and evening (16.00h—dusk). Emergence
was not found during the pre-dusk and pre-dawn period.
The number of emergence recorded were: morning 58
(23.86%), noon 166 (68.31%), and evening 19 (7.8%)
(Table 2, Figure 2a). The highest number of emergence
(22) was observed on 14 February 2011 (Max. temp. 34°C,
min. temp 20°C, humidity 30% at noon) followed by 18
emergence on 20 February 2011 (Max. temp. 25°C, min.
temp. 19°C, humidity 85% at noon) (Figure 2b). Depending
upon the type of substrate C. coromandelianum can
moult in both horizontal (on floating leaves) as well as
vertical (on emerging stem) positions. Eleven complete
events of metamorphosis leading to emergence of the
pharate were observed and recorded. Moulting in C
coromandelianum is not time specific since this process

14674

Date strP;;Z‘;es N: g:z:z;a Mortality Total Date s t:::f:‘:es N: ::1,; ::Z.a Mortality Total
1 22.i.2011 0 0 0 0 26 16.ii.2011 2 3 0 5
2 23.i.2011 2 0 0 2 27 17.ii.2011 4 1 0 5
3 24.i.2011 1 0 0 1 28 | 18.ii.2011 3+(1) 2+(1) 2 7
4 25.i.2011 2+(1) 0 1 3 29 19.ii.2011 6 0 0 6
5 26.i.2011 1 0 0 1 30 20.ii.2011 12+(1) 5 1 18
6 27.i.2011 3+(1) 0 1 4 31 21.ii.2011 8 5 0 13
7 28.i.2011 0 0 0 0 32 22.ii.2011 10+(2) 1 2 13
8 29.i.2011 0 1 0 1 33 23.ii.2011 4 5 0 9
9 30.i.2011 2 2+(1) 1 5 34 24.ii.2011 5+(2) 1 2 8
10 31.i.2011 1 0 0 1 35 25.ii.2011 5 3 0 8
11 01.ii.2011 0 1 0 1 36 26.ii.2011 0 0 0 0
12 02.ii.2011 0 0 0 0 37 27.ii.2011 2 4+(1) 1 7
13 03.ii.2011 1 2+(1) 1 4 38 28.ii.2011 4 1 0 5
14 04.ii.2011 0 0 0 0 39 01.iii.2011 5 2 0 7
15 05.ii.2011 3 1 0 4 40 02.iii.2011 0 0 0 0
16 06.ii.2011 5+(1) 1 1 7 41 03.iii.2011 0 0 0 0
17 07.ii.2011 2 0 0 2 42 04.iii.2011 2 2 0 4
18 08.ii.2011 2 0 0 2 43 05.iii.2011 5+(1) 1 1 7
19 09.ii.2011 1 2 0 3 44 06.iii.2011 4 2 0 6
20 10.ii.2011 1+(1) 0 1 2 45 07.iii.2011 1 2 0 3
21 11.ii.2011 2 0 0 2 46 08.iii.2011 3 0 0 3
22 12.ii.2011 4 0 0 4 47 09.iii.2011 5+(1) 3+(1) 2 10
23 13.ii.2011 12 4 0 16 48 10.iii.2011 1 0 0 1
24 14.ii.2011 16+(3) 3 3 22 49 11.iii.2011 0 0 0 0
25 15.ii.2011 6 3 0 9 50 12.iii.2011 0 0 0 0
Total 158+(15) 63+(5) 20 241

occurs throughout the day between 07.00h and 18.00h
(Table 3).

The following documentation describes one complete
pattern of moulting during the final emergence of the
damselfly, C. coromandelianum observed on 18 February
2011, which started at 12.55h and ended at 15.38h, (153
minutes) (Images 1-9). This process has been divided into
three observable stages (Andrew & Patankar 2010).

Stage- I: At 12.55h the F-0 larva emerged out of water
and climbed the floating leaf of Pistia stratiotes. It moved
4cm on the dry surface of the leaf, and rested. At 13.24h
the larva began to shake the abdomen in the vertical
plane. These movements were very slow and later it
started moving it in the horizontal plane. This movement
continued for 56sec. Then it started pushing the head
and thorax against the leaf. The legs were spread while
the posterior region of the abdomen was firmly pressed
against the base. The larva moved the head sideways
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Figure 1.
coromandelianum during the 50-day study at Nagpur, India.

and curved up the abdominal tip. It reset the grip of the
fore and hind legs and raised the head and thorax. This
movement continued interspaced with long intervals of
motionless rest. It flexed the legs to elevate the anterior
region of the body. At 14.03h, a split appeared along the
cuticle of the dorsal region of thorax. This concluded
Stage-l of moulting which took 68 minutes.

Stage- II: Within two minutes the head and thorax just
elevated from the split exuvia without wriggling, leaving
the exuvia on the leaf. The legs were straight sticking along
the dorsal side of the body. At 14.07h, half the abdomen
along with the head and thorax was outside the exuvia.
The legs started flexing slowly. Initially only the forelegs
exhibited movement but by 14.09h all the legs started
moving and pawing the air without touching the substrate
(leaf). The body of the pharate was still supported by the
trapped abdomen. The thorax and abdomen formed an
angle of 90 degree. The tiny compact wings lay parallel
to the abdomen. The pharate now started making feeble
movement of the legs trying to grip the leaf surface. As
soon as it found a suitable grip for all the legs, the pharate
smoothly extracted the remaining part of the abdomen
from the exuvia without wriggling. It was 14.14h and the
end of Stage-Il. This stage took only 11 minutes.

Stage- lll: The fore and mid legs of the pharate rested
on the leaf while the hind legs now rested on the exuvia.
It swayed the body forward and straightened the curved
abdomen and swayed back to the original position
without moving the legs. Slowly, the telescoped abdomen
started expanding. Concomitantly, the wings also started
stretching and by 14.42h, the wings were completely
stretched but opaque white in colour and still stuck to
each other. The pharate was motionless just re-adjusting
the legs and re-gripping the leaf at regular intervals.
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Images 1-6.

Stages | and Il of the final emergence of Ceriagrion
coromandelianum. © Nilesh R. Thaokar.

The abdomen continued to expand and by 15.08h it
was completely stretched and stiff. While the abdomen
was expanding the pharate cleared the gut by forcefully
expelling water (23 times) from the rectum at regular
intervals. But for the eyes and a slight tinge of green on
the thorax, the pharate was un-pigmented (at this stage,
pink inter-segmental bands are observed in females
which dissipate within a few minutes). Pigmentation of
the body took place simultaneously all over the surface
along with transparency of the wings and by 15.27h the
freshly emerged imago became flight worthy. The imago
now exhibited its characteristic species specific color
patterning on the adult body. Stage-IIl took 74 minutes.
Acomparativeaccountof11complete metamorphoses
on site and in the laboratory shows that on an average,
the duration of Stage-l is 31.5 minutes (29.35%), Stage-I|
is 14 minutes (13.04%), and Stage-lll is 61.83 (57.61%) in
the laboratory. While on the site the average duration of
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Table 2. Ceriagrion coromandelianum: Number of emergence at different period of the day.

Stage-l is 348 minutes (333.80%), Stage-Il is 15 minutes
(10.50 %), and in Stage-lll it is 79.2 minutes (55.70%).
Further, the average time to complete emergence is
much higher on site (142.5 minutes) as compared to in
the laboratory (107.33 minutes) (Tables 3, 4).

The mortality rate recorded during emergence was
8.2% (N= 20). Failure to moult (15%, Stage-l) and the
failure to emerge out of the exuvia (85%, Stage-Il) were
the two reasons of mortality. During Stage-Il, if the
pharate is unable to extract the abdomen and wings from
the exuvia within the optimal period, it results into a
deformed imago (which may step out of the exuvia) with
twisted, telescoped abdomen and crumpled, deformed
wings ultimately leading to the death of the individual
(Images 10-13).

Case of an unsuccessful emergence
On 18 February 2011, one larva was found out of

14676

Date Morning Afternoon Evening Total Date Morning Afternoon Evening Total
1 22.i.2011 0 0 0 0 26 16.ii.2011 1 4 0 5
2 23.i.2011 0 2 0 2 27 17.ii.2011 1 3 1 5
3 24.i.2011 0 1 0 1 28 18.ii.2011 2 5 0 7
4 25.i.2011 0 3 0 3 29 19.ii.2011 3 3 0 6
5 26.i.2011 0 1 0 1 30 20.ii.2011 4 11 3 18
6 27.i.2011 1 3 0 4 31 21.ii.2011 4 8 1 13
7 28.i.2011 0 0 0 0 32 22.ii.2011 5 7 1 13
8 29-.i.2011 0 1 0 1 33 23.ii.2011 1 8 0 9
9 30.i.2011 2 3 0 5 34 24.ii.2011 3 5 0 8
10 31..2011 0 1 0 1 35 25.ii.2011 3 4 1 8
11 01.ii.2011 0 1 0 1 36 26.ii.2011 0 0 0 0
12 02.ii.2011 0 0 0 0 37 27.ii.2011 2 5 0 7
13 03.ii.2011 2 2 0 4 38 28.ii.2011 2 3 0 5
14 04.ii.2011 0 0 0 0 39 01.iii.2011 2 4 1 7
15 05.ii.2011 1 2 1 4 40 02.iii.2011 0 0 0 0
16 06.ii.2011 2 4 1 7 41 03.iii.2011 0 0 0 0
17 07.ii.2011 0 2 0 2 42 04.iii.2011 0 4 0 4
18 08.ii.2011 0 2 0 2 43 05.iii.2011 1 6 0 7
19 09.ii.2011 1 2 0 3 44 06.iii.2011 1 5 0 6
20 10.ii.2011 0 2 0 2 45 07.iii.2011 0 3 0 3
21 11.ii.2011 1 1 0 2 46 08.iii.2011 0 3 0 3
22 12.ii.2011 1 2 1 4 47 09.iii.2011 1 8 1 10
23 13.ii.2011 3 11 2 16 48 10.iii.2011 0 1 0 1
24 14.ii.2011 6 13 3 22 49 11.iii.2011 0 0 0 0
25 15.ii.2011 2 6 1 9 50 12.iii.2011 0 0 0 0
Total 58 165 18 241

water, preparing for the final emergence. By 12.48h a
split was observed on the thorax and slowly the pharate
extracted the head and thorax from the exuvia. Half the
way it stopped and after a gap of three minutes it again
started pulling itself out of the exuvia. At 12.58h, the wing
buds along with the cuticle of the exuvia partly separated
from the main body of the exuvia. The pharate struggled
to pull out the wings from the exuvia wing bud case but
with little success. Soon the body of the phatrate was
completely out of the exuvia along with a major portion
of the wings but the wing tips were still trapped. At
13.10h the part of the wings outside the exuvia started
stretching and spreading and soon turned transparent,
but the pharate could not release the trapped wing tips.
By 14.13h although the complete body stretched but the
wings lay trapped in the cuticle resulting in an adult with
deformed wings (Images 14-19).
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Figure 2a. Emergence of Ceriagrion coromandelianum at different periods of the day during the 50-day study at Nagpur, India.
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Figure 2b. Graphical representation of the daily weather (minimum temperature, maximum temperature, and humidity (at noon)) and

emergence during the 50-day study at Nagpur, India.

DISCUSSION

There are two basic type of postures during
emergence, the upright type where the larva completes
its moulting at 0° between body and exuvia as found in
most Coenagrionidae, Gomphidae, Lestidae, Petaluridae,
and the hanging type found in Aeshnidae, Calopterygidae,
Corduliidae, and Libellulidae where the larva completes its
moulting at an angle which ranges from 90 to 130 degrees
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and therefore it becomes necessary for the hanging
type to climb on a vertical support substrate (Inoue
1964; Trottier 1966). Although horizontal emergence
is common in Zygoptera and Gomphidae, inverted
emergence occurs in the zygopteran Xanthocnemis
sinclairi and some Ischnura spp. (Row 1987; Corbet
1999). Libellulidae mostly moult in a vertical position
(Andrew 2010, 2012; Andrew & Patankar 2010). When
the angle of emergence is manipulated, the larva tries
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Table 3. Ceriagrion coromandelianum—duration and average timing
(in minutes) of the three stages of the final emergence recorded in
the laboratory.

Time (h) Stage | Stage Il Stage Il Total
12.37-14.45 36 14 78 128
13.23-14.56 30 15 48 93
14.14-14.44 20 8 62 90
14.16-16.21 41 14 80 135
14.46-16.24 20 18 50 88
14.28-16.18 42 15 53 110

Total 189 84 371 644
(29.35%) (13.04%) (57.61%)
Average 315 14 61.83 107.33

to regain its original positioning by readjusting its body
(Calopteryx, Heymer 1972) or by darting towards a vertical
substrate (P. flavescens, Andrew & Patankar 2010). C.
coromandelianum appears to be an opportunistic species
and can moult in both horizontal as well as vertical
position. In C. coromandelianum, the spreading of the
wings is uniform as found in most libellulids but in most