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Spatiotemporal movement pattern of Asian Elephants
Elephas maximus Linnaeus, 1758 in Sindhudurg District, Maharashtra, India
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Abstract: The extension of the Asian Elephant’s Elephas maximus range in the northern Western Ghats (Sahyadri) was observed since 2002.
This colonization was marked by elephant crop raiding events in the newly colonized Sindhudurg District, where the local community had
no experience of living with elephants. The present study was conducted to understand the spatiotemporal patterns of crop depredation
(raiding) and to prioritize areas to inform future interventions on managing this ecological phenomenon turned conflict. Data on crop
raiding between 2002 and 2015 was obtained from compensation records with the state forest department, and mapped at village scale.
Subsequently, we used three indices of crop raiding, viz., Crop Raiding Frequency (CRF), Relative Crop Raiding Intensity (RCRI), and Crop
Raiding Vulnerability Index (CRVI). Results show a gradual northern movement of elephants and of the crop raiding zone over the period
of 2002-2015. The rankings provided by CRVI, identified villages in a narrow strip of foothills of the Sahyadri mountains as severely
vulnerable. With sufficient long term data, CRVI would be a highly useful index for prioritization of villages for resolving human-elephant
negative interactions; and other cases of human-wildlife interactions too.

Keywords: Crop raiding, range extension, vulnerable areas, Western Ghats.

Marathi FRTST WRIRI: T 200 TRET WEE Tddid IR ier aTay IS g8 aTed ToidT fddl. IR fea Hrerdier fiygT foieand dieT aTar areeam, a8 Jefie T1fid T
EGISd HgoltaTe BIOTdTe! JaigHa FHed™ Yicb JHATed TeAiaed dre giciel g Ad. ara grerter sdter [Fyg fSieamdie amear sfoT dies Jeert 1 3rFelelt T Ffe Yebel 3pAT
BROGTA AT FT 2002 d 2094 AT BIATHIT HERIE Y I [TBGT A3 Hebfeid PUATd 3TeeT Hifededr 3THR [Fygr fSieandie i b wRuTsel 3maeae ot ma-ferr Afedt
e ettt AT AR fIRASUT 36 ot T[T TTd-AEr 3naTHUATd SATeH. AT 3TIehH Uies JebarTiralt aRaRaT, |Tef e JBwaTra drerdr 3oy Yie-JeseT-S@oT TR aiaT FHwl e,
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Spatiotemporal movement of Asian Elephants in Sindhudurg District

INTRODUCTION

Negativeinteractions between humansand elephants
are a consistently rising conservation and social problem
across the range of elephants in Asia (Gubbi et al. 2014).
Given the ancient records of crop depredation (raiding)
and other negative interactions, they are part of the
cultural and social memories in the areas of human-
elephant interface (Sukumar 1991). Thus, these issues
need to be approached by integrating the dimensions
of ecology, social perception, and economics in order to
resolve the conflict and mitigate the losses (Choudhury
2004; Sukumar et al. 2012; Patil & Patil 2018, 2019).

The Asian Elephant Elephas maximus (hereafter
‘elephant’) is listed as “Endangered” on the IUCN Red
List of Threatened Species (IUCN 2017). It is distributed
in the Indian subcontinent and southeastern Asia,
where it is found in a small fraction of its historical range
(Sukumar 2006). A significant elephant population
is present in the Western Ghats of peninsular India,
where the northern limit of population was recorded
up to the Uttara Kannada landscape (Choudhary et al.
2008; Baskaran 2013; Mehta & Kulkarni 2013). The
historical range of elephants in the Western Ghats is
suggested to have extended farther north than the
present range. Numerous petroglyphs dating from
the Neolithic age and depicting elephants, have been
recently discovered in Ratnagiri and Sindhudurg districts
of Maharashtra (https://www.thehindu.com/news/
national/other-states/the-petroglyphs-of-ratnagiri/
article25265399.ece), which is north of the known limit
of elephant distribution in the Western Ghats. Yet, the
traditional elephant range did not include the states
of Maharashtra, Goa, and northern parts of Karnataka
state (Mehta & Kulkarni 2013). At the outset of the 21
century, however, an elephant herd from the Haliyal-
Dandeli Forest Division moved north and colonized
Belgaum Forest Division in 2001 (Baskaran 2013; Mehta
& Kulkarni 2013). Since November 2002, elephants
from Dandeli Wildlife Sanctuary were reported further
north in the forest-plantation mosaic of Sindhudurg and
Kolhapur districts of Maharashtra. Here, the elephants
had not been reported for at least 100 years before this
colonization, thus limiting the societal memory of living
with elephants. As a consequence, the colonization was
marked by many villagers reporting elephant raiding
cases to the state forest department. Since then, the
influx has been continuous and elephants have become
resident in this area.

Cropraidingbyelephantscaninfluencethe perception
of local communities towards wildlife and allied services,
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and result in conflict situations (Balasubramanian et al.
1995). There have been demands from local people to
remove elephants from their villages and send them
back to the ‘wild’. Following public pressure, a few
elephants were captured by the forest department in
2009 from Dodamarg Taluka of Sindhudurg. They were
released to their native habitat in northern Karnataka;
however, understanding the habitat fragmentation in
this landscape, elephants are likely to disperse more
seeking forage, refuge, and water, and thus increasing
interface with people (Bhaskaran et al. 2010). Hence,
it is essential to understand the spatiotemporal pattern
of elephant movement and the raiding hotspots in the
landscape. Although the problem of crop raiding by
elephants has been widespread in Sindhudurg District,
the intensity and distribution of the problem was not
uniform throughout. Several factors including elephant
behaviour, topography, and physiography of landscape,
human landuse and interventions determine these
patterns. Forest department officers mentioned the
number of elephants in the study area varied from 4 to
11 individuals over the study period.

Within this context, the present study was conducted
to understand distinct spatiotemporal patterns in crop
raiding, and to prioritize areas for future interventions so
that the recurring problem can be successfully handled.

MATERIAL AND METHODS

Study area

The Sindhudurg District (15°37'-16°40’ N and 73°19'—
74°18’E) is the southern coastal district in western
Maharashtra, with a geographical area of 5,207km?.
The study area has a tropical climate and the year could
be divided into three seasons consisting of summer
(February to May), monsoon (June to September), and
winter (October to January). The terrain is hilly with
coastal lowlands. Around 52% of Sindhudurg is covered
by moist deciduous and semi-evergreen forests (FSI
2015), out of which 89% is under the ownership of
private landholders and communities (Patil et al. 2016).
Figure 1 depicts the location of Sindhudurg District, its
talukas and villages, with reference to the forest cover
and terrain. The villages with elephant crop raiding
cases are numbered and the names of these 225
villages are provided in the supplementary information
(Appendix 1). The Sindhudurg District is subdivided
into eight talukas (administrative divisions), viz.,
Vaibhavvadi, Devgad, Kankavli, Malwan, Kudal, Vengurla,
Sawantwadi, and Dodamarg, which in total hold 748
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Figure 1. Map depicting the location of Sindhudurg District, its talukas
and villages, with reference to the forest cover and terrain. Villages
with elephant crop raiding cases are numbered and the names of
these 225 villages are provided in the supplementary information.

villages. Approximately, 87% of the human population
in Sindhudurg is engaged in agriculture with an average
landholding of one hectare (www.censusindia.gov.in).
Major crops include rice, millet, and pulses. Rice is
planted twice a year: June to September and November
to February. The second phase is locally specific based
on availability of either natural water or if irrigation is
available. A large proportion of land is cultivated as
orchards such as mango, cashew, coconut, areca nut,
banana, and pineapple. Spices like nutmeg and black
pepper are cultivated within coconut orchards. Home
gardens are a widely adopted traditional agroforestry
system. Thus, the vegetation cover in the area is an
intense mosaic of orchards, farms, and natural as well as
degraded forest patches.

Data collection

Data on crop raiding between 2002 and 2015 was
obtained from compensation records in the range
offices of the state Forest Department. We defined a
‘case’ as an entry in the forest department register of
compensation, which was used for reporting elephant
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caused damage by local people. We defined a ‘raid’ as a
specific instance of damage of a particular crop. A single
‘case’, where more than one type of crop was damaged,
would represent a number of ‘raids’.

For each crop raiding case, the name of the crop
owner, forest range of jurisdiction, taluka, village, date
of crop raiding, crop damage & magnitude, and the
compensation paid were noted. Data of area under
cultivation for coconut, areca palm, banana, and rice
was obtained from the State Agriculture Department.
It must be noted, however, that the data for two years
(2002 and 2015) were incomplete. Reports on crop
raiding appeared towards the end of the year 2002 and
therefore data was not available for earlier months.
Similarly, for the year 2015, the cases recorded only till
August matched with the study time-frame.

Data analysis

Hoare (1999) suggested use of Raid Frequency Index
(RF1), which, in the present case, can be calculated as
elephant raids per village per month; however, being an
absolute index, RFl cannot be compared across studies,
nor does it provide a standardized value between certain
limits. Therefore, three different indices of crop raiding
were used to assess spatial patterns of crop raiding by
villages, viz., Crop Raiding Frequency (CRF), Relative Crop
Raiding Intensity (RCRI), and Crop Raiding Vulnerability
Index (CRVI).

CRF is the total raiding instances in a village over the
entire study period.

CRF=N,+N,+N, +..... +N,

Where,

N number of raiding cases in a year

i study period in years

RCRI is a plain measure of crop raiding intensity
incorporating the ratio of number of raiding instances to
months of raiding occurrence.

CRF
RCRI= ——

J

Where,

j number of nominate months in which raiding
occurred

CRVI is based on standardized Levin’s measure,
where the number of cases in a particular month is
weighed (multiplied) by the number of years in which
raiding occurred in that month. Here, for the purpose of
this index, only the count of months out of 12 nominate
months was taken and total number of months of raiding
in entire study period was not considered.
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)
12-1

di

i ql}

CRVI =
-

v = il ¥ 100
=R

where,

i Corresponding to the nominate months (January
to December)

Number of cases in i'" month in the entire study
period

Number of years in which raiding occurred in the it
month during the study period

Spatial data for district, taluka, and village boundaries
was obtained from the Survey of India for the year 2011.
The basic unit in this database was village, whereas that
in the compensation database was a compensation
claim registered in the name of a person belonging to a
particular village. The compensation data was reduced
to village level by calculating the above mentioned
indices. These indices were joined as attributes to the
spatial database to prepare maps based on indices at the
scale of villages. These rank correlations were estimated
for the first 10 villages based on CRF.

Further, the compensation data was sorted by yearsin
the study period and similarly maps of raiding frequency
were prepared for each year to show the progression of
the crop raiding by elephants in the study area. Apart
from the crop availability, elephant movement is known
to be influenced by the availability of water and habitat
cover (Venkataraman 2005). High resolution (~30 m)
satellite images depicting forest cover (FSI, 2015) and
water (Pekel et al. 2016) were used to understand the
habitat cover and water availability. The locations of
affected farms and the interviewed farm owners were
mapped using ArcGIS 10.6.1 (Redlands, CA).

RESULTS

From the compensation records of the forest
department, information was available for 9,148 cases.
The conflict situation under study was spread over an
area of ~4,300km? of Sindhudurg District. The database
revealed 244 villages (33% of the total villages) affected
by crop-raiding elephants (Table 1). The top 20 worst
affected villages by elephant crop raiding in various
talukas during 2002 to 2015 are given in Table 2.

There was a gradual increase in raiding frequency
from 2002 to 2008. Then, there was a sudden dip
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Table 1. Villages affected by elephant crop raiding (CR) in different
talukas during 2002-2015 in Sindhudurg District, Maharashtra.

Taluka No. of villages Conflict villages CR cases
Kudal 124 83 (67%) 4,837 (52%)
Sawantwadi 82 62 (76%) 2,642 (29%)
Dodamarg 62 47 (79%) 1,292 (14%)
Vengurla 83 20 (24%) 260 (03%)
Kankavli 105 16 (15%) 59 (1%)
Malwan 135 11 (08%) 51 (1%)
Vaibhavvadi 59 5 (8%) 7 (0.1%)
Devgad 98

Total 748 244 (33%) 9148

during 2009-10 after which it increased again (Figure
2). Again in 2015 the raiding frequency dipped. Since
elephants colonized this area, the highest number of
cases was recorded in the year 2007 (Figure 2). Further,
four elephants in Kudal were captured by the forest
department in 2009, and three were captured in 2015
and hence the frequency of crop raiding reduced during
those years.

CRF and RCRI of all affected villages are shown in
Figure 3 and 4, respectively. The distribution of villages in
various RCRI classes is shown in Figure 5. Tulsuli K. Narur,
Naneli, Wados, Karivane, Nivaje, Sonurli, and Dingne
villages had highest CRF and RCRI values. CRVI was
calculated for all villages (Figure 6) and the distribution
of villages in various CRVI classes is shown in Figure 7.
The highest CRVI was observed in the villages of Hirlok,
Tulsuli K. Narur, Wados, Amberi, Pawashi, Tulsuli, and
Kariwade (Table 2)

CRF, RCRI and CRVI provide useful information for
identifying villages with severe problem of crop raiding.
In the present case study, however, the prioritization of
villages based on CRF and RCRI was found to be highly
correlated for the three most affected talukas, viz.,
Kudal, Sawantwadi, and Dodamarg (Table 3).

DISCUSSION

Patil & Patil (2019) published trends and patterns of
elephant crop raiding in the same study area during the
period 2002 to 2015. They mentioned coconut palms
(44%), paddy (22%), banana (20%), and areca palms
(8%) were the most damaged crops by elephants. Paddy
was found to be the attractant for elephants. They also
found that raiding frequency was maximum during
winter season which coincides with the maturity and
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Table 2. Top 20 villages affected severely by elephant crop raiding based on CRF, RCRI, and CRVI in Sindhudurg District, Maharashtra (2002-

2015).

Ranking | Village CRF Village RCRI Village CRVI
1 Tulsuli K.Narur 468 Tulsuli K. Narur 39.00 Hirlok 0.82
2 Naneli 352 Naneli 29.33 Tulsuli K.Narur 0.70
3 Wados 349 Wados 29.08 Wados 0.67
4 Karivane 322 Karivane 26.83 Amberi 0.60
5 Nivaje 296 Nivaje 24.67 Pawashi 0.56
6 Sonurli 254 Sonurli 23.09 Tulsuli 0.53
7 Dingne 250 Dingne 22.73 Kariwade 0.50
8 Padlos 224 Majgaon 22.33 Wafoli 0.50
9 Mangeli 209 Kalse 20.00 Naneli 0.49
10 Hirlok 202 Padlos 18.67 Khocharewadi 0.48
11 Majgaon 201 Hewale 18.33 Ghavanale 0.48
12 Khocharewadi 169 Mangeli 17.42 Mangaon 0.48
13 Hewale 165 Hirlok 16.83 Kesari 0.47
14 Tembgaon 148 Palye 16.67 Taligaon 0.47
15 Ghavanale 144 Asoli 15.00 Karivane 0.46
16 Amberi 138 Oras Bk. 14.25 Bavlat 0.46
17 Gothos 138 Khocharewadi 14.08 Kalane 0.45
18 Mangaon 128 Gothos 13.80 Nivaje 0.44
19 Otavane 127 Tembgaon 13.45 Adali 0.44

20 Kaleli 124 Bambarde T. Kalsuli 13.44 Bengaon 0.42

Figure 2. Annual progression of elephant crop raiding in Sindhudurg District (2002-2015).
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Figure 3. Crop raiding frequency (CRF) of villages in Sindhudurg
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Figure 5. Frequency distribution of villages across classes of Relative
Crop Raiding Intensity (RCRI).
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harvesting period of paddy in the Sindhudurg. Patil
& Patil (2017) published farmers’ perception survey
towards elephant crop raiding in Sindhudurg. Here,
they presented the details of crop protection measures
and their effectiveness, ongoing ex-gratia schemes by
the forest department in the study area with possible
coexistence approach. The present study is the

Patil et al.

Figure 4. Relative Crop Raiding Intensity (RCRI) of villages in
Sindhudurg District (2002-2015).

extension of these two studies.

Excluding the incomplete data-years of 2002 and
2015, the trend in annual raiding frequency seems to
have followed the number of elephants active in those
particular years. The number of elephants active in a
particular year, in turn, was dependent on the influx of
elephants and efforts of the state forest department
to capture and/or translocate elephants back to their
southern population.  Various guestimates on the
number of elephants ranging 4-11 individuals was
provided by the forest department and secondary
sources (Sarma & Easa 2006; Mehta & Kulkarni 2013).

Gradual extension of the conflict zone over the
period from southern to northern parts of Sindhudurg
was observed during 2002-2015. It was also observed
that crop raiding was severe in the talukas nestled in
the Sahyadri Mountain ranges, while coastal talukas
had relatively less cases. Similarly, because elephants
extended their range from south to north, the
northernmost talukas were either unaffected or less
affected during the study period.

Figure 2 shows the gradual extension of conflict
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Table 3. Rank correlation among Crop Raiding Frequency (CRF),
Relative Crop Raiding Intensity (RCRI), and Crop Raiding Vulnerability
Index (CRVI). Figures below diagonal are Spearman’s r values and
above diagonal are probabilities.

Kudal
CRF RCRI CRVI
CRF <0.001 0.44247
RCRI 0.99937 0.46644
CRVI 0.27467 0.26097
Sawantwadi
CRF RCRI CRVI
CRF <0.001 0.57841
RCRI 0.94225 0.36547
CRVI -0.20061 -0.32121
Dodamarg
CRF RCRI CRVI
CRF 0.020713 0.78784
RCRI 0.71269 0.04036
CRVI -0.09792 -0.6537

Figure 6. Crop Raiding Vulnerability Index (CRVI) of villages in
Sindhudurg District (2002-2015).

Patil et al.
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Figure 7. Frequency distribution of villages across classes of Crop
Raiding Vulnerability Index (CRVI).

zone (area wise) in the study area over the period of
2002-2015. It could be clearly seen that during 2002
to 2008, the raiding events by elephants were spatially
widespread and could be potentially exploratory in
nature. In 2009, four elephants were captured (out
of which two died) for translocating them back to the
closest population in Karnataka. It is presumed by
villagers and forest department personnel that these
translocated elephants soon returned along with two
other elephants. In this second stint from 2010 to 2015,
the map clearly depicts increased crop-raiding events
from the Kudal range. Towards 2014-15, the elephants
started to further explore northwards.

Indices calculated in the present study are based
on detailed ex-gratia records proved by the forest
department. CRF indicates that villages on the steeper
ranges were not affected much compared to the
foothills; however, the absolute CRFs or their proportion
per village do not provide opportunity for comparing
the intensity of crop raiding across studies. Therefore,
an attempt was made to calculate two further indices
of vulnerability of villages to crop raiding based on
historical data.

The high crop raiding villages identified using CRF
and RCRI do not reveal the actual vulnerable villages
because many of these villages were affected for a
relatively brief duration with higher intensity. Here we
may conclude that villages with higher CRF or RCRI may
not be vulnerable as elephants might have explored
these villages for available resources intensively during
earlier years but, finding them unsuitable, might have
altogether stopped approaching.

CRVI, as previously stated, is the number of cases
in a particular month weighed by the number of years
in which raiding occurred in that month. It provides
a different ranking of the villages thus showing low
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correlation with both earlier indices (Table 3). The
rankings provided by CRVI appear to provide more
meaningful geographical or ecological information.
A comparative look at Figures 3, 4, and 6 reveals that
CRVI identifies villages in a narrow strip of foothills of
Sahyadri mountains as severely vulnerable. Gross
factors determining elephants’ use of a certain area
are food, cover and water (Fairet 2012). It appears that
the best possible combination of these three factors
was available to the elephants in the area identified by
CRVI. Subsequently, CRVI could become a useful index
to identify villages highly vulnerable to crop raiding by
elephants. The prioritization of villages for resolving
human-elephant negative interaction can be based on
CRVI, rather than CRF or RCRI, when sufficient long-term
data on elephant crop raiding is available. CRVI can also
be compared across studies if crop-raiding instances are
tabulated by villages or any small geopolitical units. Use
of these geopolitical units will facilitate implementation
of various schemes for alleviating crop raiding problem.
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Map ID Taluka name Village name
45 Kudal Kusabe
46 Kudal Waingavade
47 Kudal Kinlos
48 Kudal Humarmala
49 Kudal Nirukhe (K)
50 Malwan Golwan
51 Kudal Padave
52 Kudal Warde
53 Malwan Dikval
54 Kudal Ranbambuli
55 Kudal Gaorai
56 Kudal Oras Bk.
57 Kudal Kadawal
58 Malwan Nandos
59 Kudal Oras Kh.
60 Malwan Sukalwad
61 Kudal Tembgaon
62 Kudal Avalegaon
63 Kudal Anav
64 Malwan Kusarave
65 Kudal Girgaon
66 Kudal Karivane
67 Kudal Nerur K.narur
68 Kudal Digas
69 Kudal Hirlok
70 Malwan Kalse
71 Kudal Pulas
72 Kudal Rangana Tulsuli
73 Sawantwadi Amboli
74 Kudal Naneli
75 Sawantwadi Kolgaon
76 Sawantwadi Insuli
77 Kudal Keravade K.Narur
78 Kudal Nileli
79 Kudal Pandur
80 Kudal Bambarde Tarf Kalsuli
81 Kudal Gothos
82 Kudal Tulsuli
83 Kudal Sarambal
84 Kudal Bamnadevi
85 Kudal Mitkyachiwadi
86 Kudal Kavilkate
87 Kudal Gandhigram
88 Kudal Belnadi

Appendix 1. Name of villages with elephant crop raiding cases numbered in the Figure 1.

Map ID Taluka name Village name
1 Vaibhavvadi Pimpalwadi
2 Vaibhavvadi Narkarwadi
3 Kankavli Pise Kamate
4 Kankavli Bidwadi
5 Kudal Ambrad
6 Vaibhavvadi Mohitewadi
7 Vaibhavvadi Khambale
8 Vaibhavvadi Achirne
9 Kudal Khutvalwadi
10 Kudal Rumadgaon
11 Kudal Pawashi
12 Kudal Pinguli
13 Kudal Kanduli
14 Kankavli Ghonsari
15 Kankavli Lore-1
16 Kankavli Damare
17 Kankavli Tarandale
18 Kankavli Bhiravande
19 Dodamarg Konas
20 Kankavli Varavade
21 Kankavli Ashiye
22 Kankavli Shivdav
23 Kudal Kusagaon
24 Kudal Wasoli
25 Sawantwadi Bavlat
26 Sawantwadi Brahmanpat
27 Malwan Chindar
28 Malwan Asarondi
29 Kankavli Kasavan
30 Malwan Rathivade
31 Kankavli Osargaon
32 Kankavli Bordave
33 Malwan Chunavare
34 Kankavli Phanas Nagar
35 Malwan Hiwale
36 Kankavli Kalasuli
37 Kudal Pokharan
38 Kudal Kasal
39 Kudal Narur
40 Kudal Khocharewadi
41 Kudal Humarmala
42 Kudal Bhattwadi
43 Kudal Bhadgaon Bk.
44 Kudal Kunde
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Map ID Taluka name Village name Map ID Taluka name Village name
89 Kudal Mulade 134 Sawantwadi Nemale
90 Kudal Wados 135 Sawantwadi Bhom
91 Kudal Amberi 136 Sawantwadi Nirukhe (S)
92 Sawantwadi Gele 137 Sawantwadi Danoli
93 Kudal Ghavanale 138 Sawantwadi Satuli
94 Kudal More 139 Sawantwadi Charathe
95 Kudal Mudyacha Kond 140 Sawantwadi Masure
96 Sawantwadi Sangeli 141 Sawantwadi Kesari
97 Kudal Namaspur 142 Vengurla Sataye
98 Kudal Bengaon 143 Sawantwadi Bhairavwadi
99 Vengurla Bhendamala 144 Vengurla Dabholi
100 Sawantwadi Talavade 145 Sawantwadi Otavane
101 Sawantwadi Ronapal 146 Vengurla Math
102 Dodamarg Zolambe 147 Vengurla Hodawade
103 Dodamarg Hewale 148 Sawantwadi Choukul
104 Sawantwadi Dongarpal 149 Sawantwadi Sarmale
105 Dodamarg Ker 150 Vengurla Tulas
106 Kudal Namasgaon 151 Sawantwadi Niravade
107 Sawantwadi Kaleli 152 Sawantwadi Dabhil
108 Kudal Goveri 153 Sawantwadi Malgaon
109 Kudal Ghatakarnagar 154 Sawantwadi Kumbharli
110 Kudal Raygaon 155 Sawantwadi Majgaon
111 Sawantwadi Kalambist 156 Dodamarg Talkat
112 Sawantwadi Ambegaon 157 Dodamarg Morgaon
113 Kudal Dholkarwadi 158 Sawantwadi Dingne
114 Kudal Salgaon 159 Dodamarg Terwanmedhe
115 Kudal Kattagaon 160 Sawantwadi Vetye
116 Kudal Mangaon 161 Vengurla Adari
117 Kudal Taligaon 162 Vengurla Ubhadanda
118 Kudal Bambarde Tarf Mangaon 163 Sawantwadi Vilavade
119 Kudal Jambharmala 164 Vengurla Matond
120 Kudal Tendoli 165 Sawantwadi Bhalawal
121 Kudal Bhattgaon 166 Sawantwadi Kshetrapal
122 Sawantwadi Kunkeri 167 Sawantwadi Sonurli
123 Sawantwadi Ovaliye 168 Vengurla Pendur
124 Sawantwadi Madkhol 169 Vengurla Pal
125 Kudal Akeri 170 Vengurla Ansur
126 Kudal Humras 171 Sawantwadi Wafoli
127 Vengurla Palkarwadi 172 Dodamarg Khadpade
128 Vengurla Devasu 173 Sawantwadi Tamboli
129 Vengurla Adeli 174 Sawantwadi Nhaveli
130 Vengurla Talekarwadi 175 Sawantwadi Degave
131 Vengurla Khanoli 176 Sawantwadi Banda
132 Vengurla Vetore 177 Sawantwadi Nigude
133 Vengurla Kelus 178 Sawantwadi Sherle
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Map ID Taluka name Village name Map ID Taluka name Village name
179 Sawantwadi Padve Majgaon 203 Sawantwadi Talawane
180 Vengurla Asoli 204 Sawantwadi Netarde
181 Sawantwadi Malewad 205 Dodamarg Phondye
182 Dodamarg Bhekurli 206 Sawantwadi Aronda
183 Sawantwadi Padlos 207 Dodamarg Bhike-Konal
184 Sawantwadi Dandeli 208 Dodamarg Sasoli
185 Sawantwadi Madura 209 Dodamarg Ghotgewadi
186 Sawantwadi Aros 210 Dodamarg Kalane
187 Dodamarg Bambarde 211 Dodamarg Aynode
188 Dodamarg Kolzar 212 Dodamarg Konal
189 Sawantwadi Kas 213 Dodamarg Ghotge
190 Sawantwadi Galel 214 Dodamarg Kendre Bk.
191 Dodamarg Ghatiwade 215 Dodamarg Sateli Bhedshi
192 Dodamarg Palye 216 Dodamarg Shirange
193 Dodamarg Morle 217 Dodamarg Kudase
194 Dodamarg Kumbral 218 Dodamarg Khanyale
195 Dodamarg Adali 219 Dodamarg Mangeli
196 Dodamarg Ugade 220 Dodamarg Bodade
197 Sawantwadi Satarda 221 Dodamarg Maneri
198 Dodamarg Sonawal 222 Dodamarg Zarebambar
199 Dodamarg Shirwal 223 Dodamarg Ambeli
200 Dodamarg Kasai 224 Dodamarg Khokaral
201 Dodamarg Girode 225 Dodamarg Pikule
202 Dodamarg Usap
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Abstract: The identification of key areas for conservation and protection according to science-based evidence is an important component to circumvent
the negative impacts of environmental changes within geopolitical territories and across the globe. Priority areas for biodiversity played an important role
to ensure the protection of many species particularly those that are unique and threatened. There are more than 200 Key Biodiversity Areas (KBAs) in
the Philippines, yet many important research and biodiversity data are either unpublished or unconsolidated. Birds are commonly studied indicators for
KBA identification due to their high species richness, diversity, and sensitivity to forest ecosystems. By combining data from past and present surveys, we
accounted for a total of 148 bird species of 51 families, with 20 new records from recent field surveys. Our analysis showed a high level of endemism within
Mt. Hilong-hilong with 36% Philippine endemic, 14% restricted to Mindanao faunal region and 11% migrant. In terms of conservation, 8% of the species were
considered in threatened categories. The species richness and endemism were higher in lowland to mid-elevation areas compared to higher elevation areas of
the KBA. Endemism (i.e., Mindanao endemic) and increasing body mass were important determinants of binary extinction risk for bird species in Mt. Hilong-
hilong. The high biodiversity in Mt. Hilong-hilong indicates an example of the vital role of KBAs in preserving nationally and globally important bird species.
Lastly, we emphasise the importance of collaboration and integrating past and present information to synthesise relevant information to complement ongoing
conservation efforts in Mt. Hilong-hilong and other key habitats in the Philippines.
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Birds of Mt. Hilong-hilong, Philippines

INTRODUCTION

The Philippines is the world’s second-largest
archipelago and its unique biogeographical features
with more than 7,000 islands allowed the diversification
of taxa, making it one of the megadiverse tropical
country (Heaney & Regalado 1998). Birds are amongst
the most diverse group in the Philippines, constituting
more than 50% of the country’s land vertebrates, and
large proportions are considered distinct and globally
threatened (Peterson et al. 2000), with 724 described
species and at least 200 country endemics (Clements
et al. 2019). These numbers will probably increase with
proper taxonomic studies when integrative taxonomy
approach is made (Sanchez-Gonzalez & Moyle 2011;
Gonzalez et al. 2013).

The diversity of birds in the Philippine contributes to
the ecological balance and integrity of remnant native
vegetation (Peterson et al. 2000). Birds have large range
distribution, high mobility, and diverse traits that are
sensitive to ecological changes (O’Connell et al. 2000;
Trindade-Filho et al. 2012). Therefore high avian species
richness can serve as an important ecological indicator
in terrestrial ecosystems (Canterbury et al. 2000). The
functional trait diversity across birds provides various
key ecosystem services in different systems, from intact
forests to more disturbed urbanised areas (Sekercioglu
et al. 2016). Frugivorous and nectarivorous birds are
vital for seed dispersal and pollination, respectively,
therefore maintain gene flow and persistence of the
population of many important tropical plant species
(Ingle 2003; Garcia & Martinez 2012). This group also
serves as natural foresters in degraded areas through
seed rain and dispersal (Gonzales et al. 2009; Mueller
et al. 2014). Insectivorous birds can suppress insect
pests and can reduce the use of environmentally
harmful pesticides in agricultural landscapes (Koh 2008;
Sekercioglu 2012). Carnivores are vital in the check
and balance of prey populations, for example, rodent
populations in urban or agricultural landscapes with
high reproductive potential (Donazar et al. 2016).

The Philippine biodiversity, however, is threatened
by various environmental and human pressures (Brooks
et al. 1999) that may disrupt species diversity, their
ecological function and services. Given the growing
population in the Philippines, a large proportion of
species and habitats are threatened by land-use changes
to accommodate human needs (Brooks et al. 2002; Posa
& Sodhi 2006; Posa et al. 2008). In the Philippines,
over 67% of bird species are dependent on intact
pristine forests ( Dutson et al. 1993; Brooks et al. 1999;
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Gonzales et al. 2009). Deforestation poses a key threat
to biodiversity loss in the country, driven by logging and
shifting agriculture. For example, at least 74% of tree
cover loss in 2001-2018 was caused by deforestation
alone (Global Forest Watch 2020). In 2002-2019, an
estimated 3.1% or 145,000ha of humid forest was lost
in the Philippines, equivalent to a 12% tree cover loss
(Global Forest Watch 2020).

The quality of the environment plays an important
role in shaping the structure and function of biodiversity
(Fried et al. 2019; Lelli et al. 2019), generally described
using population density, species abundance, trait
diversity, and distribution across different habitats
(Davidar et al. 2005). To prevent eventual decline and
species extinction, important areas for conservation
such as Key Biodiversity Areas (KBAs) are identified by
conservation biologists and respective governmental
policymakers based on high biodiversity potential.
KBA identification is not solely dependent on the
species richness but in accordance to the presence of
population or species that are (1) threatened globally, (2)
distributed in a small restricted range (e.g., endemism),
(3) restricted use during some stage of their life cycle,
and lastly (4) restricted to a specific biome (Eken et al.
2004; Ambal et al. 2012). Birds are included as indicator
groups for terrestrial KBAs identification due to their
wide-breadth of diversity and sensitivity to ecosystem
conditions (Canterbury et al. 2000; O’Connell et al. 2000;
Eken et al. 2004). Currently, there are 228 KBAs in the
Philippines, of which 101 are terrestrial (51,249 km?)
and 27 are fully protected, 25 partially protected, and 49
unprotected (Ambal et al. 2012). Although KBAs holds
high biodiversity, not all are protected, and thus often
challenged by several factors, particularly anthropogenic
activities due to lack of well-defined statuary protection
policy prohibiting encroachments and the persistence
of threats (Butchart et al. 2015; Cai 2013; Knight et al.
2007). The effectiveness of conservation policies and
initiatives often requires extensive and wide information
on biodiversity, yet knowledge gaps continue to be
a challenge, limiting effective and efficient decision
making (Butchart et al. 2015; Nori et al. 2020).

The Island of Mindanao in the southern part of the
Philippines holds many biodiversity-rich ecosystems
with a high concentration of endemic species (Paz et al.
2013; Sanguila et al. 2016; Amoroso et al. 2019). The
majority of the endemic and threatened species are
concentrated in intact forests identified or protected
by the government to conserve the species from total
extinction (Sanguila et al. 2016; Amoroso et al. 2019).

Mt. Hilong-hilong (Fig. 1) isa KBAin Mindanao that lies
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on the boundaries of Agusan del Sur, Agusan del Norte,
and Surigao del Sur Provinces in the northern portion of
the Diwata Range of northeastern Mindanao or Caraga
region. The whole KBA has an area of 2,432km? with
the highest elevation at 2,012 metres above sea level
(The Haribon Foundation 2018). Several taxonomic and
biodiversity studies have been conducted in Mt. Hilong-
hilong, focusing particularly on birds. Albeit information
remains scattered or inaccessible. A major knowledge
gap concerning Philippine birds in KBAs is the lack of clear
understanding of the relationship of species diversity,
the extent of the threatening process, and extinction
risks. Understanding biotic potential and vulnerability
are essential to developing effective conservation
prioritisation in a certain habitat or ecosystems (Segan
et al. 2016; Tanalgo & Hughes 2019). Here, we integrate
field data collected in 2017 and the past survey to assess
and analyse the overall biotic potential and diversity
patterns for birds in Mt. Hilong-hilong in Mindanao
Island, Philippines. Our study further aims to understand
the conservation priorities of birds in this KBA based
on their ecological status and potential threats. Our
synthesis will serve as complementary science-based
evidence to support ongoing conservation efforts in Mt.
Hilong-hilong.

Gracia Jr. et al.

MATERIALS AND METHODS

Entry protocol and acquisition of permit

Prior to the field surveys, as a courtesy, we visited
the major stakeholders from the local government
and the local people in the area. This was followed by
obtaining of the Wildlife Gratuitous Permit (GP # R13-
2017-0036) following the procedure of the Department
of Environment and Natural Resources (DENR) of the
Republic of the Philippines.

Field survey

We conducted field surveys in Tandag Watershed
in Mt. Hilong-hilong, Barangay Awasian, Tandag City,
Surigao del Sur, situated between 9.075° N and 126.154°
E. We primarily recorded birds using transects and point
counts. We utilised established trails to establish 2-km
transects in each elevation range. Birds were observed
during peak activity, from 05.00h to 10.00h and from
14.00h to 18.00h, for four consecutive days per transect
with five field researchers as observers. The samplings
were performed in the first four days for transect 1 and
the next four days for transect 2. The overall sampling
effort was 180 observer-hours per transect. Point counts
were carried out at every 250m of the transect making
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Figure 1. Elevational map of Mt. Hilong-hilong showing the boundaries of the Key Biodiversity Area. Map was generated using QGIS version 3.14.
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a 9-point station on a 2-km transect line. We conducted
surveys for 20 minutes at every point. All bird species
observed and vocalisations during the transect walk and
in the point-stations were counted.

We also performed mist-netting to supplement
the sampling. We set 22 standard-sized mist nets in
every site at the heights: ground nets (0-5 m above
the ground; N= 8), sub-canopy nets (at 5-10 m; N= 7),
and canopy nets (10m above ground; N= 7), to capture
ground-dwelling, sub-canopy, and canopy-dwelling
species, respectively. A total of 168 net-days was carried
out. We checked nets as regularly as possible to ensure
no individuals are tangled for a long period. Captured
individuals were placed in a cloth bag to avoid further
stress, and were then identified using field guides by
(Kennedy et al. 2000). All captured individuals were
released in the same area where they are captured.

Synthesis of secondary data and analyses

We performed a simple meta-analysis to evaluate
the diversity patterns of birds in Mt. Hilong-hilong by
combining present survey data and previously published
accounts. We only included those studies that contain
a complete dataset that includes elevation of records,
species name, conservation status, endemism, and
feeding guilds. We curated and updated the species
names and their species-specific information using the
data from the International Union for the Conservation
of Nature Red List (IUCN 2020). We exclude in the final
analysis those species with dubious identification and
ecological status. The elevation of species where the
species was recorded was binned inintervals (e.g., 0—100,
101-500, 500-1,000, 1,000-2,000 m) as representative
of lower to higher elevation gradients. We determined
species feeding guilds based on published literature
(e.g., Kennedy et al. 2000; Mohagan et al. 2015; Tanalgo
et al. 2015, 2019) and grouped species into frugivores
(feeding on fruits), nectarivores (feeding on nectars and
floral parts), granivores (feeding on seeds), insectivores
(feeding on insects and small arthropods), carnivores
(feeding on large invertebrates and vertebrates), and
omnivores (feeding on both plant and animal resources).

We performed all statistical tests and data
visualisations using the open-source software Jamovi
1.2.6 (The Jamovi Project 2020). We omitted abundance-
based data (e.g., species counts) to standardise the
quantification and comparison. Species richness was
based on absolute species count per elevation gradient
interval. We compared richness and proportion of
ecological status, e.g., conservation status, population
trends, endemism, and feeding guilds across elevational
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gradient using descriptive statistics and Chi-square test
of independence (x?). We performed simple generalised
linear modelling (GLMs) using the gamlj module in
Jamovi (v 1.2.6) (Gallucci 2019) to predict the binary
extinction risk (global) of species recorded in Mt. Hilong-
hilong, with adult body mass (kg), endemism, and
feeding group as explanatory variables. We choose the
best model based on the model with the lowest Akaike
information criterion (AIC) values.

We categorised and quantified key threatening
process for each species as direct human-use, land-
use driven, and natural threats using the species threat
index following Tanalgo & Hughes (2019) based on the
IUCN Red List assessment (IUCN 2020) as rudimentary
analysis to determine species risk from potential threats.
We classified direct threats like those that potentially
impact species biology and population immediately
(e.g., hunting and harvesting), land-use driven are
threats that affect species habitats (e.g., deforestation
and agricultural conversion), and natural threats are
threats that include the climate and geological driven
threats (e.g., storm or extreme heat). We compared the
number and means of key threatening process across
endemism and conservation status using the non-
parametric Kruskal-Wallis test.

RESULT

Bird records from the recent field survey

A total of 82 bird species with 20 new species
records from 14 orders, 40 families, and 66 genera were
documented in the present field survey in Mt. Hilong-
hilong (Supplementary Data 1 https://doi.org/10.6084/
m9.figshare.13168916.v1). The number of species
in the recent survey was lower compared to the 120
reported by the Philippine Eagle Foundation (2007)
from the four other sites of Mt Hilong-hilong located
at Adlay, Sipang-pang, Pinasandi, and RTR. White-
Collared Kingfisher Todiramphus chloris, Tricoloured
Munia Lonchura malacca, and Yellow-vented Bulbul
Pycnonotus goiavier were the most observed species
in all stations, particularly in the less forested areas,
such as grassland and cultivated-areas. Forest-dwelling
species Mindanao Hornbill Penelopides affinis, White-
eared Brown-dove Phapitreron leucotis, and Yellow-
breasted Fruit-dove Ramphiculus occipitalis were only
observed in the dense dipterocarp forests of the KBA.
In the present survey, eight per cent (N= 7 spp.) of the
species were categorised as threatened. Whereas there
were 52% (N= 43 spp.) endemic species constituted by
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35 (43%) species endemic in the Philippine, and eight
(10%) are endemic to Mindanao Island.

Synthesis of bird diversity patterns in Mt. Hilong-hilong
We synthesised present and previous studies to
estimate bird species biodiversity in Mt. Hilong-hilong.
We tallied a total of 148 bird species belonging to 51
families (Supplementary Data 1 https://doi.org/10.6084/
m9.figshare.13168916.v1). This number approximately
represent 20% of the 724 Philippine bird species. The
families Columbidae (N= 13 spp., 9%), Muscicapidae
(N= 10 spp., 7%), Cuculidae (N= 9 spp., 6%), Nectaridae
(N=9 spp., 6%), and Dicaeidae (N= 8 spp., 5%) were the
most represented families. Within feeding guilds, half
of the overall species were insectivorous (N= 75 spp.,
51%) followed by frugivorous (N= 28 spp., 19%), and
carnivorous (N= 18 spp., 12%) (Table 1). Overall, without
considering the elevational gradient distribution, we
found significant relationships between species feeding
guild and endemism (x*= 21.7, df= 10, P= 0.016), and
across conservation status (x?>= 50.9, df= 20, P< 0.001).
Thirty-six per cent (N= 53 spp., 36%) of the species
were country endemic, 20 species (14%) restricted to
Mindanao faunal region, and 16 (11%) species were
migratory (Table 1). Large proportion of species (N=
135 spp., 91%) were considered in non-threatened
category (Least Concern and Near Threatened), eight
per cent (N= 12 spp., 8%) were threatened (Vulnerable
and Endangered), and one per cent data deficient
species. Although the majority of the species were non-
threatened there was a significant number of endemic
species within this category (x>= 57.9, df= 8, P<0.001)
with 30% (N= 40 spp.) endemic in the Philippines and
10% (N= 14) endemic in Mindanao Islands. There were
fewer number of threatened species but there was a
significantly higher percentage of species in declining
population trends (N= 78 spp., 53%) versus with stable
(N= 59 spp., 40%) and increasing population trends
(N= 5, 3%) (x’>= 40.70, df= 12, P< 0.001). Moreover,
the 66% (N= 48 spp.) of all endemic have significantly
decreasing population trends compared to only 44% (N=
32 spp.) of the non-endemic species (x?>= 29.00, df= 6,
P< 0.001) (Table 1). Furthermore, using a simple logistic
regression model, we demonstrated that adult body
mass and endemism were significant determinants of
binary extinction risk of birds in Mt. Hilong-hilong. Our
best model (AIC= 136.133) indicated that larger species
(B= 0.590, SE= 0.168, P< 0.001) and those Mindanao
(B=3.227, SE= 0.864, P< 0.001) and Philippine endemic
(B= 2.557, SE= 0.802, P< 0.001) in contrast to non-
endemic species were more likely at higher risk (Fig.
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Table 1. Diversity summary of birds in Mt. Hilong-hilong in
terms species richness according to feeding guild, endemism,
movement pattern, conservation status, and population status. See
Supplementary Data 1 for full list of species listed and analysed in the
study https://doi.org/10.6084/m9.figshare.13168916.v1

Diversity attributes le‘:‘el::sd % Reiioerlctii fsr:xer;ew
Feeding guild

Carnivores 18 12 10
Frugivores 28 19 18
Granivores 5 3 2
Insectivores 73 49 41
Nectarivores 15 10 9
Omnivores 9 6 2
Endemism

Non endemic 75 51 39
Philippine Endemic 53 36 35
Mindanao Endemic 20 14 8
Migration Pattern

Full Migrant 16 11 10
Non migrant 132 89 72
Conservation status

Data Deficient 1 1 0
Least Concern 124 84 71
Near Threatened 11 7 4
Vulnerable 11 7 7
Endangered 1 1 0
Population status

Decreasing 79 53 43
Increasing 5 3 4
Stable 60 41 33
Unknown 4 3 2

2; Supplementary Data 2 https://doi.org/10.6084/
m9.figshare.13169396.v1).

We found more species in the lower elevational
gradient interval (N= 115 spp., 78%) albeit presence
of particular families did not significantly differ across
elevation gradient (x’>= 110, df= 150, P< 0.994). Within
the KBA, higher endemism proportion were recorded
in the lower (49%) and mid-elevation (61%) (x*>= 9.16,
df=9, P< 0.423) (Fig. 3), but only differed significantly
within conservation status (x>= 21.60, df= 12, P< 0.04)
(Fig. 3). We found no significant relationship amongst
elevational gradient and feeding guild (x?>= 9.92, df= 18,
P< 0.934) (Fig. 3).
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Figure 2. Simple logistic regression showing the link amongst species
extinction probability, adult body mass (kg), and endemism of birds
in Mt. Hilong-hilong.

Potential threats

Fundamental to developing effective conservation
agenda is to identify potential threatening processes
and their extent. We utilized the IUCN Red List data
for each species recorded in Mt. Hilong-hilong as a
rudimentary basis for determining the extent of potential
threats faced by species; IUCN categories are globally
standardised to provide a useful framework for our
analysis. Overall, endemic and threatened species face a
higher proportion of threats (Fig. 4A). Direct human use
and land-use driven threats, such as land conversions are
the key potential threat for the majority of the species
(Fig. 4). Threatening processes significantly differed
across conservation status and endemism. Overall
threats (Kruskal-Wallis test: x’= 52.50, df= 4, P< 0.001;
Land-use drive threats, x*>= 111.29, df= 4, P< 0.001;
Natural threats, x?= 27.81, df= 4, P= <0.001) significantly
differed across conservation status except for direct
human threats (Kruskal-Wallis test: x>= 6.62, df= 4, P=
0.157) (Fig. 4B,C). When conservation categories were
compared, threatened species have higher mean threats
(mean= 3.85 * 0.99) compared to non-threatened
species (mean=1.165 + 1.47) (Fig. 4A).

There was a significant difference in the number
of species threatened by different threats categories
within endemism categories (Fig. 4B,C). There were
48% and 47% of threatened by land-use driven threats in
Mindanao and Philippine endemic species, respectively
(Kruskal-Wallis test: x>= 18.02, df= 2, P< 0.001), while
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84% of non-endemic species were threatened by direct-
human threats (e.g., hunting) (Kruskal-Wallis test: x?=
19.03, df= 2, P< 0.001). Natural threats were higher
among endemic species (Kruskal-Wallis test: x2= 10.15,
df=2, P=0.01). Interms of average threats per species,
Mindanao endemic has higher mean number of threats
(mean=2.00 + 1.98) compared to non-endemic (mean=
1.41 + 1.52) and Philippine endemic species (mean=
1.12 £ 1.53).

DISCUSSION

Biodiversity assessments and monitoring provide
important information to understand species diversity
and conservation (Tanalgo et al. 2015). Field data,
particularly from rapid biodiversity surveys are often
undervalued, but when carefully synthesised are useful
to inform the local state of biodiversity, which aids or
complement prioritise key areas, habitats, and species
(Tanalgo et al. 2019). Mt. Hilong-hilong interests
many natural history scientists and conservation
biologist within and outside the region. Yet, most
ornithological studies and surveys that occurred are
rarely published. The Philippine Eagle Foundation
pioneered the ornithological surveys on the western
side of the mountain and reported 120 species with 51%
Philippines endemics (The Philippine Eagle Foundation
2007). This was followed by an ecological study on the
effects of vegetation on birds in Mt. Hilong-hilong by
Paz et al. (2013). Forty-six species were observed in San
Antonio located on the western side of the mountain
(Hosner 2012). By combining past and current survey
data from Mt. Hilong-hilong, we found an increase in
recorded species and higher proportions of endemism,
as other species were not previously recorded before
were pooled together, supporting the importance of
Mt. Hilong-hilong in conserving important populations
of birds in the KBA zone. Key Biodiversity Areas are
identified sites across large scale networks by identifying
areas that contain unique, vulnerable, and irreplaceable
population (Eken et al. 2004). KBA's primarily concerns
to aid the conservation and protection of population
viability of highly-threatened species or populations
based on global-scale criteria (e.g., the IUCN Red List)
(Margules & Pressey 2000). Although our analysis
showed lower numbers of threatened species (N= 12
spp., 8%), we found a higher proportion of species with
declining populations (N= 79 spp., 53%) in Mt. Hilong-
hilong. Likewise, we found high proportions of species
with restricted distributions (N= 73 spp., 50% endemism
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Figure 3. Distribution of birds in Mt. Hilong-hilong across elevational gradient interval based on: A—endemism, | B—conservation status

| C—feeding guilds.

level) and this conforms to the other three criteria based
on species irreplaceability (Margules & Pressey 2000).
Key Biodiversity Areas with relatively more intact
vegetation represents an important site for conservation
safeguarding populations of bird taxa from multiple
threats (Plumptre et al. 2019). The risk of extinction for
birds in Mt. Hilong-hilong is higher among Mindanao and
Philippine endemic. Our study found high proportions
of endemic species within Mt. Hilong-hilong, and this

could be associated with relatively intact, denser and
diverse vegetation of native plants within the KBA zone
particularly in the lower to mid-elevation, thus more
suitable to support wide-suit of bird species and their
different life-histories. Tanalgo et al. (2019) compared
different habitats in the lowlands of south-central
Mindanao and found more endemic species in protected
areas and at reforested sites with better vegetation
structure compared to more homogenised plantations
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and urbanised areas. Previous studies also showed that
the density and richness of endemic bird species are
strongly correlated with the vegetation intactness and
structure (Mills et al. 1991; Daniels et al. 1992; Mejias
& Nol 2020). Although the majority of avian species in
Mt. Hilong-hilong are considered least threatened, yet
large proportions are facing threats from direct-human
threats such as hunting, albeit there is no clear evidence
detailing the extent of this threat for birds and other
wildlife in the KBA. Whereas land-use driven threats
such as deforestation and agricultural expansion remain
a key threat to 49% of species particularly those forest-
dwelling species with narrow distributions. In contrast
with other threats, deforestation and agricultural
expansions led to habitat fragmentation that may
immediately influence the alterations of diversity and
composition of native species present in these systems

(Bujoczek et al. 2020; Hatfield et al. 2020; Tchoumbou
et al. 2020). Declining strict forest-dwelling species
at a regional scale is widely associated with human
disruption to habitats that reduce the space occupied by
and affect the foraging grounds of a diverse set of species
(Brooks et al. 1999; Renjifo 2001). Global meta-analyses
showed that bird species richness and abundance
were particularly susceptible to decline in areas with
low structural heterogeneity such as plantations and
farmland conversions (Bohada-Murillo et al. 2020). The
continuous conversion within or near intact habitats
for agricultural expansions during the last decades has
driven high biodiversity loss in many hotspot regions
including the Philippines (Brooks et al. 2002). Apart from
the high diversity of forest-dwelling birds in Mt. Hilong-
hilong, we recorded at least 16 migratory species. Intact
areas (e.g., protected areas and key biodiversity areas)
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as interconnected networks of conserved and protected
sites are crucial for migratory birds serving as routes
supporting the full annual cycle of at least 9% of global
migratory birds (N= 1,451 spp.) (Runge et al. 2015).

We found more endemic and threatened species in
the lower elevation (0—100 m) and mid-elevations (100—
500 m) of Mt. Hilong-hilong, but this should be taken
with prudence as the sampling effort or the employed
techniques per elevation may vary. This diversity
pattern (i.e., species richness) may be explained by the
vegetation structure in relationship to elevation in the
KBA. In a previous study in Mt. Hilong-hilong, Paz et
al. (2013) showed that vegetation and elevation were
key drivers affecting endemic species distribution in
the KBA. Vegetation is a key determinant of increased
species richness and diversity (Canterbury et al. 2000;
Tchoumbou et al. 2020) and the effect of elevation may
negatively affect vegetation and consequently species
diversity and richness across many animal taxa including
birds (Kattan & Franco 2004; McCain 2009). In a study
in the Rwandan mountains, elevation was found to
have inverse effects and vegetation structure positively
influenced bird diversity (Derhé et al. 2020). Similarly,
this pattern was observed in the eastern Himalaya;
Acharya et al. (2011) demonstrated that intermediate
elevations had the highest bird species richness, where
primary productivity was at the optimal peak.

In terms of feeding groups, the majority of the
species recorded in Mt. Hilong-hilong are insectivorous,
frugivorous, and carnivorous. Elevation has been
shown to affect the distribution of functional groups,
for example, elevation strongly influences insectivorous
birds but not on frugivorous birds in tropical forest
landscapes as influenced by their varying foraging
strategies across different vegetation (i.e., more insect
biomass) and climate strata (Jankowski et al. 2013;
Santillan et al. 2020). Although there was no significant
relationship found between feeding groups and
elevation, species that were recorded strictly or specific
in an elevation may represent an important indicator to
future monitoring of bird response to habitat system
within Mt. Hilong-hilong. Species feeding guild can
indicate habitat structure or quality for species to
persist. A study comparing a protected area with an
agricultural area in Serengeti showed that at least 50%
of insectivorous and granivorous birds found in forests
were absent in agriculture, suggesting that more intact
ecosystems can safeguard a large proportion of specialist
species (O’Connell et al. 2000; Sinclair et al. 2002). In
a similar study, bird functional diversity depended
on the overall habitat types (Tanalgo et al. 2019), and

Gracia Jr. et al.

the intactness of forest, in which species responded
negatively to disturbance gradient, for example,
omnivores, insectivores and frugivores were lowest in
numbers in areas with selective logging and plantation
conversions within a tropical rainforest (Tchoumbou et
al. 2020). The intactness of KBAs strongly relies on the
physical features (e.g., landscape structure), presence
of threats, and changes in land-use (Rayner et al. 2014).
To circumvent these threats, protected areas and other
forms of designated sites serve as a chief tool optimising
the conservation and protection of many species
(Butchart et al. 2015). Conservation initiatives such as
the establishments of KBAs allows the identification of
important areas for protection (i.e., the establishment
of protected areas) from human alteration. Yet, the
identification of KBAs alone is not sufficient to ensure
the protection of its ecosystems and important taxa; it
requires effective monitoring of its biodiversity and the
extent of the potential threatening process (Beresford
et al. 2020). To optimise the role of KBA to safeguard
critical habitats and their biodiversity it should be
primarily protected first by the statutory policy.

In conclusion, our synthesis demonstrated the
presence of high diversity of endemicand threatened bird
species in Mt. Hilong-hilong harbour, and the vital role of
the KBA as animportant habitat for bird conservation and
protection. Our study exhibited that local biodiversity
could be effectively understood by integrating findings
from multiple datasets, particularly those from rapid
surveys and assessments (Fig. 5) (Tanalgo et al. 2019).
Here, we acknowledge that our findings were based on
the synthesis of the different dataset that employed
varying sampling methods and approach (e.g., intensity
and effort, taxonomic identification) that may have affect
the robustness of data (Manu & Cresswell 2007) thus,
careful interpretation is required. Yet these caveats
warrant more intensive efforts and opportunities to
produce robust data across elevational and vegetation
gradient to fully elucidate their relationship to species
diversity and other ecological indicator groups.

The rapidly changing environment and the growing
development outside and the lowlands of KBA where
habitat change is likely to occur and could pose
important attention and concerns for conservation.
For instance, from 2002-2019 at least 4.66Kha of
humid primary forest was lost within the KBA zone,
which most likely caused by deforestation and shifting
agriculture (Global Forest Watch 2020). In addition to
land-use changes, direct human impacts to birds such
as hunting in the KBA may pose another threat to many
populations. These threatening processes will likely
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Figure 5. Schematic diagram showing the key importance of collaborative efforts for conservation such as the biodiversity data sharing and
integration from different fieldwork and research to develop synthesis for clearer understanding of biodiversity patterns to inform better or
complement existing conservation efforts. This figure was generated using the free version of clipart from https://logomakr.com/

affect many species particularly larger species (e.g.,
large-fruit doves) and those with narrow distributions
(Tanalgo 2017). Thus future studies must aim to
understand and explore the extent and impacts of
these threats to species in Mt. Hilong-hilong. Future
conservation priorities should advocate more protection
of endemic species which more tends to be threatened
in Mt. Hilong-hilong. Furthermore, we demonstrate
here that collaborative efforts may promote effectual
conservation by combining different data from different
survey efforts that often remain in grey literature, enable
biodiversity synthesis by increasing relevant information
to better understand species diversity (Tanalgo et al.
2019). Bolstering efforts promoting transparent and
collaborative science-based conservation intervention
is central to better complement and sustain existing
conservation management not only in Mt. Hilong-hilong
(Mohagan et al. 2015; Amoroso et al. 2018) but across
all other important biodiversity sites in the country (Fig.
5).
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Nesting and hatching behaviour of Olive Ridley Turtles
Lepidochelys olivacea (Eschscholtz, 1829) (Reptilia: Cryptodira: Cheloniidae)
on Dr. Abdul Kalam Island, Odisha, India
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Abstract: This paper reports the nesting, impact of lunar phase and rainfall on mass nesting, hatching, and hatchling behaviour of L.
olivacea in Dr. Abdul Kalam Island, Bhadrak District, Odisha. The study site is a well-known rookery for this species. A study of 15 mass
nesting events between 2003 and 2020 using Rayleigh’s test indicated that the onset of mass nesting was not uniform across a lunar
month, but was most intense towards the beginning of the fourth quarter moon (mean lunar day = 22.44). Also, rainfall and mass-nesting
data from 2015 to 2020 revealed that 23.2 mm rainfall in February delayed mass nesting from the second fortnight of February to the end
of the first fortnight of March. Sporadic nesting continued after hatching commenced in May, and continued until the end of May 2020,
with an average of three turtles nesting each day. At night, a cohort of hatchlings from individual nests emerged synchronously. Before
emergence they remained a little beneath the sand surface in airy-shallow pits. During hatchling emergence these pits fill with sand,
leaving depressions described as “emergence craters” in recent literature on L. olivacea. To study hatchling emergence 30 such craters
were examined in May 2020, and the numbers of emerged hatchlings per cohort varied from 28 to 182. Of 30 craters examined, 28 were
circular and two were elliptical, with diameters varying between 10 and 26 cm. Pearson’s correlation coefficient between the numbers of
emerged hatchlings and crater diameter was 0.38. Hatchlings took 17 min 22 sec (SD= +5min 30 sec) on average to reach the sea from a
mean distance of 34.6m.
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Nesting and hatching behaviour of Olive Ridley Turtles on Dr. Abdul Kalam Island

INTRODUCTION

The Olive Ridley Sea Turtles Lepidochelys olivacea are
the second smallest sea turtles in the world next to the
Kemp Ridley Lepidochelys kempii (Van Buskirk & Crowder
1994). Lepidochelys olivacea have a circumtropical
distribution and occur in India, Mexico, Costa Rica, and
the Arab Peninsula, further to coastal Africa along the
warm tropical and subtropical waters of the Indian and
Pacific Oceans (Pritchard 1997; Pritchard & Mortimer
1999). They do not migrate from one ocean to another
but move between the oceanic and neritic zones within
the same ocean (Plotkin et al. 1995).

Lepidochelys olivacea populations are well known
for ‘arribada’ (a Spanish term, meaning ‘arrival by sea’)
wherein 1000s of pregnant turtles arrive at the same
beach site to lay their eggs and nest for the next few
days. The mass nesting sites for L. olivacea include Costa
Rican and Mexican beaches (Pritchard 1997) and the
Odisha coast (Bustard 1976) along the Pacific and Indian
Ocean, respectively. In Odisha, Gahirmatha Wildlife
Sanctuary in Kendrapada District (Bustard 1976),
the Devi River mouth in Puri District (Kar 1982) and
Rushikulya in Ganjam District (Pandav et al. 1994) are
the three principal nesting sites for L. olivacea. Among
these, Gahirmatha Wildlife Sanctuary is the largest
known nesting centre for L. olivacea (Bustard 1976) with
1-8 lakh turtles nesting per year (Pattnaik et al. 2001).

Breeding and nesting of L. olivacea occur through
the year in Costa Rican and Mexican coasts, with mass
nesting in the rainy months of July-December (Hart et
al. 2014), mostly during the third quarter moon (Plotkin
1994). In the Odisha coast mass nesting occurs in the
dry months of January—March (Dash & Kar 1990). In
Gahirmatha Wildlife Sanctuary in particular, breeding of
L. olivacea starts in November and mass nesting occurs
in January—March (Behera et al. 2010). Lepidochelys
olivacea have the ability to delay nesting in response to
heavy rainfall, because high moisture level in the beach
sand reduces hatching success in the nest (Plotkin et
al. 1997). The numbers of turtles participating in mass
nesting are variable (Pattnaik et al. 2001). Sporadic
nesting by a few individuals of L. olivacea along the
eastern coast of India from North 24 Parganas District to
Kanyakumari (21.638°N, 89.075°E) between December
and April are common (Pandav & Choudhury 2000;
Tripathy et al. 2008). After 45-50 days of incubation,
the hatchlings return to the sea in April.

Hatching within a nest is synchronous (Spencer et
al. 2001) and emergence occurs through group-digging
behaviour customarily described as ‘social facilitation’
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(Carr & Hirth 1961). The emergence of hatchlings from
a single nest occurs in 1-4 cohorts over a few days, with
the first cohort having the largest number of hatchlings
(Rusli et al. 2016). Before emergence, hatchlings rest in
an air-filled pit in sandy soil and during emergence, the
surface sand sags into the pit (Salmon & Reising 2014),
leaving a depression described as ‘emergence crater’
(Bishop et al. 2011). Hatchling emergence in L. olivacea
has been studied using various methods. Among them,
the numbers of hatchlings leaving the emergence crater
(Burney & Margolis 1998) is considered a reliable index
of hatchling emergence. After emergence, the hatchlings
crawl radially out of the crater and the crawl marks are
used in describing hatchling emergence (Bishop et al.
2011).

Hatchlings emerge nocturnally (Mrosovsky 1968)
and move towards negative surface gradient (Salmon
et al. 1992). Also, hatchlings exhibit positive phototaxy.
Since the sea surface reflects moon light better than
the land surface, they move seawards (Mrosovsky &
Shettleworth 1968). Artificial illuminations placed on
the land distract the seaward movement of hatchlings
(Tuxbury & Salmon 2005). In the absence of artificial
illumination, disorientation in hatchling movement is
high on new moon days (Salmon & Witherington 1995).

Lepidochelys olivacea populations have declined in
many countries due to various reasons: collection of eggs
(Arauz 2000), destruction of nesting beaches (Pandav
& Choudhury 1999), trapping of adults (Fretey 2001),
intensive fishing practice using trawlers and banned
nets (Pandav 2000), diseases (Herbst 1994), and global
warming (Hays et al. 2003) are a few significant ones.
The IUCN Red List of Threatened Species has evaluated
L. olivacea under ‘Vulnerable’ category (Abreu-Grobois
& Plotkin 2008).

In Gahirmatha Wildlife Sanctuary, mass nesting was
delayed between February and March 2020 probably
because of sporadic rainfall in February (3.2mm). Also,
the nesting period (14-20 March 2020) coincided
with waning phase of the moon. These observations
prompted further study exploring the effect of certain
environmental variables, viz., lunar phase and rainfall
on mass nesting and hatching behaviour of L. olivacea.
Although the nesting and hatching behaviour of
L. olivacea have been reasonably well explored in
Gahirmatha (Dash & Kar 1990; Silas et al. 1985; Pandav
2000; Behera et al. 2010), little information exists
pertaining the influence of lunar phase and rainfall
on mass nesting, and behaviour of hatchlings post
emergence.

Therefore, | proceeded with this study keeping the
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following objectives in focus: (1) mass nesting and its
relation with lunar phase, (2) effect of rainfall on mass
nesting, (3) the duration of sporadic nesting, (4) the
patterns in hatchling emergence and emergence craters,
and (5) behaviour of hatchlings post emergence.

MATERIALS AND METHODS

Study Area

Dr. Abdul Kalam Island (previously Wheeler Island,
20.753°N, 87.072°E) falls under the Gahirmatha Wildlife
Sanctuary, managed by the forest department of the
state of Odisha (Figure 1). The Gahirmatha Beach is
2.4 km long with varying widths. The average annual
temperature is 27°C and the average annual rainfall
is 1,530mm. Ipomoea pescaprae (Convolvulaceae)
and Suaeda maritima (Amaranthaceae) usually occur
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abundantly on the sandy shoreline.

Methods

Hatchlings from each nest dig synchronously upwards
in cohorts, forming emergence craters on the sand
surface. The hatchlings gradually leave the craters and
reach the surface, beginning their movement towards the
sea. The number of emerged hatchlings per cohort was
determined through visual observation of emergence
from such craters. During the hatching period, 2-7
May 2020, 30 craters were sampled randomly and each
crater was observed from 20.00h to 06.00h, and the
numbers of hatchlings emerging from each crater were
counted. From each crater, the movements of the first
5-10 hatchlings to the sea were observed individually
and the time taken by each of them was measured
using a stopwatch. The overall shape of each crater was
measured for the diameter using measuring tapes. The

India

Figure 1. Study area: a—Bhadrak District (marked) in Odisha map | b—Bhadrak coast (marked area in ‘a’) | c—Bhadrak coast showing the Dr.
Abdul Kalam Island (marked area in ‘b’) | d—Gahirmatha beach in Dr. Adbul Kalam Island (marked area in ‘c’). Source: odishaassembly.nic.in,

censusindia.co.in and earth.google.com.
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nesting data of L. olivacea for 2003—2020 were obtained
from the archives of the Rajnagar Wildlife Division
Office, Kendrapada. The rainfall data of Dr. Abdul Kalam
Island for 2015-2020 were obtained from the nearest
meteorological office of Dhamra Port Company Limited,
Dhamra, Bhadrak District, Odisha.

The lunar days corresponding to the starting of
each mass nesting were obtained from keisan.casio.
com (CASIO Computer Co Ltd, 2020, Tokyo, Japan). The
lunar days were then converted into angular data for
using Rayleigh’s test, which was done using MS Excel
2019 to verify uniformity in the occurrence of onset
of mass nesting across a lunar month. The correlation
between variables in the scatter plot was calculated
using Pearson’s correlation. Photographs of nesting
and hatching were made using a COOLPIX P1000 (125X
Optical Zoom Camera, Nikon Corporation, Tokyo, Japan).

RESULTS

Mass nesting (Arribada) and Lunar phase

Mass nesting of L. olivacea revealed that 407,204
individuals laid eggs between 14 and 20 March 2020
(Table 1). Maximum numbers (n= 98,700) nested on
17 March (fourth day) and the minimum (n= 3,600) on
20 March (seventh day) (Table 1). Mass-nesting data
obtained from Rajnagar Wildlife Division for 2015-2020
revealed that a maximum of 664,897 individuals nested
in 2018 and a minimum of 51,995 in 2016 (Table 2)

Rayleigh’s test was done to determine if the onset
(in lunar days) of 15 mass nesting events between 2003
and 2020 (Table 3) was non-uniformly distributed across
a lunar month. Results indicated a highly non-uniform
distribution (n= 15, r= 0.504, z= 3.81, z . = 2.945, a=
0.05) with a mean lunar day of 22.44 (i.e., the onset of
mass nesting is at the beginning of fourth quarter moon).

Nesting period and rainfall

Mass nesting and the rainfall data for 2015-2020
(Table 4) were analysed in conjunction to study the
impact of rainfall on nesting. When the rainfall in
February was less than 3.2mm, mass nesting occurred
in the last fortnight of February or in the first week of
March. When the rainfall increased 23.2mm in February,
mass nesting was delayed to the end of the first fortnight
of March; however, rainfall in the first week of March did
not delay mass nesting further, since the nesting season
for L. olivacea ended in March.
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Table 1. Mass nesting data of L. olivacea in 2020.
Day Population numbers
14 March 10,076
15 March 68,311
16 March 98,135
17 March 98,700
18 March 95,541
19 March 32,841
20 March 3,600
Total 407,204
Table 2. Mass-nesting of L. olivacea turtles, 2015-2020.
Year Population numbers
2015 413,334
2016 51,995
2017 603,962
2018 664,897
2019 450,949
2020 407,204
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Figure 2. Scatter plot of numbers of hatchlings and crater diameter

Sporadic nesting

Sporadic nesting of L. olivacea at Gahirmatha started
from the second fortnight of December 2019 and
continued after mass nesting from 14-20 March to 1-10
May 2020. Between December and February, an average
of 15 individual females of L. olivacea nested per day.
The numbers increased to 40 per day for a week prior to
and after mass nesting. During hatching (2—7 May), an
average of three turtles nested on the beach every day.
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Table 3. Date of initiation of 15 arribada events and corresponding lunar days, 2003-2020.

Date of Lunar days (out Date of Lunar days (out
Sno Year initiation of of 29.53 days in Sno initiation of of 29.53 days in
arribada a lunar month) Year arribada a lunar month)
1 2003 28Feb 26.8 9 2013 17 March 5.4
2 2007 11Feb 23.1 10 2015 12 March 213
3 2009 20Mar 23.2 11 2016 03 March 23.7
4 2010 * 24Feb 10.2 12 2017 22 Feb 253
5 2010** 19Mar 2.4 13 2018 04 March 16.4
6 2011* 26Feb 23.2 14 2019 26 Feb 21.4
7 2011** 20Apr 16.7 15 2020 14 March 19.6
8 2012 15Mar 223 - - - -
Source of mass nesting data: Archives of Rajnagar Wildlife Division, Kendrapada, Odisha Forest Department.
*—First mass nesting | **—Second mass nesting.

Table 4. Yearly rainfall and mass nesting data for Gahirmatha Beach, Dr Abdul Kalam Island, 2015-2020.

Rainfall in 1-15 f:_';;a:'z'g") Rainfall in 1-15 | Rainfallin 16-31
Year February February March March Period of mass nesting
(in mm) (in mm) (in mm) (in mm)

2015 0 3.2 0 10.8 (29') 12-19 March

3, 12-20 March
2016 204 5 37 ! (48 turtles on March 3")
2017 0 0 0 18.2 22 Feb—1 March
2018 0 0 0 0 4-13 March
2019 0 1 1 1.8 26 Feb-5 March

th nd

2020 6.4 6.0 7.8 10 (2203r;)22 ! 14-20 March

Hatchling emergence

The hatchlings dug through the sand above
synchronously to emerge from their sandy nests. At the
time of emergence, usually after sunset, an emergence
crater formed on the sand surface due to synchronous,
collective, digging effort by a single cohort of L. olivacea
from a nest. These craters lasted for 7-10 days and
eventually were either eroded or filled up with sand
spread by wind. The hatchlings reached the surface
gradually with the hatchlings present near the surface
pushed by emerging hatchlings below in the crater. On
reaching the surface they spread themselves radially in
different directions, but moved towards the sea.

The numbers of hatchlings emerging from the 30
observed individual craters were 2,763. The maximum
and minimum numbers of emerged hatchlings per cohort
were 182 and 18 with an average of 92.1 hatchlings per
cohort. The craters were mostly circular (93.3%) and
occasionally elliptical (6.7%). The crater diameter varied
between 10 and 26 cm (n= 30). Pearson’s correlation
indicated a low but positive correlation (0.38) between

the numbers of emerged hatchlings per crater and crater
diameter. Therefore, when the number of emerging
hatchlings per cohort increases, the crater diameter also
tends to increase.

Movement of hatchlings towards sea

As soon as the hatchlings emerged, they moved
towards the sea. The pace and direction of movement
varied among individuals. Time taken by 280 hatchlings
from 30 emergence craters to reach the sea indicated
that the minimum time taken was 6 min 12 sec and the
maximum was 35 min 9 sec. The average time taken
by hatchlings to reach the sea from a mean distance of
34.55m was 17 min 22 sec. (SD=+ 5 min 30 sec).

DISCUSSION

Mass nesting and lunar phase
Previous reports on the numbers of mass nesting L.
olivacea individuals at Gahirmatha Wildlife Sanctuary
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indicate varying annual numbers (Bustard 1976; Kar &
Bhaskar 1982; Silas et al. 1985). The data for 2015-2020
also revealed that numbers of turtles differed every
year with 51,995 turtles in 2016 and 6,64,897 in 2018.
It is possible that the variation was due to changes in
productivity in their foraging areas, because females
needed sufficient nutrients to support their migratory
and reproductive activities (Valverde et al. 2012). Also,
an increase or decrease in hatching rates over many
years may result in varying adult population participating
in arribada (Cornelius et al. 1991). Beach exchange,
where Olive Ridleys move to another beach for nesting,
mortality in nets (Valverde et al. 1998) also affects the
nesting population numbers. The exact reason for
variation in the number of individuals in mass nesting,
however, requires further study.

At Gahirmatha, the onset of mass nesting occurred
at the beginning of the fourth quarter moon. Rayleigh’s
test showed a highly non-uniform distribution of onset
of mass nesting across the lunar month with a mean
lunar day of 22.44 days. According to Silas et al. 1985,
mass nesting occurred on 7% day after the full moon in
Gahirmatha, i.e., after 20.77 days. In Ostional Beach,
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Figure 3. Time taken by individual
hatchlings to move 1m

Costa Rica, mass nesting usually began in the fourth
quarter moon with mean lunar days of 23 (Bezy et al.
2020). In Mexico, mass nesting coincided with the third
quarter moon (Plotkin 1994). In Ghana, a majority of
L. olivacea nesting occurred in third quarter, which
could be due to less light because of waning moon, and
thus to avoid predators (Witt 2013). Another possible
advantage of nesting during waning moon was greater
prey availability post-nesting (Pinou et al. 2009) because
L. olivacea feed primarily on crabs, which are nocturnal
(Shaver & Wibbels 2007).

Nesting period and rainfall

In Gahirmatha, rainfall (23.2mm) in February 2020
delayed mass nesting of L. olivacea from February to first
week of March 2020. High sand moisture content due
to rainfall is indicated as a reason for reduced hatching
success in the nest chamber (Packard et al. 1977). In
the eastern Pacific Coast, L. olivacea individuals delayed
nesting during extreme rainfall (>50 cm) (Plotkin et al.
1997), but not during normal precipitation levels (9cm)
(Coria-Monter & Duran-Campos 2017) because arribadas
coincided with rainy seasons in the eastern Pacific
(Cornelius 1986). Whereas in Gahirmatha, even modest
rainfall (3.2mm) delayed the mass nesting, because
nesting occurred in dry periods in Odisha (Dash & Kar
1990). Since the nesting season of L. olivacea ended in
March (Behera et al. 2010), there was no further delay
in nesting beyond second week of March 2020 despite
rainfall in the first week.

Sporadic nesting

Sporadic nesting of L. olivacea occurred almost every
month along the Odisha coast, but more frequently
between February and April (Dash & Kar 1990). Sporadic
nesting occurred mainly between December and May
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Image 1. Nesting ground for arribada of Olive Ridley turtles: a—arribada in the early morning (05.00h) | b—a female clearing the surface sand
for nesting | c—a female turtle in oviposition (laying eggs) | d—hatchlings emerging from the emergence crater | e—emergence craters on the
sand surface | f—an individual L. olivacea hatchling | g—hatchlings moving towards the sea | h—hatchlings entering the sea. © Poornima P.
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along the eastern coast of India (Pandav & Choudhary
2000). During the study period in Gahirmatha, sporadic
nesting was noted mainly between December and May.
Between December and February, an average of 15 L.
olivacea individuals nested sporadically. The numbers
increased to 40 per day for a week prior to and after
mass nesting (14-20 March). In Gahirmatha, more than
10 turtles arrived for sporadic nesting per night (Tripathy
2008). Our observations in Gahirmatha match with
those of Tripathy (2008) till April 2020 but the numbers
of turtles nesting sporadically in May 2020 was, on an
average, only three per night.

Hatchling emergence

Mrosovsky (1968) and Witherington et al. (1990)
observed that the emergence of L. olivacea hatchlings
onto the sand surface was predominantly nocturnal. The
hatchlings emerged only after sunset and before sunrise,
in Gahirmatha as well. After synchronous hatching
from the nests, hatchlings exhibited group-digging
behaviour to reach the sand surface (Hendrickson 1958;
Carr & Hirth 1961). At Gahirmatha, this behaviour was
prevalent in all the nests observed. Final emergence by
hatchlings on to the sand surface created emergence
craters (Bishop et al. 2011) due to collapse of the cavity
in which hatchlings were present (Salmon & Reising
2014). Also, the hatchlings emerged in cohorts of 1-4
from a single nest, over a period of 4-8 days, with the
first cohort having maximum number of hatchlings
(Rusli et al. 2016). At Gahirmatha, every time a cohort
of hatchlings from a nest emerged, an emergence crater
formed on the surface, which lasted 7-10 days before
being either eroded or filled up with sand by wind.

The minimum and maximum number of hatchlings
from individual craters (per cohort) were 18 and
182, respectively, with an average of 92.1 hatchlings.
These numbers represent the emergence per cohort.
Therefore, the maximum egg count per nest (clutch
size) found in Gahirmatha was 2182 considering the
mortality in the nest and mortality during emergence.
Whereas, Kumar et al. (2013) observed maximum egg
counts of 168. The craters were mostly circular (93.3%)
and occasionally elliptical (6.7%). Their diameters varied
between 10cm and 26cm. There was a low but positive
correlation (0.38) between numbers of hatchlings per
crater and respective crater diameter, as per Pearson’s
correlation.

Movement of hatchlings towards sea
After emergence hatchlings typically move towards
negative slope gradient (Limpus 1971), which was
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observed in Gahirmatha. Hatchlings also typically exhibit
positive phototaxy, leading them to move towards the
sea since moon light is reflected more by water than
land (Carr & Ogren 1960; Mrosovsky & Shettleworth
1968). These findings also match with observations in
Gahirmatha. The minimum time taken by hatchlings to
move one metre was 11 sec, whereas the maximum time
was 2 min 4 sec. The average time taken by hatchlings
to move one metre was 33 sec (SD= %15 sec). This is
less than the time taken by L. olivacea in Costa Rica, 52.4
sec (Burger & Gochfield 2014) and Indonesia, 36—48 sec
(Maulaney et al. 2012). Of 280 hatchlings, 62.5 % took
20-40 sec to move one metre. Considering the total time
taken to reach the sea, minimum and maximum time
taken was 6 min 12 sec and 35 min 9 sec, respectively.
The average time taken by hatchlings in Gahirmatha to
reach the sea was 17 min 22 sec (SD= £ 5 min 30 sec)
for a mean distance of 34.55m, whereas it was 19 min
12 sec for a mean distance of 27.7m in Ostional Beach,
Costa Rica (Burger & Gochfield 2014).

CONCLUSION

The sandy beaches of Dr. Abdul Kalam Island
in  Gahirmatha Wildlife Sanctuary, even though
geographically small in area, continue to be one of the
most important nesting site for L. olivacea population
in the world. Adequate measures are undertaken
every year by Odisha Forest and Wildlife Department to
ensure protection of L. olivacea along the Odisha coast.
Further, study of environmental factors such as rainfall,
lunar phase, temperature and winds on mass nesting in
Odisha in general and Gahirmatha in particular, would
further enhance our understanding of L. olivacea’s
intricate nesting and hatching behaviour.
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Bovidae) in Simien Mountains National Park, Ethiopia

D. Ejigu'@®, A. Bekele?(® & L. Powell *(®

‘Department of Biology, College of Science, Bahir Dar University, Ethiopia.
2Deprtment of Zoological Sciences, Addis Ababa University, Ethiopia.
3School of Natural Resources, University of Nebraska-Lincoln, Lincoln, Neraska, USA.
tdessalegn_ejigu@yahoo.com (corresponding author), 2 afeworksimegn@gmail.com, *Ipowell3@unl.edu

Abstract: Walia Ibex Capra walie is an endemic and endangered species residing in Simien Mountains National Park, Ethiopia. It has
shifted its range within the Park in the last decade, and in this study our main objective was to provide information on their feeding ecology
to inform recovery goals. We used a scan sampling method to collect foraging information during October 2009 to November 2011. Our
observations suggest a diverse diet of more than 28 species of grasses, forbs, and shrubs. The most commonly used plants were Festuca
sp., Lobelia rhynchopetalum, Helichrysum citrispinum, and Helichrysum horridum. Walia Ibex were active in feeding before and after mid-
day, and time spent feeding was the highest compared with other diurnal activities. The percentage of time spent feeding on major plant
species did not differ between wet and dry seasons (p> 0.05). Walia Ibex, however, tended to spend more time browsing than grazing. The
generalist nature of foraging behaviour in Walia Ibex most likely contributes to complaints from the local people who witness Walia lbex
raiding crops cultivated in and around the Park. Thus, the contribution of crop raiding to the shifts in the species’ range towards higher
altitudes at Sebatminch within Simien Mountains National Park emphasizes the need to consider foraging ecology as community-based
conservation efforts are developed to support Walia Ibex in the Park.
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Feeding ecology of Walia Ibex in Simien Mountains NP

INTRODUCTION

Walia Ibex (Capra walie Rutippell, 1835) is an endemic
and endangered species (Gebremedhin et al. 2009;
IUCN 2021) confined to Simien Mountains National Park,
Ethiopia. The fascinating behaviour of this species of
wild goat and its physical stature has led it to be used as
a flagship species for Ethiopia. Walia Ibex is the only ibex
species in Ethiopia (Nievergelt 1981; Last 1982; Haltenorth
& Diller 1993), and is believed to have dispersed from
the Middle East 26,000 to 14,000 years ago (Nievergelt
1981). Biologists have classified Walia Ibex as a generalist
herbivore, as it obtains food through grazing and browsing,
and the species is known to forage on grasses, herbs,
shrubs, bushes, creepers, and lichens (Massicot 2001).
Such mixed feeding behaviour is also observed in other
ibex species such as the lberian Ibex Capra pyrenaica
(Accevedo & Cassinello 2009).

One of the current threats to walia ibex is conflict with
livestock within Simien Mountains National Park. Livestock
grazing in shared habitats may cause lower survival for
offspring and therefore lower population growth (Namgail
2006). The problem of overgrazing of wildlife habitats is
especially critical for female wildlife species using lower
quality habitat areas, especially during the early lactation
period (Ruttiman et al. 2008).

Indeed, the presence of livestock in the Iberian ibex
habitat has a negative effect on its relative abundance and
distribution, causing ibex to select poor habitats (Pelayo
et al. 2007). Large areas of suitable habitats in Simien
Mountains National Park have been abandoned as Walia
Ibex retreated to the most inaccessible and steepest parts
of the park (Hurni & Ludi 2000; Ejigu et al. 2015). The
shift in range has occurred because the original Walia lbex
habitats have been modified by intensive human activities
for various uses. Generally, ibexes prefer areas with steep
slope and cliffs and avoid grasslands and flat hillsides (Feng
et al. 2007); these realized preferences can be observed
in Simien Mountains National Park, where the original
habitats of Walia lbex, especially in the central region
of the park near Gich (Figure 1), have been occupied by
livestock. As a result, the Walia Ibex population is now
restricted to relatively inaccessible habitats within gorges
and escarpments towards the eastern and southeastern
parts of the Park (Hurni & Ludi 2000; Ejigu et al. 2015).

Although the range shift of Walia Ibex has been
observed (Ejigu et al. 2015), biologists lack information
on foraging and the feeding ecology to determine if the
range shifts have pushed ibex into regions that are not
able to provide resources to sustain the population in the
future. Recovery goals and conservation planning require
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information on foraging and diet. Thus, the main objective
of this research was to study feeding ecology of walia to
determine the level of specificity of diet and to identify the
major plant species consumed by the species to design
appropriate conservation measures.

MATERIALS AND METHODS

Description of the study area

The study was carried out in Simien Mountains
National Park (SMNP), which is located in the Amhara
National Regional State of Ethiopia in the North Gondar
Administrative Zone (37.857-38.491 °E & 13.112-13.386
°N), about 865km north of Addis Ababa and 132km north-
east of Gondar Town. The foraging study was part of a
larger assessment of the habitat selection and range shift
of the species (Ejigu et al. 2015).

SMNP includes broad undulating plateaux and the
highest mountain of Ethiopia, Ras Dejen (4,620m), which
is also the fourth highest mountain in Africa (Puff &
Nemomissa 2001, 2005). Itis an area of high summits with
unique land features in the Horn of Africa. The mountains
symbolize an area of the extreme Ethiopian highlands
(Hurni & Ludi 2000). Prior to the 1960s, the area had been
used as a controlled hunting area, and was regarded as
a royal hunting ground (Falch & Keiner 2000). During its
establishment, SMNP was the smallest park in the country
with an area of only 136km? (Hurni & Ludi 2000) but has
been enlarged to 412km?(Anonymous 2009) (Fig. 1).

The main rainy season in SMNP lasts from the end of
June to September, while the dry season encompasses
December to April. Rainfall shows significant variation
across different altitudes with a maximum at about
3,500m (Puff & Nemomissa 2005). Thus, annual rainfall
in Simien Mountains varies from 1,000mm in the
lowlands to 1,500mm in the highlands (Hurni & Ludi
2000). Meteorological data obtained from National
Meteorological Agency shows that the 10-year (2000—
2009) mean annual rainfall of SMNP was 1,054mm.

Ground frost commonly occurs at night during the
dry season, especially in February and April. The area
shows variation in mean annual minimum and maximum
temperatures. As described by Hurni (1982), the mean
annual temperature at Gich is 7.7°C, which is often
accompanied by dry winds during the daytime. At night,
however, the area experiences temperature variations
ranging from +2°C to -10°C. The 10-year (2000-2009)
mean annual minimum and maximum temperature data
were 8.6°C and 19.9°C, respectively. Despite fluctuations
in daily temperatures, seasonal variations in temperature
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Figure 1. Simien Mountains National Park (SMNP) within Ethiopia (inset).

are minimal due to Ethiopia’s proximity to the equator
(Nievergelt, 1990). As a result, variations in diurnal
temperature far exceed seasonal ones.

According to Puff & Nemomissa (2001), approximately
550 taxa of flowering plants grouped into over 95 families
and 319 genera are known from Simien Mountains.
Habitat types mainly consist of a mixture of Afro-
alpine woods, heath forest, high mountain vegetation,
montane savannah and montane moorland (Hurni & Ludi
2000). Common species include Erica arborea, Lobelia
rhynchopetalum, Hypericum revolutum, Rosa abyssinica,
Helichrysum sp., and Solanum sp. (Anonymous 2009).

With its unique landscape and magnificent scenery,
the Park supports some of Ethiopia’s most important
endemic mammals in addition to the Walia Ibex, such as
the Ethiopian Wolf Canis simensis and the Gelada Baboon
Theropithecus gelada. Thus, the unique flora and fauna
and its remarkable landscape make the Park a natural
priority for conservation and centre of endemism in
eastern Africa (Hurni & Ludi 2000).

At least 20 large and 14 small mammal species
reside in the Park (UNESCO 2001). Large herbivores
including Menelik’'s Bushbuck Tragelaphus scriptus

meneliki, Grimm’s Duiker Sylvicapra grimmia, Klipspringer
Oreotragus oreotragus occur commonly in the park and
are considered to be wild competetors with Walia Ibex
(Anonymous 2009).

Field methods

Data on feeding ecology in Walia Ibex were collected
for 15 days every other month from October 2009 to
November 2011, including both the wet and dry seasons
(Images 1-6). Dietary data for a herd of ibex were
collected using the scan sampling method (Pellew 1984)
with binoculars or telescope within five-minute intervals
(Altman 1974), and individuals from the herd were
selected randomly to start scanning (Wallace 2006). We
observed each individual for 10 seconds to determine
the species of plant eaten, and we observed a different
animal until all animals in the herd had been sampled,
following Toit & Yetman (2005). Each scan of the herd
took approximately five minutes to complete, and each
individual was observed from five to ten seconds after
being detected.

Our sampling was designed to match the foraging
patterns of Walia lbex. Capra species, like other large
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Image 1. Herb of Walia Ibex in open habitat of Simien Mountains Image 2. Herb of Walia Ibex in rocky habitat of Simien Mountains
National Park, Ethiopia. National Park, Ethiopia.

© Dessalegn Ejigu

Image 3. Adults of Walia Ibex at the cliffs of Simien Mountains
National Park, Ethiopia.

Image 4. Walia and Geladas living together in their common habitat.
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Image 5. Ice formed at the mount tips of Simien during data collection : . soal
period.

Image 6. Data collection by the researcher using binoculars.
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herbivores, show a diurnal activity pattern of two distinct
peaks of feeding and moving (Hess 2002). Thus, Walia lbex
is crepuscular, active for feeding and moving early in the
morning and late in the afternoon, and resting on rocks and
cliffs during the mid-day. At noon, they become inactive
and tend to remain in the shade to protect themselves
from hot sun and predators (Dunbar 1978; Ejigu et al.
2020). Therefore, herds were located early in the morning
and followed until late in the afternoon to identify their
important food sources.

The scan sampling method involves observing the
individual for a five-minute session broken in the following
way; observe on the focal animal for 10 seconds, mark
its location, then the next focal animal for 10 seconds
and so on for the entire herd. We collected the following
information during scan sampling: date, time, location,
age, and sex of the animal (Ruckstuhl 1998; Namgail 2006).
We also identified and recorded the plant species on which
Walia lbex foraged, and we validated our observations
with samples collected and identified after the herd had
moved from the sampling location as adopted from Kaplin
& Moermond (2000) and Gad & Shyama (2009). Due
to difficulties in identification at a distance, we lumped
related grass species together (Dankwa-Wiredu & Euler
2002). We quantified the time spent feeding on different
plant species to calculate the proportion of time spent
on each plant. Diet selection was determined from the
relative proportions of the number of scans spent feeding
on different plant species. We collected and pressed
plants that could not be identified in the field and took
to the National Herbarium, Addis Ababa University, for
identification using the herbarium samples.

Analysis methods

We described the time spent foraging on different
plants with proportions, and we used Chi-square tests
to evaluate differences in time spent foraging on species
among age and sex classes of Walia Ibex. Statistical tests
were two-tailed (a = 0.05), and the data were analysed
using SPSS software version 16.0 (SPSS Inc. Chicago).

RESULTS

A total of 7,387 feeding bouts were recorded during
scan sampling of Walia lbex. Our samples were evenly
divided between the wet season (50.5% of bouts, n=
3,728) and the dry season (49.5%, n= 3,659). When time
spent feeding on the four major food plants species was
compared, Walia Ibex spent more time foraging on Festuca
sp. during the wet season (37.2% of bouts, n= 1,387) than
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in the dry season (22.2%, n= 813; c?= 3.81, p= 0.051).
Moreover, the percentage of time spent foraging on three
other main plant species did not differ between seasons
(Lobelia rhynchopetalum, wet: 20.3%, n= 757, dry: 17.8%,
n= 651, p= 0.423; Helichrysum citrispinum, wet: 17.1%, n=
638, dry: 22.3%, n= 815, p= 0.746; Helichrysum horridum,
wet: 10.3%, n= 383, dry: 19.3%, n= 705, p= 0.095).

Although 70-80 % of their diet was from the four
main plant species (Festuca sp., Lobelia rhynchopetalum,
Helichrysum citrispinum and Helichrysum horridum), Walia
Ibexes were observed foraging on more than 23 and 28
plant species during the wet and dry seasons, respectively
(Tables 1, 2).

Walia Ibex spent 38.0% (1416) and 22.9% (836) of time
feeding on grasses, 9.6% (357) and 12.2% (446) on herbs,
48.2% (1795) and 60.4% (2210) on shrubs and 3.7% (137)
and 4.1% (148) on trees during the wet and dry seasons,
respectively (Fig. 2). As foraging patterns did not change
between wet and dry seasons (p>0.05), Walia lbex foraging
behaviour reflected that of a generalized herbivore. During
the wet season, Walia lbex spend similar time browsing
and grazing, but it spent more time browsing than grazing
during the dry season (c?= 8.49, p< 0.05).

Adult females spent 41.7% (wet season) and 22.7%
(dry season) of feeding time foraging on grasses, 27.6% &
14.7% on herbs, 24.6% & 56.6% on shrubs, and 4.7% &
3.9% on trees. Adult males spent 23.9% & 22.8% of feeding
time foraging on grasses, 25.6% & 7.1% on herbs, 42.3%
& 65.2% on shrubs, and 4.7% & 3.5% on trees during the
wet and dry seasons, respectively. In sub-adults, yearlings
and kids time spent feeding on different plants during the
wet and dry seasons is also as presented in figures (Figs.
3, 4) below. Time spent feeding on grasses between the
wet and dry seasons showed significant differences only in
sub-adult males (c?=9.60, df= 1, p<0.05) and kids (c?= 8.45,
df=1, p< 0.05). Time spent feeding on herbs between the
wet and the dry seasons showed significant differences
only in adult females (c?= 3.93, df= 1, p< 0.05) and in sub-
adult females (c?= 4.26, df= 1, p< 0.05), while time spent
feeding on shrubs and trees in all age classes of Walia Ibex
indicated that they fed more on shrubs and trees during
the dry season than the wet season, and the difference
was statistically significant (p< 0.01).

Feeding activities of Walia Ibex declined shortly during
08.00-10.00 h and increased after 10.00h during the
wet season. Feeding reached its peak at around 11.00h
and declined slowly during 11.00-13.00 h, and increased
again and reached a maximum at 17.00h. During the dry
season, feeding activity decreased during 08.00-11.00 h
and increased during 11.00-15.00 h, and then increased
sharply up to 17.00h. In the evening, however, it declined
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Table 1. Plants foraged by Walia Ibex during the wet season.
Scientific name Family Local name Habit feeding bouts %
1 Festuca sp. Poaceae guassa grass 1387 37.20
2 Lobelia rhynchopetalum Campanulaceae Jibra shrub 757 20.31
3 Helichrysum citrispinum Asteraceae Yewaliashoh shrub 638 17.11
4 Helichrysum horridum Asteraceae Tifrgina shrub 383 10.27
5 Thymus schymperi Lamiaceae Tosign herb 121 3.25
6 Alchemilla pedata Rosaceae Yayet joro herb 109 2.92
7 Erica arborea Ericaceae wuchena tree 101 271
8 Mosses & liver Grimmiaceae Yemeret shibet herb 60 1.61
9 Usnea sp. Usneaceae Yezaf shibet herb 42 1.13
10 Hypericum revolutum Hypericae Amja tree 36 0.97
11 Carex erythrorhiza Cyperaceae Shefshefo grass 24 0.64
12 Unidentified Unidentified Unidentified grass 23 0.62
13 Unidentified Unidentified Yemidir wuchena herb 15 0.40
14 Spermacoce sphaerostigma Rubiaceae Kesign shrub 07 0.19
15 Globsis sp. Unidentified Unidentified shrub 05 0.13
16 Unidentified Unidentified Key sar grass 05 0.13
17 Simenia acaulis Gentianaceae Yebahir teza herb 04 0.11
18 Urtica simensis Urticaceae sama herb 03 0.08
19 Clematis simensis Ranunculaceae Azoareg shrub 03 0.08
20 Phagnalon phagnaloides Asteraceae Sinbita herb 02 0.05
21 D. chrysanthommifilia Asteraceae yewesferas herb 01 0.03
22 Dryopteris inaequalis Dryopteridaceae yejibchama shrub 01 0.03
23 Solanum indicum Solanaceae Embuay shrub 01 0.03
Total 3,728 100
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Figure 2. Percentage of time spent foraging by Walia lbex in Simien
Mountains National Park in Ethiopia during the wet and dry seasons,
October 2009 to November 2011.

both during the wet and dry seasons (Fig. 5). Nevertheless,
feeding activity between the wet and dry seasons did not
show significant difference (c?= 0.01, df= 1, p> 0.05).

A total of 18, 236 diurnal activities of Walia Ibex were
recorded during the entire study period. Our sampling

Figure 3. Percentage of time foraging by different age and sex classes
of Walia Ibex in Simien Mountains National Park in Ethiopia during
the wet seasons, October 2009 to November 2011. AM—Adult Males
| AF—Adult Females | SAM—Sub-adult Males | SAF—Sub-adult
Females.

was evenly distributed between the wet season (51.6%,
n=9,407) and the dry season (48.4%, n= 8,829). Feeding
comprised 40.5% (7,387), moving 17.9% (3,261), standing
10.1% (1,849), resting 23.5% (4,281), vigilance 1.6% (289),
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Table 2. Plants foraged by Walia Ibex during the dry season.
Scientific name Family Local name Habit feeding bouts %
1 Helichrysum citrispinum Asteraceae Yewaliashoh shrub 815 22.27
2 Festuca sp. Poaceae Guassa grass 813 22.22
3 Helichrysum horridum Asteraceae Tifrgina shrub 705 19.27
4 Lobelia rhynchopetalum Campanulaceae Jibra shrub 651 17.79
5 Alchemilla pedata Rosaceae Yayet joro herb 220 6.01
6 Erica arborea Ericaceae Wuchena tree 96 2.62
7 Usnea sp. Usneaceae Yezaf shibet herb 84 2.29
8 Thymus schymperi Lamiaceae Tosign herb 63 1.72
9 Mosses &liver Grimmiaceae Shibet herb 57 1.56
10 Hypericum revolutum Hypericeae Amja tree 50 1.37
11 Carex erythrorhiza Cyperaceae Shefshefo grass 23 0.63
12 Unidentified Unidentified Unidentified Unidentified 19 0.52
13 Dryopteris inaequalis Dryopteridaceae Yejibchama shrub 13 0.35
14 Solanum indicum Solanaceae Embuay shrub 09 0.25
15 Kniphofia foliosa Asphodalaceae Dudya herb 06 0.16
16 Spermacoce sphaerostigma Rubiaceae Kesign shrub 6 0.16
17 Carduus macracanthus Astraceae Kosheshile herb 05 0.14
18 Globsis Unidentified Unidentified shrub 05 0.14
19 Siminia acaulis Gentianaceae Yebahir teza herb 03 0.08
20 Helichrysum sp. Asteraceae Unidentified shrub 03 0.08
21 Clematis simensis Ranunculaceae Azoareg shrub 03 0.08
22 Urtica simensis Urticaceae Sama herb 03 0.08
23 Phagnalon phagnaloides Asteraceae Sinbita herb 02 0.06
24 Denbia torida Unidentified Wulkfa tree 01 0.03
25 Acanthus ebracteatus Acanthaceae Unidentified herb 01 0.03
26 H. splendidum Asteraceae Fotena herb 01 0.03
27 Olea europaea Oleaceae Weyera tree 01 0.03
28 Unidentified Unidentified Yemidir wuchena herb 01 0.03
Total 3,659 100

social activity 2.1% (379), rutting 2.3% (414), and other
activities 2.1% (376).

DISCUSSION

Walia Ibexes were observed while foraging on more
than 28 species of plants grouped as grasses, forbs, and
bushes & shrubs. The most commonly foraged plants
both during the wet and dry seasons were Festuca sp.,
Lobelia rhynchopetalum, Helichrysum citrispinum, and
Helichrysum horridum. Percentage of time spent feeding
on major plant species between the wet and dry seasons
did not show significant differences.

Walia lbex tended to spend more of their time

browsing than grazing. As a general herbivore, Walia
Ibexes can graze and browse available forage to maximize
their nutrient requirements. In the afro-alpine ecosystem
of SMINP, the availability of above ground vegetation that
has been browsed by Walia Ibex decreases as the altitude
increases, and Walia Ibex must feed on grass at the higher
altitudes. Such ability to shift in diet has allowed the Walia
Ibex to respond to the loss of forage at lower altitudes
after livestock grazing. During the dry season, however, as
the grass becomes less palatable, the food habits of Walia
Ibex mainly depended on scarcely available shrubs. Thus,
they also tended to browse more during the dry season
than the wet season. Our findings were similar to that
reported by Dunbar (1978).

All age classes of Walia lbex tended to spend more
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Figure 4. Percentage of time foraging by different age and sex classes of
Walia Ibex in Simien Mountains National Park in Ethiopia during the dry
seasons, October 2009 to November 2011. AM—Adult Males | AF—
Adult Females | SAM—Sub-adult Males | SAF—Sub-adult Females.

time foraging on grasses during the wet season than the
dry season. Kids prefer fresh grass, and they spent more
time foraging on grasses than other types of plants. Fresh
and more palatable grass is present during the wet season,
and kids responded to grass availability. In similar fashion,
adult and sub-adult females spent more time feeding on
herbs during the wet season, because of the availability
of herbs during this season. All age classes of walia ibex
shifted to spend more time feeding on shrubs and trees
during the dry season when herbs and grasses were less
available. The ability of Walia Ibex to shift to browsing
during the dry season allows them to utilize essential
nutrients required for their survival.

Percentage of time spent feeding in walia ibex was the
highest (40.5%) and vigilance the lowest (1.6%) behaviour
compared with time spent for its other diurnal activity
patterns. This result is consistent with previous results
conducted on foraging ecology of feral goats (Stronge et al.
1997). Although intense human and livestock disturbances
are common in habitats of walia ibex, they appear to have
adapted to human and livestock presence. Such low levels
of vigilance also suggest a low level of predators and
poaching in our study area.

Feeding behaviour in other Capra species was
bimodal, with higher foraging activity rates detected in
the earliest and latest hours of the day (Dunbar 1978; Hess
2002; Accevedo & Cassinello 2009). Time spent feeding
in walia ibex was higher after 10.00h and declined in the
mid-day. It increased gradually and reached its peak late
in the afternoon, and then declined again in the evening.
All age classes of ibex spent the majority of their time
feeding in both seasons. The similar proportions of time
spent feeding in wet and dry seasons are not unexpected
in areas where there is minimal variation in temperatures
between seasons (Nievergelt 1981, 1990). An increase

Ejigu et al.
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Figure 5. Duirnal feeding activity pattern of Walia Ibex in Simien
Mountains National Park in Ethiopia during the wet and dry seasons,
October 2009 to November 2011.

in feeding time with decreasing food availability during
the dry season, however, has been observed for several
African grazers (Own-Smith 1982).

Adult Walia lbex females tended to spend more time
feeding than adult males, which is also true in feral goats
(Stronge et al. 1997) and bighorn sheep (Ruckstuhl 1998).
In ungulates, males require lower diet and habitat quality
than females (Mysterud 2000). Moreover, females would
be expected to select habitats that provide forage to
maximize the ability to raise young because nutrition can
limit reproductive success (Mysterud 2000; Ruckstuhl &
Neuhaus 2002; Accevedo & Cassinello 2009). Differences
in diet are more pronounced in dimorphic ungulates
(Stronge et al. 1997). In Alpine Ibex, for example, adult
males spent only 8.5% of the time feeding and it is likely
that they compensate such reduced feeding times by
foraging at night (Neuhaus & Ruckstuhl 2002). At our study
site, a similar scenario has been reported for male Walia
Ibex that raid crops at night. Time spent feeding in sub-
adult females and sub-adult males was higher compared
to both adult females and adult males as additional energy
is required in these age classes for their active growth and
development. As yearlings and kids are at the active stage
of growth, more energy should be required for various
metabolic activities. Thus, they try to spend more time
feeding than time spent for other diurnal activities.

In conclusion, the generalist approach to foraging may
be a key factor in the plasticity of Walia Ibex to adapt to
anthropogenic disturbances in the Park. Indeed, their
populations appear to be growing during the past decade
(Ejigu 2013; Ejigu et al. 2013). The recovery of Walia Ibex
could be augmented in SMNP through management
programs designed to improve foraging habitats. The
use of prescribed fire or grass cutting by local residents
would initiate the growth of fresh grass used as forage by
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Walia Ibex and other herbivore wildlife species of the park.
Certainly, avoiding livestock gazing in the park would allow
Walia Ibex to have access to more feed and fodder. If food
availability in the park was sufficient, walia ibex would most
likely stay within the park, which would reduce conflict
from crop raiding. Such prohibition of grazing within
the park will take careful work with local residents who
consider the park to be a resource for their livelihood. The
results obtained from feeding ecology of Walia lbex serve
to guide and design appropriate conservation planning for
this critical species in Simien Mountains National Park.
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Assessment of crop and property damage caused by
Semnopithecus vetulus nestor (Bennett, 1833) (Mammalia: Primates:
Cercopithecidae) in Gampaha District, Sri Lanka
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Abstract: In earlier times, human-monkey interactions were not a severe problem in Sri Lanka, but has recently intensified as a result
of habitat fragmentation and urbanization. Due to these changes, Semnopithecus vetulus nestor has been listed among the 25 most
Endangered primates. The objective of our study was to evaluate the intensity of human-S.v. nestor negative interaction by identifying
the crop and property damages in villages bordering Danawkanda Forest (7.001N & 80.049E), Gampaha, Sri Lanka. We collected data
using structured questionnaires interviewing households (N= 80) bordering the Danawkanda Forest from August 2014 to January 2015.
Households were most affected by damage to fruits, leaves, and buds of commercially important trees (93%), followed by damage to roof
tiles (76%), and frightful confrontations with the monkeys (43%). Average monthly loss per household from crop and property damage
was estimated at between (Sri Lankan Rupees) LKR 2,700 and LKR 1,500. Lighting firecrackers was the most common method used by
the residents (99%) to deter monkeys, where as electrified barriers were rarely used (4%). Households in close proximity to Danawkanda
Forest experienced a considerable loss to their monthly income due to crop and property damage, compared to households further away.
As an alternative, residents now grow ornamental plants and short trees, eliminating the structures that attract and facilitate damage by
S.v. nestor. Awareness and active participation of residents, authorized government, and non-governmental organizations are needed to
manage unplanned construction and agriculture plot extensions into the forest. These two factors trigger the human-wildlife negative
interactions in general and are not limited just to monkeys.

Keywords: Danawkanda Forest, deterrent methods, human-primate conflict, human-primate negative interactions, Western Purple-faced
Leaf Monkey.
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Crop and property damage caused by Semnopithecus vetulus nestor in Gampaha District

INTRODUCTION

Crop raiding by animals is a concern for small-scale
subsistence farmers (Garriga 2014) in countries around the
world like Sri Lanka, where nearly 28.5% of the population
depends on agriculture (CBSL 2014). Different animal
species cause different problems for farmers when they
raid crops (Hill 2005). Not only parasitic invertebrates but
also vertebrates like birds (Bruggers et al. 1998; Maurice
et al. 2019), rodents (Lathiya et al. 2003; Sarwar 2015),
Mouse Deer (Linkie et al. 2007), porcupine (Linkie et al.
2007), Wild Boar (Shafi & Khokhar 1986; Gobosho et al.
2015), Elephants (Sukumar 1990; Barnes 1996; Hill 1998;
Chiyo et al. 2012) and non-human primates (Boulton et
al. 1996; Pirta et al. 1997; Hill 2000; Dittus et al. 2019) are
considered as crop raiding pests responsible for human-
wildlife negative interactions. Non-human primates are
often considered to be the most destructive crop raiders
in many parts of the world (Naughton-Treves et al. 1998;
Hill 2000; McLennan 2008; Hill & Wallace 2012; Hockings
et al. 2012; Cabral et al. 2018). Members of the genera
Macaca, Papio, and Cercopithecus are amongst the most
frequently cited non-human primate pest species (Hill
2005). The presence of an organized social hierarchy, co-
operative behavior, communication skills, combined with
intelligence, dietary and behavioral flexibility, manual
dexterity, and extreme agility make these primate species
particularly difficult for farmers to prevent from damaging
crops (Hill 2005).

The human-monkey interaction in Sri Lanka was not a
severe problem in the past, but has intensified in recent
decades due to agricultural, irrigational, & industrial
projects, increased urban expansion, and fragmentation
of natural forested areas due to an increase in the human
population (Wickramagamage 1998; Rudran 2007;
Marasinghe & Nathaniel 2020). Forest fragmentation
in the wet and dry zones is a primary cause of rapid
and widespread invasion of primates into farms and
agricultural lands in search of alternative food resources
(Nahallage & Huffman 2008). As a result, conflicts have
intensified. These human-wildlife conflicts affect the
survival of many endangered commensal species (Garriga
2014) like Semnopithecus vetulus nestor, as well as
undermine the local human population’s food security
and tolerance for wildlife.

S.v. nestor (Bennett 1833) has been listed among the
25 most endangered primates of the world (Schwitzer
et al. 2017) due to encroachment into their habitat by
unplanned urbanization. Urbanization severely threatens
the long-term survival of this endemic species (Molur et
al. 2003; Rudran et al. 2009; Mittermeier et al. 2012).

Wijethilaka et al.

While studies on its behaviour and ecology have been
comprehensively addressed, reports on human - S.v.
nestor conflicts are scarce (Molur et al. 2003; Dela 2004,
2007, 2012; Rudran 2007; Mittermeier et al. 2009, 2012;
Rudran et al. 2013). Thus, the objective of our study was
to evaluate the intensity of human-monkey conflict by
identifying the crop and property damages caused by S.v.
nestor, and to quantify the loss incurred to the households
caused by them in villages bordering Danawkanda Forest,
Gampaha District in the Western Province of Sri Lanka.

METHODS

Study site

Danawkanda Forest (7.001N & 80.049E) is a secondary
wet zone forest encompassing an area of 360ha, located
in Gampaha District, Sri Lanka. The forest patch is
surrounded by many adjacent villages. Twelve villages
bordering Danawkanda Forest were randomly assessed
during the study in Mahara Divisional Secretariat (Image
1). Danawkanda Hill is considered a historical land mark
in the region, and contains a Buddhist monastery where
people interact with the forest. The main habitat type in
the study area was village home gardens dominated by
the tall fruit tree species Artocarpus heterophyllus (Jak)
(86%), Mangifera indica (Mango) (86%), Cocos nucifera
(Coconut) (71%), and Areca catechu (Arecanut) (34%).
The dominant medium-size fruit tree species were
Nephelium lappaceum (Rambutan) (59%), Carica papaya
(Papaw) (48%), Musa paradisiaca (Banana) (34%), and
Psidium guajava (Guava) (20%).

Study subject

Semnopithecus vetulus is the only endemic colobine
monkey species in Sri Lanka representing four subspecies;
namely S.v. philbricki (Northern Purple-faced Leaf
Monkey), S.v. vetulus (Southern Purple-faced Leaf
Monkey), S.v. monticola (Bear Monkey), and S.v. nestor
(Western Purple-faced Leaf Monkey) (Rudran et al. 2020).
Of which S.v. nestor is the smallest subspecies in body
size (Dela 2007) (Image 2). Its range extends across the
western lowlands of Sri Lanka, in an area of high human
population density, very low forest cover (Dela 2012),
extensive human settlements, and agricultural activity
(Dela 2007).

Survey

A pilot survey was carried out in July 2014 to
identify the families that experience S.v. nestor raids.
Structured questionnaires (N= 80) were then carried
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Image 2. One of the 25 most endangered primates of the world,
Semnopithecus vetulus nestor.

out to collect data by randomly interviewing families in
12 villages bordering Danawkanda Forest from August
2014 to January 2015. The head of each household was
interviewed in the relevant native language, Sinhalese
or Tamil, to avoid omission of vital information. The
questionnaire was composed of both closed- and open-
ended questions and binary (yes/no) questions.

Data analysis

The data collected from interviews were presented
as percentages of respondents given for each response
(Marchal & Hill 2009). Crop and property damages,
financial loss to the household, and expenditures for
deterrent methods were calculated. Pearson’s correlation
test was performed to analyze the relationship between
the money spent on firecrackers and the distance to the
forest. Minitab (Version 14.0) Statistical Software was
used and the level of statistical significance was set at p<
0.05.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18141-18147



Crop and property damage caused by Semnopithecus vetulus nestor in Gampaha District

RESULTS

Economic structure of the households in villages
bordering Danawkanda Forest

Residents in the study area led a typical Sri Lankan
lifestyle, of which 61% were employed (21% in the
government, and 40% private sector) and 39% were
unemployed, being involved in horticulture and a very few
were daily-based laborers. Despite their employabiltiy,
the majority were involved in friut plant (N= 78), crop
plant (N= 55), and ornamental plant cultivation (N=
12). Monthly income was recorded as follows: 64% of
residents earned less than LKR 25,000, 19% of residents
earned LKR 35,000-50,000, and 3% of residents earned
more than LKR 50,000.

Crop and property damage caused by S.v. nestor

Damages were categorized as crop damages, property
damages, and others (Table 1). The highest number of
households was affected by damages done to fruits,
leaves, & buds (93%) of commercial value, breaking of
roof tiles (76%), and frightful encounters (43%). The
most preferred fruit species of the monkeys were M.
paradisiaca and C. papaya (99%) (Table 2). The average
losses per household by crop and property damages
ranged between LKR 2,700 and LKR 1,500. This loss to
the household caused by crop and property damage was
higher in the dry season than the wet season (Fig. 1).

In addition to losses to the household caused by crop
and property damages, residents spend money to buy
firecrackers for chasing monkeys away. There was a strong
negative correlation between the distance to the village
and the average amount of money spent on firecrackers
(r>=-0.78 p=0.0410).

Deterrent methods for S.v. nestor raids in villages
bordering Danawkanda Forest

Deterrent methods for chasing away S.v. nestor were
categorized as currently used methods, and proposed
alternative methods (Table 3). Lighting firecrackers
were the most common method used by the residents
to chase away S.v. nestor (99%). Electrified barriers
were rarely used (4%). Now most of the residents
prefer to grow ornamental plants and short trees to
develop an aesthetic appearance around the home and
to eliminate the structures that attract and facilitate S.v.
nestor approaching the home and property as proposed
alternative methods.

Wijethilaka et al.
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Figure 1. Approximated loss to households caused by crop and
property damages during dry and wet season by Semnopithecus
vetulus nestor with 5% error bars.

Table 1. Damage caused by Semnopithecus vetulus nestor in villages
bordering the Danawkanda Forest, Sri Lanka.

Damage type Number of families
affected (%)

Crop damage

Damage fruits, leaves and buds (leaf and flower

buds) 93

Consume ripe and raw fruits 29

Consume crop and flowers of vegetable plants 13

Uprooting plants 13

Property damage

Break the roof tiles 76

frightful encounters

Scaring adults and children 43

Biting adults and children 31

Noise annoyance 41

Table 2. Fruit species ingested by Semnopithecus vetulus nestor in
home gardens bordering the Danawkanda Forest, Sri Lanka.

Reported
. . Common
Family Species frequency
name
of use (%)
Musaceae Musa paradisiaca Banana 99
Caricaceae Carica papaya Papaw 99
Nepheli
Sapindales ephefium Rambutan 44
lappaceum
Anacardiaceae Mangifera indica Mango 31
Arecaceae Cocos nucifera Coconut 20
Euphorbiaceae Manihot esculenta Manioc 08
Dioscoreaceae Yams 08
Arecaceae fo.cos”nucu‘era King 05
king coconut
Malvaceae Durio kutejensis Durian 04
Dipterocarpaceae Dlpterz?carpus Kiripalu 02
zeylanicus
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Table 3. Deterrent methods for raiding by Semnopithecus vetulus
nestor into home gardens bordering the Danawkanda Forest, Sri Lanka.

Households (%)
employing these
Deterrent method techniques
Currently practiced methods
Lighting fire crackers 99
Throwing and/or thrashing stones 41
Shooting by pellet guns and catapults 18
Creating noises/shouting 26
Electricity fence/wires 04
Proposed alternative methods
Growing decorative plants 99
Addition of short trees 99
Creating an esthetic landscape 99
Growing ornamental plants instead of crop 98
plants
Elimination of structures that attract and 92
facilitate monkeys
Reducing the food sources 84
Removal of tall trees 78

DISCUSSION

Crop raiding by wildlife is not a new phenomenon. It
has been occurring since humans first settled down and
started practicing agriculture (Sillero-Zubiri & Switzer
2001); however, the intensity of this problem is particularly
problematic in areas where humans are encroaching
onto once undisturbed wildlife habitats (Rudran 2007;
Nahallage & Huffman 2008). It is challenging to conduct
a comprehensive assessment of the damage caused by
wildlife (Garriga 2014). Farmers’ perceptions of loss are
often greater than the actual loss, and this becomes more
accentuated if the plantations are in close proximity to a
protected wildlife area (Hill 2004). In the present study,
we found that residents near the Danawkanda Forest are
experiencing a considerable financial loss due to crop and
property damage by S.v. nestor compared to their monthly
income. Twelve villages are located within a 4km radius
of Danawkanda Forest, of which 75% are located within
a radius of 2km. Hence, S.v. nestor can easily exploit the
available food resources of these villages via continuous
arboreal pathways that connect the villages to the forest
(Rudran 2007). Villages that are located relatively close
to the forest largely experience a high frequency of crop
and property damages compared to more distant villages.
Similarly, previous studies have also shown that S.v. nestor
is involved in the exploitation of human modified habitats,
and that often results in crop damage and consumption

Wijethilaka et al.

and other forms of property damage (Rudran 2007; Dela
2012). Similarly, studies carried out in African countries
like Uganda and in some regions in India show that farms
closer to forests do actually suffer significantly more crop
raiding than farms situated further away (Saj et al. 2001;
Baranga et al. 2012; Karanth et al. 2013).

The vegetation structure of home gardens was the key
element in attracting S.v. nestor. They mostly preferred
taller fruit-trees that facilitated their arboreal movements,
hence, home gardens with more tall trees were raided
more frequently. Food sources like fruit plants were very
common in home gardens in the study sites. Dela (2012)
stated that S.v. nestor living in environments modified
by humans and with abundant sources of cultivated
fruits had actively adopted a more frugivorous dietary
strategy, unlike that of any other colobine monkeys.
Though fruits vary widely in biochemistry and quality,
they are in general easily digested and contain energy-
rich sugars and nonstructural carbohydrates (Kay & Davies
1994; Waterman & Kool 1994). Human edible fruits
from cultivars seem to have these features (Dela 2007).
Similar to Rudran (2007) in the present study, S.v. nestor
commonly preferred fruits such as banana and papaw
over other available fruits, and this might be due to their
availability throughout the year, unlike most seasonal
fruits. Chimpanzees are also known to cause significant
damage to banana plantations (Naughton-Treves 1996).
In the present study, the highest percentage of damage
is done to leaves, fruits and their buds (93%), because
mature leaves are generally high in fiber and protein,
are more nutritious, and have lower processing costs
(Oates et al. 1980; Waterman & Kool 1994). S.v. nestor
commonly preferred both raw and ripe fruits (29%),
and vegetable crops and their flowers (13%). On the
other hand, roof tiles (76%) and roof sheets (13%) were
frequently damaged by removing and destroying them.
On occasion, they jump down on the roofs from tall trees
as they move and chase one another, causing substantial
damage to the roof. Unrepaired damages can lead to roof
degradation.

Fear of S.v. nestor was common in the study area.
Small children are the most common victims. Some
monkeys were relatively more aggressive than others,
with a few reports of people being bitten. Other primates
like chimpanzees have even been known to kill children
on more than 10 occasions in the Kibale Forest of western
Uganda (Naughton-Treves pers. comm. 1996; Hill 2005)
and baboons have caused injury and death to humans
(Hill 2000; Nchanji 2002). Other prevailing problems
include breaking fences, spoiling water in storage tanks
and food, and the carrying off of small household items.
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More than two-thirds of the residents interviewed
face financial difficulties and the majority find selling
of horticulture as a good remedy. They cultivate fruits
and vegetables in their home gardens. Monkey foraging
incursions into their home gardens cause a direct
economic impact to the household. Damage to crops and
property was higher in the dry season compared to the
wet season. The wet season triggers flushing and fruiting
of food sources in the forest, so the monkeys are able to
get enough natural food at this time of year within the
Danawkanda Forest. But in the dry season, food sources
are scarce inside the forest. This might be the reason
for intensified foraging in the adjacent home gardens,
resulting in high crop and property damages at this time
of the year. Conversely, many colobine species in other
parts of the world feed selectively on seasonal plant parts
(Davies 1991; Stanford 1991).

Most of the deterrent methods used are not harmful
to the monkeys, but electrocution, shooting, poisoning,
and hitting with stones are injurious. More traditional
protection strategies used against other species such as
creating barriers (electric fences, living fences, walls, and
ditches) between wildlife and farming areas are ineffective
where primates are concerned (Garriga 2014). Lighting
firecrackers was the most common deterrent method
used by the residents near the Danawkanda Forest. As
the distance from the forest to the villages increases, the
amount of money that had to be spent on firecrackers to
deter S.v. nestor decreased. This is because the villages
located more closely to the Danawkanda Forest are more
frequently raided by S.v. nestor than the villages further
away.

Apart from the currently used methods, we
recommended seven alternative methods to residents in
the area (see Table 3). The majority (99%) preferred to
grow shorter trees instead of taller trees, because they
give an aesthetic appearance to the home garden, and
grow more ornamental plants instead of crop plants.
This will, however, reduce the opportunities for growing
valuable timber species and crop plants that can increase
the monthly income of these residents.

Our study can be regarded as a baseline survey, which
provides an initiative to address this rising problem in the
area. We propose that S.v. nestor causes crop and property
damages in the villages bordering Danawkanda Forest as
a result of their search for nutritious food sources in home
gardens at times of food scarcity in the forest. Residents
who are living in close proximity to the forest, having low
income, experienced a considerable economic loss to the
household, leading to conflicts between humans and S.v.
nestor. Perhaps compensatory mechanisms can help
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alleviate the financial losses to households. Awareness
can play a vital role in encouraging villages to tolerate
and mitigate crop and property damages caused by S.v.
nestor. More efforts are needed to educate people on the
importance of biodiversity and effective ways of mitigating
the wildlife problem without engaging in constant conflict
with them. Importantly, active participation of authorized
government and non-governmental organizations needs
to be involved to manage unplanned construction and
agriculture extensions into the forest, which triggers
negativity towards not only monkeys, but many other
wildlife species as well.
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Habitat preference of the Indian Pangolin Manis crassicaudata inhabiting
Margalla Hills National Park, Islamabad, Pakistan
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Abstract: The Indian Pangolin Manis crassicaudata, is an ‘Endangered’ mammal species native to Pakistan but facing a risk of extinction
due to hunting pressure for its scales used in trade. The current study investigated habitat preference of this unique species in the
Margalla Hills National Park, Islamabad, from September 2011 to August 2012. Three habitat types, viz, human vicinity area, agricultural
land, and wild/natural area, were searched for recording signs of Indian Pangolin. Data on habitat preference was collected from direct
and indirect signs of the species by monitoring 85 line transects, each measuring 500m in length and 50m in width, in 17 different sampling
sites. A total of 323 signs of Indian Pangolin were recorded including 299 burrows, 10 live sightings, and 14 scats of the species. The
maximum number of signs were recorded in wild or unmodified natural area (55.1%), followed by those in vicinity to human use area
(20.12%), while the least (24.76%) were found in agricultural area. Statistical comparison using one-way analysis of variance of pangolin
field signs, among three different types of habitats studied, differed significantly (df= 48, F= 13.723, p <0.001). Similarly, LSD analysis
further revealed that field signs of Indian pangolin recorded on natural or wild habitat significantly differed from those which were on
agricultural land and human vicinity area (p <0.001). The study concludes that the Indian Pangolin prefers habitats in the wild or natural
area over those close to human vicinity and agricultural lands.
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Habitat preference of Indian Pangolin in Margalla Hills NP

INTRODUCTION

Animals make habitat choices as a result of balance
between the costs and benefits perceived by them
from effort and efficacy of result. Habitat use is driven
by habitat-related variation in factors such as forage
quality and availability, shelter, presence of predators,
and breeding success. In fact, one of the most common
significance is when open habitats provide good forage
and closed habitats provide shelter from predation. The
relative importance of finding food, mates and avoiding
predators will change across different animal species but
may also vary in space and time within populations of a
single species.

Mammals have a 24-hour activity rhythm, based on
the endocrine melatonin rhythm of the pineal gland,
synchronized with the environment by means of the
light/dark cycle (Bartness 1989). All activities carried
out during the circadian cycle have fitness costs and
benefits (Daan & Aschoff 1982). If different habitats have
differential survival costs/benefits for active behaviour
than for resting/sleeping, an individual’s space and
habitat use is likely to differ between the active and the
inactive part of the circadian cycle (Halle 2000).

The Indian Pangolin Manis crassicaudata, is a
medium-sized mammal, covered over on the dorsal
side by hard keratinized scales, whereas its ventral side
is without scales. The species occurs in five different
countries including Pakistan, India, Sri Lanka, Nepal,
and Bangladesh (Mahmood et al. 2019). It generally
inhabits tropical and sub-tropical forests, dry mixed-
evergreen monsoon, sub-mountain, and riverine forest
(Roberts 1977; Phillips 1981). It also occurs in mangrove
forest, grasslands, agricultural land, artificial landscapes
(plantations), home-gardens, scrubland, and desiccated
areas (Roberts 1977; Pabasara et al. 2015; Karawita et al.
2018). Itis an ‘Endangered’ species throughout its range
because of illegal trade for its scales and meat, placed in
the Appendix | of the CITES, and is also the world’s most
trafficked mammal (Mahmood et al. 2019)

In Pakistan, the Indian Pangolin occurs in, and may
have a preference for, sub-tropical thorn forests and
barren hilly areas (Roberts 1977). Mahmood et al.
(2014) reported that in the Potohar Plateau, there is a
close association between the occurrence of the species
and its burrows, and dominant tree Arabic Gum Acacia
nilotica, Indian Plum Zizyphus mauritiana, Phulai Acacia
modesta, shrubs (Zizyphus nummularia, Calotropis
procera), and Mesquite Prosopis juliflora species. In
Margalla Hills National Park, an earlier study reported
that Indian Pangolin was recorded in areas dominated
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by Phulai, Northern Indian Rosewood Dalbergia sissoo
and Chir Pine Pinus roxburghii while West Indian Lantana
Lantana camara and Pomegranate Punica granitum
appear important to the species’ ecology (Mahmood
et al. 2015). Since its habitat includes hilly areas, forest
as well as grasslands, selection of habitat depends
upon food availability (Jacobson et al. 1991). It forages
exclusively on ants and termites species (Roberts 1997)
in its habitat.

The Indian Pangolin has got an important economic
role in agricultural crops and buildings (Roberts 1997).
There are evidences on varied diet of the species that
may consume insects, plant matter as well as grits
(Karawita et al. 2020). It also plays vital role in the
ecosystem concerning pest control. It is estimated that
one adult pangolin can consume approximately more
than 70 million insects annually (d’Aulaire & d’Aulaire
1983). Moreover, burrowing animals are very important
to add up valuable contribution to increase animal’s
diversity and population as their burrowing activity
provides shelter or breeding habitat for many other
animals and thus this action increases animal diversity
(Hansell 2003). Being the world’s most trafficked
mammal, mainly because of illegal trade in its scales, it
faces a high risk of extinction in the wild (Challender et
al. 2014). Without conservation efforts, its population is
expected to keep on declining and the vital species may
very soon be lost. For the conservation of this species,
it is necessary to have baseline information about its
ecology and biology including habitat preferences. So,
keeping in view the importance of Margalla Hills as an
important habitat of the Indian Pangolin in the country,
the present study assessed its habitat preference in the
Margalla Hills National Park (MHNP), Islamabad.

MATERIALS AND METHODS

Study area

The study was carried out in MHNP, Islamabad (Image
1), located between 33.716N and 73.916E, occupying
approximately 17,386ha area, and it comprises of
different compartments in Margalla Reserve Forest and
1-25 of the Military Grass Farms (Pakistan 2009). It also
covers the Margalla Hills 12,802ha, Rawal Lake 1,702ha,
and Shaker Parian 1,376ha. Since its establishment the
Park is under the control of CDA (Capital Development
Authority) vide notification number 443[1] / 80 (Anwar &
Chapman 2000). But more recently, the MHNP has been
handed over to “Islamabad Wildlife Management Board
(IWMB) which has been established under the control of
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Image 1. Map of the Margalla Hills National Park, Islamabad showing locations where signs of Indian Pangolin were recorded in the Park at

three different habitat types (Modified from Google Earth Inc.).

Ministry of Climate Change (MoCC), Islamabad.

The northern part of the MHNP follows the Haripur-
Islamabad and Rawalpindi-Islamabad district boundaries
while the forest compartments in the periphery of
37 reserve forest (RF) and 41 RF are followed by the
western part of the Park boundary. Southern side
of the boundary moves with the border of the forest
compartments, existing boundary pillars, Siachen and
Margalla road and also the center line of the nullahs
like Rumli and Mandla. The eastern part of the Park
boundary follows the forest compartment boundary
along with the Rawalpindi-Islamabad district boundary.
Finally, the boundary of Rawal Lake follows the Kashmir
Highway, Murree road, Shaker Parian, the highest water
mark of Rawal Lake along with 2km buffer zone and CDA
pillars at some places (Pakistan 2009).

Topography of the study area is uneven, mostly
comprising slopes and gullies. The rock composition is
basically limestone. Its elevation ranges 450-1,580 m
above sea level (Jabeen et al. 2009). On the western
side elevation of the mountain is about 1,600m, which
increases towards the eastern side (Anwar & Chapman
2000). The soil is colluvial, wind deposited, ranging dark
brown to yellowish-brown in color with a fine texture
(Hijazi 1984).

The climate is sub-tropical to semi-arid. The average

maximum and average minimum temperatures of
the area are 34.32C and 3.4°C, respectively. The area
receives a reasonably high monsoon rainfall, and the
annual rainfall is up to 1,200mm. Underground water
table is in moderate condition having pH of 7.4 (Shinwari
& Khan 1998).

The biodiversity of the park harbors about 616
species of plants, 250 birds, and 35 mammals in the
National Park (Rasheed et al. 2005). The Park flora is
generally dry, tropical, deciduous forest on lower slopes
and sub-tropical on higher altitude. There are primarily
five plant communities, on the basis of physiognomy,
floristic composition and dominance, including Olea
ferruginea-Acacia modesta, Acacia modesta-Carissa
opeca, Olea ferruginea-Carissa opeca, Myrisine Africana-
Dodonea viscose, and Pinus roxburghii-Quercus incana.
The Pinus roxburghii-Quercus incana community is
present at 900m elevation where Chir Pine are found in
patches and understory cover is dominated by grasses
(Anwar & Chapman 2000).

Field surveys and data collection

A reconnaissance was conducted on motor vehicle
(average speed 25-30 km/h) in natural and wild areas
of the park to find out the potential habitat of Indian
pangolin. The potential areas were marked and their
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geographical coordinates were recorded. The potential
areas of the animal species were identified on the basis
of its burrows and fecal samples present over there
and also by interviewing local people. The burrows
of the Indian pangolin were distinguished from those
of other vertebrates identified on the basis of their
characteristics shape (being circular at their opening).
The species excavates two types of burrows. These are
the feeding burrows and living burrows. The feeding
burrows are less deep and excavated during foraging on
ants and termites, while the second types of burrows
are “permanent” burrows or living burrows, which are
excavated by the species for living purposes, and these
are much deeper. The local people were also asked about
the occurrence of pangolins in their area, just to confirm
existence of the species in the study area. Information
provided by the local people were verified by searching
for and identifying the field signs like burrows and scats
of the Indian Pangolin.

For investigation of the habitat and collection of data
on the species, 17 representative sampling sites were
randomly selected. Each sampling site comprised an
area of about 1km?. Five line transects, each measuring

Mahmood et al.

500m in length and 50m in width on either side of the
transect (area of each transect was 0.05km2) were
established in each sampling site. Total numbers of
transects searched were N= 85. Fortnightly visits to the
selected sites were conducted for data collection from
July 2011 to June 2012. The selected sites ranged in
their elevation from 462m (Malpur) to 1,046m (Trail-3).
Each visit comprised of three consecutive days. The total
numbers of days of observations were N= 72. In order
to ensure that we did not double count the field signs of
Indian Pangolin, as the burrows were permanent signs,
the scats were collected during each field visit.

Each sampling site was further divided into three
different habitat types, viz., human vicinity area (HVA),
agricultural lands (AGL), and wild or natural area (WNA);
all these habitat types were searched for recording direct
and indirect signs of the Indian Pangolin. Besides the
presence of burrows and faecal matters, other signs that
were searched included their foot prints and body prints,
especially around the newly dug burrows (Table 1). The
feeding and permanent burrows of the species were
distinguished on the basis of the burrow depth; the depth
of the feeding burrows was much less than the living or

Image 2. Field photographs of burrows of Indian Pangolin in the Margalla Hills National Park, Islamabad: A—living or permanent burrow | B—a
feeding burrow | C—inactive living burrow | D—active living burrow. © Shaista Andleeb.
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permanent burrows (Image 2). Similarly, inactive and
active living burrows of the species were distinguished
on the basis of activity signs around the burrows (Image
2). Also, questionnaires were developed for collecting
information from the local people in different areas of
the park. Data on habitat preference of the pangolin
was collected from direct and indirect signs monitored
along 85 line transects established in 17 sampling
sites. The transects where direct and indirect signs of
pangolin were found, their geographical coordinates
were recorded by using geographical positioning system
(Garmine Trex Vista H), later to construct a distribution
map of the animal species in MHNP.

RESULTS AND DISCUSSION

The Indian Pangolin occurs in a diversity of habitats,
ranging from hilly areas to forests and grasslands,
depending upon the availability of its food resources.
Growing concerns over population declines due to
poaching and trafficking (Challender et al. 2015;
Ingram et al. 2019) have emphasized the need for more
concerted conservation efforts for the species, which
according to the IUCN Red List of Threatened Species,
is listed as ‘Endangered’ due to past and anticipated
population declines caused by illegal hunting (Mahmood
et al. 2019). The species is included in Appendix | of
the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) (Mahmood et
al. 2019).

In the current study, we aimed at investigating
the preferred habitat of the Indian Pangolin, among
three habitat types, viz., natural or wild area (NWA),
agricultural land (AGL) and human vicinity areas (HVA),
in the MHNP, Islamabad. The earlier published literature
shows that the species can occur in a variety of habitats
like forests, grasslands, and semidesert areas (Roberts
1997).

In our study of the Indian Pangolin, a total of 323
signs were recorded, out of which 299 were burrows, 10
were live sightings and 14 were scats of Indian pangolin
(Table 1). The results showed that among all field signs
the maximum signs were recorded in habitat type-lll
(Table 2; Image 2; Figure 1), wild or natural area (n=178;
55.1%), followed by human vicinity area (n= 80; 24.76%),
while the least signs of the species (n=65; 20.12%) were
found in the agricultural land area. The maximum signs
of pangolin were found in Malpur (n= 125; 38.70%)
sampling site while the least signs were recorded at
Trail-3 (n= 3; 0.92%) of MHNP. These findings suggest

Mahmood et al.
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Figure 1. Numbers of burrows (Feeding burrows FB, living inactive
LIA, and living active LA) of Indian Pangolin recorded in MHNP, at
three different habitat types in the study area: HYA—Human vicinity
area | NWA—Natural Wild area | AGL—Agricultural land.

A GAD A

Figure 2. Percent use of each of the three habitat types by Indian
Pangolin in MHNP Islamabad.

HVA—Human vicinity area | NWA—Natural Wild area | AGL—
Agricultural land.

that the Indian Pangolin prefers for wild natural area
over human vicinity area and agriculture land in the Park.
Karawita et al. (2018) investigated the habitat
preference of Indian Pangolin in a tropical lowland
rainforest in southwestern Sri Lanka. They recorded a
total of 75 burrows, that included 54 feeding burrows
and 21 resting burrows in four different habitat
types—secondary forest, Pine-dominated forest,
rubber cultivations, and tea-dominated home gardens
bordering forest. The observations were made using
fixed-width transects in order to characterize resting
and feeding burrows of this species. They concluded
that the Indian Pangolins exclusively prefer habitats with
rocks and boulders under which they dig resting burrows
while the location of feeding burrows largely overlaps
with the distribution of prey species. In our current
study in MHNP Islamabad, however, we did not find any
burrows of Indian Pangolin in the rocks, but a majority
were in the soft soil, and under the vegetation.
Similarly, Mahmood et al. (2014) studied the habitat

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18148-18155



Habitat preference of Indian Pangolin in Margalla Hills NP

Mahmood et al.

Table 1. Detail of field surveys/ transect surveys conducted on motor vehicle for Indian Pangolin distribution of in Margalla Hill National Park,
Islamabad, during current study period.

Sr. # Location Starting transect Geogl:aphm Ending transect Geogfaph'c Distance Result +/-
coordinates coordinates covered
- N: 34.001 - N: 33.846
1 Phulwari Z:;‘r'::]acz :g':g‘; E:73.303 FQhXB";a" Village E:73.190 ek e
Elev: 595m Elev: 595m
Kalaniir N:33.918 N: 33.877
2 ) Kalanjir Valley E: 73.039 Gandian Village E: 73.157 K Y
Elev: 598m. Elev: 579m. m ¢
S N:33.997 - N:33.853
3 Rumli zi::n\éilage E: 73.275 Ramli Village E:73.208 e +Ve
Elev: 591m Elev: 634m
N:33.947 N: 34.040
4 Shahdara \S;‘Ifhdara E:73.318 Mandla Village E:73.306 o W
tage Elev: 702m. Elev: 653m. m ¢
Gandian Village N:33.751 N:33.761
5 Gandian (DaraKaao’nwgni) E: 73.036 Gandian Village E: 73.215 skm e
Elev: 606m. Elev: 619m.
N: 33.906 N:33.931
6 Kalanjir Kalanjir Village E: 73.036 Kalanjir Village E: 73.163
Elev: 597m. Elev: 602m. 3km *ve
N: 33.770 N:33.812
7 Rattahottar Rattahottar E:73.141 Ratta Hottar E: 73.330
3km +Ve
Elev: 643m. Elev: 631m.
N: 33.767 Bari imam N:33.999
8 Bariimam Bariimam E: 73.356 E: 73.168
Elev: 627m. (Mahallakamalpur) Elev: 616m. 2km +ve
Daraianala N:33.928 N: 33.926
9 Trail-5 (trailjs) e E:73.153 Muradgalli E: 73.209 - e
Elev: 630m. Elev: 1164m.
Trail 3 N: 33.962 Trail 3 N:33.962
10 Trail-3 (from monal E: 73.163 (Darajangla) E:73.131 Skm e
restaurant) Elev: 1046m Jang Elev: 624m
. . N: 33.970 N: 33.782
11 | Lekeview park ziik:‘"ew park E:73.326 Malpur Village E: 73.100 2k e
Elev: 542m Elev: 527m
N: 33.900 N:33.894
12 Saidpur Saidpur Village. E: 73.086 Saidpur Village. E: 73.271 3km -Ve
Elev: 592m Elev: 648m
N:33.774 N:33.774
13 Malpur Malpur Village E: 73.226 Malpur Village E: 73.226 akm e
Ele1l5v: 462m Elev: 467m
Enterance N:33.971 N:33.958
14 Daman -e- koh Daman-e-koh road E: 73.130 Bodlabann E: 73.175 6km Ve
Elev: 579m Elev: 869m
N: 33.780 . N: 33.898
5 | v R L A N B
g Elev:932m Elev:995m ’
Sangiani Sangiani N:33.718 N:33.725
16 & W‘|§J E:72.918 Sangjani E:72.919 " W
e area Elev:506m Elev:511m m ¢
Shah-Allah- N: 33.826 5 N: 33.839
17 | Shah-Allah-Ditta Ditta E:72.994 Z:’::'A”ah")'tta E:72.998 2k e
Wild area Elev:581m Elev:578m
Total 75.5km

and population of the Indian Pangolin in Chakwal
District, Pakistan. They reported that trees, herbs,
and shrubs form important components of its habitat.
They found the Indian Pangolin closely associated with
Acacia nilotica, Zizyphus mauritiana, Z. nummularia and
Prosopis cineraria. Lantana camara was also among the
preferred vegetation type. They suggested that tree
species like Prosopis, Zizyphus and Acacia nilotica may be

important for the Indian Pangolin from the point of view
of food because abundant termite mounds and ant’s
colonies occur on the soil below and on the trunks of
these tree species. Moreover, Zizyphus nummularia and
Lantana camara may have an important role of providing
protection to the animal species. In the current study
in MHNP Islamabad, the habitat type-lll (NWA) is also
having a similar kind of vegetation with similar species
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Table 2. Percentage (%) of habitat use by Indian Pangolin Manis crassicaudata in MHNP, Islamabad.

Site Human vicinity area Agricultural lands Natural/wild area
No. Sampling sites Elevation (m) (%) (%) (%)
1 Malpur 462 4 18 78
2 Lake view 542 27 15 58
3 Banni galla 514 37 14 49
4 Shahdara 702 26 23 51
5 Ramli 591 24 63 13
6 Phalwari 595 47 24 29
7 Gandian 603 57 24 19
8 Kalinjir 598 47 29 24
9 Bari Imam 627 45 21 34
10 Ratta Hottar 643 12 51 37
11 Darra Jangala 630 3 0 97
12 Trail-3 1046 2 0 98
13 Talhar 932 3 8 89
14 Sangjani 506 11 7 82
15 Shah-allah-Ditta 581 2 13 85
16 NARC 496 27 32 41
17 Saidpur 670 34 0 66
Mean + SE 24 +4.47 20.11+£4.15 55.88+6.84

of herbs, shrubs, & trees, which indicates why the Indian
Pangolin preferred such a kind of habitat. The Indian
Pangolin was found distributed at various sites surveyed
including Phalwari, Kalinjar valley, Gandian Valley, Rumli,
and Shahdara areas of the Park. It was also recorded
in Ratta-Hottar and Bari-Imam areas of the Park. The
occurrence of some old burrows at Trail-3 and Trail-5
of MHNP showed that the animal species did occur in
these areas in the near past. No direct or indirect signs
of the animal were found in Saidpur area; however, it
was confirmed to occur around Lake View and Malpur
areas. In Sangjani and Talhar areas, some old burrows
revealed its presence.

During the current study period, the Indian Pangolin
was found to occur at Malpur site near Rawal Lake,
Phalwari area, Kalinjar Valley, Gandian Valley, Ramli and
Shahdara, Ratta Hottar, NARC, and Bari Imam areas of
the MHNP, at an elevation ranging 462-1,046 m. Some
old living/permanent burrows of the animal species
were recorded at Trail-3 and Trail-5 areas of the park,
which indicates that the Indian Pangolin did occur at
these sites in the past but it has moved to some other
places from there now. Similarly, at Sangjani and Talhar
areas of the Park, occurrence of old permanent burrows
indicates its occurrence in the past at these sites. In
the area of Shah-Allah-Ditta (995m), its occurrence

was confirmed whereas in the area of Daman-e-Koh
(579-869 m), no signs of the animal species were found.
Roberts (1997) had reported that the Indian Pangolin
occurs in the subtropical thorn forest of Potohar Plateau
and in Rawalpindi foothills up to 750m elevation, but in
the current study it has been recorded up to an elevation
of 995m. The MHNP also has subtropical thorn forest.
Results of the current study confirm that the Indian
Pangolin prefers natural wild area (55.88%) over human
vicinity areas (24%), and agricultural land (20.11%)
(Table 2; Figure 2). Statistical comparison using one-
way analysis of variance (ANOVA) of pangolin field signs
among three different types of habitats studied differed
significantly (df =48, F =13.723, p <0.001). Similarly,
LSD analysis further revealed that field signs of the
pangolin recorded at natural wild area habitat type
significantly differed from agricultural land and human
vicinity area habitat types (p <0.001). Waseem et al.
(2020) investigated the habitat suitability of the pangolin
in Potohar Plateau and Azad Jammu & Kashmir areas.
We recorded evidence of pangolin occurrence in three
different types of habitats in study area; viz., natural
forests, agricultural land, and the grassland. Results
indicate that the natural forest land is the preferred
habitat of the pangolin. This preference indicates that
compared to grassland and agricultural land, more
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cover might be available to pangolins for refuge and
protection. These results support the findings of the
current study where the Indian Pangolin preferred
natural wild area habitat over agricultural land and
vicinity areas. The findings of the current study also get
support from Perera & Karawita (2020) who reported
that the the Indian Pangolin inhabits a variety of habitats,
ranging from natural to anthropogenic. Subtropical/
tropical shrubland, subtropical/tropical dry forest, and
subtropical/tropical moist lowland forest were the
habitat types. Interestingly, 15 confirmed records of
the Indian Pangolins were reported from subtropical/
tropical moist montane forests, which represent the
lower and upper montane forests (cloud forests) at
altitudes above 1,200m.

CONCLUSION

The current study provides information regarding
habitat utilization of the Indian Pangolin. The species
prefers habitats in natural or wild area over agricultural
land and human vicinity areas (p <0.001). The results
are expected to help in managing the Indian Pangolin by
conserving its preferred habitat type in the study area
of Margalla Hills National Park, Islamabad, in addition to
controlling its illegal trade.
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Abstract: An endangered species, the Himalayan Red Panda Ailurus fulgens is one of the most iconic and sought-after species in the
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threats. In general, the study contributes to the conservation of the Himalayan Red Panda in western distribution ranges.
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Red Panda: first photographic evidence

INTRODUCTION

The language of photography is universal, and it
plays a crucial role in educating people on wildlife and
environmental issues (Lott 1992; Russell 1996; Montag
et al. 2005). Photo identification is one of the studies
in population ecology central to a range of applied
fields such as biological diversity, conservation biology,
and wildlife management (Bauwens et al. 2018).
Photographic identification is critical when animals are
difficult to capture and when the aim of the research is
to understand natural population processes and animal
behavior with negligible interference (Bradfield 2004;
Bauwens et al. 2018).

Researchers are using photographic identification
methods to survey biological communities (O’Connell
et al. 2011). Photographic images are reliable and non-
invasive data collection tools to track wildlife populations
(Karlsson et al. 2005; Frisch & Hobbs 2007; Carpentier
et al. 2016). Species identification and monitoring
using photographs can produce useful ecological data
including distribution patterns, abundance, and other
population parameters for analysis while minimizing
time to process bulky datasets (Karlsson et al. 2005;
Swanson et al. 2016). Some photographic identification
approaches now use artificial intelligence to assist field
biologists and citizen scientists in recognizing the species
(Kumar et al. 2012). Photographic identification has
been successfully adopted for an extensive range of wild
animals (e.g., Puma concolar (Kelly et al. 2008), Mustela
kathiah (Phan et al. 2014), Prionailurus planiceps
(Wadey et al. 2014), Ailurus fulgens (Shrestha et al.
2015), Liopholis slateri siteri (Treilibs et al. 2016), Vipera
berus (Bauwens et al. 2018)).

The Red Panda Ailurus fulgens, an endangered
mammal, classified as two subspecies: the Himalayan
Red Panda A. f. fulgens and the Chinese Red Panda A. f.
styani (Hu et al. 2020). The Himalayan Red Panda is an
endangered species (IUCN Red Data Book; Glatston et
al. 2015), confined to the region of southwestern China,
Nepal, India, Bhutan, and Myanmar (Glatston 1989;
Yonzon & Hunter 1989; Pradhan et al. 2001). Tila Karnali
River in Kalikot District of Nepal is the westernmost
distribution edge (81.66° E) of the Red Panda (Himalayan
Red Panda) while its easternmost distribution edge
(Chinese Red Panda) is the Minshan Mountain and Upper
Min Valley in Sichuan Province, in central China (Hu et
al.1990; Schaller et al. 1985; DNPWC & DFSC 2018).

Nepal represents the westernmost distribution of
the Himalayan Red Panda (Shrestha et al. 2021). In
Nepal, the Himalayan Red Pandas are distributed in 24

Shrestha et al.

districts with the potential habitat of 21,680 km? (Thapa
et al. 2020); however, they are vulnerable to extinction
due to habitat loss and fragmentation (Acharya et al.
2018) and poaching (Bista et al. 2017). Understanding
the distribution of the species is a crucial prerequisite
in formulating an effective conservation-dependent
species management strategy (Braun 2005; Titeux et
al. 2020). Nevertheless, gathering information with
regard to such endangered species is both a prolonged
and labor-intensive process. In addition, its elusiveness,
rarity, and distribution in remote-rugged habitat limits
its detection probability during field surveys (Shrestha et
al. 2015). Only a few indirect evidences of the Himalayan
Red Panda’s occurrence have been recorded from Kalikot
District in the past (Dangol & Chalise 2018). Based on
direct sighting, the current study aims to reconfirm the
presence and distribution of the Himalayan Red Panda
in the westernmost edge of its potential habitat range in
Kalikot District of Nepal.

METHODS

Study area

Nepal lies between China in the north and India to the
south, east, and west. The majority of Nepal’s landmass
lies along the Himalaya, within a small latitudinal range
of approximately 200km, the country undergoes vast
altitudinal changes from 60m along the southern border,
up to 8,848m of Mount Everest. This difference causes
dramatic vicissitudes in Nepal’s landscape and climate.
Our study area, i.e., Kalikot District lies in western Nepal.
Kalikot District includes six rural municipalities (RM) and
three municipalities (Figure 1). This remote and rugged
mountainous district spans an elevation of 728-4,790
m and is located between 28.62222° to 29.12556°N
and 81.82278° to 82.57944°E (DDC 2008). This district
possesses a significant proportion of temperate,
tropical, and sub-tropical zones (Lillesg et al. 2005). The
average annual temperature ranges from a minimum of
17.2°C to a maximum of 29.1°C (DHM 2017). Likewise,
other districts in the mid-western development region,
Kalikot also experience low average annual precipitation
of 830.9mm (DHM 2017). This district is ranked as a
highly vulnerable locale to climate-induced disasters
such as floods, wildfires, landslides, and droughts
(Ministry of Forests & Soil Conservation 2016). In Nepal,
the Red Panda’s presence has been documented from
24 districts and seven protected areas with potential
habitat of 23,977km? (DNPWC & DFSC 2018).

The study was conducted in the community forest
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(CF) of three rural municipalities, i.e., Mahawai RM,
Panchal Jhara RM, Shubhakalika RM of Kalikot District
(Figure 1). The community forests: Himkalika CF,
Dimreni CF, lillitreveni CF and, Gairemela CF have
temperate evergreen forests with a high dominance of
common plant species such as Abies spectabilis, Tsuga
dumosa, Betula utilis, Bombax ceiba, Juglans regia,
Cedrus deodara, Pinus wallichiana, Rhododendron spp.,
and Quercus semecarpifolia. The study area is rich in
medicinal and aromatic plants such as Ophiocordyceps
sinensis, Annona squamosa, Nardostachys jatamansi,
Picrorhiza kurroa, Swertia chirata, Paris polyphylla,
Delphinium denudatum, Morchella esculenta, Moringa
oleifera, Rheum austral, and Dactylorhiza hatagirea (DDC
2008). In general, forests of Kalikot harbors wide range
of wildlife and bird species. The most commonly found
fauna include Muntiacus muntijak, Ursus thibetanus,
Ailurus fulgens (Dangol & Chalise 2018), Semnopithecus
schistaceus, Moschus spp., Cervus elaphus, Hemitragus
jemlahicus, Capricornis thar, Lophura leucomelanos, and
Lophophorus impejanus (Jnawali et al. 2011).

Methods

Ateam comprising eight field biologists surveyed four
CFs of three respective RMs of Kalikot District in autumn
season, i.e., October/November 2019. Altogether, 12
linear transects with an average length of 1km were
established covering an area of 5.5km? of potential
Himalayan Red Panda habitat (Ministry of Forests &

Soil Conservation 2015). The transects were surveyed
based on the elevation gradient of 2,500-3,400 m and
accessibility of the terrain. A total of 11.98km transect
length was traversed during 362 working hours in search
of indirect evidence (such as scat, footprints, scratch
marks, feeding signs, and/ or remains of dead animal
parts) and direct sightings of the Himalayan Red Panda.
Relative abundance was measured by estimating the
encounter rate (ER) of Himalayan Red Panda signs per
unit km of transect walk within the survey area. ER is
total numbers of signs/total length of the transects
traversed in kilometers (Ministry of Forests & Soil
Conservation 2015).

A Canon Powershot SX40 HS camera along with GPS
(Garmin eTrex 10) was used to capture photographs and
record geographical location during the field survey.
Predominant substrates (such as fallen logs, trees, and
forest floors) used by the Himalayan Red Panda for
defecation was recorded for habitat use analysis.

Potential threats to the Himalayan Red Panda were
determined from direct field observation and key
informant interviews (KIl). Altogether, 12 divisional
forest officials and 47 community forest users group
(CFUG) members of all surveyed CFs were interviewed
with respect to their socio-economic status, involvement
in Himalayan Red Panda stewardship, knowledge on
conservation importance, and the potential hazards to
the species. Chi-square test was conducted to evaluate
the responses from the survey interviewees regarding
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the pervasive human disturbances in the core habitat of
the species.

RESULTS

Scats of the Himalayan Red Panda was found at
81.687778° E (Pachal Jharana RM) at an elevation
of 3,216m while photographic evidence of an adult
was recorded at 81.77080°E (Mahawai RM) at an
elevation of 2,784 m (Image 1; Figure 2). The signs of
its presence was documented from all surveyed CFs.
The photographed animal was captured while foraging
on the branch of Betula utilitis at 09.33h (Image 2, 3).
The nearby vegetation of the photographed site was
dominated by Rhododendron campanulatam, Pinus
wallichiana, and dense bamboo understory (51-75 %).
The nearest water body was approximately 80m away
from the camera station.

Himalayan Red Panda presence signs were
documented at the elevation range of 2,500-3,400 m;
70% of the records were in the range 2,650-3,100 m.
An average encounter rate of 0.92 signs per km were
recorded from the surveyed forests with Himkalika CF

Shrestha et al.

having the highest rate (ER= 1.53 signs/km) followed by
Dimreni CF (ER= 0.83 signs/km), Jilli Triveni CF (ER=0.78
signs/km), and Gairemela CF (ER= 0.55 signs/km) (Table
1).

Droppings (n= 163 piles) of Himalayan Red Panda
were observed on four different substrates, i.e., ground,
rock, trees, and fallen logs (Figure 3). Trees were the
most preferred substrate (50.92%) followed by ground
(28.83%), and fallen logs (13.50%). Rocks (6.75%) were
rarely used for defecation in the study area.

Chi-square statistics (X>= 9.96, df= 4, p-value=
0.041) was determined from the interview responses

Table 1. Encounter rate of Himalayan Red Panda in Kalikot District,
Nepal.

Transect Length of
Community No. of sign surveyed transect ER (signs/
forests plots (no) (km) km)
Himkalika 6 4 3.92 1.53
Dimreni 2 2 24 0.83
Jilli Triveni 3 4 3.85 0.78
Gairemela 1 2 1.81 0.55
Total 12 12 11.98 3.69
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Figure 2 . Photographed location of Himalayan Red Panda

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18156-18163

o]




s Red Panda: first photographic evidence

Image 2. Satellite imagery of Himalayan Red Panda observation site.

on the existential threats in the potential habitat of the
Himalayan Red Panda within the surveyed area. Of the
total interviewed respondents, 38% of key informants
believed that haphazard collection of fuelwood,
fodder, timber, and non-timber forest products on both
Government forest regimes and CFs is a key threat to
Himalayan Red Panda habitat and their survival. Besides
poaching (27% of respondents), unsustainable grazing
practices (23% of respondents) and forest fires (12% of
respondents) are some other prevailing anthropogenic

Shrestha et al.
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activities that make this species vulnerable to extinction.
The major threats identified through direct field
observation include traditional transhuman herding
activities, extensive resource collection, and human-
induced forest fires.

DISCUSSION

This study provides documentation of photographic
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evidence of live Himalayan Red Panda from the
westernmost distribution of its habitat range. Previously,
the only indirect sign of the species was documented
from Kalikot District (DNPWC & DFSC 2018). Based on
ground-truthing, the occurrence of the Himalayan Red
Panda has now been confirmed from Mahawai RM
of Kalikot District. The distance between the recent
photographed site and the location where the indirect
sign was detected is 21.5km. The photographed
location revealed some important information about
the habitat preferences of the Himalayan Red Panda,
which was photographed feeding on Betula utilis leaves;
more than 80% of its diet includes bamboo species
(Reid et al. 1991; Yonzon & Hunter 1991; Wei et al.
1999). Interestingly, feeding on leaves and fruits of
this tree species has been sporadically documented in
Nepal (Panthi et al. 2015; Sharma et al. 2014). Fondness
for these sites with diverse vegetation such as Betula
utilis other than bamboo leaves and shoots might be
a survival approach to remain resilient in unfavorable
circumstances. A similar study conducted in eastern and
central Nepal showed the forests dominated by Betula
utilis, Rhododendron spp., and Abies spp. with bamboo
in the understory to be the most preferable plant species
by the Himalayan Red Panda (Bista & Paudel 2013; Bista
et al. 2017).

The average relative abundance (ER= 0.92 signs/km)
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of Himalayan Red Panda scats were found lower than
the Taplejung District of eastern Nepal where an average
ER was observed to be 1.36 signs/km (Lama 2019). This
might be due to profligate propagation of the shrub
layer and ground layer that had reduced the detection
rate of indirect signs (Hemami & Dolmen 2005). On
the contrary, Bista et al. (2017) detected comparatively
lower encounter of 0.36 signs/km in Rasuwa District of
central Nepal. The length of transect covered during the
survey might not be precise enough due to inaccessible
geographical terrain, which might have resulted in the
varied relative abundance of Himalayan Red Panda signs
in the study area. Besides, environmental factors such
as precipitation, temperature, humidity, and wind can
affect the detection rate of indirect signs during wildlife
surveys. For instance, heavy precipitation probably
degrades or takes away scats from the landscape over
time (Reed et al. 2011).

Prior studies have suggested that fallen logs are
an important habitat component for the Himalayan
Red Panda (Wei et al. 2000; Pradhan et al. 2001) and
could benefit the foraging strategy of this species. In
accordance with the requirement of a nutritive diet, the
Himalayan Red Panda changes the defecation substrate
seasonally (Willliams 2003). For instance, defecations
mostly take place on the forest floor throughout the
growth season of bamboo shoots (Thapa et al. 2020).

Image 3. Himalayan Red Panda spotted feeding on Betula utilitis (© Nam Raj Shahi).
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Similarly, this study discovered trees as the most
commonly used defecation substrate. Likewise, Bista et
al. (2017) observed similar results where 62.21% of total
substrates recorded were the branches of the tree.

The increasing dependency of locals on forest
resources has rapidly caused the Himalayan Red
Panda habitat loss and fragmentation. Like eastern
parts of Nepal, the study area has witnessed excessive
bamboo, fuelwood, and fodder extraction in the core
habitat of this species (Williams 2004). The lack of
public understanding towards Himalayan Red Panda
conservation has even escalated the issues. As a result,
poaching and trafficking have increased at an alarming
rate in western Nepal. Recently, Kalikot District was
recognized as a crucial transit hub for the illegal trade
of wildlife parts and medicinal plants (Red Panda
Network 2019). Furthermore, unsustainable livestock
grazing activities inside the CFs are causing detrimental
impact on the natural resources and habitat. Panthi et
al. (2017) and Lama et al. (2020) reported overgrazing
pressure as one of the significant factors intensifying
the effects of habitat loss and fragmentation. Another
challenge to the Himalayan Red Panda conservation
includes forest fires triggered due to the climate crisis
and increasing anthropogenic disturbances. Slash-and-
burn is a common way of cultivating medicinal plants
such as Swertia chiraita particularly in eastern Nepal
(Ministry of Forests & Soil Conservation 2015).

CONCLUSION

Wildlife photographic evidence is critical for
sparking passion and interest among researchers and
policymakers to take steps to help conserve fragile
habitats and ecosystems.  Wildlife photographs of
endangered species, are valuable and hold importance
in conservation efforts. This paper documents the first
record (photographs from the wild) of the Himalayan Red
Panda from its westernmost distribution. The Himalayan
Red Panda is exposed to different anthropogenic
threats as seen in this study and reported in others.
Therefore, the Himalayan Red Panda habitat needs to be
demarcated into two zones—a core zone and a buffer
zone—in order to reduce human-related disturbances
while at the same time respecting community rights of
access to forest resources. This will help to conserve and
protect the westernmost limit of Himalayan Red Panda
distribution in the long run. The Himalayan Red Panda’s
habitat attributes, distribution, and food ecology in the
study area need to be further researched.

Shrestha et al.
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Ecological niche modelling of two African rodents

INTRODUCTION

Rodents are the most diverse and abundant groups
of mammals, accounting for approximately 2,200 species
(Monadjem et al. 2015), distributed across the world on
every continent except Antarctica (Nowak 1999). They
occur in a wide range of terrestrial habitats, and serve
the purpose of ecosystem engineers (Zhang et al. 2003)
and keystone species in an ecosystem. Africa supports
a large diversity of rodent species, with at least 463
known species (Monadjem et al. 2015), and new species
described regularly; however, the ranges and habitats of
some rodent species in Africa are not clearly known, due
to many reasons ranging from inaccessible localities to
insufficient data or resources (Kingdon 1997; Habtamu
& Bekele 2008; Takele et al. 2011). This is of especial
concern as rodents are not only diverse, but are an
integral part of the ecosystem’s functioning and health,
contributing essential services (Fischer 2017). They are
also of biogeographic, systematic, and conservation
interest and priority (Happold 2013; Monadjem et al.
2015).

Rodents distributed in xerothermic habitats have
been known to benefit from climate change towards
a warmer, drier climate scenario, most likely due to
their thermo-xerophilia being supported by the climatic
conditions (Cameron & Scheel 2001). Climate change
towards warmer and drier conditions has also resulted
in an increase in species diversity in rodents in warm
regions (Szpunar 2008). It is also possible that due to
the effect of changing climate scenarios, migrations
and emigrations take place, resulting in new regional
populations being seeded and established in order to
occupy the fundamental niche (Royer et al. 2016). As an
extension of the conclusions drawn by Millien & Damuth
(2004), treating fragmented populations as islands,
it may be inferred that there is a possible slowing of
the evolutionary rate of rodents as a result of climate
change.

Hutchinson (1957) proposed the concept of the
‘ecological niche’ — an abstract representation of the
biotic and abiotic factors deciding and limiting the
distribution and abundance of a species. Identifying the
ideal environmental niche of a species by accounting for
certain limiting factors is one of the aims of ecological
niche modelling (ENM) — this ideal niche is referred
to as the fundamental niche (Griesemer 1994). The
fundamental niche does not represent the real
distribution of the species; in fact, it is usually larger
than the realised distribution of the species (Soberdn
& Arroyo-Pefia 2017). Ecological niche modelling uses

Srinivasulu et al.

Image 1. a.—Ethiopian White-footed Mouse Stenocephalemys
albipes (Riippell, 1842) | b—Awash Multimammate Mouse Mastomys
awashensis (Lavrenchenko et al. 1998). © Alembrhan Assefa.

presence-only or presence-absence occurrence data
of a species and analyses it against a set of spatial
covariates—most often, bioclimatic variables are used
as the covariates in a climate change ENM study. Many
diverse algorithms may be used for ENM, including
generalised linear models (GLM), multivariate adaptive
regression splines (MARS), and random forests (RF).
MaxEnt (Phillips et al. 2006), however, is by far the most
widely used algorithm due to its use of presence-only
data, ease of access, customizability, and robustness
(Ortega-Huerta & Peterson 2008; Elith et al. 2011;
Merow et al. 2013; Radosavljevic & Anderson 2014).

The present study analyses the effect of current and
future climate scenarios on the predicted fundamental
niche of two Ethiopian-endemic rodents, the Awash
Multimammate  Mouse  Mastomys  awashensis
(Lavrenchenko et al. 1998) and the Ethiopian White-
footed Mouse Stenocephalemys albipes (Riippell, 1842)
(Image 1). It aims to predict the impact of future climate
change pathways (SSP2-4.5 and SSP5-8.5) on the niches
of these species using maximum entropy (MaxEnt)
modelling.
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MATERIALS AND METHODS

Study area

This study is based in Ethiopia and Eritrea, as both
Mastomys awashensis and Stenocephalemys albipes
are endemic to this region (Image 2). M. awashenis is
distributed in the scrublands of the Awash River bank,
which primarily comprises small Acacia and Commiphora
trees and thorny scrubs, and is also found in agricultural
fields and wild areas of the northern highlands
(Lavrenchenko et al. 1998; Meheretu et al. 2014). S.
albipes occur in moist montane forests, scrublands at
high altitudes, and agricultural fields (Yalden & Largen
1992; Tilaye 2005; Kassa & Bekele 2008) (Image 2).
The study region varies widely in altitude, geography,
and climatic conditions, resulting in a high diversity of
biological resources and high levels of endemism. The
altitude of the region varies from 115m below sea level
to 4,620m above sea level, and it can be classified into
three climatic zones — tropical, subtropical, and cool.
The mean annual temperature ranges 16—27 °C, and the
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annual precipitation ranges 510-1,280 mm. While the
study is restricted to Ethiopia and Eritrea, the ecological
niche modelling (ENM) was conducted on the entirety
of continental Africa to account for ecological niche
data outside the political borders of these countries;
final models were then cropped to Ethiopia and Eritrea’s
national boundaries.

Data collection

Occurrence data of the two study species were
collected from Ethiopia and border regions in Eritrea.
A total of 101 presence records were collected (34 for
M. awashensis and 67 for S. albipes) from published
literature (Lavrenchenko et al. 1998; Habtamu & Bekele
2008; Colangelo et al. 2010; Assefa & Srinivasulu
2019) and from GBIF (accessed August 2020) (Image
2; Appendix 1). Occurrence data of each species were
spatially thinned using the package spThin (Aiello-
Lammens et al. 2015) in R such that points within a
2km? area of each other were treated as duplicates and
removed to account for spatial bias and autocorrelation

Image 2. Satellite map of the study area, with occurrence localities (before spatial rarefaction) shown (inset — satellite map of continental

Africa, with study area highlighted in blue).
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in sample collection.

Nineteen bioclimatic environmental variables
were acquired at a resolution of 2.5 arc-minutes from
the Worldclim 2 database for the current time period
(Fick & Hijmans 2017). For future scenarios, 2.5 arc-
minute resolution data from the Coupled Model
Intercomparison Project 6 (CMIP6) were acquired for
two shared socioeconomic pathways - SSP2 representing
a middle-of-the-road scenario (Fricko et al. 2017) and
SSP5 representing fossil-fuelled development in the
future (Kriegler et al. 2017). Two global climate models
were used to account for inter-model disparities in
projection (Porfirio et al. 2014) - MIROC-ES2L (Tachiiri et
al. 2019a,b) and CanESM5 (Swart et al. 2019a,b). Data
were acquired for the 2041-2060 (near future) and
2061-2080 (distant future) time periods.

An analysis of multicollinearity conducted using the
package Virtualspecies (Leroy et al. 2015) in R version
4.0.2 (R Core Team 2020) was used to select relatively
uncorrelated variables for the modelling. Variables with
an absolute value of Pearson’s r >0.75 were subjected
to pairwise comparisons of perceived ecological
importance based on our understanding of the ecology
and biology of the two species. All climate data were
initially cropped to the extent of continental Africa;
islands surrounding Africa including Madagascar were
included, but southern Europe, the Middle East, and the
Arabian Peninsula were not used.

Ecological niche modelling

A presence-only approach was used to model species
distributions, using MaxEnt version 3.4.1 (Phillips et
al. 2006); however, careful consideration of biases and
selection of parameters is an essential step in order to
maximise the robustness and reliability of niche models
generated using MaxEnt (Derville et al. 2018). Hence,
parameterisation was done according to the processes
outlined in Merow et al. (2013) and Feng et al. (2019).
To account for spatial bias, a Gaussian kernel density
bias file of bandwidth 0.5 was created using the package
SpatialEco (Evans 2020) in R, in order to weight the
generation of background (pseudo absence) points for
the analysis.

The model was parameterised for feature classes
and regularisation multipliers using the package
ENMEval (Muscarella et al. 2014). We tested a set of
five regularisation multipliers: 0.5, 1, 2, 3, and 5, and
six feature classes: Linear, Linear+Quadratic, Hinge,
Hinge+Quadratic, Linear+Quadratic+Product, and
Hinge+Quadratic+Product.  Five-fold cross-validation
was used and model performance was assessed using
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the area under the receiver operating characteristic
curve (AUC) and the true skill statistic (TSS).

The continuous models for each scenario and each
time period, as output by MaxEnt, were reclassified
according to the maximum test sensitivity+specificity
(MSS) threshold into binary models — the positive cells
represented the fundamental niche of the species for
each scenario and time period according to bioclimatic
data. Finally, the binary models were cropped to Ethiopia
and Eritrea’s national boundaries. Area of climatic
suitability was calculated as a percentage based on the
ratio of positive to zero cells in the final binary models.

RESULTS

Ecological niche modelling

For the modelling of both Mastomys awashensis
and Stenocephalemys albipes, 12 bioclimatic layers
were selected based on multicollinearity analysis
(Appendix 2): BIO1 (Annual mean temperature), BIO2
(Mean diurnal range), BIO4 (Temperature seasonality),
BIO5 (Maximum temperature of warmest month),
BIO6 (Minimum temperature of coldest month), BIO8
(Mean temperature of wettest quarter), BIO9 (Mean
temperature of driest quarter), BIO14 (Precipitation of
driest month), BIO15 (Precipitation seasonality), BIO16
(Precipitation of wettest quarter), BIO18 (Precipitation
of warmest quarter), and BIO19 (Precipitation of coldest
quarter). After data cleaning and spatial thinning, 10
occurrence points were used for M. awashensis and
65 occurrence points were used for S. albipes. Models
with the lowest A AlCc values were selected as the
final models for ENM analyses of each species — for M.
awashensis this was Linear features with RM= 0.5 (A
AlCc= 0), and for S. albipes this was Linear+Quadratic
features with RM= 0.5 (A AlCc= 0). The models for M.
awashensis and S. albipes returned AUC values of 0.974
+ 0.009 and 0.977 £ 0.011, respectively, and TSS values
of 0.735 and 0.801, indicating robust performance for
both species. Mean diurnal range and temperature
seasonality had high contribution to the models of both
species (Table 1).

Stenocephalemys albipes ENM

The ecological niche model for S. albipes (MSS
threshold 0.525) showed that 20.704% of the study area
is climatically suitable in the current time period (Image
3; Table 2). In both future time periods, scenarios, and
GCMs, there was significant increase, with an average
increase of 18.437% to 39.141 + 3.695 % in 2041-2060,
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Table 1. Variable contributions of each bioclimatic layer used in the analysis, for both species.

Percentage contribution Permutation importance
Variable Name Stenoce;{halemys Mastomys awashensis Stenoce;fhalemys Mastomys awashensis
albipes albipes
BIO1 Annual mean temperature 41.2 0 0 0
BIO2 Mean diurnal range 154 27.7 12.8 18.2
BIO4 Temperature seasonality 28 47.6 38.8 74.2
BIOS Max temperature of warmest month 0.1 0 0 0
BIO6 Min temperature of coldest month 0.1 3.8 0.6 0.1
BIOS (I;AlJeE]i;\eiemperature of wettest 0.9 121 442 3
BIO9 Mean temperature of driest quarter 2 0.2 0.4 0.5
BIO14 Precipitation of driest month 0.5 1.9 0.4 2
BIO15 Precipitation seasonality 0.6 1 14 0.9
BIO16 Precipitation of wettest quarter 0.5 0.6 0.6 0.6
BIO18 Precipitation of warmest quarter 0.8 2.6 0.8 0.3
BIO19 Precipitation of coldest quarter 9.9 2.4 0 0.1
Table 2. Changes in climatically suitable areas of both species (in percentage values).
Mastomys awashensis Stenocephalemys albip
Scenario Time Period CanESM5 MIROC-ES2L Scenario Time Period CanESM5 MIROC-ES2L
Current 46.077% Current 20.704%
SSP2-4.5 2041-2060 0% 0% SSP2-4.5 2041-2060 39.982 34.527
SSP2-4.5 2061-2080 0% 0% SSP2-4.5 2061-2080 40.113 35.353
SSP5-8.5 2041-2060 0% 0% SSP5-8.5 2041-2060 43.462 38.594
SSP5-8.5 2061-2080 0% 0% SSP5-8.5 2061-2080 47.407 39.186

and a further increase of 1.373% to 40.514 + 5.035 % in
2061-2080. There was little difference in the percentage
area of future climatic suitability between SSP2-4.5 and
SSP5-8.5 (Image 3; Table 2), indicating that different
future climate scenarios have little impact on the overall
effect of climate change on this species.

The variables with the highest percentage
contribution and permutation importance for this
species were temperature seasonality (BlO4; 28%
contribution, 38.8% p. imp.) and mean diurnal range
(BIO2; 15.4% contribution, 12.8% p. imp.) (Table 1).
Additionally, annual mean temperature (BIO1) had the
highest percentage contribution to the model (41.2%),
but showed 0 permutation importance, and similarly,
mean temperature of the wettest quarter (BIO8) showed
the highest permutation importance (44.2%), but had a
very low percentage contribution to the model (0.9%).

In the current scenario, highest environmental
suitability (>75%) according to climate was seen at a
mean diurnal range (BIO2) of 14.901 + 1.556 °C, and

a mean temperature seasonality (BIO4) of 114.903 +
28.698 °C. In SSP2-4.5, representing a middle-of-the-
road scenario, BIO2 underwent a slight decrease to a
mean value of 14.137 £ 1.139 °C in the 2041-2060 time
period, and further to 14.065 + 1.185 °C in 2061-2080;
BlO4 also decreased to a mean value of 109.902 + 30.14
°C in 2041-2060, and increased to 111.027 + 32.302
°C in 2061-2080. In SSP5-8.5, representing a fossil-
fuelled economy, BIO2 underwent a decrease to a mean
value of 14 + 1.171 °C in the 2041-2060 time period,
and further to 13.572 + 1.258 °C in 2061-2080; BIO4,
however, increased to a mean value of 116.249 + 33.281
°C in 2041-2060, and further to 123.561 + 39.416 °C in
2061-2080 (Table 3).

Mastomys awashensis ENM

The ecological niche model for M. awashensis (MSS
threshold 0.777) showed that 46.077% of the study area
is climatically suitable in the current time period (Image
4; Table 2). In both future time periods, scenarios, and
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h

Image 3. Binary models output by MaxEnt for the distribution of
Stenocephalemys albipes: a—current | b—2041-2060 in SSP2-4.5 and
CanESMS5 | c—2041-2060 in SSP5-8.5 and CanESM5 | d—2061-2080
in SSP2-4.5 and CanESM5 | e—2061-2080 in SSP5-8.5 and CanESM5
| f—2041-2060 in SSP2-4.5 and MIROC-ES2L | g—2041-2060 in
SSP5-8.5 and MIROC-ES2L | h—2061-2080 in SSP2-4.5 and MIROC-
ES2L | i—2061-2080 in SSP5-8.5 and MIROC-ES2L. Areas in dark blue
represent high climatic suitability (i.e., the fundamental niche).

Table 3. Values for BIO2 (Mean diurnal range) and BIO4 (Temperature
seasonality), averaged across both GCMs, for each time period and
scenario for both species, at areas of high climatic suitability. Future
values for M. awashensis are not given as it has 0 climatic suitability
in all scenarios. Values are given as Mean * standard deviation.

Stenocephalemys albip

Scenario Time Period BIO2 BIO4

- Current 14.901 + 1.556 114.903 + 28.698
SSP2-4.5 2041-2060 14.137 £1.139 109.902 +30.14
SSP5-8.5 2041-2060 109.902 +30.14 14.065 +1.185
SSP2-4.5 2041-2060 14.065 + 1.185 111.027 +£32.302
SSP5-8.5 2041-2060 111.027 +32.302 14+1.171
SSP2-4.5 2061-2080 14+1.171 116.249 +£33.281
SSP5-8.5 2061-2080 116.249 + 33.281 13.572 £1.258
SSP2-4.5 2061-2080 13.572 £1.258 123.561 +39.416
SSP5-8.5 2061-2080 123.561 +39.416 14.935 £1.318

Mastomys awashensis

Scenario Time Period BIO2 BlO4

- Current 15.986 + 1.075 136.481 £ 33.077
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Image 4. Binary models output by MaxEnt for the distribution of
Mastomys awashensis: a—current | b—2041-2060 in SSP2-4.5 and
CanESM5 | c—2041-2060 in SSP5-8.5 and CanESM5 | d—2061-2080
in SSP2-4.5 and CanESM5 | e—2061-2080 in SSP5-8.5 and CanESM5
| f—2041-2060 in SSP2-4.5 and MIROC-ES2L | g—2041-2060 in
SSP5-8.5 and MIROC-ES2L | h—2061-2080 in SSP2-4.5 and MIROC-
ES2L | i—2061-2080 in SSP5-8.5 and MIROC-ES2L. Areas in dark blue
represent high climatic suitability (i.e., the fundamental niche).

GCMs however, there was complete and total decline,
resulting in 0% of the study area being climatically
suitable by 2041-2060 and into the future (Image 4).
This indicates that M. awashensis is extremely sensitive
to climate change scenarios, and due to the effect of
climate change alone, will lose all of its fundamental
niche in the near future.

For this species, temperature seasonality (BlIO4;
47.6% contribution, 74.2% p. imp.) and mean diurnal
range (BIO2; 27.7% contribution, 18.2% p. imp.) were
the highest contributors (Table 1). All the other variables
had significantly lower percentage contribution and
permutation importance.

In the current scenario, highest environmental
suitability (>75%) according to climate was seen at a
mean diurnal range (BIO2) of 15.986 + 1.075 °C, and
a mean temperature seasonality (BIO4) of 136.481 +
33.077 °C (Table 3).
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DISCUSSION

Ecological niche models have often been used to
model and project rodent distributions and niches,
but a large proportion of these studies are restricted
to species found in the Americas (Martinez-Salazar et
al. 2012; Bean et al. 2014; Kubiak et al. 2017; Flores-
Zamarripa & Fernandez 2018; Urbina-Cardona et al.
2019; Pardi et al. 2020). African rodents have also
been studied using ENM techniques; Taylor et al. (2015)
showed that trends in the distribution of Afromontane
rodents reflect changes in biomes predicted by past,
present, and future climate scenarios. McDonough et
al. (2015) showed in a hindcasting-based study on the
Bushveld Gerbil Gerbiscillus leucogaster in Zambezi,
that it is significantly impacted by changing climatic
scenarios, but this was not explored in terms of future
climate change. A general ecological niche model fitted
by Martinov et al. (2020) created an estimation of the
current predicted distribution of Mastomys species,
including M. awashensis, however this analysis did
not estimate the fundamental niche through binary
modelling, and there was no projection to future climate
scenarios.

Our results are in agreement with the findings of
Martinov et al. (2020), where the current distributions
show high likelihood (>0.8) in areas included under
our predicted current fundamental niche. Our results
also emphasise the importance of ecological niche
modelling and future projection of ENM analyses, due
to the severity of the impact of climate change on M.
awashensis (Ortega-Huerta & Peterson 2008).

The two species in our study—Mastomys awashensis
and Stenocephalemys albipes—show significant changes
as a result of changing climate scenarios. The result
of our study for S. albipes shows a percentage area of
current climatic suitability of 20.704%, with an increase
of 18.437% in the near future (2041-2060), and a
further increase of 1.373% in the distant future (2061-
2080) in both climatic scenarios. Despite the different
perspectives SSP2-4.5 and SSP5-8.5 take in terms of
socioeconomic scenarios, emissions, and concentrations
of greenhouse gases, there was negligible difference
between the two in the future predictions of the
fundamental niche of this species, suggesting that while
climate change positively impacts this species, there is
little impact of specific climate pathways. This resultisin
line with conclusions drawn by McDonough et al. (2015),
where it was shown that rodent niches expanded from
the last glacial maximum (approximately 200,000 years
BP) through the last interglacial period (approx. 130,000
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to 118,000 years BP), to the present day, most likely
due to increasing temperatures across the year. The
decrease in predicted future mean diurnal range most
suitable for this species when compared to the current
time period shows that in both shared socioeconomic
pathway scenarios, this species will favour slightly
colder climates. This effect is very small, however,as
the largest change in mean diurnal range is from current
to the 2061-2080 time period, with a 1.329 + 0.298 °C
decrease.

In the case of M. awashensis, the current niche
is relatively large, with 46.077% appearing to be
climatically suitable for this species; however, it appears
to be incredibly sensitive to climate change events, as
in all future scenarios and time periods, none of the
study area (and also the rest of Africa) appeared to
be climatically suitable. This is a massive and drastic
change, which reflects the high sensitivity of this species
to climate change. Seasonal variation in temperature
and mean diurnal range of temperature are the most
important predicting factors for this species, which leads
to the inference that this species is likely to be most
affected by temperatures getting generally warmer and
less seasonally varied, which happens in both scenarios.

According to the MaxEnt model, both species had
relatively wide areas of climatic suitability (Imgae 3, 4).
For both species, the northern regions of Ethiopia and
parts of southern Eritrea were climatically suitable—this
included highland, some lowland regions of the Great
Rift Valley, and some scattered sites in southeastern
Ethiopia. S. albipes had climatically suitable regions in
the highlands of northern, western, and central Ethiopia,
including Tigray, Amhara, northern Oromia, Southern
Nations, Nationalities, & Peoples’ (SNNP), Addis Ababa,
and eastern Benishangul-Gumaz regions. There are also
some scattered suitable sites near Harari in Ethiopia, and
Debub and Gash-Barka regions in Eritrea. In all future
scenarios and time periods, this species’ fundamental
niche was seen to expand and move westward in
Ethiopia and Eritrea, occupying the Tigray, Amhara,
Benishangul-Gumaz, Oromia, Addis Ababa, Gambela,
and SNNP regions in Ethiopia & Gash-Barka and Debub
regions in Eritrea. Some scattered areas of suitability
were also seen in the Eritrean & Ethiopian highlands and
in the highlands south of Dire Dawa.

M. awashensis showed climatic suitability in Tigray,
Ambhara, eastern Benishangul-Gumaz, Oromia, SNNP,
Addis Ababa, Harari, and some parts of northern Somali
regions. In Eritrea, it showed high climatic suitability in
Gash-Barka and Debub. For both species, the Eritrean
and Ethiopian highlands formed a distinct geographical
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barrier, and no areas of climatic suitability were present
east of the hill range. Earlier studies of both species
have shown them to be restricted to highland habitats
(Corti et al. 2005; Mohammed et al. 2010; Meheretu et
al. 2014), however, some later studies reported them to
occur from lowlands as well (Habtamu & Bekele 2008;
Lavrenchenko et al. 2010). Our study corroborates these
with our current predicted niche expanding to lowland
regions as well as highlands.

The results of the present study show the efficacy of
ecological niche modelling in offering important insights
into the potential geographic distributions of African
rodents. Although M. awashensis is present and has
areas of climatic suitability in protected areas, it is likely
that there are no species-specific conservation measures
in place. The eventual increase in anthropogenic impact
on the natural areas will only decrease the chances of the
species’ survival in the future, as the impact of climate
change aloneis very large. Itisimportant to plan ground-
truthing of the sites shown as part of the fundamental
niche of both this study’s species in order to ascertain
their true distribution, range, and realised niche, as
this will help create better conservation strategies. It is
imperative that species-specific conservation measures
are set in place based on the results of said ground-
truthing, including in situ conservation management,
captive breeding, and planned reintroductions.

REFERENCES

Assefa, A. & C. Srinivasulu (2019). Comparison of rodent community
between natural and modified habitats in Kafta-Sheraro National
Park and its adjoining villages, Ethiopia: implication for conservation.
Journal of Basic and Applied Zoology 80, Article number: 59. https://
doi.org/10.1186/s41936-019-0128-9

Aiello-Lammens, M.E., R.A. Boria, A. Radosavljevic, B. Vilela &
R.P. Anderson (2015). spThin: an R package for spatial thinning
of species occurrence records for use in ecological niche models.
Ecography 38(5): 541-545. https://doi.org/10.1111/ecog.01132

Bean, W.T., L.R. Prugh, R. Stafford, H.S. Butterfield, M. Westphal &
J.S. Brashares (2014). Species distribution models of an endangered
rodent offer conflicting measures of habitat quality at multiple
scales. Journal of Applied Ecology 51(4): 1116-1125. https://doi.
org/10.1111/1365-2664.12281

Cameron, G.N. & D. Scheel (2001). Getting Warmer: Effect of Global
Climate Change on Distribution of Rodents in Texas. Journal of
Mammalogy 82(3): 652-680. https://doi.org/10.1644/1545-
1542(2001)082<0652:GWEOGC>2.0.CO;2

Corti, M., R. Castiglia, P. Colangelo, E. Capanna, F. Beolchini, A.
Bekele, N. Oguge, R. Makundi, S. Sichilima, H. Leirs, V. Verheyen,
V. & R. Verhagen (2005). Cytotaxonomy of rodent species from
Ethiopia, Kenya, Tanzania and Zambia. Belgian Journal of Zoology
135:197-216.

Elith, J., C.H. Graham, R.P. Anderson, M. Dudik, S. Ferrier, A. Guisan,
R.J. Hijmans, F. Huettmann, J.R. Leathwick, A. Lehmann, J. Li,
L.G. Lohmann, B.A. Loiselle, G. Manion, C. Moritz, M. Nakamura,
Y. Nakazawa, J.M.M. Overton, A.T. Peterson, S.J. Phillips, K.

Srinivasulu et al.

Richardson, R. Scachetti-Pereira, R.E. Schapire, J. Soberdn, S.
Williams, M.S. Wisz & N.E. Zimmermann (2006). Novel methods
improve prediction of species’ distributions from occurrence data.
Ecography 29(2): 129-151. https://doi.org/10.1111/j.2006.0906-
7590.04596.x

Evans, J.S. (2020). spatialEco [R package] (Version 1.3-1)

Feng, X., D.S. Park, C. Walker, A.T. Peterson, C. Merow & M. Papes
(2019). A checklist for maximizing reproducibility of ecological niche
models. Nature Ecology & Evolution 3(10): 1382—-1395. https://doi.
org/10.1038/s41559-019-0972-5

Fick, S.E. & R.J. Hijmans (2017). WorldClim 2: new 1-km spatial
resolution climate surfaces for global land areas. International
Journal of Climatology 37(12): 4302-4315. https://doi.org/10.1002/
joc.5086

Fischer, C., C. Gayer, K. Kurucz, F. Riesch, T. Tscharntke & P. Batary
(2018). Ecosystem services and disservices provided by small rodents
in arable fields: Effects of local and landscape management. Journal
of Applied Ecology 55(2): 548-558. https://doi.org/10.1111/1365-
2664.13016

Flores-Zamarripa, F.J. & J.A. Fernandez (2018). Predictive species
distribution model of two endemic kangaroo rats from Mexico:
Dipodomys ornatus and D. phillipsii (Rodentia: Heteromyidae).
Therya 9(3): 237-246. https://doi.org/10.12933/therya-18-605

Fricko, O., P. Havlik, J. Rogelj, Z. Klimont, M. Gusti, N. Johnson, P.
Kolp, M. Strubegger, H. Valin, M. Amann, T. Ermolieva, N. Forsell,
M. Herrero, C. Heyes, G. Kindermann, V. Krey, D.L. McCollum, M.
Obersteiner, S. Pachauri, S. Rao, E. Schmid, W. Schoepp & K. Riahi
(2017). The marker quantification of the Shared Socioeconomic
Pathway 2: A middle-of-the-road scenario for the 21 century. Global
Environmental Change 42: 251-267. https://doi.org/10.1016/j.
gloenvcha.2016.06.004

Habtamu, T. & A. Bekele (2008). Habitat association of insectivores
and rodents of Alatish National Park, northwestern Ethiopia.
Tropical Ecology 49(1): 1-11.

Happold, D.C.D. & J. Kingdon (eds.) (2013). Mammals of Africa. Vol. 3:
Rodents, Hares and Rabbits. Bloomsbury, London, 784pp.

Hutchinson, G.E. (1957). Concluding Remarks. Cold Spring Harbor
Symposia on Quantitative Biology 22(0): 415-427. https://doi.
org/10.1101/SQB.1957.022.01.039

Kassa, D. & A. Bekele (2008). Species composition, abundance,
distribution and habitat association of rodents of Wondo Genet,
Ethiopia. SINET: Ethiopian Journal of Science 31(2): 141-146.
https://doi.org/10.4314/sinet.v31i2.66637

Kasso, M., A. Bekele & G. Hemson (2010). Species composition,
abundance and habitat association of rodents and insectivores from
Chilalo-Galama Mountain range, Arsi, Ethiopia: Small mammals of
Chilalo-Galama Mountains. African Journal of Ecology 48(4): 1105~
1114. https://doi.org/10.1111/j.1365-2028.2010.01222.x

Keller, E.F. & E.A. Lloyd (eds.) (1999). Keywords in Evolutionary Biology.
Harvard University Press, Cambridge, Mass., 414pp.

Kingdon, J. (1997). The Kingdon Field Guide to African Mammals.
Academic Press, San Diego, London, Boston, 459pp.

Kriegler, E., N. Bauer, A. Popp, F. Humpendder, M. Leimbach,
J. Strefler, L. Baumstark, B.L. Bodirsky, J. Hilaire, D. Klein, I.
Mouratiadou, I. Weindl, C. Bertram, J.-P. Dietrich, G. Luderer, M.
Pehl, R. Pietzcker, F. Piontek, H. Lotze-Campen, A. Biewald, M.
Bonsch, A. Giannousakis, U. Kreidenweis, C. Miiller, S. Rolinski,
A. Schultes, J. Schwanitz, M. Stevanovic, K. Calvin, J. Emmerling,
S. Fujimori, S. & O. Edenhofer (2017). Fossil-fueled development
(SSP5): An energy and resource intensive scenario for the 21
century. Global Environmental Change 42: 297-315. https://doi.
org/10.1016/j.gloenvcha.2016.05.015

Kubiak, B.B., E.E. Gutiérrez, D. Galiano, R. Maestri & T.R.O. de
Freitas (2017). Can niche modeling and geometric morphometrics
document competitive exclusion in a pair of subterranean rodents
(Genus Ctenomys) with tiny parapatric distributions? Scientific
Reports 7(1): 1-13. https://doi.org/10.1038/s41598-017-16243-2

Lavrenchenko, L.A., O.P. Likhnova, M.I. Baskevich & A. Bekele (1998).
Systematics and distribution of Mastomys (Muridae, Rodentia)

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18164-18176




Ecological niche modelling of two African rodents

from Ethiopia, with the description of a new species. Zeitschrift Fiir
Séugetierkunde 63: 37-51.

Leroy, B., C.N. Meynard, C. Bellard & F. Courchamp (2016).
Virtualspecies, an R package to generate virtual species distributions.
Ecography 39(6): 599-607. https://doi.org/10.1111/ecog.01388

Martinez-Salazar, E.A., T. Escalante, M. Linaje & J. Falcon-Ordaz
(2013). Predicting the potential distribution of Vexillata (Nematoda:
Ornithostrongylidae) and its hosts (Mammalia: Rodentia) within
America. Journal of Helminthology 87(4): 400-408. https://doi.
org/10.1017/50022149X12000612

Martynov, A.A., J. Bryja, Y. Meheretu & L.A. Lavrenchenko (2020).
Multimammate mice of the genus Mastomys (Rodentia: Muridae) in
Ethiopia — diversity and distribution assessed by genetic approaches
and environmental niche modelling. Journal of Vertebrate Biology
69(2): 1-16. https://doi.org/10.25225/jvb.20006

McDonough, M.M., R. Sumbera, V. Mazoch, A.M. Ferguson,
C.D. Phillips & J. Bryja (2015). Multilocus phylogeography of
a widespread savanna-woodland-adapted rodent reveals the
influence of Pleistocene geomorphology and climate change in
Africa’s Zambezi region. Molecular Ecology 24(20): 5248-5266.
https://doi.org/10.1111/mec.13374

Meheretuy, Y., V. Sluydts, K. Welegerima, H. Bauer, M. Teferi, G. Yirga,
L. Mulungu, M. Haile, J. Nyssen, J. Deckers, R. Makundi & H. Leirs
(2014). Rodent abundance, stone bund density and its effects on
crop damage in the Tigray highlands, Ethiopia. Crop Protection 55:
61-67. https://doi.org/10.1016/j.cropro.2013.10.016

Merow, C., M.J. Smith & J.A. Silander (2013). A practical guide to
MaxEnt for modeling species’ distributions: what it does, and why
inputs and settings matter. Ecography 36(10): 1058-1069. https://
doi.org/10.1111/j.1600-0587.2013.07872.x

Millien, V. & J. Damuth (2004). Climate change and size evolution in an
island rodent species: new perspectives on the island rule. Evolution
58(6): 1353. https://doi.org/10.1554/03-727

Monadjem, A. (2015). Rodents of Sub-Saharan Africa: A Biogeographic
and Taxonomic Synthesis. Walter de Gruyter GmbH & Co. KG, Berlin,
Boston, 1,092pp.

Muscarella, R., P.J. Galante, M. Soley-Guardia, R.A. Boria, J.M.
Kass, M. Uriarte & R.P. Anderson (2014). ENMeval: An R package
for conducting spatially independent evaluations and estimating
optimal model complexity for MaxEnt ecological niche models.
Methods in Ecology and Evolution 5(11): 1198-1205. https://doi.
org/10.1111/2041-210X.12261

Nowak, R.M. (1999). Walker’s Mammals of the World, 6th edition. The
Johns Hopkins University Press, Baltimore, 2pp.

Ortega-Huerta, M.A. & A.T. Peterson (2008). Modeling ecological
niches and predicting geographic distributions: a test of six presence-
only methods. Revista Mexicana de Biodiversidad 79: 205-216.

Pardi, M.I., R.C. Terry, E.A. Rickart & R.J. Rowe (2020). Testing climate
tracking of montane rodent distributions over the past century
within the Great Basin ecoregion. Global Ecology and Conservation
24: e01238. https://doi.org/10.1016/j.gecco.2020.e01238

Phillips, S.J., R.P. Anderson & R.E. Schapire (2006). Maximum
entropy modeling of species geographic distributions. Ecological
Modelling ~ 190(3-4):  231-259.  https://doi.org/10.1016/j.
ecolmodel.2005.03.026

Porfirio, L. L., R.M.B. Harris, E.C. Lefroy, S. Hugh, S.F. Gould, G. Lee,
N.L. Bindoff & B. Mackey (2014). Improving the Use of Species
Distribution Models in Conservation Planning and Management
under Climate Change. PLoS ONE 9(11): el13749. https://doi.
org/10.1371/journal.pone.0113749

R Core Team (2020). R: A language and environment for statistical
computing. (Version 4.0.1). R Foundation for Statistical Computing,
Vienna, Austria.

Srinivasulu et al.

Radosavljevic, A. & R.P. Anderson (2014). Making better Maxent
models of species distributions: complexity, overfitting and
evaluation. Journal of Biogeography 41(4): 629-643. https://doi.
org/10.1111/jbi.12227

Royer, A., S. Montuire, S. Legendre, E. Discamps, M. Jeannet & C.
Lécuyer (2016). Investigating the Influence of Climate Changes on
Rodent Communities at a Regional-Scale (MIS 1-3, Southwestern
France). PLoS ONE 11(1): e0145600. https://doi.org/10.1371/
journal.pone.0145600

Soberdn, J. & B. Arroyo-Peiia (2017). Are fundamental niches larger
than the realized? Testing a 50-year-old prediction by Hutchinson.
PLOS ONE 12(4): e0175138. https://doi.org/10.1371/journal.
pone.0175138

Swart, N.C.,J.N.S. Cole, V.V. Kharin, M. Lazare, J.F. Scinocca, N.P. Gillett,
J. Anstey, V. Arora, J.R. Christian, Y. Jiao, W.G. Lee, F. Majaess, O.A.
Saenko, C. Seiler, C. Seinen, A. Shao, L. Solheim, K. von Salzen, D.
Yang, B. Winter & M. Sigmond (2019a). CCCma CanESM5 model
output prepared for CMIP6 CAMIP esm-ssp585. Earth System Grid
Federation. https://doi.org/10.22033/ESGF/CMIP6.10242

Swart, N.C.,J.N.S. Cole, V.V. Kharin, M. Lazare, J.F. Scinocca, N.P. Gillett,
J. Anstey, V. Arora, J.R. Christian, Y. Jiao, W.G. Lee, F. Majaess, O.A.
Saenko, C. Seiler, C. Seinen, A. Shao, L. Solheim, K. von Salzen, D.
Yang, B. Winter & M. Sigmond (2019b). CCCma CanESM5 model
output prepared for CMIP6 DAMIP ssp245-GHG. Earth System Grid
Federation. https://doi.org/10.22033/ESGF/CMIP6.3686

Szpunar, G., G. Aloise, S. Mazzotti, L. Nieder & M. Cristaldi (2008).
Effects of global climate change on terrestrial small mammal
communities in Italy. Fresenius Environmental Bulletin 17(9b):
1526-1533.

Tachiiri, K., M. Abe, T. Hajima, O. Arakawa, T. Suzuki, Y. Komuro, K.
Ogochi, M. Watanabe, A. Yamamoto, H. Tatebe, M.A. Noguchi, R.
Ohgaito, A. Ito, D. Yamazaki, A. Ito, K. Takata, S. Watanabe & M.
Kawamiya (2019a). MIROC MIROC-ES2L model output prepared for
CMIP6 ScenarioMIP ssp245. Earth System Grid Federation. https://
doi.org/10.22033/ESGF/CMIP6.5745

Tachiiri, K., M. Abe, T. Hajima, O. Arakawa, T. Suzuki, Y. Komuro, K.
Ogochi, M. Watanabe, A. Yamamoto, H. Tatebe, M.A. Noguchi, R.
Ohgaito, A. Ito, D. Yamazaki, A. Ito, K. Takata, S. Watanabe & M.
Kawamiya (2019b). MIROC MIROC-ES2L model output prepared for
CMIP6 ScenarioMIP ssp585. Earth System Grid Federation. https://
doi.org/10.22033/ESGF/CMIP6.5770

Takele, S., A. Bekele, G. Belay & M. Balakrishnan (2011). A comparison
of rodent and insectivore communities between sugarcane
plantation and natural habitat in Ethiopia. Tropical Ecology 52(1):
61-68.

Taylor, P.J., A. Nengovhela, J. Linden & R.M. Baxter (2016).
Past, present, and future distribution of Afromontane rodents
(Muridae: Otomys) reflect climate-change predicted biome
changes. Mammalia 80(4): 359-375. https://doi.org/10.1515/
mammalia-2015-0033

Tilaye, W. (2005). Reproductive rhythm of the Grass Rat Arvicanthis
abyssinicus at the Entoto Mountain, Ethiopia. Belgian Journal of
Zoology 135: 53-56.

Urbina-Cardona, N., M.E. Blair, M.C. Londofio, R. Loyola, J.
Veldsquez-Tibatd & H. Morales-Devia (2019). Species Distribution
Modeling in Latin America: A 25-Year Retrospective Review.
Tropical Conservation Science 12: 194008291985405. https://doi.
org/10.1177/1940082919854058

Yalden, D.W. & M.J. Largen (1992). The endemic mammals of
Ethiopia. Mammal Review 22(3-4): 115-150. https://doi.
org/10.1111/j.1365-2907.1992.tb00128.x

Zhang, Y., Z. Zhang & J. Liu (2003). Burrowing rodents as ecosystem
engineers: the ecology and management of Plateau Zokors
Myospalax fontanierii in alpine meadow ecosystems on the
Tibetan Plateau. Mammal Review 33(3—4): 284-294. https://doi.
org/10.1046/j.1365-2907.2003.00020.x

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18164-18176



Ecological niche modelling of two African rodents

Appendix 1. Localities used in ENM analysis of Stenocephalemys albipes and Mastomys awashensis.
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Name Latitude Longitude Locality Reference
Stenocephalemys albipes 5.800 39.200 Kebre Mengist, Ethiopia GBIF

Stenocephalemys albipes 6.217 37.667 Dega Done, Gemu-Gofa, SNNP, Ethiopia Demeke et al. 2007
Stenocephalemys albipes 6.233 37.567 Mt Dorse, Chenckia, Gemu-Gofa, SNNP, Ethiopia GBIF

Stenocephalemys albipes 6.383 38.583 Kebre Mengist, Sidamo, Ethiopia GBIF

Stenocephalemys albipes 6.833 40.550 Jebo Samo, Bale, Ethiopia GBIF

Stenocephalemys albipes 6.917 39.167 Gedeb Mts., Ethiopia GBIF

Stenocephalemys albipes 6.983 40.020 7 km SE of Goba, Bale, Ethiopia GBIF

Stenocephalemys albipes 7.050 39.167 Webi river, north of Dodola, Arsi, Ethiopia GBIF

Stenocephalemys albipes 7.100 39.767 Webi river, W of Dinshu, Bale, Ethiopia Zerihun et al. 2012
Stenocephalemys albipes 7.117 39.733 5 km of W of Dinshu, Bale, Ethiopia GBIF

Stenocephalemys albipes 7.133 39.717 Mount Gaysay, Bale, Ethiopia GBIF

Stenocephalemys albipes 7.134 36.954 Gorka Bersa, Chebera-Churchura NP, Ethiopia Demeke & Afework 2014
Stenocephalemys albipes 7.433 35.000 Godare forest, Tepi, Ethiopia Lavrenchenko 2017
Stenocephalemys albipes 7.580 36.800 Seka, 3 Km N Of, Horo, Ethiopia GBIF

Stenocephalemys albipes 7.600 38.450 Alage, Ethiopia Agerie & Afework 2015
Stenocephalemys albipes 7.620 36.770 Buyo Kechema, Ethiopia GBIF

Stenocephalemys albipes 7.650 36.800 Jiren Farm, Jimma, Ethiopia Tadesse & Afework 2012
Stenocephalemys albipes 7.667 39.333 Albasso forest, Ethiopia GBIF

Stenocephalemys albipes 7.750 36.730 Atro, Agaro, Ethiopia GBIF

Stenocephalemys albipes 7.820 36.680 Agaro, 14 km by road SE of Mejo, Ethiopia GBIF

Stenocephalemys albipes 7.833 39.333 Wodajo, Ethiopia GBIF

Stenocephalemys albipes 7.917 39.283 Jawi Chilalo, Galama mtn, Arsi, Ethiopia Mohammed et al. 2010
Stenocephalemys albipes 7.917 39.450 Mt Albasso, Camp Wodajo, Ethiopia GBIF

Stenocephalemys albipes 8.155 35.525 Illubabor, W of Gore, Ethiopia GBIF

Stenocephalemys albipes 8.183 35.367 Lemen, Ethiopia GBIF

Stenocephalemys albipes 8.250 36.167 Yemenigisit Den Yebaja Chaka, Ethiopia GBIF

Stenocephalemys albipes 8.280 36.900 Atenago, Ethiopia GBIF

Stenocephalemys albipes 8.367 35.817 Wabo, 5 km of W of Scecchi river, Ethiopia GBIF

Stenocephalemys albipes 8.500 34.775 Addo, 7km SW of Dembidolo, Ethiopia GBIF

Stenocephalemys albipes 8.517 39.200 Wonji Sugarcane, Qoboluto Tumsa, Ethiopia Serekebirhan et al. 2011
Stenocephalemys albipes 8.917 38.583 Dima Goranda, Ethiopia GBIF

Stenocephalemys albipes 9.017 35.250 Sido Were Wele, Ethiopia GBIF

Stenocephalemys albipes 9.050 38.520 Berifeta Lemefa, near Holetta, Ethiopia GBIF

Stenocephalemys albipes 9.067 38.650 Menagesha forest, Shoa, Ethiopia Afework 1996
Stenocephalemys albipes 9.117 37.050 Bako, Shoa, Ethiopia GBIF

Stenocephalemys albipes 9.517 38.217 Subagajo, Ethiopia GBIF

Stenocephalemys albipes 10.333 37.833 Debra Markos, Gojjam, Amhara, Ethiopia Ejigu & Afework 2013
Stenocephalemys albipes 10.494 39.611 Yetere forest, Ethiopia Gezahegn et al. 2016
Stenocephalemys albipes 10.667 38.167 Debre Werk, Ethiopia GBIF

Stenocephalemys albipes 10.667 37.917 Naziret M Alem, Ethiopia GBIF

Stenocephalemys albipes 10.739 36.800 Arditsy forest, Awi zone, Ethiopia Getachew & Afework 2015
Stenocephalemys albipes 10.846 38.675 Borena-Sayint NP, Ethiopia Meseret & Solomon 2014
Stenocephalemys albipes 11.117 37.317 Amedamit Mount, Amhara, Ethiopia GBIF

Stenocephalemys albipes 11.167 36.250 Pawe area, B. Gumuz, Ethiopia Tilahun et al. 2012
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Name Latitude Longitude Locality Reference
Stenocephalemys albipes 11.267 36.833 Dangila, Amhara, Ethiopia GBIF

Stenocephalemys albipes 11.417 37.967 Shime, Ethiopia GBIF

Stenocephalemys albipes 11.583 37.417 Bihar-Dar, Amhara, Ethiopia GBIF

Stenocephalemys albipes 11.717 37.917 Mahdere Marayam, Gondar, Amhara, Ethiopia GBIF

Stenocephalemys albipes 12.350 35.783 Alatish NP, Ethiopia Tadesse & Afework 2008
Stenocephalemys albipes 12.617 37.483 Gondar, Amhara, Ethiopia GBIF

Stenocephalemys albipes 12.633 37.500 NE of Angereb Dam, Gondar, Amhara, Ethiopia GBIF

Stenocephalemys albipes 12.750 37.700 Yerer mountain forest, Shoa, Ethiopia Yonas & Fikresilasie 2015
Stenocephalemys albipes 13.133 37.917 Debark, NE Gondar, Amhara, Ethiopia GBIF

Stenocephalemys albipes 13.133 37.917 Semien Mts, Amhara, Ethiopia GBIF

Stenocephalemys albipes 13.192 37.893 Debir, Ethiopia GBIF

Stenocephalemys albipes 13.232 38.038 Semien NP, Ethiopia GBIF

Stenocephalemys albipes 13.650 39.172 Hagere-selam, Ethiopia Meheretu et al. 2012
Stenocephalemys albipes 14.166 37.309 Habesha Adi Goshu, Ethiopia GBIF

Stenocephalemys albipes 14.183 37.305 Kunama Adi Goshe, Ethiopia GBIF

Stenocephalemys albipes 14.210 36.766 Adebayetown, Ethiopia GBIF

Stenocephalemys albipes 14.251 37.270 Kunama Adi Goshe, Ethiopia GBIF

Stenocephalemys albipes 14.284 36.688 Kafta-Sheraro NP, Tigray, Ethiopia /;:)(elr;brhan & Srinivasulu
Stenocephalemys albipes 14.291 36.677 Helet Coka, Ethiopia GBIF

Stenocephalemys albipes 14.950 38.270 Mt. Kullu, Shambiko, Eritrea GBIF

Stenocephalemys albipes 15.332 39.064 Nefasit, Eritrea GBIF

Stenocephalemys albipes 11.083 36.850 Aquatimo forest, Gojjam, Ethiopia Moges & Dessalegn 2015
Mastomys awashensis 9.000 40.167 Awash, Ethiopia Lavrenchenko et al. 1998
Mastomys awashensis 7.833 38.717 S of Ziway Lake, Ethiopia Corti et al. 2005
Mastomys awashensis 8.383 39.150 E of Koka Lake, Bati Qelo, Ethiopia Lavrenchenko & Corti 2008
Mastomys awashensis 9.065 42.275 Nigaya Bobasa, Babile Sanctuary, Ethiopia Lavrenchenko et al. 2010
Mastomys awashensis 13.668 39.175 Hagere-selam, Ethiopia Meheretu et al. 2014
Mastomys awashensis 12.600 39.517 N of Lake Hashenge, Ethiopia Mengistu et al. 2015
Mastomys awashensis 14.210 36.766 Near Adebaye Town, Kafta Sheraro National Park, Ethiopia /;:)ir;brhan & Srinivasulu
Mastomys awashensis 14.251 37.270 Kunama Adi Goshu, Kafta Sheraro National Park, Ethiopia ?é)elr;\brhan & Srinivasulu
Mastomys awashensis 14.284 36.688 Helet Coka, Ethiopia GBIF

Mastomys awashensis 14.287 36.679 Adebaye Geter, E of Himora, Ethiopia GBIF

Mastomys awashensis 14.184 37.305 NW of Birkuta, Ethiopia GBIF

Mastomys awashensis 14.168 37.310 Habesha Adi Goshu, Ethiopia GBIF

Mastomys awashensis 7.2545 36.798 Gojeb River, Ethiopia Martynov et al. 2020
Mastomys awashensis 7.4782 36.5334 Shebe, Ethiopia Martynov et al. 2020
Mastomys awashensis 8.2331 37.5887 Gibe National Park, Ethiopia Martynov et al. 2020
Mastomys awashensis 8.2338 37.5823 Gibe National Park, Ethiopia Martynov et al. 2020
Mastomys awashensis 8.4651 39.1606 Lake Koka, Bati Qelo, Ethiopia Martynov et al. 2020
Mastomys awashensis 8.6943 36.4149 Didessa River, Ethiopia Martynov et al. 2020
Mastomys awashensis 8.8453 40.0119 Awash National Park, Ethiopia Martynov et al. 2020
Mastomys awashensis 9.0586 42.2796 Babile Elephant Sanctuary, Ethiopia Martynov et al. 2020
Mastomys awashensis 9.1478 42.2624 Babile Elephant Sanctuary, Ethiopia Martynov et al. 2020
Mastomys awashensis 9.2249 34.8662 Dhati-Welel National Park, Ethiopia Martynov et al. 2020
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Name Latitude Longitude Locality Reference

Mastomys awashensis 9.2393 34.8653 Dhati-Welel National Park, Ethiopia Martynov et al. 2020
Mastomys awashensis 9.2449 34.8644 Dhati-Welel National Park, Ethiopia Martynov et al. 2020
Mastomys awashensis 9.5548 39.7818 Ankober, Ethiopia Martynov et al. 2020
Mastomys awashensis 9.5554 39.7657 Ankober, Ethiopia Martynov et al. 2020
Mastomys awashensis 11.0526 39.6481 Kombolcha, Ethiopia Martynov et al. 2020
Mastomys awashensis 11.7525 37.9068 Gumara River, Ethiopia Martynov et al. 2020
Mastomys awashensis 11.7797 37.7313 Gumara River, Ethiopia Martynov et al. 2020
Mastomys awashensis 12.5492 39.6431 Adi Mancarre, Ethiopia Martynov et al. 2020
Mastomys awashensis 12.6393 39.5383 Adi Aba Musa, Ethiopia Martynov et al. 2020
Mastomys awashensis 12.6551 39.5816 Kube, Ethiopia Martynov et al. 2020
Mastomys awashensis 13.1858 37.9671 Simien Mts National Park, Ethiopia Martynov et al. 2020
Mastomys awashensis 14.0945 37.4575 Mai-Temen, Ethiopia Martynov et al. 2020

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18164-18176



inivasulu et al.

Sri

dents

f two African roi

he modelling of

ical nic

Ecologi

3
i)

Threatened Taxa

000'T 6LC°0 125144 2950 80¢°0- 8Tv°0 LYS0 T€9°0 SEE0 €810~ S8T°0 v.0°0- 981°0- v0ov'0 8T€0- LTIV°0- 950 T91°0- 0L0°0 61019
000'T LLS0 8¢L0 0ST'0- 9€S°0 €TL0 5080 ¢Leo TLS0- l474'% S€0°0- €590~ 9L€0 €€9°0- LEY0- 0190 €150~ 0LT°0- | 8TOI9

000'T 6€°0 8¢r'0- ¥86°0 8LE0 9790 STC0 6C€°0- LT0°0 ¢LO0- 015°0- weo 9Ev'0- TZro- L0S0 0€S'0- LLO'O- | LTOI9

000'T 000 ¢SE0 1660 LEGO 96%°0 6L1°0- SL0°0- 6¢0°0- JAZA S €VS0 §85°0- ¢9L°0- 91,0 1050~ 000 91019

000'T 0r°0- 1710 vST'0- €6€°0 0T¢0 ¥90°0- 06t°0 €500~ vLT0 Elgay) 08T°0- 600 820 S0 sTolg

000'T VeE0 TS0 S8T'0 €0€°0- 2000~ €900~ 1910~ €0€0 00t°0- LLEO- €910 8L1°0- 6L0°0- | vIOIg

000'T 0z6'0 L2550 ¢S0- SS0°0- 000~ 8SL'0- VLS50 §95°0- 69L°0- 8TL0 €150~ w00 €1019

000'T 9v°0 VeSO~ T1S0°0- 9L0°0- 008'0- SSS°0 099°0- 9LL°0- £9L°0 £29°0- 1S0'0- | c¢tOIg

000'T 98T°0 9Z€0 8L5°0 S69°0- 6960 o0 €TL°0- T0L°0 66€°0- SLL'O 1019

000'T 1950 96%°0 9150 £L0°0 LS6°0 9550 1050~ Teo0 ¥SL°0 otolg

000'T €S0°0- T000 0€E0 Sot'0 9TT'0 v.0°0- 850~ 9150 6019

000'T v.0°0- 98%7°0 L0 8¢1'0- | VETO 8¢T°0 L0 8019

000°T S08°0- 889°0 856°0 906°0- 69L°0 0¢T°0- Lolg

000°T €CT0- 99L°0- SvL°0 665°0- 1890 90Id

000°T 999°0 ¥09°0- S50 €€9°0 solg

000'T 1S6°0- L9590 9110~ volg

000'T 681°0- wro €olg

000'T T€00- colg

000'T ToI19

6T0I4 810l1d LT0I4 91019 stold v10lg €1019 ctold 1019 otolg 60I19 80I9 LOlg 9019 sold volg €old colg TOolg Jakeq

*sishjeue ayj u1 pasn sa|qelieA dJnewi|PoIq 6T Y3 JO 153} Ajieauljjoonnw |egeds ay3 woiy Sunnsal Xujew uone[atio) "z xipuaddy

©
X
@©
)
°
(]
=
]
=
@©
()
=
=
=]
3
3
2
©
x
T
©
v
c
[
=
©
v
=
K=
=
e
o
©
c
=
=3
[=]
-




Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18177-18188

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

. ) OPEN ACCESS
https://doi.org/10.11609/jott.6528.13.5.18177-18188

#6528 | Received 05 August 2020 | Final received 06 March 2021 | Finally accepted 21 March 2021
ENSESESESSEESESESESEEEESSESEESSESESSSESSSSSESSSSEESSSEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE COMMUNICATION

Avian diversity in a fragmented landscape of central Indian forests
(Bhopal Forest Circle)

Amit Kumar(@®, Yogesh Dubey2(® & Advait Edgaonkar3®

123 |ndian Institute of Forest Management, 357, Bhadbhada Road, Nehru Nagar, Bhopal, Madhya Pradesh 462003, India.
tamitkumarkush834@gmail.com (corresponding author), 2ydubey@iifm.ac.in, * advaite@iifm.ac.in

Abstract: With increasing fragmentation of natural areas and a dramatic reduction of forest cover in several parts of the world, quantifying
the impact of such changes on species richness and community dynamics has been a subject of much concern. Therefore, this study
intends to assess avifaunal biodiversity in fragmented forests. Forest patches between the sizes of 10ha and 700ha were identified in
Bhopal Forest Circle (BFC), which covers the Vindhyan plateau. Forest patches were classified based on their size and degree of isolation.
A sample of 21 forest fragments was selected using proportional sampling. Bird surveys were conducted using the point count method at
each site. Three replicates were taken at each site. Avian species richness of each patch was calculated. The results suggest that species
richness is positively associated with the size of the forest patches. Larger forest patches such as Binapur (166ha, Chao 1= 73), Sayar
(107ha, Chao 1= 78) and Kalyanpura (133ha, Chao 1= 80) had relatively high species richness, except for patches including Narsinghgarh
(393ha, Chao 1= 28) and Singota (184ha, Chao 1= 45) with high levels of anthropogenic disturbance. Smaller forest patches were found to
have fewer bird species, although small forest patches with lesser degrees of anthropogenic disturbance such as Lalghati (99ha, Chao 1 =
62), Lasudli (16ha, Chao 1 = 65), Ghot (36ha, Chao 1 = 53), and Nasipur (23ha, Chao 1 =52) were more diverse than other patches. These
patches were more protected due to being sacred groves (Lalghati and Lasudli) or under private ownership (Ghot and Nasipur). A total of
131 bird species were recorded from all the sampled forest patches. These results suggest that forest patches embedded in an agrarian
landscape play a vital role in conserving biodiversity, hence conservation efforts should also be focused on these forest fragments.

Keywords: Avian diversity, BFC, degree of isolation, Forest patches, patch size.
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Avian diversity in a fragmented landscape of Bhopal Forest Circle

INTRODUCTION

Habitat destruction is taking place at an alarming
rate in various parts of the world. Land-use and land
cover change are major causes of biodiversity loss. Vast
continuous tropical forests have been transformed into
remnant forests scattered across human-dominated
areas in the last few decades due to growth in
populations and changes in technology (Wiens 1995;
Hill et al. 2011). This conversion of continuous forests
into many smaller forest patches leads to physical and
biological changes in the forest environment, which lead
to changes in habitat structure, and subsequently to
biodiversity loss. These physical and biological changes
are reduced patch size, increased degree of isolation
and increase in new habitat types; however, overall
suitable habitat decreases with habitat fragmentation
resulting in loss of species diversity (Andren 1994).
The fragmentation of the patches also leads to more
significant exposure to human land uses along fragment
edges commencing persistent changes to the ecological
structure and function of the remaining fragments
leading to loss of biodiversity (Shahabuddin & Terborgh
1999; Feeley et al. 2007). Forest patches resulted from
the change in land use and land cover can be defined
as relatively homogenous areas which differ from its
surrounding land use within the landscape (Peters et al.
2009). Recent studies indicate that the fragmentation
has impacts on biotic interactions between species
(Morris 2010) and if not focused can lead to a cascade
effect in the tropical ecosystem, rising concerns on
viability of these patches in long-term conservation (Hill
et al. 2011). Forest remnants or patches need attention
due to an increase in their number as a result of the
intensification of agriculture and deforestation. These
patches can play a vital role in conserving the biodiversity
and overall health of the ecosystem in a landscape. There
is a lack of information on the biodiversity of forests
patches in human-modified landscapes, especially in
rural areas. Conservation studies have focused on areas
with a high diversity of flora and fauna, i.e., protected
areas. But forest patches demarcated as reserve forests,
situated in rural landscapes are deprived of attention
from conservationists (Chazdon et al. 2009). These
patches can play a vital role in providing refuge to
important species and act as a stepping stone in corridor
development. The forest patches in these landscapes are
of different size, shape, degree of isolation, and degree
of disturbance. Together, these patches can support a
variety of flora and fauna and save important species
from local extinction. Therefore, there should be studies
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based on integrated landscape conservation approach in
these fragmented landscapes. These studies should be
focused on population, their dispersal, habitat use, the
effect of context, connectivity and degree of disturbance
on the population of local flora and fauna (Chazdon et
al. 2009). There have been various studies across the
world in which community structure and composition
of vegetation and animals were examined. Many of
them also investigated the effect of patch level as well
as landscape levels variables on the composition and
configuration of the flora and fauna of the forest patches.
There are also studies where community dynamics were
examined in forest patches.

Oliver et al. (2011), in their study in urban parks
found that park area was the best predictor of species
richness of resident birds and for migratory species, the
best predictors were habitat diversity and developed
area within the park. In another study conducted to
study the influence of regional gradients in land-use on
richness, composition and turnover of bird assemblages
in small forests, it was again concluded that patch area
is one of the most important variables at patch level
which affects the richness of the bird communities
(Bennett et al. 2004). Similarly, a study conducted in
urbanized tropical islands it was concluded that patch
size has the highest predictive power in explaining
the species richness of the resident birds of the forest
patches (Suarez-Rubio & Thomlinson 2009). A study on
relative effects of fragment size and connectivity on bird
communities in Atlantic rain forests suggest that only
terrestrial insectivores, omnivores and frugivorous birds
were affected by patch area. Other feeding guilds such
as understory insectivores, nectarivorous, and others
were not affected by the area of the patch (Martensen
et al. 2008).

There have been also attempts to study the effect
of landscape and patch level variables on animal groups
other than birds. A study conducted in medium- and
large-sized terrestrial mammals in a fragmented rain
forest by Garmendia et al. (2013) suggests that number
of species increases with increase in the size of the
fragmented patch. Effect of landscape metrics on
butterfly species richness was studied at different spatial
scale and they found a significant impact of spatial scale
on landscape-butterfly richness relationship (Rossi &
Halder 2010).

To understand the community structure, composition
and role of these forest patches, there is a need to
measure of biodiversity. Species richness is the most
common measure of biodiversity but it is difficult to
measure the species richness of all flora and fauna
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present in the study area. Therefore, sample and survey
surrogate or indicators of biodiversity are taken. There
is an assumption that the diversity of these indicators is
correlated with the diversity of other groups of species
(Rossi & Halder 2010). Avian species diversity of a forest
patch embedded in a landscape mosaic can be a good
biodiversity indicator. The avian diversity in these forest
patches will be dependent on various factors affecting
the habitat and animals at different spatial scale. Local
variables deciding the avian diversity are vegetation
composition and structure, forest ground cover, canopy
closure, size of the patch, and shape of the patch. At
a landscape scale, variables affecting the avian diversity
are the degree of isolation, connectivity, proximity
to other forest fragments and patch density. Avian
diversity can be observed simply as species richness.
Species richness is the simplest method of characterizing
a community’s diversity. Species diversity is described
as species richness, which is the number of species and
evenness which is how equally abundant species are
within the community. The community in which all the
species present are equally abundant is considered to
be even. Population with a large number of species
and high evenness is considered to be more diverse
(Magurran 1988). In this study, vegetation attributes
of the sampled patches of BFC were calculated the
vegetation attributes of the sampled forest patches of
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Bhopal Forest Circle (BFC), which is a part of Vindhyan
and Malwa plateau. Bird species richness (observed)
was determined. Undetected species of birds were also
estimated using Chao 1 and abundance-based coverage
(ACE) estimators. This study was conducted in BFC
of Madhya Pradesh during 2015 to 2018. This study
intends to estimate the species richness in the forest
fragments of central Indian landscape. Forest fragments
were selected following Island Biogeography Theory by
MacArthur & Wilson (1967).

MATERIALS AND METHODS

Study area

The study was conducted in Bhopal Forest Circle of
Madhya Pradesh forests from March 2015 to May 2018.
BFC consists of six forest divisions: Bhopal, Sehore,
Rajgarh, Vidisha, Raisen, and Obaidullaganj (Fig. 1;
Image 1,2). All the divisions except Rajgarh come under
Vindhyan Plateau agro-climatic region while Rajgarh
comes under Malwa Plateau region. BFC consists of
tropical dry deciduous forests. BFC has a total forest area
of about 6,906.93km?2. Out of which reserved forest is
4,076.72km?, the protected forest is 2,761.98km?* and
the unclassified forest is 68.23km? (MP Forest 2020).

e e—

O s D ma

Figure 1. Geographic location of the study area in Bhopal Forest Circle in India.
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Image 1 & 2. Location of the study area in Bhopal Forest Circle in India. © Madhya Pradesh Forest Department and Mr. Suman Raju.

Forest

Twenty-Two forest subtypes have been identified in
Madhya Pradesh as per the classification by Champion
& Seth (1968). These forest types belong to three
groups, viz.: tropical dry deciduous forest, tropical moist
deciduous forest, and tropical thorn forest. Tropical dry
deciduous forest is the dominant group. Within sub-
groups, dry teak forest is dominant (26.40%) followed
by southern dry mixed deciduous forest (24.55%) and
northern mix dry deciduous forest (18.55%). Rest of the
forest types occupy less than 6% of forests cover (FSI,
2019). The BFCis characterized by tropical dry deciduous
forest (Group 5). The major sub-groups of Group 5 and
Group 6 forest types found in the study area encompass
the following:

1. 5A/C1bdry teak forest

2. 5A/C3 southern dry mixed deciduous forest

3. 5/DS1 dry deciduous scrub

4. 5/E1 Anogeissus pendula forest

The major species is Teak Tectona grandis in dry
teak forests while Butea monosperma, Diospyros
melanoxylon, Acacia catechu, Anogeissus latifolia,
Wrightia tinctoria, Lannea coromandelica, and Cassia
fistula are major species of mixed forests. Anogeissus
pendula forest is dominated by Anogeissus pendula
along with Anogeissus latifolia. Tree species found in
dry deciduous scrub forests are Butea monosperma,

Table 1. Protected areas of BFC.

Name of Establishment

protected area year Area (km?) District
1 Narsinghgarh WS 1978 59.19 Rajgarh
2 Van Vihar NP 1979 4.45 Bhopal
3 Ratapani WS 1978 823.84 Raisen
4 Singhori WS 1976 287.91 Raisen

Acacia leucophloea, Lannea coromandelica, Diospyros
melanoxylon, and Anogeissus latifolia. In BFC, there
are four protected areas; out of which three are
wildlife sanctuaries (WS): Ratapani WS, Singhori WS,
Narsinghgarh WS, and one is a national park: Van Vihar
National Park (Table 1).

Sampling

The sampling unit of the study is a forest patch.
A patch is defined as a relatively homogenous area
which differs from its surrounding land use within the
landscape (Peters et al. 2009). Patches were identified
using Google Earth Pro, FRAGSTATS and ArcGIS 10.3. The
forest patches were manually digitized using ArcGIS and
Google Earth Pro and then they were used as the input
file for FRAGSTATS program to get patch characteristics
like their size and degree of isolation. A total of 98
patches were found in the study area. The area of these
forest patches is in the range of 10-500 ha.

Sampling of patches

The basis of sampling was the area of patch and
degree of isolation. Patches were grouped into four
classes, i.e., (i) large area and high degree of isolation (8
patches), (ii) large area and less degree of isolation (36
patches), (iii) small area and high degree of isolation (6
patches), and (iv) small area and low degree of isolation
(48 patches). Forest patches smaller than 100ha were
considered as smaller patches while more than 100ha
were considered larger patches. Forest patches having
ENN distance of less than 1,500m from nearest forest
were considered as patches with lower degree of
isolation and vice versa. Out of the total 98 patches,
21 patches were sampled out using weighted stratified
random sampling (Fig. 2). Samples were taken from
each of the four classes based on their percentage of the
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Table 2. Sampling of forest patches.
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Figure 2. Sampled forest
patches in the study area.

Large size with high Large size with low Small size with high Small size with low Total number of
ENN ENN ENN ENN patches
Patches 8 36 6 48 98
Total patches (%) 8.16 36.73 6.12 48.98 100
Samples 2 8 1 10 21

*ENN—Euclidean nearest neighbor distance

total number of patches found in the study area (Table
2).

During the field data collection surveys, if the patch
was found to be not suitable for bird surveys due to
higher forest degradation and their conversion into
scrubland, resampling from the same strata was done.
For example, if a sampled forest patch from large size
and the large degree of isolation strata is found to be
not suitable for the survey, another patch from the same
group was randomly picked.

Field data collection
Bird survey

Breeding bird diversity of each forest patch was
sampled using the point count method in which bird
survey points were predefined within the forest patch,
and at each point, bird surveys were done for 10 minutes
each. Point count method was preferred over other

methods since it is better suited for patchily distributed
populations and for shy birds that would otherwise hide
and escape detection. The points were selected within
the forest patch following systematic random sampling.
The minimum distance between two consecutive
points was 500 m to avoid double counting. At each
of these points, birds were surveyed visually as well as
acoustically. The distance of the birds to the observer
was also recorded using a laser rangefinder. In case
of birds heard only, the distance was recorded in four
distance classes, i.e., 0-10 m, 10-20 m, 20-50 m, and
>50m. Each point was surveyed for three consecutive
days during one replication. Bird surveys were avoided
during cloudy or rainy days. Surveys were carried out in
mornings 06.00—-09.00 h and in evenings 16.00-18.00 h.

Avian species richness

Species richness is the simplest method of
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characterising community/population diversity. Species
richness is the basis of many ecological models like
Island Biogeography Theory (McArthur & Wilson 1967),
the intermediate disturbance hypothesis (Connell
1978), as well as more recent models of neutral theory
(Hubbell 2001), and meta-community structure (Leibold
et al. 2005). These theories try to generate quantitative
predictions of the number of coexisting species in a
community; however, though it is a simple measure of
diversity, it is still difficult to estimate accurately. It is
always an underestimation of the surveyed community.
To correct for this underestimation of species richness,
there are many sampling models and estimators of
asymptotic richness to estimate the undetected species
(Gotelli et al. 2011). For the present study, Chao 1
(Eqg. 1), ACE (Eq. 2) and Jackknife estimators were used
to estimate the undetected species of birds. These
estimators are used for abundance data. Therefore, the
estimators were used to calculate the estimated species
richness using the Palaeontology Statistics (PAST 3.0)
program (Hammer et al. 2001).
a.Chao 1
Chaol =S + F1(F1 - 1) / (2 (F2 + 1)), where F1 is
the number of singleton species and F2 the number of
doubleton species.
b. ACE: Abundance Coverage-based Estimator of
species richness
Sace = Samna + T8+ T 0 Yy "
Where:
is the number of rare species in a
Srare = Ling Fi  Sample (each with 10 or fewer
individuals).
is the number of abundant species in
Snia ™ E‘:'_‘;]_ Fia sample (each with more than 10
individuals)
is the total number of individuals in
the rare species.
is the sample cover estimate which is
Cae6 = 1= f1ffiegrathe proportion of all individuals in rare
species that are not singletons.
Vace? = is the coefficient of variation,

Yace? = max [Zaze HEEE D _ 4] 5)

Cace Mrarelinrgre=1)

=10

Myare = Limy KFp

RESULTS AND DISCUSSION

Therefore, in this study, 21 forest patches were
surveyed for bird species diversity. A total of 131 bird
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species were recorded in the study area (21 forest
patches). Table 3 classifies these species as Resident or
Migratory; 31 out of 131 species were migratory.

Avian species richness estimation

The total number of species recorded in the patches
during the field surveys is the observed species richness.
Species richness of each patch was calculated using the
bird survey data, but the observed species richness is
not the true number of species present in the forest
patches. There are always bird species which get
undetected due to various reasons. To correct the
species richness for all these forest patches, species
richness estimators for abundance data were applied to
the data. Chao 1 and ACE estimators were used in PAST
3.0 software. Non-parametric species estimators like
Chao 1 and ACE, extrapolate the observed data to find
the ‘true’ number of species present in the study area
(Colwell & Coddington 1994). These estimators use the
number of rare species found in the sample to estimate
more number of species likely to get undetected.
Species richness estimators for abundance data were
applied to the survey data to estimate the improved
species richness in these forest patches. Chao 1 and ACE
estimators were used in PAST 3.0 software (Table 4).

To count in undetected species and estimate the
true species richness, species richness estimators were
applied to the overall species richness data (Table 5).
The estimators used were Chao 1, Jackknife 1, Jackknife
2, and Bootstrapping.

DISCUSSION

Continuous forest areas outside protected areas are
always at risk of habitat destruction and fragmentation,
which leads to biodiversity loss and local extinction of
certain species too. There have been various studies
globally on fragmented forest patches (natural and
plantations). There are very few studies from the Indian
subcontinent, which are restricted mainly to plantations
(Daniels et al. 1992; Bhagwat et al. 2005; Raman 2006;
Bali et al. 2007); however, forest fragments outside-
protected areas in the central Indian landscape have
not been studied for its role in conserving biodiversity.
In this study, avian diversity of these isolated forest
patches has been studied to understand the role these
forest patches can play in conserving biodiversity in an
agrarian landscape.

The results from this study suggest that forest patches
with larger sizes such as Binapur (size= 166ha, Chao 1=
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Table 3. Bird species recorded during the survey from the 21 forest patches of central Indian forest landscape.

Common name Scientific name Resident or migratory
1 Ashy-crowned Sparrow-lark Eremopterix griseus (Scopoli, 1786) Resident
2 Ashy Drongo Dicrurus leucophaeus (Vieillot, 1817) Migratory
3 Ashy Prinia Prinia socialis (Sykes, 1832) Resident
4 Asian Koel Eudynamys scolopaceus (Linnaeus, 1758) Resident
5 Asian Palm-swift Cypsiurus balasiensis (Gray, 1829) Resident
6 Indian Paradise Flycatcher Terpsiphone paradise (Linnaeus, 1758) Resident
7 Barn Swallow Hirundo rustica (Linnaeus, 1758) Migratory
8 Barred Buttonquail Turnix suscitator (Gmelin, 1789) Resident
9 Bay-backed Shrike Lanius vittatus (Valenciennes, 1826) Migratory
10 Baya Weaver Ploceus philippinus (Linnaeus, 1766) Resident
11 Black Drongo Dicrurus macrocercus (Vieillot, 1817) Resident
12 Black Kite Milvus migrans (Boddaert, 1783) Resident
13 Black Redstart Phoenicurus ochruros (Gmelin, 1774) Migratory
14 Black-rumped Flameback Dinopium benghalense (Linnaeus, 1758) Resident
15 Black-winged Kite Elanus caeruleus (Desfontaines, 1789) Resident
16 Blue Rock-thrush Monticola solitarius (Linnaeus, 1758) Migratory
17 Blyth's Reed-warbler Acrocephalus dumetorum (Blyth, 1849) Migratory
18 Bonelli's Eagle Aquila fasciata (Vieillot, 1822) Resident
19 Booted Warbler Iduna caligata (Lichtenstein, 1823) Migratory
20 Brahminy Starling Sturnia pagodarum (Gmelin, 1789) Resident
21 Indian Pygmy Woodpecker Dendrocopos nanus (Vigors, 1832) Resident
22 Brown Rockchat Cercomela fusca (Blyth, 1851) Resident
23 Brown Shrike Lanius cristatus (Linnaeus, 1758) Migratory
24 Cattle Egret Bubulcus ibis (Linnaeus, 1758) Resident
25 Chestnut-bellied Sandgrouse Pterocles exustus (Temminck, 1825) Resident
26 Chestnut-shouldered Petronia Gymnoris xanthocollis (Burton, 1838) Resident
27 Chestnut-tailed Starling Sturnia malabarica (Gmelin, 1789) Migratory
28 Common Babbler Turdoides caudate (Dumont, 1823) Resident
29 Common Chiffchaff Phylloscopus collybita (Vieillot, 1817) Migratory
30 Common Hawk-cuckoo Hierococcyx varius (Vahl, 1797) Resident
31 Common Hoopoe Upupa epops (Linnaeus, 1758) Resident
32 Common lora Aegithina tiphia (Linnaeus, 1758) Resident
33 Common Kestrel Falco tinnunculus (Linnaeus, 1758) Migratory
34 Common Myna Acridotheres tristis (Linnaeus, 1766) Resident
35 Common Stonechat Saxicola torquatus (Linnaeus, 1766) Migratory
36 Common Tailorbird Orthotomus sutorius (Pennant, 1769) Resident
37 Common Woodshrike Tephrodornis pondicerianus (Gmelin, 1789) Resident
38 Coppersmith Barbet Psilopogon haemacephalus (Miller, 1776) Resident
39 Crested Bunting Emberiza lathami (Gray, 1831) Migratory
40 Crested Lark Galerida cristata (Linnaeus, 1758) Resident
41 Crested Treeswift Hemiprocne coronate (Tickell, 1833) Resident
42 Dusky Crag Martin Ptyonoprogne concolor (Sykes, 1832) Resident
43 Egyptian Vulture Neophron percnopterus (Linnaeus, 1758) Resident
44 Eurasian Collared-dove Streptopelia decaocto (Frivaldszky, 1838) Resident
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Common name Scientific name Resident or migratory
45 Indian Golden Oriole Oriolus Kundoo (Sykes, 1832) Resident
46 Great Tit Parus major (Linnaeus, 1758) Resident
47 Greater Coucal Centropus sinensis (Stephens, 1815) Resident
48 Green Bee-eater Merops orientalis (Latham, 1802) Resident
49 Greenish Warbler Phylloscopus trochiloides (Sundevall, 1837) Migratory
50 Grey-bellied Cuckoo Cacomantis passerines (Vahl, 1797) Migratory
51 Grey-breasted Prinia Prinia hodgsonii (Blyth, 1844) Resident
52 Grey Francolin Francolinus pondicerianus (Gmelin, 1789) Resident
53 Grey-necked Bunting Emberiza buchanani (Blyth, 1844) Migratory
54 Griffon Vulture Gyps fulvus (Hablizl, 1783) Migratory
55 House Crow Corvus splendens (Vieillot, 1817) Resident
56 House Sparrow Passer domesticus (Linnaeus, 1758) Resident
57 Hume's Leaf-warbler Phylloscopus humei (Brooks, 1878) Migratory
58 Indian Bushlark Mirafra erythroptera (Blyth, 1845) Resident
59 Indian Grey Hornbill Ocyceros birostris (Scopoli, 1786) Resident
60 Indian Nightjar Caprimulgus asiaticus (Latham, 1790) Resident
61 Indian Peafowl Pavo cristatus (Linnaeus, 1758) Resident
62 Indian Pitta Pitta brachyura (Linnaeus, 1766) Migratory
63 Indian Pond-heron Ardeola grayii (Sykes, 1832) Resident
64 Indian Robin Saxicoloides fulicatus (Linnaeus, 1766) Resident
65 Indian Roller Coracias benghalensis (Linnaeus, 1758) Resident
66 Indian Silverbill Euodice malabarica (Linnaeus, 1758) Resident
67 Jerdon's Leafbird Chloropsis jerdoni (Blyth, 1844) Resident
68 Jungle Babbler Turdoides striata (Dumont, 1823) Resident
69 Large-billed Crow Corvus macrorhynchos (Wagler, 1827) Resident
70 Jungle Prinia Prinia sylvatica (Jerdon, 1840) Resident
71 Large Cuckooshrike Coracina macei (Lesson, 1831) Resident
72 Large Grey Babbler Argya malcolmi (Sykes, 1832) Resident
73 Laughing Dove Spilopelia senegalensis (Linnaeus, 1766) Resident
74 Lesser Whitethroat Sylvia curruca (Linnaeus, 1758) Migratory
75 Little Cormorant Microcarbo niger (Vieillot, 1817) Resident
76 Long-billed Vulture Gyps indicus (Scopoli, 1786) Resident
77 Long-tailed Shrike Lanius schach (Linnaeus, 1758) Resident
78 Oriental Honey-buzzard Pernis ptilorhynchus (Temminck, 1821) Resident
79 Oriental Magpie-robin Copsychus saularis (Linnaeus, 1758) Resident
80 Oriental Turtle-dove Streptopelia orientalis (Latham, 1790) Migratory
81 Oriental White-eye Zosterops palpebrosus (Temminck, 1824) Resident
82 Paddyfield Pipit Anthus rufulus (Vieillot, 1818) Resident
83 Painted Francolin Francolinus pictus (Jardine & Selby, 1828) Resident
84 Painted Stork Mycteria leucocephala (Pennant, 1769) Migratory
85 Pale-billed Flowerpecker Dicaeum erythrorhynchos (Latham, 1790) Resident
86 Peregrine Falcon Falco peregrinus (Tunstall, 1771) Resident
87 Jacobin Cuckoo Clamator jacobinus (Boddaert, 1783) Migratory
88 Pied Kingfisher Ceryle rudis (Linnaeus, 1758) Resident
89 Plain Prinia Prinia inornata (Sykes, 1832) Resident
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Common name Scientific name Resident or migratory
90 Plum-headed Parakeet Psittacula cyanocephala (Linnaeus, 1766) Resident
91 Purple Sunbird Cinnyris asiaticus (Latham, 1790) Resident
92 Red Avadavat Amandava amandava (Linnaeus, 1758) Resident
93 Red-breasted Flycatcher Ficedula parva (Bechstein, 1792) Migratory
04 Red Collared Dove Streptopelia tranquebarica (Hermann, Resident
1804)
95 Red-rumped Swallow Cecropis daurica (Linnaeus, 1771) Resident
96 Red-vented Bulbul Pycnonotus cafer (Linnaeus, 1766) Resident
97 Red-wattled Lapwing Vanellus indicus (Boddaert, 1783) Resident
98 River Tern Sterna aurantia (Gray, 1831) Resident
99 Rock Bush-quail Perdicula argoondah (Sykes, 1832) Resident
100 Rock Dove Columba livia (Gmelin, 1789) Resident
101 Rose-ringed Parakeet Psittacula krameri (Scopoli, 1769) Resident
102 Rosy Starling Pastor roseus (Linnaeus, 1758) Migratory
103 Rufous-fronted Prinia Prinia buchanani (Blyth, 1844) Resident
104 Rufous-tailed Lark Ammomanes phoenicura (Franklin, 1831) Resident
105 Rufous Treepie Dendrocitta vagabunda (Latham, 1790) Resident
106 Scaly-breasted Munia Lonchura punctulata (Linnaeus, 1758) Resident
107 Shikra Accipiter badius (Gmelin, 1788) Resident
108 Short-toed Snake-eagle Circaetus gallicus (Gmelin, 1788) Resident
109 Sirkeer Malkoha Taccocua leschenaultia (Lesson, 1830) Resident
110 Small Minivet Pericrocotus cinnamomeus (Linnaeus, 1766) Resident
111 Indian Spot-billed Duck Anas poecilorhyncha (Forster, 1781) Resident
112 Spotted Dove Spilopelia suratensis (Gmelin, 1789) Resident
113 Sulphur-bellied Warbler Phylloscopus griseolus (Blyth, 1847) Migratory
114 Taiga Flycatcher Ficedula albicilla (Pallas, 1811) Migratory
115 Tickell's Blue-flycatcher Cyornis tickelliae (Blyth, 1843) Resident
116 Tickell's Leaf-warbler Phylloscopus affinis (Tickell, 1833) Migratory
117 Tree Pipit Anthus trivialis (Linnaeus, 1758) Migratory
118 Ultramarine Flycatcher Ficedula superciliaris (Jerdon, 1840) Migratory
119 Verditer Flycatcher Eumyias thalassinus (Swainson, 1838) Migratory
120 White-bellied Drongo Dicrurus caerulescens (Linnaeus, 1758) Resident
121 White-browed Fantail Rhipidura aureola (Lesson, 1830) Resident
122 White-eyed Buzzard Butastur teesa (Franklin, 1831) Resident
123 White-naped Woodpecker Chrysocolaptes festivus (Boddaert, 1783) Resident
124 White-rumped Vulture Gyps bengalensis (Gmelin, 1788) Resident
125 White-spotted Fantail Rhipidura albogularis (Lesson, 1832) Resident
126 White-breasted Kingfisher Halcyon smyrnensis (Linnaeus, 1758) Resident
127 Wire-tailed Swallow Hirundo smithii (Leach, 1818) Resident
128 Asian Woollyneck Ciconia episcopus (Boddaert, 1783) Resident
129 Yellow-crowned Woodpecker Leiopicus mahrattensis (Latham, 1801) Resident
130 Yellow-eyed Babbler Chrysomma sinense (Gmelin, 1789) Resident
131 Yellow-footed Green-pigeon Treron phoenicopterus (Latham, 1790) Resident

*Source of Latin names: IUCN Redlist (IUCN 2020).
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Table 4. Observed species richness and estimated species richness of patches using Chao 1 and ACE estimators.

Species richness Estimated species Estimated species
Patch classes Patch name observed richness (Chao1) richness (ACE)
1 Ghatkhedi 38 49 46.45
2 Lalghati 57 62 65.43
3 Satgarhi 53 56.75 59.76
4 Barkhedi 35 39 40.41
Small size with low ENN
5 Durang 55 66.375 68.23
6 Nasipur 49 52.27 55.86
7 Itkhedi 43 44.5 46.79
8 Manakwada 38 48.5 43.83
9 Padajhir 41 47 48.46
10 Ghot 50 53.27 57.14
Small size with high ENN
11 Lasudli 57 65.25 66.97
12 Durgapura 35 37.62 40.55
13 Singota 42 45 46.155
14 Kerwa 43 48 50.82
15 Pathariya 51 54 53.77
16 Kalyanpura 61 80 74.38
Large size with low ENN
17 Narsinghgarh 27 28 29.76
18 Sayar 61 78 75.83
19 Binapur 64 73 75.8
20 Kishanpur 46 50 51.24
21 Large size with high ENN Amgawa 48 51 51.3

*ENN—Euclidean nearest neighbor

Table 5. Estimated species richness of the study area.

Estimator Esﬁm?ted species Standard error
richness
1 | Chaol 154.1 11.7
2 | Jackknife 1 156.71 7.9
3 | Jackknife 2 168.25 -
4 Bootstrapping 143.02 4.4

73), Sayar (size= 107ha, Chao 1= 78), and Kalyanpura
(size= 133ha, Chao 1= 80), were having higher avian
diversity except for forest patches Narsinghgarh (size=
393ha, Chao 1= 28), Singota (size= 184ha, Chao 1= 45)
with higher degree of anthropogenic disturbances in
the form of cattle grazing, fuelwood collection, and
collection of non-timber forest products such as Mahua
Madhuca latifolia, Tendu Diospyros melanoxylon leaves,
and natural gum. Smaller forest patches were found
to have fewer bird species; however, smaller forest
patches with less degree of anthropogenic disturbances
such as Lalghati (size= 99ha, Chao 1= 62), Lasudli (size=

16ha, Chao 1= 65), Ghot (size= 36ha, Chao 1= 53), and
Nasipur (size= 23ha, Chao 1= 52) were more diverse
than other smaller patches. These smaller patches
were more protected due to being a sacred grove
(Lalghati and Lasudli) and private ownership (Ghot and
Nasipur). A study conducted in Columbian Andes in
2010 studied the effects of landscape structure on bird’s
richness. They found that patch area is a key driver of
species richness. Species richness increases towards
large patches but the effect of patch area decreases
when other factors like human disturbance come into
scenario (Aubad et al. 2010). In various other studies,
it has been found that patch size affects the avian
diversity significantly (Garmendia et al. 2013; Herrando
& Brotons 2002; Aubad et al. 2010). A study conducted
on sacred groves of Western Ghats suggests that patch
size does not influence the diversity of birds, trees, and
macro fungi (Bhagwat et al. 2005). This study suggests
that the avian diversity in forest patches in an agrarian
landscape depends on patch size and protection status
of these patches. Forest patches with more protection
due to its status of sacred grove and private ownership
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had more avian diversity even when the size of the patch
was smaller.

CONCLUSION

In studies around the world, forest fragments were
found to be rich in biodiversity. They provide habitat
to various kind of plant and animal species. Therefore,
there is a need to conserve and connect these forest
patches embedded in the landscape matrix. The present
study estimates the biodiversity of fragmented forest
patches of BFC. Results of the study suggest that forest
patches can support good bird diversity even after a high
anthropogenic pressure in the form of grazing, fuelwood
collection, and NTFPs collection. Nevertheless, patches
with anthropogenic disturbances were found to have
less diversity of birds in comparison to patches with
lesser disturbance. Patch size certainly have a positive
effect on bird diversity; however, human disturbance
also affects the avian community dynamics in these
forest patches. This study recorded 131 species of birds
from 21 forest patches from the Vindhyan plateau. This
is a good number of species, since the total number of
species found in the two nearby wildlife sanctuaries are:

1. Ratapani Wildlife Sanctuary (153 species, 10
checklists) and

2. Narsinghgarh Wildlife Sanctuary (65 species, 2
checklists) (ebird 2020).

The study area is poorly studied for its biodiversity.
These forest patches are of different sizes and have
a different degree of isolation. A few forest patches
like Ghot (privately owned) and Lasudli (sacred grove)
are smaller but have high avian diversity due to their
protected status. On the other hand, patches such as
Pathariya and Amgawa are larger patches with low
avian diversity due to higher anthropogenic pressure
in the form of grazing, fuelwood collection, and non-
timber forest products collection. Therefore, it can be
suggested that the diversity in forest patch or fragments
not just depends on its size and degree of isolation
but also on the degree of anthropogenic disturbance.
The ideal scenario would be larger patch size, a lesser
degree of isolation (i.e., higher connectivity) and least
anthropogenic pressure. The avian diversity was good in
forest patches as well as the overall study area despite
the anthropogenic pressure. This study fulfills the gap of
biodiversity data from the study area. Even the wildlife
sanctuaries in the study area have been poorly studied
for its biodiversity, which makes this study important.
This study also focuses on the need to conserve the

Kumar et al.

forest patches by connecting the forest fragments and
reducing the anthropogenic pressure as they play a
vital role in providing habitat to various flora and fauna.
Protecting these forest patches will help in conserving
the biodiversity of the whole landscape.
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Nest tree preference shown by Ring-necked Parakeet
Psittacula krameri (Scopoli, 1769) in northern districts of Tamil Nadu, India

M. Pandian ®

No. F1901, AIS Housing Complex, Natesan Nagar West, Virugambakkam, Chennai, Tamil Nadu 600092, India.
pandian.m14@gmail.com

Abstract: This paper pertains to the nesting aspects of Psittacula krameri with specific reference to nesting-related habitats, number of
individuals encountered, inter-specific interactions, and abnormalities in 71 villages covering seven northern districts of Tamil Nadu. A
total of 797 nests (500 active and 297 non-active nests) and 1,119 individuals were enumerated on 284 trees and 13 temples/buildings
belonging to eight species, seven genera, and five families. The highest number of nests (320) and birds (469) occurred on Borassus
flabellifer L., followed by Cocos nucifera L., Albizia lebbeck (L.) Benth., Madhuca longifolia ).F.Gmel., Phoenix sylvestris (L.) Roxb., and Ficus
benghalensis L. This species prefers dead trees than living trees for nesting. The study reveals that 63.4% nests (n=505) and 65.1% birds
(n=729) were found on dead trees of B. flabellifer, C. nucifera, and P. sylvestris. They generally prefer to build nests on trees situated near
agricultural lands, followed by those near water bodies, human settlements, and temples/buildings. Pearson’s chi-square test indicates
that the birds showed preference towards certain nesting sites/nesting species. Inter-specific interactions occurred between P. krameri
and Blue Rock Pigeon, Spotted Owlet, Indian Roller, and Black-rumped Flameback for sharing of cavities/holes for construction of nests.
Abnormalities in bird’s beak, cere, colour of feathers, and a suspected psittacine beak & feather disease (PBFD) were observed.

Keywords: Active nests, beak deformity, inter-specific competition, nesting trees.
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Nest tree preference by Ring-necked Parakeet

INTRODUCTION

The Ring-necked Parakeet or Rose-ringed Parakeet
Psittacula krameri (Scopoli, 1769) (Aves: Psittaciformes:
Psittaculidae) is a native of the Indian subcontinent and
Sub-Saharian Africa and now occurs in 35 countries
(Menchetti et al. 2016) such as Britain, Belgium, the
Netherlands, Germany, and Spain (Braun & Wink 2013).
A subspecies P. krameri manilensis is distributed in
southern India and Sri Lanka (BirdLife International 2018).
Intensive trade, accidental or deliberate release of this
species into new environments and its adaptation has
led to the establishment of viable populations outside
its native range (Strubbe & Matthygen 2009; Neo 2012).
Tolerance to human presence, an omnivorous diet and a
great reproductive rate (Thabethe et al. 2013) make them
successful invasive alien species and are even considered
pests in the introduced European countries (Strubbe &
Matthygen 2007). Many bird species use cavities as
nesting sites, as it reduces the risk of predation more
than other nest sites (Nice 1957; Cody 1985; Newton
1994). Psittacula krameri depends on trunk holes/
cavities for their reproduction. They compete with other
birds for nest-cavities due to their aggressive behaviour
in Mauritius (Jones 1980) and Belgium (Strubbe &
Matthyen 2009). In India, they widely inhabit several
habitats (Rasmussen & Anderton 2005) and breeding
occurs during December—May. In northern India, about
15% of P. krameri populations build their nests in wall
holes or crevices in buildings (Grandi et al. 2016). In view
of the limited resources of nest-cavities, inter-specific
competitions exist between P. krameri and other birds
(Wesolowski 2007; Cornelius 2008).

This species is considered a major agricultural pest in
its native range (Khan 2002b) and in countries where it has
invaded (Schackermann et al. 2014). The birds consume
dry & fleshy fruits and seeds (Ali & Ripley 1968, 1987);
they cause considerable damage to agricultural crops
such as corn (Zea mays L.), sorghum (Sorghum bicolor (L.)
Moench), paddy (Oryza sativa L.), safflower (Carthamus
tinctorius L.), sunflower (Helianthus annus L.), fruits, and
stored grains (Shivanarayan et al. 1981; Dhindsa & Saina
1994; Mukherjee et al. 2000; Shivashankar & Subramanya
2008). Abnormalities/deformities in beak, cere, and
colour were observed among P. krameri individuals due
to various reasons (Low 1992; Zwart 1995; Butler 2003;
Kanwar 2019). Gokula et al. (1999) observed intra-
specific differences between Psittacula cyanocephala
and P. columboides in Siruvani of Tamil Nadu.

The IUCN Red List of Threatened Species has
evaluated the status of this bird as ‘Least Concern’
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because its population appears to be increasing but in
view of its popularity as a pet and control by farmers
due to its invasiveness, this has reduced its numbers in
its native range (BirdLife International 2018). Except the
above few works, no literatures are available on the study
of the nesting habitats and abnormalities of P. krameri
in Tamil Nadu. Hence, this study was carried out to fill
the gaps. The objectives of this study are to assess the
nesting tree preference of P. krameri, and identification
of the nesting sites.

MATERIALS AND METHODS

Study area

The present study was carried out in 71 villages in
seven districts of northern Tamil Nadu, viz., Chennai,
Thiruvallur, Ranipet, Kancheepuram, Chengelpet,
Villupuram, and Kallakurichi spread over 17,680km? (Fig.
1). Agriculture is the primary occupation in these areas
except Chennai City and adjoining areas. The major
crops in the study area are Oryza sativa L., Sorghum
bicolor (L.) Moench, Pennisetum glaucumi (L.) R.Br.,
Eleusine coracana Gaertn., Setaria italica (L.) P.Beauvois.,
Saccharum officinarum L. (Poaceae), Vigna radiata (L.)
R.Wilczek., and Arachis hypogaea L. (Fabaceae). Small-
scale cultivation of ornamental flowers, vegetables,
and fruits also occurs. The maximum and minimum
temperatures of these districts are 37°C and 28°C,
respectively. The average annual rainfall of the state is
907mm (Tamil Nadu 2020).

METHODS

Three informants from villages who were traditionally
engaged in farming and well acquainted with the location
of tall trees, groves, and birds in the study districts were
selected. Along with them areas were identified that
had considerable populations of P. krameri and their
nesting sites in 71 villages covering seven districts in
the northern region of Tamil Nadu. The determined
nesting sites were surveyed during the breeding season
from 01 November 2019 to 31 March 2020 between
06.00 & 09.00 h and 15.00 & 18.00 h when the birds
are usually active. The individuals and number of nests
were determined using total count method (Bibby et
al. 2000). P. krameri usually follow communal roosting
during non-breeding periods and in the breeding season
the flock splits and moves to various habitats searching
for cavities to construct nests. Hence, the movements
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Figure 1. Study area, a—India with Tamil Nadu State highlighted | b—seven districts that are the study sites in Tamil Nadu | c—seven northern

districts.

of birds, the nesting trees, excavating cavities on the
trunks, holes and crevices in temples/buildings, entry and
exit of birds from such cavities, number of nests, active/
non-active nests, and inter-specific interactions with
other birds for sharing nesting sites were observed using
binoculars without causing any disturbance to the birds.
The active nest cavities were ascertained by watching the
frequent visits of birds to the cavities, carrying nesting
materials: prolonged presence of any one of the pair in
the cavity was presumed as the birds incubating eggs,
and prey delivery to hatchlings. Non-active/abandoned
cavities were ascertained by non-visiting of birds to the
cavities during the study period after excavating cavities.
The eggs and other breeding activities were not studied.
Locations of the nesting trees and temples/buildings
were determined using GPS. Pearson’s chi-square test
was applied to determine whether Ring-necked Parakeet
individuals select trees, temples/buildings equally across
the study area for construction of nests using SPSS
(Statistical Package for Social Sciences) version 25.0
software. The test of significance was assessed at p<

0.05. Photographs and videos were taken using Nikon
P1000 digital camera.

RESULTS

Psittacula krameri individuals and their preference of
nesting sites

In the present study, a total of 284 trees belonging
to five families, seven genera, and eight species were
found with nests of P. krameri, of which Borassus
flabellifer L. harboured the maximum numbers of nests
(n= 164; 55.2%), followed by Cocos nucifera L. (n= 90;
30.3%), Albizia lebbeck (L.) Benth. (n= 10; 3.4%), and
Madhuca longifolia J.F.Macbr. (n= 9; 3%). Temples/
buildings shared about 4.4% of nesting sites. A total of
797 nests (500 active nests and 297 non-active nests)
and 1,119 individuals of P. krameri were enumerated on
the 297 nesting sites (nesting trees -284 and temples/
buildings-13) in seven districts (Table 1). Maximum of 72
nests and 88 birds were observed in Gadavari Kandigai
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Village and in four villages no nests were counted but
individuals of P. krameri were enumerated. The details
of villages containing nests and birds are given in Table 2.

Of the total B. flabellifer trees (164) enumerated in
the study area, 158 were dead and six were living trees.
Among B. flabeliifer, maximum of 98.1% nests (n= 314)
and 96.2% birds (n= 451) were found on dead trees
and only 1.9% nests (n=6), and 3.8% birds (n= 18) were
enumerated on living B. flabellifer trees.

Out of 797 nests enumerated, 63.4% nests (n= 505)
were found on dead trees of B. flabellifer, C. nucifera,
and P. sylvestris. Similarly out of 1,119 birds counted,
65.1% birds (n=729) were observed on these dead trees.
About 26% nests (n=208) and 16.8% birds (n= 188) were
counted on temples and buildings. The remaining 10.3%
nests (n= 84) and 16.4% birds (n= 184) were found on the
living trees of B. flabellifer, M. longifoia, F. religiosa, F.
benghalensis, A. indica, and A. lebbeck. Except roosting
of birds, no nests were found on F. religiosa and A. indica.
Out of total nests (797) enumerated during the current
breeding season, 62.7% (n= 500) were active nests and
the remaining 37.3% nests (n= 297) were non-active
nests. The study reveals that the birds constructed 72.2%
of active nests (n= 361) on the trunk cavities of three
palm species, followed by 17.4% active nests (n= 87) on
temples/buildings and 10.4% active nests (n=52) on living
trees, viz., B. flabellifer, M. longifolia, F. benghalensis,
and A. lebbeck.

Chi-square test was used to determine whether
any significance existed between the type of nesting
sites such as trees, temples/ buildings and the number
of birds, nests, active nests and non-active nests. The

Figure 2. Distribution of P. krameri
population and their nests in various
habitats.

test revealed that there exists statistically significant
association between nesting sites (trees/temples/
buildings) and the number of birds (p< 0.05), nests (p<
0.05), active nests (p< 0.000) and non-active nests (p<
0.05) in the study area.

Preference of habitats for nesting

The study also tested the relationship between the
selection of nesting sites and surrounding habitats such
as agricultural lands, water bodies, human settlements,
and temples/buildings by P. krameri populations (Fig. 2).
About 39.4% of nesting sites (n= 117), 29.1% nests (n=
234), and 33% birds (n= 369) occurred near agricultural
lands. Thirty-five per cent of nesting sites (n= 104),
22.8% nests (n= 182), and 24.3% birds (n= 272) occurred
adjacent to water bodies such as bunds of lakes, ponds,
rivers, or canals. About 22.2% nesting sites (n=66), 28.3%
nests (n=226), and 28.1% birds (n= 314) were found near
human settlement areas; 19.5% nests (n=155), and 14.6%
birds (n= 164) were counted on 13 temples/buildings
(3.4%). The study also revealed that a maximum of active
nests 35.2% (n= 176) were found on trees located in the
agricultural areas, followed by 26.6% active nests (n=133)
near water bodies, 24.6% nests (n= 124) in the human
settlement areas, and 12.6% nests (n= 63) on temples/
buildings (Image 1). Statistically a significant association
exists between the type of habitats such as agricultural
lands, water bodies, residential areas, temple & number
of birds (p< 0.05), nests (p< 0.05), active nests (p< 0.05),
and non-active nests (p< 0.05). Hence, all four types of
habitats had an impact on the number of birds and nests
in the study area.
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Table 2. List of villages where nests of individuals of Psittacula krameri were counted.

Total no. of nests Total no. of the birds
District Name of the village counted counted
1 Tiruvallur 15 10
2 Pugathur 13 22
3 Chinna Kadambur mottur 6 8
4 Tiruvallur Sembedu 4 6
5 Periya Kadambur mottur 7 10
6 Mambakkam 8 12
7 Thiruvalanggadu 54 70
8 Egmore DPI 7 20
9 Chennai Egmore 19 26
10 LIC 6 10
11 Anna Salai EB office 1 2
12 Nanthiveduthangal 10 14
13 Soganur 3 7
14 Gadavari kandigai 72 88
15 Mathimangalam 4 16
16 Kunnathur 3 6
17 Pallakunnathur 6 10
18 Pazhayapalayam 10 14
19 Pazhayapalayam mottur 1 2
20 Minnal 13 18
21 Marankandigai 8 8
22 Ranipet Chinna Vailambadi 17 29
23 Paranji 2 14
24 Gangai mottur 21 32
25 Melandurai 23 37
26 Kizhanthurai 8 12
27 Poiyappakkam 1 2
28 Kumpinipet 4 8
29 Melakadu 21 56
30 Arumpakkam 16 28
31 Paruthiputhur 1 2
32 Nagavedu 15 24
33 Padi 8 18
34 Kanchipuram East 6 8
Kanchipuram
35 Baluchettichatram 2 5
36 Padalam 16 24
37 Ottivakkam 17 14
38 Chengalpattu Maduranthangam 0 2
39 Palur 4 2
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Total no. of nests Total no. of the birds
District Name of the village counted counted
40 Mailam 3 4
41 Kolliyangunam 5 8
42 Nallamur 4 6
43 Thenkalavai 13 14
44 Kiledayalam 20 30
45 Nedimozhiyanur 14 28
46 Vilangambadi 24 44
47 Thenkolapakkam 5 10
48 Kutteripattu 26 24
49 Sozhiyasorkulam 6 12
50 Thenputhur 6 12
51 Kenipattu 10 12
52 Thiruvakkarai 1 2
53 Kanniyam 1 2
54 Konamangalam 3 6
55 Thazhuthali 4 4
56 Perumbakkam 0 6
57 vanur 11 18
58 Villupuram Aurovile 1 2
59 Veedur 2 2
60 Siruvai 11 24
61 Pombur 6 6
62 Thenkodipakkam 4 6
63 Gingee 60 44
64 Thiruvamathur 11 4
65 Tindivanam 0 12
66 kodukur 1 2
67 Tirumangalam 0 0
68 Tirukkovilur 38 26
69 Kizhayur 30 20
70 Kallakuruchi Koduvur 1 2
71 Thirumangalam 0 1
Total 7 71 797 1119

a dead palm tree, both male and female individuals
were involved in excavating holes in the tree trunks. In
Tamil Nadu indiscriminate felling of B. flabellifer trees
for firewood and due to urbanization, widening of roads,
and construction of buildings have been reported (M.
Pandian pers. obs.). The study further reveals that the
birds utilized the already existing cavities in living trees
such as M. longifolia, F. benghalensis, and A. lebbeck
for building nests. No incident of excavation of cavities
on the above three tree species was noticed during the
study period.

Ali & Rilpey (1969) reported that in India, apart from
the cavities of trees this bird also utilizes existing crevices
in buildings for construction of nests. In Pakistan, this bird
selected holes in trees as well as crevices in buildings for
construction of nests (Jahan et al. 2018). Breeding of P.
krameri in buildings is very common in Britain, Germany,
Belgium, and Japan (Braun 2004, 2007). Some breeding
pairs build nests in wall holes or crevices of buildings in
north India and Spain. In Pavia (northern Italy), the entire
population breeds in scaffold holes of the Visconti castle
and towers (Grandi et al. 2016). The present study reveals
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Image 1. Nesting habitats of Psittacula krameria: a—a pair of birds roosting on temple wall | b—female individual in wall hole in temple | c—
male individual in a cavity of dead B. flabellifer trunk | d—a pair engaged in excavation of cavity on B. flabellifer trunk | e—female individual

in a trunk cavity, and | f—a mating pair. © M. Pandian.

that 26% nests (n= 208) and 16.8% birds (n= 188) were
counted on 10 temples and three buildings in the study
area. The present observation of successful utilization of
available holes/crevices in the temple and buildings for
construction of nests by P. krameri population matches
the findings of Ali & Rilpey (1969), Jahan et al. (2018), and
Braun (2004, 2007).

Preference of habitats for nesting

As a social bird, P. krameri generally prefers to build
nests on trees situated near agricultural lands. Occurrence
of 29.1% nests (n= 234) and 33% birds (n= 369) on the
trees situated near the agricultural lands prove that

the birds preferred to breed in agricultural areas where
abundant food materials are available. Another 22.8%
nests (n= 182) and 24.3% birds (n= 272) were found on
trees located near water bodies. Maximum nests of
P. krameri were found in the areas where cultivation
of crops occurs and near water bodies in Punjab (Khan
2002a) and Hawaii (Paton et al. 1982). In the present
study, occurrence of 51.9% nests (n=416) and 57.3% birds
(n=641) in agricultural lands and close to water bodies
in rural villages clearly indicates that the birds selected
nesting sites in agrarian landscapes ensuring availability
of abundant food material. Hence it matches with the
observations of Khan (2002a) and Paton et al. (1982).
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Image 2. Inter-specific competition: a—male parakeet fighting with a pair of Blue Rock Pigeons | b—nestlings of Spotted Owlet | c—Indian
Roller guarding its nest on top of dead B. flabellifer tree, and | d—Black-rumped Flameback excavating cavity. © M. Pandian.

201 O
Image 3. Abnormalities in Psittacula krameria: a—male bird with beak deformity | b—female bird with cere deformity | c—female bird with
suspected infection of psittacine beak & feather disease | d—female bird with colour abnormality. © M. Pandian.
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This bird also preferred trees near human settlements
and holes/crevices of temples/buildings for construction
of nests. It suggests that the birds tolerate the presence
of human.

Observation of inter-specific interactions

Cavity nesters pose a unique habitat problem.
Obligate cavity nesters are associated with intra and
inter-specific competition for nest sites (Collias & Collias
1984; Nilsson 1984). Jones (1980) had stated that
incidents of competition between P. krameri and mynas
Acridotheres tristis for sharing nest cavities in trees was
reported in Mauritius. In view of the limited availability
of nest-holes, inter-specific competition usually occurs
between secondary cavity nesting birds in human altered
landscapes (Cornelius 2008). They compete with native
birds for sharing trunk-holes in Belgium also (Strubbe &
Matthysen 2009). In the present study too P. krameri
competed with a Blue Rock Pigeon, for sharing a hole
in a temple, with a Spotted Owlet, an Indian Roller and
a Black-rumped Flameback for sharing trunk holes in B.
flabellifer trees during the breeding period. Hence, the
present observation of inter-specific competition with
other birds for sharing nesting sites corroborates with the
findings of Jones (1980) and (Strubbe & Matthysen 2009).

Observation of abnormalities

Beak abnormalities may occur due to various causes
such as malnutrition, infections, injury, mutations,
defective bone growth, tear of rhamphotheca, and
misalignment of maxilla & mandible (Oslen 2003; Handel
et al. 2010; Zylberberg et al. 2018). Deformed beaks
take many forms with upper/lower mandibles elongated,
curved or mandibles crossed and are more prevalent in
passerines (Craves 1994). Pomeroy (1962) has observed
that abnormal bills in wild birds are rare with an estimated
frequency of less than 0.5%. British Trust for Ornithology
(BTO 2014) has recorded 36 species with beak deformities
including ring-necked parakeets. In India, Kasambe et al.
(2009) and Soni et al. (2019) have reported bill deformities
in Yellow-billed Blue Magpie, Crow, and Common Myna.
Kanwar (2019) has recorded beak abnormality in Ring-
necked Parakeets in Chandigarh. In the present study, the
upper mandible of one male bird was found colourless,
curved and elongated up to its neck. This type of beak
deformity may cause hardship to the bird while foraging
and feeding chicks. Out of 1,119 birds studied, only one
individual, i.e., 0.09% had a bill deformity. Hence, it
confirms the view of Pomeroy (1962) that abnormal bills
in wild birds are rare with an estimated frequency of less
than 0.5%

Pandian

One female bird with swollen and distorted cere with a
big nostril was observed. Cornification and keratinization
of the cere can progress to close up the nostrils. These
abnormalities in cere might have been caused by the
mite, Knemidokoptes pilae (Zwart 1995). The study
reveals that one female bird with similar symptoms of
swollen and distorted cere with big opening was found.
The observed symptoms matched the findings of Zwart
(1995).

Colour mutations in P. krameri such as vyellow
(Bhargava & Hanfee 1996), white-rose (Mahabal et al.
2015), albinism (Mahabal et al. 2016), and cinnamon
green (Kushwaha & Kumar 2018) have been reported in
India. In U.K., many colour mutations have occurred in
captive birds (Low 1992; Butler 2003). Hence, the present
observation of yellow colour mutation of feathers in the
study area corroborates the findings of the aforesaid
authors.

Pass & Perry (1984) and Ritchie et al. (1991) had stated
that psittacine beak & feather disease (PBFD) caused by a
virus has emerged as a major threat to the wild parakeet
populations. The observed four P. krameri individuals
with similar symptoms of feather loss and warty skin on
their heads are suspected to have PBFD.

CONCLUSION

The present study was confined to a small geographical
area covering 71 villages in seven northern districts of
Tamil Nadu. Since a total of 1,119 individuals and 797
nests were enumerated in this region, it is considered a
hotspot for breeding of this species. A systematic survey
of the entire state would throw more light on the status
and distribution of Ring-necked Parakeets in the state, and
help in drafting an action plan to conserve their habitats
in and around villages and also in the urban areas.
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Abstract: Two new species of the damselfly genus Euphaea Selys, 1840 (Odonata: Euphaeidae) are described from the Western Ghats of
Satara District, Maharashtra, distinguished by their distinct morphology and coloration. E. thosegharensis Sadasivan & Bhakare sp. nov. is
similar to E. cardinalis (Fraser, 1924), but is distinguished by the extensor and flexor surface of all femora black while all femora bright red
in E. cardinalis; apical fourth of Hw black while apical half of Hw black in E. cardinalis; genae reddish-orange, black in E. cardinalis; a tuft
of sparse stub black hair on either side of tergite of S9 while both S8 and S9 with tufts of long ventral hairs in E. cardinalis. Male genital
vesicle matt black, with distal border rounded angles, while vesicle black and hexagonal in shape with rounded angles in E. cardinalis and
S9 twice the length of S10, while S9 and S10 of equal length in E. cardinalis. E. pseudodispar Sadasivan & Bhakare sp. nov., is very close to E.
dispar (Rambur, 1842), but is differentiated easily by the absence of yellow patch on legs as in E. dispar; only apical fifth of Hw black; genae
being yellowish-white, while black in E. dispar; male genital vesicle brownish-black & rhomboid-shaped and with no transverse rugosities
while black with distal border rounded and with fine transverse rugosities in E. dispar; penis with single seta on each side while E. dispar
has three pairs; sternite of S9 very prominently extending ventrally like a beak in comparison with E. dispar. We have identified additional
morphological characters useful in taxonomy of Euphaea of the Western Ghats for example, tufts of ventral hairs on terminal abdominal
segments genital vesicle, penile structure of males and sternite of S9 in the males, and vulvar scales of females. A taxonomic key to all
known species of genus Euphaea of the Western Ghats is also provided.

Keywords: Additional morphological characters, Damsel fly, Endemic, Maharashtra, taxonomic key.
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Two new species of Euphaea from nothern Western Ghats

INTRODUCTION

The genus Euphaea Selys, 1840 (Odonata:
Euphaeidae) is represented by medium-sized damselflies
distributed from the Western Ghats of peninsular India,
northeastern India, Sri Lanka, Vietnam, and Malaya
in Indochina & Borneo. India has five known species
of Euphaea (Subramanian & Babu 2017); two species,
Euphaea masoni Selys, 1879 and Euphaea ochracea
Selys, 1859, are distributed in the northeastern region,
while the Western Ghats has three species namely
Euphaea cardinalis (Fraser, 1924), E. dispar (Rambur,
1842), and E. fraseri (Laidlaw, 1920) (Subramanian et al.
2018). They are characterized by males with hindwing
apices more or less broadly opaque black having metallic
iridescence in some light; forewings pointed, hindwing
rounded and shorter than the forewing; discoidal cell
traversed; thorax robust; abdomen long cylindrical in
males and same length or shorter in females; abdominal
segment 10 with a robust dorsal keel and its apex
pointed, and the anal appendages with forcipate cerci
and tiny paraprocts (Fraser 1934).

The species E. cardinalis is endemic to the Western
Ghats and is distributed in Kerala and Tamil Nadu. Itisa
montane species seen above 900m south of the Palghat
gap in the Anamalai, Palani, and Agasthyamalai hills. E.
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dispar is confined to the Western Ghats north of the
Palghat gap from South Kanara and Coorg to the Nilgiris
(Malabar Wayanad) from 1,066 to 1,828 m (Fraser
1934). E. fraseriis a species seen in the forested foothills
of the Western Ghats and is distributed from North and
South Kanara, Malabar, Coorg, the Nilgiris Wayanad, and
Anamalai Hills (Fraser, 1934), and its current distribution
is from Kanyakumari to Maharashtra at 100-1,200 m
(Subramanian et al. 2018). Here, we describe two new
species of the genus from Satara District, Maharashtra
the northern Western Ghats, north of the Amboli Ghat.

MATERIALS AND METHODS

SDB came across the specimens in May 2020 at
Thoseghar, Satara District of Maharashtra (Image 1).
The insects were collected and preserved in absolute
alcohol and compared to specimens of known species
of Euphaea from the Western Ghats. Nomenclature
follow Subramanian & Babu (2017) and Paulson &
Schorr (2020). The known distribution of the species
follows Subramanian et al. (2018). Taxonomic keys to
the species are modified based on Fraser (1934). The
morphological description follows Garrison et al. (2006).
The ventro-lateral wing like structure on segment 2 is

Image 1. Map showing distribution of the new
damselfly species in Western Ghats, with type
locality of Euphaea thosegharensis Sadasivan &
Bhakare, sp. nov. and E. pseudodispar Sadasivan &
Bhakare, sp. nov.
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termed the pseudoauricle following Orr (2003). The
scale like structure guarding the gonopore on ventrum
of abdominal segment 9 (S9) is referred here to as the
gonocoxae. The wing venation terminology follows
Riek & Kukalova-Peck (1984). Measurements and
morphological details of all species mentioned in text
are based on specimens in voucher collections of TORG.
Photographs of the specimens were taken with Canon
(Canon Inc., Japan) EOS 70D DSLR fitted with 180mm
macro lens.

Current distribution of known species of Euphaea is
based on our personal records and Subramanian et al.
(2018). The genitalia were studied by dissecting under
a stereo-zoom microscope (HEADZ Model HD81) and
later preserved in glycerol. Holotype and paratype are
deposited in the insect collection facility of Zoological
Survey of India (ZSl), Kozhikode. Additional material will
be deposited in ZSI Pune and Bombay Natural History
Society (BNHS), Mumbai. Illustrations were made by KS
using the stereo-zoom microscope.

RESULTS

Euphaea thosegharensis Sadasivan & Bhakare, sp. nov.
(Image 2 A—-G)
urn:Isid:zoobank.org:act:73CD578F-55F4-4C99-8110-27CA5120B65B

Holotype: ZSI/WGRC/I.R-INV.15031, 30.v.2020, Male,
wet specimen in alcohol, Thoseghar, Satara District,
Maharashtra, India, 1,060m; specimen collected from a
paddy field near a flowing stream, coll. SDB.

Paratype:  ZSI/WGRC/I.R-INV.15032,
Female, same information as the Holotype.

Additional material examined: Males (n= 4) and
females (n= 3) bear the same collection data as the
holotype, wet specimens in alcohol, will be subsequently
deposited in collections of ZSI Pune and BNHS Mumbai.

Additional field records (specimens not collected):
Thoseghar (1,060m): 10 males and 4 females on 30.v.20;
14 males and 6 females on 07.vi.20; 7 males and 3
females on 14.vi.20; 8 males and 4 females on 21.vi.20; 8
males and 5 females on 28.vi.20; 8 males and 2 females
on 02.vii.20; 2 males and 2 females on 04.viii.20. All
observations by SHB & SDB. Chikhali (1,081m): 6 males
and 2 females on 26.vii.20, observed by SB & SB. Kaas
Lake (1,124m): 4 males on 02. viii. 20, observed by PAP.

30.v.2020,

Description of holotype male (Image 2A & 3)
Measurements (in mm): TL (including appendages)
51, AL 42, FL 4.0, HL 31.

Bhakare et al.

Head: The coloration of the live insect is described
below (in the dead insect the colours fade with respect
to the hues). Labium dark amber brown to black.
Labrum reddish-orange with a faint and obscure median
streak and the mandible with same colour and a faint
transverse upper streak. Anteclypeus shiny dark amber
brown to black. Postclypeus pinkish-red with two thin
black paradorsal vertical lines and two lateral black spots
near the anterio-lateral margin. Antefrons brownish-red
and postfrons brownish-black. Genae are red inferiorly,
middle part orange yellow and superior third red. Eyes
dark amber black superiorly, middle part and laterally
dark amber brown and the inferolateral aspect pale
brown. Antennae shiny black and vertex matt black,
with an ill-defined and obscure reddish patch, twice the
size of the ocelli, with suffused margins running between
the lateral ocellus and the base of the antenna on each
side. This spot may be difficult to see once the specimen
is preserved. The occiput, occipital bar and post-ocular
region are greyish-matt black (Image 3B).

Prothorax: coloured in matt black with vermilion
red spots. Anterior lobe is black with two small reddish
spots at the medial part of the lateral third. Middle
lobe black with the lateral triangular spots vermilion
red, notopleural suture black and propleuron brownish-
red. Posterior lobe black with the lateral angles pale
brownish-red. No spines present (Image 3C).

Pterothorax: The ground colour of the pterothorax
in the live insect is bright red with pinkish hue
inferolaterally and orange dorsally. Dorsal carina black.
The triangular mesothoracic acrotergite black. The
paradorsal region on either side black. Nearly the whole
humeral suture and the dorsal fifth of the interpleural
suture marked in matt black. Mesostigmal plate black
with its anterior edge pale pinkish-red. Mesepisternum
red and encloses a thick black central mesepisternal
stripe as thick as the paradorsal black band. This red
ground colour of the mesepisternum not interrupted and
is continuous all around the central black band, though
very narrowly connected on the dorsal aspect near the
antealar sinus. Thus, in other words the antehumeral
stripe and the humeral stripes are connected around
the central black band, and is coloured orange-red,
the former being more orange and the later more red.
Mesepimeron coloured red and encloses a central
black band, with the red continuous all around the
black band. Mesinfraepisternum is bordered with pale
pinkish-red and has a large black spot occupying its
antero-inferolateral aspect. The second lateral suture
marked in back on its dorsal third. Metepisternum and
Metepimeron are fully red. Metinfraepisternum pale
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Imm

Image 2. Euphaea thosegharensis Sadasivan & Bhakare, sp. nov.
Male: A—ZSI/WGRC/I.R-INV.15031 | B—Venation Fw | C—Venation
Hw | D & E—Anal appendages | F & G—Genital lingula (arrow
pointing to the setae). © Kalesh Sadasivan.

pinkish-red and its lower part is paler. Metathoracic
spiracle amber brown (Image 3C).

Legs: Coxae are anteriorly greyish and pinkish on
the postero-lateral aspect. The trochanter, femur, tibia,
tarsus and the claws all are grey graphite black. The
femur have an inconspicuous pale pinkish wash on the
superior part of the flexor aspect (Image 3C).

Wings: Fw is hyaline and its tip up to 3—4 cell are
faintly effumed. Veins are black. Left Fw Ax-24 & Px-35;
right Fw Ax 25 & Px 36; left Hw Ax 18 & Px 32; right Hw
Ax 18 & Px 31. Ptis black and is 10-11 cell wide in Fw
and in Hw. Hw is hyaline and its distal fourth is coloured
black with a metallic purplish to lilac violet reflex in some
lights. The proximal margin of this black patch is convex
and extends to 7 cells proximal to the Pt. Veins are black

Image 3. Euphaea thosegharensis Sadasivan & Bhakare, sp. nov.
Male from field: A—lateral view | B—head and thorax dorsal view
| C—Ilateral view of head and thorax. © Shriram Dinkar Bhakare.

Image 4. Euphaea thosegharensis Sadasivan & Bhakare, sp. nov.
Female from field: A—lateral view | B—head and thorax dorsal view
| C—lateral view of head and thorax. © Shriram Dinkar Bhakare.
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and has 18-19 Ax and 31 Px. Pt is black and is 10 cell
wide. Cubital space with 3 cross veins in Fw and 3-4
cross veins in Hw (Image 2B & C).

Abdomen: The general colour of abdomen is red
on the proximal segments and black on the distal ones.
The transition take place in S5-6, where the dorsal red
merges with ventral black (Image 2A&3A). Segmental
joints black. S1-S4 is fully red throughout. S2 with
well-developed pseudoauricle on each side which bears
two tiny black teeth at its summit; it is coloured pinkish-
red on their lateral aspect. S5 is dorsally red, this red
enclosing the base of the segment and distally it narrows
to reach just short of the end of the segment. The distal
end of the segment is black and this black color runs
inferiorly and anteriorly but never reaches the base of
the segment. S6 has its dorsal proximal third red and
this extends along the lateral aspect of the segment to
reach almost the half of the segment, and rest of the
distal part black. S7 is wholly black except for a small
baso-lateral red spot on each side. S8-10 are wholly
black. A tuft of sparce stub black hair is seen on tergite
of segment 9 near its base. No other hair tufts are seen
on the ventrum of abdomen on S8 or S9. On ventral
view, the gonopore margin trapezoid shaped, wider
distally. Gonocoxae with their apices produced into
small spines that are divergent at the tip. No tooth on
the distal aspect sternite of S9 near the gonopore. Distal
margin of S10 ‘{’ shaped, hence curved and wavy at its
mid-ventrum. On lateral view, the mid part of distal
margin of S9 does not extend much as tooth, over the
gonopore (Image 11G). Abdominal segment 9 twice
the length of S10. S10 bears a broad dorsal carina and a
broad keel at its distal end (Image 2D&E).

Genitalia: S2 genital vesicle matt black, with distal
border and angles rounded, transversely rugose about
its anterior third; its proximal extension is square and
shallowly excavated. Genital lingula illustrated. Penis
with six setae one each side (Image 2F&G).

Anal appendages: The anal appendages are very
similar to that of other species in the genus. They have
forcipate cerci and tiny paraprocts. Paraprocts with
tips medially directed and hence tips converge at rest.
Paraprocts of same length as the gonocoxae. The size
of paraprocts are much smaller than the S10 dorsal
keel. Lamina of cerci as in E. cardinalis, but with the
tip slightly more incurved (Image 11B&G). The cerci and
paraprocts are fully black (Image 2D&E).

Description of paratype female (Image 4)
Measurements (in mm): TL (including appendages)
42, AL 33, FL32 & HL 33 mm.

Bhakare et al.

Image 5. Field images of Euphaea thosegharensis Sadasivan &
Bhakare, sp. nov.: A—male | B—female | C—courtship | D—riparian
habitat of the species. © Shriram Dinkar Bhakare.

Head: Labium black; labrum pale dirty white with a
faint and obscure suggestion of the median black tongue;
Anteclypeus blackish-amber brown; Postclypeus pale
greenish-white with the vertical paradorsal black streaks
extending laterally as suffused black patch obscuring the
black streak on the lateral aspect its anterior border, thus
appearing as grossly black with a central pale bluish-
white patch; Antefrons centrally black and laterally
pale greenish white; Post frons matt black; Genae pale
greenish-white to almost white; antennae black, Vertex
and occiput black; eyes as in the males black and paler
inferiorly (Image 4B).

Prothorax: Structure and coloration of all the three
lobes are closely similar to that in the male, but coloured
pale yellowish instead of pinkish-red, otherwise matt
black. No ornamentations or spines present (Image 4C).

Pterothorax: The reds of the males are replaced by
pale greenish-white. The mesepisternum mesepimeron,
metepisternum are as in the males, but with the orange
and red colours replaced with pale greenish-yellow.
The central black stripe in mesepisternum and the and
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metepisternum are as in the males. In addition the
metepimeron has a similar black streak, that the male
lacks. Rest of the pterothorax is as in the males with the
reds replaced by pale greenish-yellow (Image 4C).

Legs: Coxae are coloured posterolaterally in pale
dirty greenish-white, and rest of the parts of the legs are
matt black as in the male and is mildly pruinosed (Image
4C).

Wings: Both wings hyaline. Left Fw Ax-22 & Px-3;
right Fw Ax 21 & Px 29; left Hw Ax 19 & Px 26; right Hw
Ax 20 & Px 24. Pt is black and is 9-10 cell wide in Fw
and 9-11 cell wide in Hw. Wings are hyaline with a faint
smoky hue in life.

Abdomen: All segments are black dorsally with
lateral pale greenish-yellow markings as follows: S2—3
with a large spot posterolaterally and the black of this
anterolaterally merge with the yellow as brownish
suffusion, S2—3 with a very narrow stripe, S4 similar to
S3 but the black posterolateral spot and its proximal
suffusion is much darker, S5 with a anterolateral ‘T’
shaped yellow mark whose central streak tapers and
ends at the distal thirds, S6—7 with this anterolateral
yellow streak progressively reduced to mere yellowish
anterolateral triangles. S$8-10 are fully black. Vulvar
scale with a central shallow but wide sulcus and its
postero-lateral angle is rounded. Anal appendages and
ovipositor are black (Image 12F).

Variations

Males: Therearesomevariationinthe morphometrics
(n= 4). Measurements (in mm) are TL (including
appendages) 5.06 + 0.21, FL 3.73 + 0.23, HL 34.5+0.7
& AL 39.5 + 0.71. There are only minor variations in
hues and extent of coloration amongst males that we
photographed from the region. In venation, in the Fw
the number of Ax varies from 20-25, while Px varies from
35-36. Ptis black and is 9—-11 cell wide. Hw had 17-19
Ax and 29-31 Px. Cubital space with 3—4 cross veins in
all wings. The labrum, on its attached margin, in some
specimens of both sexes may have a faint and obscure
suggestion of a vertical median brownish-black band.
Paratype females (n= 4) had variations in venation, with
the Fw having 20-22 Ax and 21-24 Px, Hw with 19-21 Ax
and 24-29 Px. Cubital space with 3-5 cross-veins in Fw
and 3—4 in Hw. Wings have a faint smoky hue in life. The
tenerals are slightly different in color. Males are more
orangish when young and as they mature become more
reddish. In such mature individuals, red coloration of the
face and thorax is brighter, and antehumeral stripe and
spots on middle lobe of prothorax is pinkish orange. In
well-marked individuals, antehumeral and the humeral

Bhakare et al.

stripes are interrupted by the mesepisternal central
black band dorsally near the antealar sinus. Abdominal
segment 6 is colored red up to the half of the segment,
but some individuals, observed in field, had the red
restricted to the basal third to fourth.

Females: The pale greenish-yellow of females
change to pale dirty brown on the thorax and to pale
ochreous brown on the abdomen as the individuals age.
The inferolateral aspect of thorax, coxae, trochanters,
proximal femora and the ventral region of abdomen
are pruinosed in older specimens. The females are
sometimes heavily marked in black in which case the
humeral and antehumeral stripes are very much reduced
to thin irregular streaks. The pale greenish color of the
genae may have a light blue wash in young individuals.

Etymology

The species name ‘thosegharensis’ is a toponym
derived from the type locality in Thoseghar, Satara
District, Maharashtra, India.

Distribution As far as known, the species is restricted
to the high-elevation streams and riparian patches
of Satara District around Thoseghar, and Kaas Lake in
Maharashtra, India.

Habitat and Ecology

The habits are as for the genus. The males are seen
guarding parts of streams on vantage points, like rocks
or on the tips of twigs. They stay on these perches for
long time if not interfered by rivals or a potential mate
worth investigating. Flight period is from April to August
as inferred from past observations and photographs.
The individuals are almost always found in the area of
shallow, flowing stream with tree canopy at the edges.
Males are often seen sitting on the rocks in the stream
and show territorial behaviour (Image 5). Females are
seen resting on the dry twigs along the edges of streams.
Both retire on the dry bush twigs at the edges of streams
to roost overnight.

Differential diagnosis (Table 1, 2)

The new species can be easily differentiated from all
the known Euphaea species of Western Ghats based on
morphology (Table 1) and coloration (Table 2). Based
on the morphological features, it is differentiated from
all others by its smaller size (Hw 34-35 mm, Abdomen
39-40 mm); the male genital vesicle being black with
distal borders rounded and a tuft of sparce stub hairs
on sternum of S9 only; the gonopore margin trapezoid
shaped, wider distally; and the gonocoxae with their
apices produced into small spines that are divergent at
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the tip. From E. fraseri, it can be differentiated based
on the presence of hair tufts on the former. Length of
S9 twice the length of S10 in E. thosegharensis, and
this distinguishes it from E. dispar and E. pseudodispar,
both of them having S9 length 1.5 times the length of
S$10, whereas in E. cardinalis S9 and S10 are of equal
length. Also, this species has no tooth on the distal
aspect sternite of S9 near the gonopore unlike in E.
cardinalis. The insect is of small size in comparison with
E. cardinalis and E. dispar, and is almost the same size
as E. fraseri. Based on coloration, it is distinguished
from all its congeners by the orange labrum, orange-red
genae, rose red spots on lateral aspect of middle lobe
of prothorax, orange red antehumeral stripe, all legs
being black and the apical fourth of Hw being black.
The coloration of labrum is similar to E. cardinalis and
the antehumeral stripes are closer to E. dispar and E.
cardinalis (Image 11B).

Euphaea pseudodispar Sadasivan & Bhakare, sp. nov.
(Image 6 A-G)
urn:lsid:zoobank.org:act:C46D7583-27B0-40A3-919C-6DC353E6FEID

Holotype: ZSI/WGRC/I.R-INV.15033, 26.vii.20, Male,
wet specimen in alcohol, Thoseghar, Satara District,
Maharashtra, India, 1,060m, specimen collected from a
paddy field near flowing stream, coll. SDB.

Paratype: ZSI/WGRC/I.R-INV.15034,
female, same information as the Holotype.

Additional material examined: Males (n= 4) and
females (n= 3) bears the same collection data as the
holotype, wet specimens in alcohol, will be subsequently
deposited in collections of ZSI Kozhikode & Pune and
BNHS Mumbai.

Additional field records (specimens not collected):
Thoseghar (1,060m): 3 males and 1 female on 02.vii.20;
4 males and 2 females on 15.vii.20; 2 males and 2
females on 26.vii.20; 5 males and 3 females on 04.viii.20;
5 males and 2 females on 06.viii.20; all observations by
SHB & SDB. Kaas Lake (1,124 m): 3 males on 02.viii.20;
observed by PAP.

26.vii.20,

Description of holotype male (Image 6)

Measurements (in mm): TL (including appendages)
47; AL 36; FL 33 & HL 31.

Head: Labium coloured dark amber brown to
black; labrum pale bluish-white with a very distinct
and prominent median black ‘tongue’ shaped mark
at its attached end. Mandible pale bluish-white with
an upper transverse black streak. Anteclypeus shiny
dark amber brown to black and postclypeus is black,

Bhakare et al.

antefrons & postfrons black and the genae pale bluish-
white. Eyes black superiorly, middle part and laterally
dark amber brownish-black and the inferolateral aspect
brown; antennae shiny black; vertex matt black; occiput,
occipital bar and post-ocular region are matt black
(Image 7B).

Prothorax: coloured in matt black with yellowish
spots. Anterior lobe fully black; middle lobe black
with the lateral triangular spots yellowish, notopleural
suture black and propleuron is mat black with a pair of
indistinct reddish spots. Posterior lobe black with no
ornamentations or spines present (Image 7C).

Pterothorax: The ground colour of the Pterothorax
in the live insect is orange red with orange hue inferiorly
and yellow dorsally. Dorsal carina is black. The triangular
mesothoracic acrotergite black. The dorsal aspect
of thorax- the Mesepisternum fully matt black. The
humeral stripe yellowish orange, thin and irregular
and is separated into a small spot on the dorsal end
and the long stripe inferiorly. The antehumeral stripe
pale yellow and tapers gradually towards the alar sinus.
Thus, in other words the antehumeral stripe and the
humeral stripes are not connected and significantly
tapers dorsally. Mesostigmal plate mat black with
its lateral lip pale pinkish-red. Mesinfraepisternum
bordered with orange in the posterolateral aspect and
antero-superiorly is black; these colours being separated
sharply at the diagonal running from postero-superior to
antero-inferior corners. Mesepimeron yellow superiorly
and orange inferiorly, and encloses a central broad
black band. The interpleural suture marked in reddish-
black and this patch extends to about the middle of the
mesepimeron. The second lateral suture marked in back
onits dorsal third. Metepisternum and metepimeron are
fully yellowish-orange. Metinfraepisternum brownish-
orange. Venter of metathorax pale pinkish-orange.
Metathoracic spiracle pale yellowish-white (Image 7C).

Legs: Coxae and trochanter of forelegs brown
anteriorly and grey posteriorly. Coxae of mid and
posterior legs brownish-orange. The femur, tibia, tarsus
and the claws of legs are lustreless red with a cyan hue.
The extensor surface of forelegs on the superior third
are black. Knees are black. Claws are reddish-black to
almost black (Image 7C).

Wings: Fw are hyaline, veins are black. Left Fw Ax-
24 & Px-34; right Fw Ax 22 & Px 32; left Hw Ax 19 & Px
31; right Hw Ax 19 & Px 30. Pt is black and is 10 cell
wide in Fw and 11 cell wide in Hw. Hindwing hyaline and
its distal fifth coloured black with a metallic coppery to
lilac reflex in some lights. The proximal margin of this
black patch convex and extends to four cells proximal to
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Image 6. Euphaea pseudodispar Sadasivan & Bhakare, sp. nov. A—
holotype male ZSI/WGRC/I.R-INV.15033 | B—venation Fw | C—
venation Hw | D & E—anal appendages | F & G—genital lingual
(arrow pointing to the setae). © Kalesh Sadasivan.

the Pt. Cubital space with three cross veins in all wings
(Image 6B&C).

Abdomen: The general colour of abdomen reddish-
orange on the proximal segments and black on the distal
ones. The transition take place in S6, where the dorsal
red merges with ventral black (Image 7A). Segmental
joints black. S1 yellowish and posteriorly with orange
wash. S2 anteriorly orange and distally reddish-orange.
S2 with a non-flanged pseudoauricle on each side which
bears few tiny teeth at its summit. S3 fully reddish-
orange throughout. The distal aspect of S4 near the joint
with S5 with a brownish hue. S5 also reddish orange
with its distal fifth brownish-black. Proximal half of S6
orange red and its distal half is black, and this transition
of red to black is gradual. S7-10 fully black. S10 bears a
broad dorsal carina and an abrupt dorsal keel at its distal

Bhakare et al.

Image 7. Euphaea pseudodispar Sadasivan & Bhakare, sp. nov. Male
from field: A—lateral view | B—head frontal view | C—Ilateral view
of head and thorax. © Shriram Dinkar Bhakare.

end. A very small inconspicuous patch of moderately
long brownish-orange hairs on lateral aspect of proximal
part of S1, S2, and S3. A tuft of black hair seen on base
of tergite of segment 8. On ventral view, S8 tergite with
long hairs on its lateral border and the longest ones at its
distal third. S9 tergite with long hairs on its proximal half.
The sternite of S8 and S9 with a tuft of very sparse short
hairs on its proximal aspect of its base. On ventral view,
the gonopore margin oval. Gonocoxae with their apices
blunt, no spine. No tooth on the distal aspect sternite of
S9 near the gonopore. Distal margin of S10 {’ shaped,
hence curved and wavy at its mid-ventrum. On lateral
view, the mid part of distal margin of S9 prominently
extending ventrally and it’s tip extends as a very short
tooth, over the gonopore (Image 111). S9 1.5 times the
length of S10. On lateral view, the tips of paraprocts
hooked, with tip directed dorsally (Image 6D).

Genitalia: S2 with a matt brownish black, rhomboidal
genital vesicle, with distal end angulated, and no
transverse surface rugosities (Image 12D). Genital
lingula illustrated. Penis with a single setae on each side
(Image 6F&G).
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Image 8. Euphaea pseudodispar Sadasivan & Bhakare, sp. nov. Female
from field: A—Ilateral view | B—head and thorax dorsal view | C—
dorso-lateral view of head and thorax. © Shriram Dinkar Bhakare.

Anal appendages: The general structure is as in the
genus with the cerci and paraprocts fully black. The
cerci are forcipate. On ventral view, paraprocts with tips
medially directed and hence tips converge at rest. Length
of paraprocts longer than that of the gonocoxae. The
size of paraprocts as large as the S10 dorsal prominence
(Image 6D&E, 111).

Description of paratype female (Image 8)

Measurements (in mm): TL (including appendages)
41, AL 30, FL 32 & HL 30.

Head: Labium black; labrum pale bluish-white with a
prominent median black tongue; mandible pale bluish-
white with the upper transverse black streak as in the
male; Anteclypeus postclypeus, antefrons and postfrons
are matt black; Genae pale bluish-white; antennae black,
Vertex and occiput matt black; eyes as in the males black
and brown inferiorly (Image 8B).

Prothorax: Structure and pattern of coloration all
the three lobes are as in the males. The lateral spots on
middle lobe is coloured pale yellowish-white, otherwise
the whole structure is matt black. No spines present on
posterior lobe (Image 8C).

Bhakare et al.
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Image 9.
cardinalis (Fraser, 1924) |
Bhakare, sp. nov. | C—E. dispar (Rambur, 1842) | D—E. pseudodispar
Sadasivan & Bhakare, sp. nov. | E—E. fraseri (Laidlaw, 1920). ©
Kalesh Sadasivan.

Voucher specimen images of Euphaea males: A—E.
B—E. thosegharensis Sadasivan &

Pterothorax: The reds of the males are replaced by
pale greenish-white. The antehumeral and humeral
stripes are pale yellowish-blue to pale blue. The
mesepisternum, mesepimeron, and metepisternum are
asinthe male, with the orange and red replaced with pale
bluish-yellow. The central black stripe in mesepisternum
and the metepisternum are as in the males. Rest of the
pterothorax is as in male, with the reds replaced by pale
bluish to greenish-yellow (Image 8C).

Legs: Coxae are coloured posterolaterally by pale
dirty greenish-white and are usually pruinosed. The
trochanters are grey. The femurs, tibia, tarsus and claws
are black. The flexor aspect of the proximal fourth of
forelegs, and whole length of the mid and hind tibia are
coloured white (Image 8C).

Wings: Both wings hyaline. Left Fw Ax-21 & Px-29;
right Fw Ax 21 & Px 30; left Hw Ax 17 & Px 28; right Hw
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Ax 17 & Px 27. Ptis black and is 10-11 cell wide in Fw
and Hw.

Abdomen: All segments from S1 are black dorsally
with a thin dorsal carinal yellow streak. Laterally, the
inferior half of all segments have yellow transverse
streaks that thin out distally. The dorsal carinal streaks
disappearatS6, while the lateral yellow streaks disappear
after S7. The rest of the abdomen on its ventrum and the
segments 8—10 are fully black. Vulvar scale without any
central sulcus and its postero-lateral angle is produced
as an postero-medially directed wide and blunt tooth
(Image 12G). Appendages and ovipositor are black.

Variations

Males: In the paratype males (n= 4), with regards
to the morphometrics there are some variations. The
measurements (in mm) are TL (including appendages)
4.7 +0.7,FL3.3£0.1, HL 32.5 £+ 0.7 & AL 36.5 + 2.12.
With respect to the coloration, the variation is usually
restricted to the humeral stripes which may be thinned
out to become a streak inferiorly and spot superiorly, or
sometimes becomes a thin and irregular one along its
entire length in some specimens as observed in field.
Venation showed some variation with Fw having Ax
range of 22-26 and Px of 32-34 and the Hw have 19-24
Ax, and 30-31 Px. Pt was 10-11 cells wide and the wings
had usually three cubital cross veins.

Female: The paratype females (n=2), had a variation
in abdominal length from 30-33 mm-and Hw length
from 30-33 mm. Not much variation in colour was
noted. The variations in venation was with the Fw
having Ax 21-22 & Px 29-32, and the Hw with Ax 17-19
& Px 27-28. Pt are 8-11 cells wide and there were 2-3
cubital cross veins.

Etymology

The species name pseudodispar is coined as
reminder to the close resemblance to the species E.
dispar (Rambur, 1842) in coloration.

Distribution

As far as known, the species is restricted to the high-
elevation streams and riparian patches of Thoseghar,
Satara district, in Maharashtra, India.

Habitat and Ecology

The habits are as for the genus and this species shares
the habitat with E. thosegharensis Sadasivan & Bhakare,
sp. nov. Flight period is from June to September as per
our field observations and past field records.

Bhakare et al.

Image 10. Field images of Euphaea male: A—E. cardinalis (Fraser,
1924) | B—E. dispar (Rambur, 1842) | C—E. fraseri (Laidlaw, 1920).
© Kalesh Sadasivan.

Differential diagnosis

This species can be easily differentiated from all the
known Euphaea species of the Western Ghats based on
morphology and coloration (Table 1, 2). The new species
can be distinguished from E. dispar by the extensor
surface of foreleg femora being black and those of hind
and middle legs red as in E. fraseri, but with no yellow
patch on legs as in E. dispar. Only the apical fifth of Hw
are black in this species while the apical fourth of Hw are
black in E. dispar, the genae of face are yellowish-white
in the new species while it is black in E. dispar (Image

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18200-18214



Image 11. Comparison of head and terminal abdominal segments (S8—
$10) of Euphaea showing the hair tufts of males: A & F—E. cardinalis
(Fraser, 1924) | B & G—E. thosegharensis Sadasivan & Bhakare, sp.
nov. | C & H—E. dispar (Rambur, 1842) | D & | —E. pseudodispar
Sadasivan & Bhakare, sp. nov. | E & J—E. fraseri (Laidlaw, 1920). ©
Kalesh Sadasivan

11C&D). The color of legs are as in E. fraseri. Segment
9 is 1.5 times the length of S10 in this species, as is in
E. dispar; while they are of equal length in E. cardinalis
and S9 twice the length of S10 in E. thosegharensis (See
key below). The new species can be distinguished from
E. fraseri by the absence of hair tufts in the males of
the latter. The colour of labrum is as seen in E. dispar
with labrum being pale blue with its distal free border
very thinly bordered with black, and with a prominent
median black tongue. The pale turquoise blue labrum
distinguishes it from E. cardinalis and E. thosegharensis
both of which have orange to red labrum (Image A&B).
The species appears similar to E. fraseri and E. dispar,
because of the bluish labrum. The labrum of E. fraseri

Bhakare et al.

Image 12. Secondary genitalia & vesicles of males and female
vulvar scales: A—E. cardinalis (Fraser, 1924) | B—E. thosegharensis
Sadasivan & Bhakare, sp. nov. | C—E. dispar (Rambur, 1842) | D—E.
pseudodispar Sadasivan & Bhakare, sp. nov. | E—E. fraseri (Laidlaw,
1920) | F—vulvar scales of E. thosegharensis | G—E. pseudodispar
| H—penile structure of E. dispar (Rambur, 1842) (arrow pointing to
the setae). © Kalesh Sadasivan.

is coloured black in the inferior half and pale blue in the
superior half and has no median black tongue (Image
11E), while the pattern in the new species is as in E.
dispar. With respect to secondary genitalia, the penis
bears a single seta on each side for the E. pseudodispar,
while three pairs of setae are seen in E. dispar (Image
12H).  For additional morphological differences in
characters see Table 1.

The females of the E. pseudodispar can be easily
differentiated from E. thosegharensis based on the
bluish-white labrum with prominent black ‘tongue’ of
the former (dirty white with indistinct central tongue
in E. thosegharensis), the black postclypeus (pale patch
on postclypeus in E. thosegharensis) the wider posterior
lobe of prothorax (shorter posterior lobe in the latter),
the structure of the vulvar scale without any central
sulcus and its postero-lateral angle being produced
as a wide and blunt tooth (rounded with no tooth E.
thosegharensis) and black legs with white flexor patches
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Table 1. Morphological comparison between males of Euphaea species of Western Ghats.

Total length,
Abdomen length
(both including

Male genital vesicle and

Pt 9-11 cell wide

on sternite of S9.

Species appendages), Fw Venation psc.audoauricle, and abdominal Appendages and gonocoxae
hair tufts of males
and Hw length
(in mm)
On ventral view, the distal margin of S9 forming the
border of the gonopore is ‘C’ shaped. Gonocoxae with
Fw Male genital vesicle black, their apices blunt, no spine. A pair of anteriorly directed
Ax 23-25 hexagonal with rounded angles blunt tooth on the distal aspect sternite of S9 near
Large species Px 40 and distal margin round. Surface | the gonopore. Distal margin of S10 ‘[’ shaped, hence
E. cardinalis TL52.5+0.70 Pt 11 cell wide transversely rugose. rectangular and stepped, at its mid-ventrum. On lateral
(Image 11F, 12A) AL43.0+2.83 Hw On ventral view, S8 tergite with view the mid-ventral part of distal margin of S9 extends
! FL40.0 £ 1.00 Ax 17-18 long hairs on its middle third over the gonopore as a long blunt tooth. S9 and S10 of
HL 38.0 +2.80 Px 36-40 and S9 tergite with long hairs on equal length.
Pt 11 cell wide its proximal half. The sternites of | Paraprocts with tips medially directed and hence tips
S8 and S9 with no hair tufts. converge to a point at rest. Paraprocts of same length as
the gonocoxae. Lamina of cerci not well developed as in
E. dispar.
On ventral view, the gonopore margin trapezoid shaped,
Male genital vesicle black wider distally. Gonocoxae with their apices produced
Fw matt black, with distal into small spines that are divergent at the tip. No tooth
Large species Ax 20-25 border rounded angles and on the distal aspect sternite of S9 near the gonopore.
. Px 35-36 distal margin round. Surface Distal margin of S10 ‘{’ shaped, hence curved and wavy
E. thosegharensis TL50.6 £2.10 . R . . .
Pt 9-11 cell wide transversely rugose. at its mid-ventrum. On lateral view, the mid-ventral part
Sp. nov. AL39.5+0.71 . . . .
(Image 116, 128) FL37.3 4230 Hw On ventrail view, tgrgltes of S8 of distal margin z?f S9 does not extend as tooth, over the
HL34.5 070 Ax 17-19 and S9 with no hair tufts. A tuft gonopore. S9 twice the length of S10.
- Px 29-31 of sparce stub black hair is seen Paraprocts with tips medially directed and hence tips

converge at rest. Paraprocts of same length as the
gonocoxae. Lamina of cerci as in E. cardinalis, but with
the tip slightly more incurved.

Male genital vesicle black

matt black, rhomboid shaped
with distal margin round, and
surface with very fine transverse
rugosities.

On ventral view, the
pseudoauricle rounded, less

On ventral view, the distal margin of S9 forming the
border of the gonopore is ‘C’ shaped. Gonocoxae with

inconspicuous patch of
moderately long brownish-
orange hairs on lateral aspect of
proximal S3.

Fw prominent than in E. cardinalis. their apices blunt, no spines. No tooth on the distal
Ax 20-22 S8 tergite with long hairs on aspect sternite of S9 near the gonopore. Distal margin
Large species Px 31-32 distal half of its lateral border. of S10 {’ shaped, hence curved and wavy at its mid-
E. dispar TL53.25+1.06 Pt 10 cell wide S9 tergite with long hairs on its ventrum. S9 1.5 times the length of S10. Paraprocts
(Image 11H, 12€) AL41.50+2.12 Hw proximal half. The sternite of S8 longer than the gonocoxae.
! FL38.25+0.35 Ax 18 with a tuft of very sparse short
HL36.0+1.41 Px31-33 hairs on its proximal aspect of On lateral view, sternite of S9 not prominently extending
Pt 10 cell wide its base. Sternite of S9 without mid-ventrally as in E. pseudodispar. The mid part of distal
very sparce hairs at its base. A margin of S9 does not conspicuously extend over the
very small inconspicuous patch gonopore. The dorsal prominence on S10 is robust and its
of moderately long brownish- superior border slightly curved on lateral view.
orange hairs on lateral aspect of
proximal S1 and S2. Penis with
3 setae on each side (Image
12. H).
Male genital vesicle brownish-
black, rhomboidal, with distal
end angulated and surface with
Fw no transverse rugosities. On .
. . Terminal segments and appendages and Gonocoxae are
Ax 22-24 ventral view, the pseudoauricle - X
Small species Px 32-34 angular, and more prominent similar to . dispar.
E. pseudodispar TL47.0 £0.70 Pt 10 cell wide than in E. dispar. Pe.ms with a On lateral view, sternite of 59 very prominently extending
sp. nov. AL36.5+2.12 Hw single seta on each side. R X R R .
mid-ventrally like a beak. The mid part of distal margin
(Image 111, 12D) FL33.0+£1.00 Ax 19 )
. . . of this S9 beak extends as a very short tooth, over
HL32.5£0.70 Px 30-31 Hair tufts as in E. dispar. the gonopore. The dorsal prominence on S10 is short
Pt 11 cell wide In addition a very small ) .

angular and its superior border is straight on lateral view.
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Total length,
Abdorrlen Ie.ngth Male genital vesicle and
. (both including . . .
Species Venation pseudoauricle, and abdominal Appendages and gonocoxae
appendages), Fw .
hair tufts of males
and Hw length
(in mm)
Fw The gonopore margin “W” shaped with the apices
. Ax 17-19 Male genital vesicle red, onop . g . P P
Small species Px 2629 longitudinally elongated. apple rounded and its arms divergent. Gonocoxae flat and
TL45.7 £2.10 Pt 9-11 cell wide shag ed and (‘i/istal riar ir,1 rzSnd without any spines. Distal margin of S10 {’ shaped,
E. fraseri AL 38.5+3.54 Hw Surfi\ce transversel rug ose : hence curved and wavy at its mid-ventrum. S9 is a little
(Image 11J, 12E) FL36.0+2.80 . v rugose. less than 1.5 times the length of S10. Paraprocts longer
Ax 15-16 Pseudoauricles not expanded
HL32.0+4.20 . than gonocoxae.
Px 26-27 laterally on ventral view. No X . . .
. . On lateral view, Sternite of S9 not extending mid-
Pt 9-10 cell wide hair tufts
ventrally.
Table 2. Coloration comparison between males of Euphaea species of Western Ghats.
Lateral spots .
Species Labrum Genae on middle lobe An.tehumeral Femur BI,aCk apices of
stripe wing
of prothorax
Labrum bright ochreous- .
Almost apical
E. cardinalis orange, narrowly bordered half (or slightl
¥ with reddish-brown, and an Orange Yellow orange Yellow orange All legs red ehtly
(Image 9A,10A,11A) . . , less) of Hw
obscure mediobasal ‘tongue’ of
black
dark brown
E. thosegharensis sp. nov. | Reddish-orange with a faint Apical fourth of
(Image 9B, 3A 11B) and obscure median streak Orange red Rose red Orange red All legs black Hw black
Apical fourth
E. dispar Labrum turquoise-blue, finely Fully red. with of Hw black.
(Image 9C, 10B,11C) bordered with black and with a Black Orange yellow Yellow v red, The tips of Fw
R . , yellow patches . X
black mediobasal ‘tongue tipped with
blackish-brown
. Labrum turquoise-blue, finely . . Font legs Apical fifth of
E. pseudodispar sp. nov. K X Pale yellowish- Pale yellowish- . Hw black
bordered with black and with a X . Yellow black, mid and R
(Image 9D, 7A, 11D) R . ) white white . Fw hyaline at
black mediobasal ‘tongue hindlegs red X
the tips
Labrum pale azure-blue, Font legs
E. fraseri with its anterior border broadly . bright azure R Apical fourth of
(Image 9E, 10C, 11E) black, no medio-basal black Pale yellowish Blue blue b!ack, Mid and Hw black
‘tongue’ hindlegs red

(E. thosegharensis has them fully black).
DISCUSSION

This paper describes two new species of Euphaea
from the Western Ghats of Peninsular India. Though
the insects are superficially similar to other Euphaea
of Western Ghats, these two new species can be
differentiated from all the others with distinct features
in morphology and coloration.

Morphologically, the five species of Euphaea are
easily told apart. Regarding the size of the species,
E. cardinalis and E. dispar (TL 53.25 + 1.06 mm) are
large species and so is E. thosegharensis (TL 50.6 + 2.1
mm). All these three species have total lengths more
than 5cm. While E. fraseri (TL 45.7 £ 2.1 mm) and E.
pseudodispar (TL 47.0 £ 0.7 mm) are much smaller, with
total lengths always less than 5cm. Since the structure
of anal appendages are similar, the best characters to

depend are the structure of the male vesicle and the
male abdominal hair tufts best seen on ventral view.
With respect to the smaller species, E. fraseri has no hair
tufts on the ventral side of abdomen on S8 or S9 (Image
11J), while E. pseudodispar has tufts on central part of
sternite and lateral aspects of tergite on S8 and lateral
tufts on proximal aspect of tergite of S9 (Image 11 I).
Among the three larger species, E. cardinalis has hairs on
S8 and S9 with tufts of long ventral hairs on the sternites;
while, E. dispar has tuft at apex of S8 sternite and a tuft
of short black hairs on its ventral surface, and about
eight long stiff black hairs beneath the base of S9 sternite
(Image 11H); and E. thosegharensis has a tuft of sparce
stub black hair on either side of tergite of S9 and no hair
tufts on S8 (Image 11G). The male genital vesicles are
also a dependable character to differentiate them. The
smaller species, E. fraseri has red colored, longitudinally
elongated, apple shaped, while in E. pseudodispar
they are brownish-black and pear shaped. Among the
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Revised key to males of the genus Euphaea Selys, 1840 of Western Ghats, peninsular India
(for additional characters see Table 1&2)
1. Tufts of ventral hairs on terminal abdominal segments of males present; Antehumeral stripes on thorax not azure blue;
Lateral aspect of middle lobe of prothorax With Orange SPOTS .......cccueieiirietiiecitie ettt st e st e 2
- Tufts of ventral hairs on terminal abdominal segments of males absent; Antehumeral stripes bright azure blue and lateral

aspect of middle lobe of prothorax with an azure blue or pale blue spot; Male genital vesicle red, longitudinally elongated,
aApPle Shaped. TLAS.72 2,10 MM .ottt eee et s sesese s ea et ess s ees s ses s sessse st ase et et sesess s enssens E. fraseri (Laidlaw, 1920)

2. Labrum pale turquoise blue; antehumeral stripe yellowish
- Labrum orange-ochre to vermilion red; antehumeral stripe reddish-orange

3. Extensor surface of all femora black, flexor surface of proximal 2/3 all femora with bright yellow patch; Fw tipped with
blackish-brown, apical fourth of Hw black; Genae black. Male genital vesicle black with distal border rounded and with
fine transverse rugosities. Penis with three pairs of setae. Sternite of S9 not prominently extending ventrally. TL 53.25 +
L.05 MMM oottt ettt e ea e et sb e e bt tes e beseas e e s e sessee s ebeses et ssesssssesss e sesea ses s e et saesesetenes et aeeeeneeas E. dispar (Rambur, 1842)

- Extensor surface of all femora black, no yellow patch on legs; Only apical fifth of Hw black; Genae yellowish white. Male
genital vesicle brownish black & rhomboid-shaped and with no transverse rugosities. Penis with single seta on each side.
Sternite of S9 very prominently extending ventrally like a beak. TL47.0 £ 0.70 mm ......
............................................................................................................................... E. pseudodispar Sadasivan & Bhakare, sp. nov.

4. Extensor and flexor surface of all femora bright red; Apical half of Hw black; S8 and S9 with tufts of long ventral hairs.
Male genital vesicle black and hexagonal in shape with rounded angles. S9 and S10 of equal length. TL 52.5 + 0.70 mm ......

<evveseeennnennn. E. cardinalis (Fraser, 1924)

- Extensor and flexor surface of all femora black; Apical fourth of Hw black; A tuft of sparse stub black hair on either side
of tergite of S9. Male genital vesicle matt black, with distal border rounded angles. S9 twice the length of S10. TL50.6 £

2 L0MIM ettt et bt

larger species, E. cardinalis has black hexagonal vesicle
with rounded angles; while E. thosegharensis has them
rounded and matt black; and in E. dispar they are matt
black and scrotal shaped (Image 12 A & B).

With regards to coloration, we observed that the
colors of the labrum and that of the legs of the insects
were dependable field characters, the later was already
used by Fraser (1934) for his keys to Euphaea. The bright
yellow patches on femurs of E. dispar identifies it easily
from all the other species. Blue labrum can be seen in
three species, E. fraseri, E. dispar and E. pseudodispar.
Amongst them, E. fraseri can be told apart by the
labrum with inferior half black, superior half bluish-
white, no median black ‘tongue’; while the other two
species have labrum pale turquoise blue with its distal
free border very thinly bordered with black, and with a
prominent median black ‘tongue’. E. dispar (TL53.25 +
1.06 mm) can be distinguished from E. pseudodispar (TL
47.0 £ 0.70 mm) by its large size, having yellow patches
on femur, black genae and in addition the differences
in male vesicle and hair tufts under S8 & S9. Species
with orange-ochre to vermilion red are E. cardinalis and
E. thosegharensis. These are large insects of almost
same size, but can be differentiated by the absence of
hair tufts under S8 in E. thosegharensis (S8 and S9 with
tufts of long ventral hairs in E. cardinalis) and the less
extensive black apical patch in Hw in E. thosegharensis
(restricted to apical fourth), while almost the apical half
of Hw is black in E. cardinalis.

...................... E. thosegharensis Sadasivan & Bhakare, sp. nov.

With respect to geographical distribution, E.
pseudodispar and E. thosegharensis, both are restricted
to the northern Western Ghats region north of the
Amboli Ghats, and hence endemic to the region. The
new species is seen in the higher reaches above 1,000m.
Euphaea cardinalis is restricted to mountains south
of the Palghat Gap, and E. dispar is distributed on
mountains between the Palghat gap and Coorg. These
two montane species are restricted below the Goa gap.
With respect to geographical distribution E. fraseri is
the only species seen in the same geographical region
north of the Amboli Ghats. But, E. fraseri is probably
distributed only in the lower elevations around the
foothills below 900m all along the Western Ghats.
The new taxa are currently known only from Kaas and
Thoseghar regions of Satara District of Maharashtra. The
species were probably overlooked for their superficial
similarity to other species of Euphaea known from the
Western Ghats. This discovery highlights the need for
more systematic surveys of invertebrates in the northern
Western Ghats.
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INTRODUCTION

Genus Astenus belongs to the subtribe Astenina
Hatch, 1957, of tribe Lathrobiini Laporte, 1835
(Staphylinidae: Paederinae). The genus Astenus Dejean,
1833 is cosmopolitan (Cameron 1931) with 468 extant
species described across the world (Newton 2020). It is
easily recognizable from related genera by having head
more or less expanded before eyes. Other diagnostic
features being, rather small and slender habitus;
reticulate-umbilicate sculpture of the integument; head
comparatively large with respect to pronotum; narrow
neck; labrum emarginate with two small teeth; long,
slender, curved and pointed mandibles; and the bilobed
penultimate tarsomere (Cameron 1931).

Thirty-nine species of Astenus are recorded from
the Indian Mainland, with 19 of them being described
by Cameron (1914, 1919, 1920, 1931, 1943). Cameron
(1931) gave brief descriptions and keys to 25 species
of Astenus from the Indian Mainland. After Cameron
(1931), only 11 new species of Astenus were added to
the Indian species list; three by Cameron (1943) himself,
three by Coiffait (1982), four by Biswas & Sen Gupta
(1983), and one by Biswas (2003) — with all records from
northern India. There is very little work on Astenus
species from southern India with only 14 species
recorded with 13 of them being reported by Cameron
(1931) and one by Fauvel (1904).

Two new species of Astenus (A. keralensis sp. nov. and
A. rougemonti sp. nov.) are described from the Malabar
coastal plains of northern Kerala in southern India. A
revised and modified taxonomic key and checklist to
Astenus of Indian mainland is provided along with first
records from Indian mainland and from southern India.
Notes on endemism, biogeographical affinities and
remarks on taxonomy of Astenus are also discussed.

MATERIALS AND METHODS

Specimen collection and treatment

The specimens mentioned in this paper were
collected as part of a three year (2017-2019) survey
on Staphylinidae conducted in the entire northern
Kerala region, specifically in the Western Ghats forest
regions and scattered and isolated ranges of Malabar
coastal plain moist deciduous forest. The rove beetle
specimens, which were later identified as new species,
were collected using low intensity UV light traps
(SAFS) from isolated patches of forests in Chelari
(11°06’40.6”N 75°54’14.1”E ) and University of Calicut

Sreevidhya et al.

campus (11°13’40”N, 75°89’52”E ) located in Malabar
coastal plains of Malappuram District in Northern
Kerala. Collected specimens were transferred to 75%
ethyl alcohol, were cleared using 10% KOH and were
dissected to study the male genitalia. Species level
identification was performed using new taxonomic key
prepared based on type descriptions and key to species
in Cameron (1931). Specimens and dissected genitalia
were examined and measured under a Leica M205C
stereozoom microscope. Images were taken using a
Leica MC 170 HD microscope camera and enhanced
using the Leica Application Suite V4.12.

The type specimens are deposited in Zoological

Survey of India, Western Ghats Regional Center,
Kozhikode, Kerala, India (ZSIK).
Abbreviations

The following abbreviations were used for

measurements (in mm): Length of antenna (AL), head
length from anterior margin of clypeus to posterior
margin of head (HL), head width (excluding eyes) (HW),
length of pronotum (PL), maximum width of pronotum
(PW), maximum length of elytra from base to apex (EL),
maximum width of elytra (EW), length of aedeagus from
apex of ventral process to base of median lobe (ML),
total body length (TL).

RESULTS

Taxonomy

Family Staphylinidae Latreille, 1802
Subfamily Paederinae Fleming, 1821
Tribe Lathrobiini Laporte, 1835
Subtribe Astenina Hatch, 1957
Genus Astenus Dejean, 1833

Astenus keralensis sp. nov.
(Image 1 A-F)
urn:lsid:zoobank.org:act:A4851FFC-0051-4A03-A66F-209B44F159E5

Type material. Holotype: ID. S0101X19, 01.x.2019,
male, India: Kerala: Malappuram: Chelari, 11.1112778N,
75.9039166E, light trap, coll. Sreevidhya, P.

Paratypes: S02101118, 10.ii.2018, 2 males,
India: Kerala: Malappuram: Chelari, 11.1112778N,
75.9039166E, light trap, coll. Sreevidhya, P.; S0320I118,
20.ii.2018, 1 male, India: Kerala: Malappuram:
University of Calicut, 11.2277778N, 76.4977777E, light
trap, coll. Sreevidhya, P; S040111118, 01.iii.2018, 1 male,
India: Kerala: Malappuram: Chelari, 11.1112778N,
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75.9039166E, light trap, coll. Sreevidhya, P.; S0525X18,
25.x.2018, 2 males, India: Kerala: Malappuram: Chelari,
11.1112778N, 75.9039166E, light trap, coll. Sreevidhya,
P.

Description

Measurements (n=7) TL: 4.394 (4.324-4.440); AL:
1.250 (1.242-1.251); HL: 0.844 (0.841-0.848); HW:
0.696 (0.682—0.709); PL: 0.770 (0.765-0.773); PW: 0.521
(0.517-0.523); EL: 0.719 (0.71-0.72); EW: 0.720 (0.717—
0.722); ML: 0.5.

Colour: Head brownish-black, antennomeres -1V
dark brown and rest pale reddish-yellow; mouth parts
infuscate; pronotum reddish-brown; elytra black with
posterior margin in sharp contrast with distinct broad
yellowish band, wider at the middle of each elytron
and narrowed medially and laterally; scutellum reddish-
brown; abdominal tergites IlI-V reddish, VI and VII dark
brown, VIII dark brown with reddish posterior margin,

v
»-,'- 3 -
"*t‘
0.5 e
| ‘

Image 1. Astenus keralensis sp. nov., Holotype:
A—Habitus, dorsal view | B—Elytra | C—Fore
leg | D—Aedeagus, lateral view | E—Head,
dorsal view | F—Antenna. © Sreevidhya P.

apex of the femora dark brownish-black, fore and middle
tibiae dark brownish-black, tarsi entirely yellowish; setae
entirely black.

Head: Elongate, rugose, closely punctate and
reticulate, disc bulged at the middle, posterior angles
widely rounded, tempora with several black setae,
head in front of the eyes more or less parallel, eyes
prominent; antennae long, all joints longer than wide,
antennomeres |lI-X sub equal, XI longer.

Neck: 1/5" width of head.

Pronotum: Shield like, furnished with longitudinal
rugae, narrower than head, gradually expanded until
about 2/3 from base, then narrowed toward neck;
anterior half of pronotum on each side with five black
setae; posterior margin rounded.

Elytra: Glossy, wider but shorter than pronotum,
narrowed at apex and base, strongly and closely
punctate, having regular pubescence and several large
setae.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 April 2021 | 13(5): 18215-18226



Two new light attracted Astenus species

Abdomen: Glossy, narrower than elytra at the base
and slightly widened posteriorly, pubescence fine and
dark; tergites VI and VII wider than preceding ones.
Posterior margin of all segments glabrous. VII*" tergite
longer than others, tergite VIII the shortest; anal styles
rather long.

Aedeagus: Median lobe elongated, apex rounded
and slightly curved ventrally in lateral view

Female: Unknown

Etymology: Named after Kerala, a state of India, from
where the specimen was collected.

Differential diagnosis: Astenus keralensisis is similar
to A. gratellus (Fauvel, 1879) and A. diversiventris
Cameron, 1943, but differs from them by its smaller
size (TL 4.75mm in A. gratellus, TL 5.00mm in A.
diversiventris), fore and middle tibiae dark brownish-
black (fore and hind tibiae entirely yellowish in A.
gratellus), antennal segments -1V dark brown (antennae
entirely yellow in A. gratellus, segments Il to V infuscate
in A. diversiventris), posterior margin of elytra distinctly
yellow (elytra entirely black in A. diversiventris).

Astenus rougemonti sp. nov.
(Image 2 A-F)
urn:lsid:zoobank.org:act:50DB62B3-15FF-4FD8-8DFE-51E49745F4E2

Type material. Holotype: S0615X17, 15.x.2017,
male, India: Kerala: Malappuram: Chelari, 11.1112778N,
75.9039166E, light trap, coll. Sreevidhya, P.

Paratypes:S0710I118,10.ii.2018,1 male, India: Kerala:
Malappuram: Chelari, 11.1112778N, 75.9039166E, light
trap, coll. Sreevidhya, P.; S0816X19, 16.x.2019, 2 males,
India: Kerala: Malappuram: Chelari, 11.1112778N,
75.9039166E, light trap, coll. Sreevidhya, P.; S0922XI19,
22.xi.2019, 1 male, India: Kerala: Malappuram: Chelari,
light trap, coll. Sreevidhya, P.

Description

Measurements (n=5) TL: 4.390 (4.353-4.442); AL:
1.514 (1.510-1.519); HL: 0.871 (0.870-0.871); HW:
0.733 (0.730-0.734); PL: 0.664 (0.649-0.666); PW:
0.646(0.640-0.650); EL: 0.743 (0.739-0.752); EW: 0.772
(0.769-0.778); ML: 0.4.

Colour: Head and pronotum dark reddish-yellow;
elytra bicoloured with anterior half black and posterior
half with pale reddish-yellow transverse band slightly
extended anteriorly along the suture, sutural line
yellowish posteriorly and black in anterior 1/3%;
abdominal tergites dark reddish-yellow, VI*" abdominal
tergite with intersegmental membrane vyellow, VII™
abdominal tergite mostly brownish-black with posterior

Sreevidhya et al.

margin pale reddish-yellow; antennae,
mouthparts pale reddish-yellow; setae black.

Head: Elongate and somewhat rectangular, quite
umbilicate reticulate sculpture, head in front of the
eyes parallel, two pairs of anterolateral punctures
with black, short and stout setae, post ocular region
moderately rounded bearing three black, short and
stout setae and several long slender decumbent setae,
posterior margin more or less straight; labrum short and
wide with two distinct teeth and two very long yellow
setae, eyes bulged, antennae long, almost reaching the
base of pronotum, scape broader at the apex, second
antennomere shortest, I1I-X sub equal, Xl slightly longer.

Neck: 1/3 width of head.

Pronotum: Convex, shorter and narrower than head,
distinctly narrowed anteriorly and posteriorly, widest
at 1/3"; sculpture almost similar to head but broader,
space between is more “s” like; antero-lateral margin of
pronotum with long erect setae.

Elytra: Glossy, finely pubescent, longer and wider
than pronotum, as wide as long. Lateral margins with
seven long oblique setae and numerous small setae.
Anterior half more densely punctate than posterior half.
Elytra narrowed apically.

Abdomen: Pubescence fine and dark, base of
abdomen narrower than elytra.

Aedeagus: Median lobe narrowed from basal half to
the apex, apical region pointed and curved.

Female: Unknown

Etymology: The species is named in memory
and honour of late Guillaume de Rougemont, a very
charming personality and a man who loved rove beetles,
who guided us with the taxonomy of the genus Astenus.

Differential diagnosis: Astenus rougemonti is close
to A. leptocerus (Eppelsheim, 1895) based on the colour
pattern of elytra, but differs in having only the V" visible
abdominal tergite (VII*" tergite) black (in A. leptocerus
all the abdominal tergites are black). It is also close
to Astenus horridus Rougemont, 2018, an endemic of
Borneo but differs from it in following characters; slightly
smaller (TL4.80 mm in A. horridus) VI*"abdominal tergite
(It visible tergite) not dark (VI* abdominal tergite dark
in A. horridus), yellow fascia of elytral apex widening
towards the suture (yellow fascia of elytral apex not
widening towards the suture in A. horridus). Sculptures
on the pronotum broader than on head and the space
between is more’s’ like (sculptures on pronotum as on
head in A. horridus).

legs and
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Checklist of the genus Astenus (Staphylinidae:

Paederinae) from India

Genus Astenus Dejean, 1833

Astenus Dejean, 1833: 65

Type species Staphylinus angustatus Paykull, 1789
(= Staphylinus gracilis Paykull, 1789)

Astenus andrewesi Cameron, 1931

Astenus andrewesi Cameron, 1931: 71
Distribution: India: Tamil Nadu: Nilgiri Hills.

Astenus asitus Biswas & Sen Gupta, 1983

Astenus asitus Biswas & Sen Gupta, 1983: 1

Distribution: India:
Darjeeling

Sikkim: Rangpo; West Bengal:

Image 2. Astenus rougemonti sp. nov., Holotype:
A—Habitus, dorsal view | B—Labrum | C—
Elytra | D—Aedeagus, lateral view | E—Head,
dorsal view | F—Antenna. © Sreevidhya P.

Astenus bisalicus Biswas & Sen Gupta, 1983
Astenus bisalicus Biswas & Sen Gupta, 1983: 3
Distribution: India: West Bengal: Darjeeling.

Astenus bispinus (Motschulsky, 1858)

=Sunius bispinus Motschulsky, 1858: 636

= Sunius major Kraatz, 1859: 146

Distribution: India: West Bengal: Darjeeling; Tamil Nadu:
Nilgiri Hills. Sri Lanka: Kandy. Myanmar. Vietnam:
Annam. Indonesia: Sumatra. Thailand.

Astenus cachemiricus Coiffait, 1982
Astenus cachemiricus Coiffait, 1982: 97
Distribution: India: Kashmir
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Astenus caspiracus Coiffait, 1982
Astenus caspiracus Coiffait, 1982: 99
Distribution: India: Kashmir

Astenus concolor (Kraatz, 1859)
=Sunius concolor Kraatz, 1859: 149
Distribution: India: West Bengal. Taiwan.

Astenus diversiventris Cameron, 1943
Astenus diversiventris Cameron, 1943: 32
Distribution: India: West Bengal: Darjeeling.

Astenus flavescens Scheerpeltz, 1933

Astenus flavescens Scheerpeltz, 1933: 1232

=Astenus flavipennis Cameron, 1931: 80

Distribution: India: Himachal Pradesh; Uttarakhand:
Dehradun, Nakraunda, Kumaon, Haldwani; West
Bengal; Manipur. Nepal: Siwaliks.

Astenus flavus (Kraatz, 1859)

= Sunius flavus Kraatz, 1859: 149

Distribution: India Oriental “Ind. Or.” as given by Kraatz
1859; Eastern India and Nepal (Newton 2020); India:
Kerala: Tholpetty.

Astenus ghumensis Cameron, 1943
Astenus ghumensis Cameron, 1943: 32
Distribution: India: West Bengal: Darjeeling

Astenus gracilentus (Fauvel, 1879)

=Sunius gracilentus Fauvel, 1879: 83

=Sunius gracilis Kraatz, 1859: 147

Distribution: India: Himachal Pradesh; Uttar Pradesh;
Uttarakhand: Dehradun, Lachiwala; West Bengal:
Darjeeling; Manipur; Meghalaya; Tripura; Tamil
Nadu: Nilgiri Hills. Bangladesh: Dacca. Singapore.
China: Hong Kong.

Astenus gratellus (Fauvel, 1879)

= Sunius gratellus Fauvel, 1879: 83

= Sunius pulchellus Kraatz, 1859: 147

Distribution: India: Uttarakhand: Dehradun; West
Bengal: Darjeeling District; Maharashtra: Mumbai;
Tamil Nadu: Nilgiri Hills. Sri Lanka: Colombo, Kandy.
Myanmar: Tenasserim. Indonesia: Sumatra, Java.
Vietnam: Tonkin. Bhutan. China: Hong Kong.

Astenus gratus Cameron, 1931
Astenus gratus Cameron, 1931: 72
Distribution: India: Uttarakhand: Dehradun.

Sreevidhya et al.

Astenus h-signatus Cameron, 1914
Astenus h-signatus Cameron, 1914: 540
Distribution: India: Patkai Hills.

Astenus hindostanus Cameron, 1919

Astenus hindostanus Cameron, 1919: 227

Distribution: India: Nilgiri Hills. Sri Lanka: Colombo,
Kandy, Nuwara Eliya.

Astenus indicus (Kraatz, 1859)

=Sunius indicus Kraatz, 1859: 148

= Sunius aequalis Blackburn, 1888: 9

= Sunius oculatus Sharp, 1874: 72

Distribution: India: Uttarakhand; Sikkim; West Bengal:
Darjeeling; Maharashtra: Mumbai; Kerala: University
of Calicut (Botanical Garden). Sri Lanka. Myanmar.
Japan. Oman. Saudi Arabia. Italy. Egypt. Turkey.
Iran. Afghanistan. China: Shanghai. Taiwan. Canary
Islands. Eastern and western Africa. Tanzania.

Astenus jhopus Biswas & Sen Gupta, 1983
Astenus jhopus Biswas & Sen Gupta, 1983: 5
Distribution: India: West Bengal: Darjeeling.

Astenus kashmiricus Cameron, 1943
Astenus kashmiricus Cameron, 1943: 32
Distribution: India: Kashmir.

Astenus kraatzi Bernhauer, 1902

Astenus kraatzi Bernhauer, 1902: 36

Distribution: India: Kerala: Chelari. Sri Lanka: Nalanda,
Anuradhapura, Trincomalee, Colombo.

Astenus ladakhensis Coiffait, 1982
Astenus ladakhensis Coiffait, 1982: 98
Distribution: India: Kashmir

Astenus leptocerus (Eppelsheim, 1895)

= Sunius leptocerus Eppelsheim, 1895: 64

Distribution: India: Uttarakhand: Dehradun, Mussorie;
Madhya Pradesh; West Bengal; Maharashtra:
Nagpur; Tamil Nadu: Nilgiri Hills; Kerala: Chelari. Sri
Lanka. Vietnam. Japan: Ogasawara Island. Mauritius:
Rodriguez Island. Madagascar. Reunion (France).
Comoros.

Astenus maculatus Cameron, 1920

Astenus maculatus Cameron, 1920: 146

=Astenus saigonensis Cameron, 1940: 250

Distribution: India: Tamil Nadu: Nilgiri Hills. Bangladesh:
Dacca. Thailand. Vietnam. China: Hong Kong, Yunnan.
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Astenus maculipennis maculipennis (Kraatz, 1859)

=Sunius maculipennis maculipennis Kraatz, 1859: 148

=Sunius bicolon Sharp, 1874: 72

Distribution: India: West Bengal, Meghalaya; Tamil
Nadu: Nilgiri Hills; Kerala: Parambil Bazar. Sri Lanka.
Vietnam. Philippines. Indonesia. China: Guangxi.
Japan: Honshu, Kyushu, Shikoku. South Korea.
Taiwan. Mauritius. Madagascar. Senegal. Ivory Coast.

Astenus marginalis Cameron, 1931

Astenus marginalis Cameron, 1931: 77

Distribution: India: Uttarakhand: Chakrata, Mussorie,
Kempty Falls, Manjgaon, Dhobi Ghat.

Astenus melanurus (Kiister, 1853)

=Sunius melanurus Kister, 1853: 76

=Sunius aemulus Rottenberg, 1870: 33

Distribution: India: Uttarpradesh: Lakhimpur Kheri;
Uttarakhand: Dehradun; West Bengal;, Manipur;
Maharashtra. Indonesia: Java. Cyprus. Iran. Syria.
Turkey. Croatia. France. Greece. Italy. Malta. Portugal.
Slovakia. Slovenia. Algeria. Canary Islands. Egypt.
Libya. Morocco. Tunisia. South Africa.

Astenus nilgiriensis Cameron, 1931
Astenus nilgiriensis Cameron, 1931: 82
Distribution: India: Nilgiri Hills; Kerala: Pookkottur.

Astenus obscurus Cameron, 1931
Astenus obscurus Cameron, 1931: 82
Distribution: India: Nilgiri Hills.

Astenus peraffinis Cameron, 1931
Astenus peraffinis Cameron, 1931:90
Distribution: India: Nilgiri Hills.

Astenus pulchripennis Cameron, 1931

Astenus pulchripennis Cameron, 1931: 76

Distribution: India: Uttar Pradesh: Lakhimpur Kheri;
Uttarakhand: Chakrata, Mussorie.

Astenus semibrunneus Cameron, 1931

Astenus semibrunneus Cameron, 1931: 87

Distribution: India: Uttarakhand: Dehradun;
Bengal: Darjeeling.

West

Astenus setiferides Newton, 2017

Astenus setiferides Newton, 2017: 10

=Astenus setiferus Cameron, 1931: 90

Distribution: India: Nilgiri Hills; Kerala: Kambalakkad.

Sreevidhya et al.

Astenus sikkimensis Biswas, 2003
Astenus sikkimensis Biswas, 2003: 260
Distribution: India: West Bengal: Darjeeling

Astenus simlaensis Cameron, 1931

Astenus simlaensis Cameron, 1931: 74

Distribution: India: Himachal Pradesh: Simla, Kotgarh,
Gahan. Afghanistan.

Astenus subnotatus Fauvel, 1904

Astenus subnotatus Fauvel, 1904: 51

Distribution: India: Uttarpradesh; West Bengal;
Chhathisgarh: Dugeli; Maharashtra; Karnataka:
Nagargali, Sampgaon. Indonesia: Java. South Africa.
Lesotho. Botswana. Namibia.

Astenus suturalis Cameron, 1931

Astenus suturalis Cameron, 1931: 69

Distribution: India: Uttarakhand: Chakrata: Mohana.
Thailand.

Astenus tanicus Biswas & Sen Gupta, 1983

Astenus tanicus Biswas & Sen Gupta, 1983: 5

Distribution: India: Uttar Pradesh:
Nautanawa; Jharkhand: Singrah Falls.

Gorakhpur:

Astenus terminalis Cameron, 1931

Astenus terminalis Cameron, 1931: 84

Distribution: India: West Bengal; Nilgiri Hills; Kerala:
Kozhippara (Nilambur). China: Hong Kong.

Astenus varians Cameron, 1931

Astenus varians Cameron, 1931: 78

Distribution: India: Uttarakhand: Dehradun: Kheri
Rao, Mussorie, Nakraunda, Arnigad, Kolhu Khet
gad. Myanmar. Thailand. China: Yunnan, Hong Kong.

DISCUSSION

Of the 10 species collected from northern Kerala
region (Image 3), three species of Astenus (A. flavus
(Kraatz, 1859) from Tholpetty which is a part of the
Wayanad Wildlife Sanctuary; A. setiferides Newton,
2017 from Kambalakkad in Wayanad Reserve Forest; A.
terminalis Cameron, 1931 from Kozhippara in Nilambur
Reserve Forest) were collected from the Western
Ghats hotspot of biodiversity and seven species (A.
indicus (Kraatz, 1859); A. keralensis sp. nov.; A. kraatzi
Bernhauer, 1902; A. leptocerus (Eppelsheim, 1895); A.
maculipennis (Kraatz, 1859); A. nilgiriensis Cameron,
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Image 3. Habitus of Astenus from northern Kerala: A—Astenus flavus (Kraatz, 1859) | B—Astenus indicus (Kraatz, 1859) | C—Astenus kraatzi
Bernhauer, 1902 | D—Astenus leptocerus (Eppelsheim, 1895) | E—Astenus maculipennis (Kraatz, 1859) | F—Astenus nilgiriensis Cameron, 1931
| G—Astenus setiferides Newton, 2017 | H—Astenus terminalis Cameron, 1931. © Sreevidhya P.

1931; A. rougemonti sp. nov.) were collected from
Malabar coastal plain moist deciduous forest, which is an
extension of the Western Ghats hotspot of biodiversity
(Champion & Seth 1968).

Endemism and Biogeographic Affinities

Of the 41 species of Astenus recorded from Indian
mainland, nine species (A. andrewesi Cameron, 1931;
A. hindostanus Cameron, 1919; A. keralensis sp. nov.; A.
kraatzi Bernhauer, 1902; A. nilgiriensis Cameron, 1931;
A. obscurus Cameron, 1931; A. peraffinis Cameron, 1931;

A. rougemonti sp. nov., and A. setiferidus Newton, 2017)
are endemic to the Western Ghats and Sri Lanka hotspot
of biodiversity with A. keralensis sp. nov., A. kraatzi,
A. nilgiriensis, and A. rougemonti sp. nov. extending
their distribution to the Malabar coastal plain moist
deciduous forest region (Table 1). Another seven species
(A. asitus Biswas & Sen Gupta, 1983; A. bisalicus Biswas
& Sen Gupta, 1983; A. diversiventris Cameron, 1943; A.
ghumensis Cameron, 1943; A. h-signatus Cameron, 1914;
A. jhopus Biswas & Sen Gupta, 1983; and A. sikkimensis
Biswas, 2003) are endemic to the eastern Himalaya
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Table 1. Endemic status of Astenus species recorded from India.

Species name Distribution/ Endemism
1 Astenus hindostanus Cameron, Endemic to India and Sri Lanka
: 1919 (WG & SL)*
3 Astenus kraatzi Bernhauer, Endemic to India and Sri Lanka
: 1902 (WG & SL)*
3. Astenus gratus Cameron, 1931 Enqemlc to the Indian
mainland
4 Astenus marginalis Cameron, Endemic to the Indian
’ 1931 mainland
5 Astenus pulchripennis Endemic to the Indian
’ Cameron, 1931 mainland
6 Astenus semibrunneus Endemic to the Indian
: Cameron, 1931 mainland
7 Astenus tanicus Biswas & Sen Endemic to the Indian
! Gupta, 1983 mainland
8 Astenus asitus Biswas & Sen Endemic to the Indian
: Gupta, 1983 mainland (EH)®
9 Astenus bisalicus Biswas & Sen Endemic to the Indian
! Gupta, 1983 mainland (EH)®
10 Astenus diversiventris Endemic to the Indian
: Cameron, 1943 mainland (EH)®
11 Astenus ghumensis Cameron, Endemic to the Indian
: 1943 mainland (EH)®
12 Astenus h-signatus Cameron, Endemic to the Indian
: 1914 mainland (EH)®
13 Astenus jhopus Biswas & Sen Endemic to the Indian
' Gupta, 1983 mainland (EH)®
14 Astenus sikkimensis Biswas, Endemic to the Indian
: 2003 mainland (EH)®
15 Astenus cachemiricus Coiffait, Endemic to the Indian
' 1982 mainland (KH)*
16 Astenus caspiracus Coiffait, Endemic to the Indian
: 1982 mainland (KH)*
17 Astenus kashmiricus Cameron, Endemic to the Indian
' 1943 mainland (KH)*
18 Astenus ladakhensis Coiffait, Endemic to the Indian
: 1982 mainland (KH)*
19 Astenus andrewesi Cameron, Endemic to the Indian
' 1931 mainland (WG)*
2 Astenus nilgiriensis Cameron, Endemic to the Indian
: 1931 mainland (WG)*
2 Astenus obscurus Cameron, Endemic to the Indian
' 1931 mainland (WG)*
2 Astenus peraffinis Cameron, Endemic to the Indian
: 1931 mainland (WG)*
23 Astenus setiferidus Newton, Endemic to the Indian
: 2017 mainland (WG)*
. Endemic to the Indian
24. Astenus rougemonti sp. nov. mainland (WG)*
. Endemic to the Indian
25. Astenus keralensis sp. nov. mainland (WG)*
#—Endemic to Western Ghats (WG) and Sri Lanka (SL) | @ —Endemic to
Eastern Himalayas (EH) |
+t—Endemic to Kashmir Himalayas (KH) | *—Endemic to only the Western
Ghats (WG)

(Table 1). Four species (A. cachemiricus Coiffait, 1982;
A. caspiracus Coiffait, 1982; A. kashmiricus Cameron,
1943; and A. ladakhensis Coiffait, 1982) are endemic to
the Kashmir Himalaya region (Table 1).

Five species of Astenus (A. indicus (Kraatz, 1859); A.
leptocerus (Eppelsheim, 1895); A. maculipennis (Kraatz,

Sreevidhya et al.

1859); A. melanurus (Kuster, 1853); and A. subnotatus
Fauvel, 1904) show diverse distribution pattern with
distribution ranging from Oriental realm to Afrotropical
realm through Palaearctic realm with only A. melanurus
(Kister, 1853) having European distribution.

Twenty-three species (including the two new
species described; seven species endemic to the
eastern Himalaya; five of the seven species (except A.
hindostanus Cameron, 1919; A. kraatzi Bernhauer, 1902)
endemic to the Western Ghats and Sri Lanka hot spot
of biodiversity; four species endemic to the Kashmir
Himalaya; and five other species (A. gratus Cameron,
1931; A. marginalis Cameron, 1931; A. pulchripennis
Cameron, 1931; A. semibrunneus Cameron, 1931; A.
tanicus Biswas & Sen Gupta, 1983)) are endemic to the
Indian mainland (Table 1).

First Reports

Astenus kraatzi Bernhauer, 1902, which had
distribution records only from Sri Lanka, is recorded for
the first time from the Indian mainland (India: Kerala:
Chelari, 11.1112778N, 75.9039166E) and two species,
A. flavus (Kraatz, 1859) and A. indicus (Kraatz, 1859) are
recorded for the first time from southern India.

Taxonomic Remarks

Notes on Tribe Lathrobini Laporte, 1835: There exists
wide confusion on the tribe to which Astenus belongs.
The two tribe classification (Pinophilini and Paederini)
of Paederinae followed by the majority of Staphylinidae
workers place Astenus in tribe Paederini Fleming, 1821
(Ganglbauer 1895; Casey 1905; Blackwelder 1939; Lobl
& Smetana 2004; Schiilke & Smetana 2015) whereas
it was included in Lathrobiini by Jeannel & Jarrige
(1949). Later it was confirmed that Astenus belongs
to tribe Lathrobiini by analysing the molecular and
morphological characteristics (McKenna et al. 2015;
Schomann & Solodovnikov 2017) and Schomann &
Solodovnikov (2017) proposed that Paederinae could
be divided into not two but four tribes (Cylindroxystini;
Lathrobiini; Paederini; Pinophilini).

Taxonomic status of Astenus subnotatus Fauvel,
1904: Fauvel described Astenus subnotatus as a
variation of A. melanurus (Kister, 1853) and it was
considered as a variation by Cameron (1931) also. Later
the paratype of A. subnotatus (with locality given as
Bedford Cape, South Africa) was wrongly re-described
as A. itremo Lecoq, 1996 (a species with distribution
only in Madagascar), which is evident from the paratype
label (Royal Belgian Institute of natural Sciences). As
per the current classification A. subnotatus is having
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Key to species of the genus Astenus from the Indian mainland.

1. Antennal segment Xl almost 4x [onger than 10 ........ccccevverieiieniinieeiee e
- Antennal segment XI not 4x longer than 10
2. Species dark, entirely or in greater part black or brown
- Species entirely or in greater Part reddish-YEIIOW ...........ooiiiiiiiiiiiei ettt st saesneenaean
3. Abdomen with first three or four visible tergites red, rest black ...
- Abdomen entirely black or brown
4.  Abdomen with first three visible tergites red, rest DIACK ..........c.oviiiiiiiiiiiiiee et 5
- Abdomen with first four visible tergites red, rest black A. gratus Cameron, 1931
5.  Elytra entirely black A. diversiventris Cameron, 1943
- Elytra black with posterior margin broadly reddish-yellow ...........cccccociiiiriiiiiiiiiiiiiicee, A. keralensis sp. nov.
6. Legsreddish-yellow, the apex of the femora black or blackish A. gratellus (Fauvel, 1879)
- Legs entirely reddish-yellow ..........ccceveviinieninieniceeieeee,
7.  Elytra uniformly black
- Elytra either black with reddish-yellow markings or reddish-yellow with black markings
8.  Elytra with a reddish-yellow mark from postero-internal area to the postero-external angle
............................................................................................................................................. A. leptocerus (Eppelsheim, 1895)
- Elytra otherwise marked
9.  Elytra reddish-yellow, more or less extensively marked with black .
- Elytra otherwise Marked ..........cocevieiiriinieninese e
10. Elytra with a round black spot of variable size, sometimes extending to the epipleura; elytral suture very narrowly black .....
.................................................................................................................................................... A. marginalis Cameron, 1931
- Elytra with an elongate black spot narrowing basally, extending laterally on to the epipleura; elytral suture rather broadly

o] ol OO OSSOSO PSPPI 11
11. Elytral spot black, elongate and transverse which forms the shape of ‘H” when combined with black lateral longitudinal

LT =410 TP U PO OPRTOPTOPON A. h-signatus Cameron, 1914
- Elytral spot black and transverse but not forming the shape of ‘H’ .....ooiiiiiiiiiii e 12

12. Elytral elongate spot connected through the middle of the suture, running from one epipleuron to the other ....................

.................................................................................................................................................... A. ladakhensis Coiffait, 1982
- Elytral elongate spot not connected through the middle of the suture ........ccccoceveievninnne. A. pulchripennis Cameron, 1931
13. Elytra with the sutural and the apical margins reddish yellow .14
- Elytra otherwise marked .
14. Elytra with narrow reddish-yellow sutural margin confined to the posterior half .................... A. kashmiricus Cameron, 1943
- Elytra with broad reddish-yellow sutural margin almost reaching the base
15. Larger (6.5mm). Head longer, the post-ocular region nearly twice as long as the eye . A. suturalis Cameron, 1931
- Smaller (5 mm). Head shorter, the post-ocular region slightly longer than the eye .................... A. andrewesi Cameron, 1931
16. Elytra with the humeral angle and apical margin reddish-yellow ................... A. simlaensis Cameron, 1931
- Elytra with only the apical margin reddish-yellow, each elytron with or without a small oblong red spot at apex near suture

17.
- Elytron without any red spot at apex near suture .
18. Thorax with fine longitudinal rugae sculpture
- Thorax with normal reticulate-umbilicate SCUIPTUIE ........ocuiiiiiieriee e sttt
19. Elytra more coarsely and less closely punctuated, the apical margin sharply and distinctly reddish-yellow
- Elytra more finely and more closely punctuated, the apical margin very narrowly and obscurely reddish-yellow ...

..................................................................................................................................................... A. obscurus Cameron, 1931
20. Pleurites of genital segments long, extended and pointed .........ccccceoveverieiiieniieninieneeieeene A. hindostanus Cameron, 1919
- Pleurites of genital segments short, either slightly curved pointed or Not poiNted ........ccccceeveierieerieenie s 21
21. Pleurites of genital segments short but slightly extended forming a curved point; penultimate antennomere as long as wide

....................................................................................................................................................... A. caspiracus Coiffait, 1982
- Pleurites of genital segments short and not at all extended and not forming any point; penultimate antennomere almost

TWICE @S TONEZ @S WITE «.eeeieiiieiie ettt sttt e st e st e st e st eeessaeenbaeenneeenbeeennns A. cachemiricus Coiffait, 1982
22. Abdomen entirely reddish-yElIOW OF DIrOWN .......couiiuiiiiiii ettt ettt sttt e bt esbe et e saeenbeeseenbeens 23
- Abdomen reddish-yellow, either only Vt" visible tergite/ or visible tergites 111-V/ or both IVt and V" visible tergites/ or both
Vi and VI™ visible tergites More 0F 1855 BIACK .....c.icviivivieeeieieeeeteete ettt ettt e r e bt s et s eseereebesaeese b ensenseneerens 26

23. Abdomen entirely brown
- Abdomen entirely reddish-yellow
24. Larger (4 mm). Penultimate joints of antennae about three times as long as broad, sides of the elytra with several long

o] ol Y=Y = 1SR SURSRRSPPSRTN A. flavescens Scheerpeltz, 1933
- Smaller (3mm). Penultimate joints of the antennae slightly longer than broad, sides of the elytra without black setae ..... 25
25. Post-ocular region not coarctate with the base, head more subquadrate, elytra not longer than the thorax, colour more

[T [ 11 OO RSO SRUT PR USRR PRSI A. concolor (Kraatz, 1859)
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- Post-ocular region coarctate with the base, head more suborbicular, elytra slightly longer than the thorax, colour yellowish

26. Abdomen with the only V" visible tergite with anterior black and posterior lighter

A. flavus (Kraatz, 1859)

- Abdomen with either visible tergites 11I-V/ or both IV" and V" visible tergites/ or both V" and VI visible tergites black

27. Elytra uniformly reddish-yellow

- Elytra bicoloured with anterior half brown black and posterior half reddish-yellow/ or suture narrowly black anterlorly and
bulging in the middle/ or with a black oval Spot 0N ach EIYLION ........c.cceiiiiirieiirierecee e 30

28. Elytralonger and broader than thorax ........c.cccceevvevvriennen.

- Elytra shorter and narrower than thorax
29. Sides of thorax with two long black setae
- Sides of thorax with five long black setae

30. Elytra bicoloured with anterior half brown black and posterior half reddish yellow ..

.. A. ghumensis Cameron, 1943
A. melanurus (Kuster, 1853)
A. indicus (Kraatz, 1859)
... A. rougemonti sp. nov.

- Elytra reddish-yellow with suture narrowly black anteriorly and bulging in the middle or with a black oval spot on each

1117 4 e o TSRS

31. Elytra reddish yellow with suture narrowly black anteriorly and bulging in the middle ................ A. sikkimensis Biswas, 2003

- Elytra with a black oval spot on each elytron

32. Black spot on elytra almost reaching the epipleura and suture...............
- Black spot on elytra narrow and placed in the middle not reaching the epipleura or suture ...
33. Abdomen with visible tergites 1=V black ............cccceeveeiene

A. subnotatus Fauvel, 1904
... A. kraatzi Bernhauer, 1902

............................................ A. jhopus Biswas & Sen Gupta, 1983

- Abdomen with either both IV and V" visible tergites/ or both V" and VI*" visible tergites black .........ccccovvevveieiieieerennne 34
34. IV*" abdominal tergite black with light, narrow posterior margin, V" abdominal tergite with only the base black and rest

broadly lIGhTer ........coviviiiiiiiee e

...................................................... A. maculatus Cameron, 1920

- Vth and VI visible abdominal tergites black with posterior margin broadly or scarcely lighter ........ccccoeveeevevveveeeeneneane. 35

35. V™ and VIt visible abdominal tergites black, their posterior margin scarcely lighter
- V" and VIt visible abdominal tergites blackish, their posterior margin more or less broadly lighter ..
36. Sculpture of head and thorax of normal size ........c.ccccueeee.

- Sculpture of head and thorax notably larger than usual
37. Sides of elytra with long black outstanding setae
- Sides of elytra with short black decumbent setae
38. Elytra with a black spot on each elytron
- Elytra without any black spot
39. Head elongate, VIt abdominal sternite yellow
- Head suborbicular, VI*" abdominal sternite black ...

.................................................... A. macullpennls(Kraatz 1859)

A. terminalis Cameron, 1931

A. setiferides Newton, 2017
A. peraffinis Cameron, 1931

40. Larger (5 mm) and more robust, post-ocular region parallel for a short distance, then broadly rounded to the base ...........

verified species status with Oriental, Palaearctic, and
Afrotropical distribution (Newton 2020).

Distribution of Astenus flavus (Kraatz, 1859): Kraatz
(1859) described A. flavus as Sunius flavus with data on
distribution given only as “Oriental India (Ind. Or.)” which
could be anywhere in British India. Later Newton (2020)
gave its distribution as confined to eastern India and
Nepal. This work reports A. flavus form southern India
with recorded distribution from the Western Ghats.
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Distribution record of Pison punctifrons from Noida

INTRODUCTION

Pison punctifrons Shuckard, 1838 has never been
reported before from Noida or its surrounding areas,
including Delhi. Existing records for this species in India,
as per Pulawski (2015) are only from Bihar (Purnia),
West Bengal (Barrackpore as P. suspiciosum Smith,
1858, now a synonym of P. punctifrons Shuckard), and
Uttar Pradesh (Mussoorie as P. striolatum Cameron,
1897, now a synonym of P. punctifrons Shuckard).
Additionally, there is one record of this species from
Kerala (Sudheendrakumar 1989).

This Note reports the occurrence of Pison punctifrons
Shuckard from Noida, Uttar Pradesh, India — a new
distribution record. Figure 1 presents the distribution
pattern of the species in India. Also there are details of
nest and prey of P. punctifrons (Image 1). Classification
followed here is as per Bohart (1976).

Nesting activities were studied in a single storeyed
residential house in sector 33 of Noida, Uttar Pradesh,
India. Location coordinates are: 28.589N & 77.354E.

Main field observations were conducted from 03 Sep
2015 to 01 Oct 2015 and again from 08 May 2020 to 06
June 2020. Additional intermittent observations were
also made to keep records of the old (inactive) nests in
the study area. Daytime high temperature during the
study period ranged 32-37 °C in 2015 and 32-45 °C in
2020.

Opportunistic as well as systematic observations
were conducted for the study of this wasp. On 03
Sep 2015, a small, black wasp was discovered building
tiny barrel shaped clustered mud cells of the nest on
the handrails of the stairs just about 1.5m above the
ground in the study area. Observations were made and
photographs taken. Contents of the last provisioned cell
were collected for the identification of the prey. The
nest, in general, was not disturbed.

On 08 May 2020 a wasp was spotted again building
nest in the study area. Nest building and provisioning
activities were observed and photographed /
videographed. Contents of the last cell were collected
for identification. The wasp that emerged last was also
collected for the purpose of identification.

Study area was intermittently searched for old nests
during the study period. Old nests were given unique
identification numbers. Details of nests (location, type,
substrate, number of cells, height from ground) were
recorded. Photographs (or sketches) of all the old nests
were maintained. Contents of older nests without exit
holes were collected for examination. Fully formed
wasps were found in one old nest inside a narrow cavity.

Bais & Bais
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Image 1. Pison punctifrons Shuckard at nest with prey.

A basic 100x optical microscope was used for the
examination of the wasp including forewing venation.
Same setup was used for the identification of the prey
(spiders) to the family level. Focus stacking technique
was used to photograph wasp and smaller spiders using
combination of microscope and digital camera/ mobile
phone. Inkscape vector graphics software was used for
preparing line diagrams.

Identification of Pison punctifrons Shuckard is based
on the original descriptions of Indian Pison Spinola
species by earlier workers. Identification of spiders has
been done with the help of (Tikader 1987; Jocqué 2007).

Forewing venation for identification

Of the many variables in Pison Spinola, none is more
striking than the forewing venation. Wings have three
or two submarginal cells, and the two-celled condition
is clearly the result of complete reduction of the second
cell (Bohart 1976). Arrangement of recurrent veins
produces variety of wing patterns. The m-cu crossveins
of the forewing have been called the recurrent veins. In
wings with three sub-marginal cells the first recurrent
vein is received by submarginal cell 1 or 2 or is interstitial.
The second recurrent vein is received by submarginal 2
or 3 or is interstitial (Bohart 1976). This wing venation
pattern is the most crucial clue to the identification of
Pison Spinola species.

Pison Spinola species in India with three or two sub-
marginal cells

Antropov (1994) reviewed ‘agile’ group of Pison
Spinola species (species having forewings with only
two sub-marginal cells). So far as Indian species are
concerned, this study included P. pulawskii Antropov,
1994, P. erythropus Kohl, 1884, P. agile (Smith, 1869), P.
differens Turner, 1916, and P. rothneyi Cameron, 1897.
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Figure 1. Distribution of Pison punctifrons Shuckard in India.
1—Mussoorie (Uttarakhand) | 2—Purnia (Bihar) | 3—Barrackpore
(West Bengal) | 4—unidentified location (Kerala) | 5—Noida (Uttar
Pradesh).

We used this information for segregating Indian Pison
Spinola species into two categories: Pison Spinola with
three sub-marginal cells in the forewing and those with
two sub-marginal cells (See Table 1). Bingham (1897)
provides descriptions of the Indian Pison Spinola species.

As per Table 1, there are only five Pison Spinola
species found in India with three submarginal cells
and this includes one doubtful species namely Pison
fasciatum Radoszkowski.

Genus Pseudonysson Radoszkowski, 1876 s
presently a synonym of genus Pison Jurine in Spinola,
1808. Pseudonysson fasciatus Radoszkowski, 1876 has
been synonymized with Pison fasciatum (Radoszkowski,
1876) (Bohart 1976).

Turner (1916) writes
(Radoszkowski, 1876):

“The description is poor, but apparently the species
is allied to Pison algiricum Kohl, 1898, but with normal
antennae. To this species | assign an Indian specimen
with some doubt. Hab. S.E. Caucasus; Chapra, Bengal
(Mackenzie)”. There is no other information available
about this species from any other source. So, ignoring
this doubtful species, there are only four Pison Spinola
species in India with three submarginal cells.

about Pison fasciatus

Additional description
Female. Total length 9mm, forewing 6mm, and colour
entirely black. Forehead and prothorax thickly punctured

Bais & Bais

(Image 2). Clypeus with a large protruding median lobe
with rounded apical margin, without lateral lobes (Figure
2). Clypeus and the face below the eye incision (notch)
densely covered with silvery pubescence. Propodeum at
base coarsely and obliquely striated (Image 3). Abdomen
smooth and shining. Silvery bands on the apical margins
of the abdominal segments become conspicuous in
flight, under certain lighting conditions when the wasp
approaches nest. Forewings hyaline with darker apical
margins. Forewings with three submarginal cells, the
second much smaller and petiolated. Veins dark brown.
The first recurrent vein (1m-cu) received near the apex
of the first submarginal cell, aligning and apparently
merging with the crossvein; the second recurrent vein
(2m-cu) received at the apex of the second submarginal
cell merging with the crossvein (Image 4). Facial details
as shown in Figure 2 are based on a composite image
obtained using focus stacking technique.

Comparison for identity confirmation

We will now compare the forewing venation details
with the description of other workers to confirm
identification of the species as Pison punctifrons
Shuckard.

Forewing venation of Noida Pison Spinola species is
closer to the description of Pison suspiciosus Smith (a
synonym of P. punctifrons Shuckard) as given by Smith
(1858), “The first recurrent nervure received at the apex
of the first submarginal cell; the second at the apex of
the second submarginal”.

In case of Noida Pison Spinola species first recurrent
vein is received “near the apex” (not “at the apex”),
however this difference needs to be viewed in the
light of the descriptions given by Shuckard (1838) for P.
punctifrons and P. spinolae, “...the recurrent nervures
inosculating with the transverso-cubitals...”. He further
adds that “...this species at first sight much resembles
the P. spinolae Shuckard, but, upon examination, it is at
once distinguished by its very coarse sculpture, and the
size of its second submarginal cell”.

Shuckard (1838) describes P. spinolae as follows,
“... the petiolated submarginal cell very minute, and
receiving the two recurrent nervures at the inosculating
points of its transverse cubitals”. As per Shuckard,
arrangement of recurrent veins is identical in P
punctifrons and P. spinolae.

Forewing venation of P. spinolae is shown in Figure
3 based on the illustration given by Harris (1994).
The arrangement of recurrent veins of P. spinolae is
exactly same as that of Noida Pison Spinola species.
First recurrent vein received near the apex of the first
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Table 1. Pison Spinola species in India as per Pulawski (2015). Species with two sub-marginal cells segregated as per Antropov (1994).

A. Pison Spinola species with three sub-marginal cells:
Name Authority Synonyms Authority Geographic Location
1. P. argentatum Shuckard, 1838 P. fuscipalpe Cameron, 1901 Bombay,
Bangalore
2. P. fasciatum (Radoszkowski, 1876) India (?)
3. P. orientale Cameron, 1897 Barrackpore
- - Purnia,
Kerala (no specific
4. P. punctifrons Shuckard, 1838 location)
P. suspiciosum F. Smith, 1858 Barrackpore
P. striolatum Cameron, 1897 Mussoorie
- - Barrackpore
5. P. rugosum F. Smith, 1856 Pisonitus rugosus F. Smith, 1869
P. appendiculatum Cameron, 1897
B. Pison Spinola species with two sub-marginal cells:
. . Southern India,
6. P. agile (F. Smith, 1869) P. koreense Sri Lanka
7. P. differens R. Turner, 1916 Assam, Shillong
8. P. erythropus Kohl, 1884 Parapison rufipes F. Smith, 1869 Uttar Pradesh: Mainpuri.
9. P. obliteratum F. Smith, 1858 Kumaun, .
northern India
10. P. pulawskii Antropov, 1994 Rajasthan: Udaipur
11. P. rothneyi Cameron, 1897 P. crassicorne Cameron, 1897 Barrackpore

1mm

Pison punctifrons Shuckard, 1838, %

Figure 2. Facial details of female Pison punctifrons Shuckard.

submarginal cell and the second recurrent vein received
at the apex of the second submarginal cell. This confirms
the identification of the wasp as P. punctifrons Shuckard.

Darkerapical margin of the forewingand arrangement
of recurrent veins are sufficient keys to differentiate P.
punctifrons from other Pison species of India with three
submarginal cells.

2
1st Recurrent vein

.

Pison spinolae

Forewing venation (Part)
1= 1st submarginal cell
2= 2nd submarginal cell
3= 3rd submarginal cell

2nd Recurrent vein
2m-cu

Figure 3. Forewing venation (Part) of Pison spinolae Shuckard (based
on Harris 1994)

In case of P. argentatum the first recurrent vein is
received towards the apex of the first submarginal cell,
and the second recurrent vein received about the middle
of the second submarginal cell (Shuckard 1838).

In case of P. orientale Cameron, the recurrent veins
are received shortly in front of the transverse cubital
(Cameron 1897).
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In case of P. rugosum Smith, the first recurrent vein
is received towards the apex of the first submarginal
cell, and the second recurrent vein received about the
middle of the second submarginal cell (Smith 1856).
This description of the forewing venation is similar to
that of P. argentatum and additional features need to be
included in the identification key.

Nest location and architecture

All nests are located in absolutely sheltered positions
away from the sun or rain; in the semi-covered areas
of the house which include verandah, underside of
the staircase, or courtyards. Substrate of the nest is a
plastered wall, wood or steel. Junction of two walls or a
corner of the junction of three walls (e.g., interior corner
of a square niche in the wall); grooves and cavities in
the wooden windows are preferred locations. No nest is
found in the middle of a smooth wall or a ceiling unless
a cracking plaster creates some sort of groove or uneven
surface.

Well defined horizontal or vertical linear grooves in
the wooden window panels are often used as a nesting
site. Raised wooden beadings on doors and windows
or putty around the glass panes also provide similar
junction of two surfaces and therefore offer good nest
sites.

Nest is a cluster of tiny mud cells. Three types of
nests were recorded in the study area:

1. Type 1-Free standing nests which vaguely look
like a small bunch of tiny grapes (Image 5). Completed
nest is fully visible.

2. Type 2 — Nests inside pre-existing grooves. In
this case direction of the groove; whether horizontal
or vertical decides the progression of the nest and final
nest looks quite linear in shape (Image 6). Completed
nest is partially visible.

3. Type 3 — Nests inside holes or cavities in the
wooden windows (Image 7). Completed nest is not
easily visible.

All three types of nests were found in close proximity
to each other. Types 1 and 3 nests were attributed
to Pison punctifrons by identifying the adult wasps
associated with these nests. Type 2 nests were attributed
to the same wasp on the basis of the pupal cases found
in the cells which were identical to the pupal cases found
in Types 1 and 2 nests. Individual cells of the Type 2 nest
were also similar to the cells of Types 1 and 3 nests.

Basic unit of the nest is a fragile barrel shaped 72 mm
thick mud cell, 9mm long with an external diameter of
5mm in the middle and 3mm at both the ends. Though
thisis generally true for Type 1 nests, Type 2 nests built in
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Image 2. Pison puntifrons Shuckard. Punctured pronotum and
mesoscutum.
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Image 3. Pison punctifrons Shuckard. Propodeum.
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Image 4. Left forewing venation of Pison punctifrons Shuckard.
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pre-existing narrow grooves were found to be of longer
length. For example, two Type 2 nests built in 4 x 4 mm
linear vertical groove in the wooden window were found
to be having longer cells. First nest (Type 2) contained
three cells of 12mm and one cell of 16mm (Image 6a,b).
Second nest (Type 2) had two cells of 122mm and one cell
of 16mm.

The substrate is not lined and thus becomes a part
of the cell. Any cracks in the substrate are repaired by
filling them with mud. Two adjoining cells built on the
original substrate are independent and do not share a
common partition wall. Cell construction begins from
the bottom of the barrel and ends at the top 3mm
opening which is closed immediately after provisioning
of the cell is completed and egg laid.

During the study period (2015-2020), 21 nests were
built in the study area. Details of these old inactive (and
also active nests under observation) were collected. Nest
type, substrate, height from the ground and number of
cells for each nest were recorded. Out of total 21 nests
10 were Type 2 (48%), eight Type 1 (38%), and three
Type 3 (14%). Substrate for the 11 nests was cement
plaster (52%), eight were built on wood (38%), and one
each on metal and glass putty (5% each). All nests were
located 1.2-3.35 m above the ground level. Frequency
distribution plot of number of cells vs number of nests is
presented in Figure 4.

While recording old nests in the study area, one
cluster of mud cells was found just inside a window
latch hole, 15mm diameter and 20mm deep, in the top
element of a wooden window frame. This was a Type 3
nest (Image 7). It contained a cluster of five mud cells.
Architecture of this partly hidden nest was discovered
by sequentially breaking the nest cells using a wooden
toothpick and separately collecting the contents of each
cell in a dish. Breaking sequence followed 5-4-3-2-1.
Pencil torch was used to illuminate the interior portion
of the cavity. Mental images formed during the process
were used to immediately draw the rough sketch
showing arrangement of the nest cells.

One intact pupa was found in each of the two
exterior cells (Cell 4 and 5). Three interior cells 1, 2, &
3, which were fully or partly blocked by the two exterior
cells returned perfectly formed but dead adult wasps,
one in each cell. Itis tentatively suggested that probably
these adult wasps could never find a passage to get out
of the cells because of the obstruction created by the
exterior cells.

Active nest observations
On 08 May 2020 at 13.15h a Pison punctifrons wasp
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Figure 4. Frequency distribution plot. Number of cells vs number of
nests.

was spotted at the nest, building the third cell of the nest.
This was a Type 1 nest. At 13.30h the cell was closed.
Before closing the nest, the wasp was seen inserting her
abdomen inside the cell as if pushing the contents to
make room for more spiders. But we soon realized that
the wasp actually deposited the egg, as soon after, mud
was brought and the opening was sealed. Immediately
after sealing the cell she began building the 4™ cell
from where she ended the last cell, i.e., from the end
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Image 6a. Pison punctifrons Shuckard nest. Type 2. Front view.

cap of the 3™ cell. Construction of the 4™ cell began
at 13.38h and the same was completed in 70 minutes.
The wasp made 18 trips to bring the mud pallets for this
cell. Nineteenth, the last visit to the nest was at 14.37h
for the final inspection before provisioning began. At
15.00h the first spider was brought to the cell. At 15.40h
we closed the field work for the day.

Next day on 09 May 2020, she continued provisioning
the same cell 4 and finally closed it at 13.34h. The egg
was most probably laid at 13.00h. Immediately after
closing cell 4, construction of cell 5 began. At 16.45h
when the field work ended for the day, cell number 5
was still under construction.

Next day on 10 May 2020 no activity was seen,
the wasp did not visit the nest. Rains followed a dust
storm at 11.45h. Fifth cell was still open and without
any spider. Weather remained cloudy for the rest of the
day and the wasp was never seen around the nest. Next
day on 11 May 2020, the wasp did not arrive at the nest
till 13.30h and assuming that no more cells would be
added, we collected the contents of the last sealed cell
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Image 6b. Same Pison punctifrons Shuckard nest. Type 2. Side view.

4 for examination leaving behind sealed cells 1, 2, & 3.
Empty cell 5 also needed to be removed for this. Wasps
from cells 1, 2, & 3 emerged on 06 June 2020. Wasp
from cell 3 was collected for identification.

The building process

Cell construction begins from the bottom of the
barrel. Having laid the base, wall of the barrel is raised
in multiple segments. The wasp precariously holds
the substrate or previously laid segment of the barrel
wall to raise it further by depositing and spreading wet
mud paste, brought in the shape of a pallet. The wasp
spends much time inside the cell while construction is in
progress and only occasionally visits the outer surface
for inspection. Inside of the cell is rendered smooth
while outside remains rough.

While building nest cell the wasp produces high
frequency sound by vibrating her wings. Recorded
sound frequencies ranged 4-11 kHz with maximum
amplitude at 6072 Hz.

Starr (2004) has described the nesting behaviour
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Image 7. Pison punctifrons Shuckard nest. Type 3.

of P. argentatum and also provided the photographs
of the nest. Type of free nests built by P. argentatum
are different in appearance from those built by Pison
punctifrons. Nests of the P. rugosum as illustrated by
Horne (1870) are also different in appearance.

OBSERVATIONS ABOUT THE PREY

Season | (03 September 2015-14 February 2016). The
wasp that was spotted on 03 September 2015 completed
and sealed four cells by 05 September 2015. After
completing the fifth cell, except the top opening, she
started bringing small spiders. It took her 10 minutes
to 45 minutes to bring one spider to the cell. At 19.30h
(on 05 Sep 2015) the wasp was seen resting in the cell,
head just protruding out of the cell. Next day on 06 Sep
2015 at 08.00h the wasp was still in the cell, in the same
position. At 22.30h also the cell was not yet sealed.
Next day on 07 September 2015 the wasp never visited
the cell and it remained open. On 01 October 2015 exit
holes were observed on two of the cells.

On 14 February 2016 the nest built by this wasp was
collected and its contents examined. It had five cells.
Three cells were empty with exit holes. One cell returned
an intact pupal case. Fifth, the last cell, the top most
one, was never sealed after provisioning. It contained
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Table 2. Contents of a cell of Pison punctifrons Shuckard

Family No of spiders
1 Dictynidae 1
2 Oxyopidae 2
3 Salticidae 1
4 Theridiidae 1
5 Thomisidae 4
6 Uloboridae 1
7 Unidentified 1
Total 11

eight spiders belonging to three families, Oxyopidae:
2, Salticidae: 6, and Theridiidae: 1. It appears that the
wasp never completed the provisioning of the last cell
nor deposited any egg.

Season Il (08 May 2020-11 May 2020)

Contents of the last sealed cell 4 were collected on
10 May 2020 for identification. This cell contained 11
small to very small spiders. Family identification of these
spiders is placed in Table 2. The wasp laid the egg dorso-
laterally on the abdomen of a crab spider (Thomisidae).
See box 8b of Image 8.

Thomisids, the crab spiders, build no webs. They
live on plants and foliage. Some species run swiftly and
pursue their prey while others wait in ambush inside
or underneath a flower to attack and catch the insects
visiting the flower for nectar. Salticids, the jumping
spiders also do not build webs and actively pursue
their prey on plants, foliage, logs, and other substrata.
Oxyopids are hunting spiders of the plant and they chase
their prey on grass and foliage. Most make little use of
webs. Dictynids are very small cribellate orb weavers
and make irregular snares in the foliage. Uloborids are
also cribellate spiders and make complete or partial orb
webs. Spiders of the family Theridiidae build irregular
space webs. Going by the number of spiders in a cell
from different families (Table 2), it appears that P
punctifrons mostly takes prey from those families that
build no webs. This is similar to the prey choices made
by P. argentatum as discovered by other workers (Starr
2004). However, a much larger prey database is required
to confirm the same.

CONCLUSION

Presence of a little known wasp Pison punctifrons
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Image 8. Prey contents of one cell of a nest of Pison punctifrons Shuckard, 1838.
Key to spider specimens in the index card image at bottom right: 1—Dictynidae | 2, 3—Oxyopidae | 4—Salticidae | 5—Theridiidae | 6, 7, 8, 9—

Thomisidae | 10—Uloboridae | 11—Unidentified.

All other magnified images are of the same specimens and share same family identification number. Few specimens have been photographed
twice from two different angles to facilitate identification. Such images are labelled 2a, 2b; 3a, 3b etc. © Aakash Singh Bais.

Shuckard in Noida, Uttar Pradesh is established.
The nearest historical record is from Mussoorie in
Uttarakhand which is about 225km to the north. This
historical record from Mussoorie is about 125 years old,
when Cameron described Pison striolatum in the year
1896 from Mussoorie (Cameron 1896). Pison striolatum
is presently considered to be a synonym of Pison
punctifrons. Other historical records of the species from
India are also equally old. The last published record for

India is for the year 1989 from Kerala (Sudheendrakumar
1989). Because of limited information available, present
status or distribution pattern of Pison punctifrons in
India is not fully understood.

This wasp builds free standing mud nests and also
utilizes pre-existing grooves and cavities. Number of
cells per nest vary from one to 16. We do not know what
type of nests are built by this wasp in the wild away from
the human settlements. Its choice of prey appears to be
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small spiders mostly from the families that do not build
webs; however, more work on prey choices is required
to fully understand the prey preferences of this wasp.
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Abstract: A field survey was conducted for three consecutive years, 2015-17 to assess the diversity of freshwater molluscs (Gastropoda
and Bivalvia) of the upper Brahmaputra Basin in Assam, India. Altogether, 18 gastropods and 27 bivalve species representing nine families
were recorded from 17 sampling stations comprising small to large tributaries and wetlands in the flood-plains covering a total geographical
area of approximately 3,500km?. A large fraction (15.55%) of the collected mollusc species are new records from the upper Brahmaputra
Basin of Assam. Rarity in the occurrence of freshwater mollusc was confirmed with singleton and doubleton species accounting for
6.66% and unique species accounting for 35.55% of the total species recorded. It was observed that most of the mollusc species of the
upper Brahmaputra Basin are either in the ‘Least Concern’ or ‘Data Deficient’ category of the IUCN Red List; except for Lymnaea ovalior
(Annandale & Prashad, 1921) and Sphaerium austeni Prashad, 1921 assessed as ‘Vulnerable’ and ‘Near Threatened’, respectively. A
significant trend in the diversity in terms of species richness and composition was observed across the sampling stations of the northern
basin and southern basin of the river Brahmaputra.

Keywords: Burhi-Dihing, Data Deficient, habitat heterogeneity, species richness, unique.

Editor: N.A. Aravind Madhyastha, ATREE, Bengaluru, India. Date of publication: 26 April 2021 (online & print)

Citation: Sonowal, J., M. Puzari & D. Kardong (2021). Diversity of freshwater molluscs from the upper Brahmaputra Basin, Assam, India. Journal of Threatened Taxa
13(5): 18237—-18246. https://doi.org/10.11609/jott.7144.13.5.18237-18246

Copyright: © Sonowal et al. 2021. Creative Commons Attribution 4.0 International License. JoTT allows unrestricted use, reproduction, and distribution of this
article in any medium by providing adequate credit to the author(s) and the source of publication.

Funding: a) DST (SERB), b) DST INSPIRE Programme, c) DST FIST sponsored Department of Life Sciences.
Competing interests: The authors declare no competing interests.

Author details: JyoTisH SONOWAL worked as DST INSPIRE fellow in the Department of Life Sciences under the guidance of Devid Kardong. At present he is working
as an assistant professor in the Centre for Studies in Biotechnology and Bioinformatics, Dibrugarh University. His area of interest is biochemistry, molecular
taxonomy and mollusc biology. MuNmI Puzari worked as the project fellow in the DST(SERB) project on freshwater mollusc in the upper Brahmaputra Basin of
Assam under the guidance of Devid Kardong. At present she is working as an assistant professor in N N Saikia College, Titabar, Assam. Her area of specialisation
is biochemistry, molecular taxonomy and mollusc biology. DEVID KARDONG is working as an associate professor in the department of Life Sciences Dibrugarh
University. He has more than 20 years of teaching and research experience. His area of specialisation is biochemistry and hydrobiology. He was the principal
investigator of the DST(SERB) project on freshwater mollusc in the upper Brahmaputra Basin of Assam.

Author contribution: All the authors have equal contributions in the present work.

Acknowledgements: The authors are thankful to DST-SERB and DST INSPIRE Programme for financial support, the ZSI, Kolkata for technical support and also DST-
FIST sponsored Department of Life Sciences, Dibrugarh University for providing the necessary facilities for carrying out this study.



mailto:jyotish194@gmail.com
mailto:munmi.du@gmail.com
mailto:kardongdevid@dibru.ac.in
https://orcid.org/0000-0001-5971-3775
https://orcid.org/0000-0003-1275-1410
https://orcid.org/0000-0002-4016-4689
https://doi.org/10.11609/jott.7144.13.5.18237-18246
https://doi.org/10.11609/jott.7144.13.5.18237-18246
https://creativecommons.org/licenses/by/4.0/

Freshwater molluscs of upper Brahmaputra Basin

INTRODUCTION

Freshwater molluscs are one of the most widely
distributed groups of aquatic macroinvertebrates,
considered an emerging wealth of the freshwater bodies
(Elder & Collins 1991; Maltchik et al. 2010), and play
a pivotal role in the health of the aquatic ecosystems
(Fenchel & Kofoed 1976; Bertness 1984; Peterson &
Black 1987; Kay 1995; Stewart et al. 1998; Strayer et
al. 1999; Gutierrez et al. 2003; Vaughan et al. 2004;
Lydeard et al. 2004; Budha et al. 2010). Freshwater
molluscs (Gastropoda and Bivalvia) are distributed in
the freshwater bodies throughout the globe except
Antarctica (Schiaparelli et al. 2014). Apart from their
role in the ecosystem, people across the globe exploit
several species of freshwater molluscs as food, medicine,
ornament, and in the craft industry (Wood & Wells 1995;
Sonowal & Kardong 2020). Freshwater molluscs are also
used as bio-monitoring agents in the aquatic ecosystem
and in integrated fish farming (Sicuro 2015). Most of the
information on the status and distribution of Indo-tropical
freshwater molluscs is based on the studies in the eastern
Himalaya (Budha et al. 2010); the Western Ghats (Aravind
etal.2011), and the Indo-Burma region (Kohler et al. 2012)
especially in the Mekong River basin covering the nations
comprising Vietnam, L