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The Sally Walker Conservation Fund

An appeal for support
https://zooreach.org/sally-walker-conservation-fund/

Wildlife’s Wonder Woman

Sally Walker spent 40 years of her life volunteering for wildlife conservation and better
zoo management; most of that time living in India and working selflessly for the cause.

She initiated and established several key actions and contributed immensely to the
objectives of conservation. In honour of her innumerable and tremendous service

to zoos, wildlife, India, South Asia, and the world, we announce the Sally Walker
Conservation Fund at Zoo Outreach Organization to continue key areas of her interest.

We seek your support and contribution to keep her dreams alive and to continue the
long-standing commitments she made for the cause of wildlife conservation and zoos.

Here are the key areas where your financial contributions will impact:

In situ & ex situ

(i) The Sally Walker Lifetime Award for Conservation (in situ &/or ex situ).

(if) The Sally Walker Training Programme in Conservation Biology and Application.
(iii) Communicating Science for Conservation through Zoo’s Print and through
innovative education programs.

Ex situ

(iv) Recognize zoos in South Asia that excel in zoo education.

(v) Support zoos in India through active training and exposure tours to zoo personnel.
(vi) Plan and support long-term conservation breeding programmes in South Asian
Z00s.

In situ

(vii) Promote Conservation Engineering for building holistic conservation efforts.
(viii) Assess, plan, and act for wildlife conservation.

(ix) Small Grants for the conservation of lesser-known species and habitats.

Visit https://zooreach.org/sally-walker-conservation-fund/ and donate generously.
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COMPLEMENTARY BAT (MAMMALIA: CHIROPTERA) SURVEY
TECHNIQUES UNCOVER TWO NEW COUNTRY RECORDS FOR NIGERIA
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Abstract: Knowledge of the bat fauna in Nigeria is limited due to use of outdated collection techniques, and infrequent sampling effort.
To advance knowledge of bat diversity in the country, a survey of bats from three localities:—Emu, Okomu National Park (ONP), and
Ososo—in southern Nigeria was conducted using mist nets set at canopy and at ground level from February—-September 2011. During
28 capture nights involving a total of 202.7 mist net/nights, 239 individuals belonging to 27 bat species in eight families (Emballonuridae,
Hipposideridae, Megadermatidae, Molossidae, Nycteridae, Pteropodidae, Rhinolophidae, and Vespertilionidae) were recorded. A total
of 130, 64, 45 individuals of 8, 13 and 11 species were recorded from Emu, Okomu, and Ososo, respectively. Two new country records,
Casinycteris campomaanensis and Chaerephon aloysiisabaudiae, both collected from Okomu National Park, are reported for Nigeria.
Whereas the former species was collected in a canopy high stacked mist net setup, the latter was collected in a ground level mist net,
demonstrating the value of employing contemporary and complementary sampling techniques especially in such understudied regions
of Africa.
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Complementary bat survey techniques uncover two new country records for Nigeria

INTRODUCTION

Africa holds over a fifth of the global diversity of
1,411 bat species (Simmons & Cirranello 2019), but
many countries on the continent remain relatively
under-surveyed. A recent species distribution model of
bats across Africa detected a huge Wallacean shortfall—
limited occurrence data primarily due to inadequate
sampling (Herkt et al. 2016). To effectively document
bat species occurrence and distribution patterns,
intensive sampling across multiple localities and habitat
types have been suggested (Fahr & Kalko 2011). Over
90% of bat captures in Nigeria were reported prior to
the 1980s, showing limited sampling effort in the last
four decades (I. Tanshi unpubl. data). Similar reports
of limited surveys in recent decades are known from
other countries in Africa (Bates et al. 2013; Kangoyé et
al. 2015).

Beyond sampling effort, limited knowledge of the
fauna in Nigeria is due to inadequate capture techniques
employed in previous studies. Elsewhere in the tropics,
improvement and implementation of contemporary
capture techniques has led to an increase in species
discoveries and new distributional records (Francis
1989; Kingston 2010). Employing appropriate sampling
techniques in bat surveys is important for local checklists
because different trapping methods are optimized for
each of the three major bat foraging groups: clutter,
edge and aerial, including pteropodids (Kingston 2016).
Therefore, inventory completeness relies on appropriate,
contemporary and complementary sampling techniques
(Meyer et al. 2011). In Nigeria, most bats have been
collected by employing inappropriate methods, such as
shotguns that are ineffective relative to contemporary
techniques like mist nets (Bradley & Dowler 2019) in
providing a true insight into a country’s bat diversity.

The largest diversity hotspot for bats in Africa is
predicted to occur on the easternmost part of the
Guinean Forests of West Africa (GFWA) (Herkt et al.
2016). The GFWA is comprised of two blocks — Upper
and Lower GFWA, which are separated by the Dahomey
gap (Bakarr et al. 2004). Furthermore, the Lower GFWA
spans eastern Benin Republic, through southern Nigeria
to southwestern Cameroon, with Nigeria holding the
largest portion of this forest block. In southern Nigeria
the two largest ecoregions are the Nigerian lowland
forests and Guinean forest-savanna mosaic. This Guinea
savanna area, a heterogeneous transition between forest
and savanna, has been demonstrated as a center for
high bat diversity in Africa (Fahr & Kalko 2011), making it
an important target for bat surveys. Moreover, Nigeria

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14788-14801

Tanshi et al.

holds 12 terrestrial ecoregions, making it the most
ecologically diverse country in western Africa (Olson et
al. 2001). Despite being ecologically diverse, the bat
fauna of ecoregions across Nigeria is poorly understood,
primarily due to limited sampling efforts and the use of
outdated sampling techniques.

To improve knowledge of the bat fauna in Nigeria,
bat surveys were conducted at three localities across
two ecoregions using mist nets installed at ground and
canopy level. We report new records for Okomu National
Park (ONP) and Nigeria. This is the first study to employ
a contemporary survey technique (stacked canopy nets),
complemented by ground mist netting in Nigeria.

MATERIALS AND METHODS

Study localities

Three localities were surveyed, Emu, Okomu National
Park (ONP), and Ososo (Figure 1), all within Edo State,
a landlocked area in southern Nigeria. The Nigerian
National Park Service granted permission to conduct
surveys in ONP. Community members and individual
land owners granted permission for surveys in Emu and
Ososo. Vegetation in the state spans lowland rainforest
to the south and Guinea savanna to its northern most
point. At each locality, bat trapping was conducted at
two sites. Sites were selected to represent different
vegetation structures or presence of water, in order to
capture variability within localities.

Site description
Emu Village

This is a predominantly agricultural landscape with
patches of regenerating or degraded forest and farm/
bushland fallows. Although on the edge of the lowland
forest zone, large scale clearings for farmlands together
with the use of fire to clear ground for agriculture have
led to the development of a savanna-like landscape. The
presence of single-standing tall rainforest tree species,
however, indicates a historic lowland forest vegetation
in the area.

Site Al: Lat/long (6.558, 6.470): The dominant
rainforest tree was Irvingia gabonensis, harvested for its
edible fruits and nuts, this tree is often left untouched
during forest clearing for farming. Other trees include
Hevea brasiliensis (rubber) and Bambusa sp. (bamboo)
in addition to Musa sp. (banana) and several unidentified
grass species.

Site A2: Lat/long (6.559, 6.476): This site was a hilltop
with a few tall trees and shrubs interspersed by grasses.
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Figure 1. Study localities. Insert: Nigeria, showing spatial extent of surveyed sites.

Okomu National Park

ONP lies 45km west of Benin City adjacent to the
larger Okomu Forest Reserve where timber is selectively
logged. Annual rainfall ranges 1,524-2,540 mm (Aremu
et al. 2012). It falls within the Nigerian Lowland Forest
ecoregion (Olson et al. 2001), which is part of the Lower
Guinean Forest (Bakarr et al. 2004). Previously known
as Okomu Wildlife Sanctuary, ONP is the smallest of the
seven national parks in the country with an approximate
size of 181km?. It, however, holds one of the country’s
last remaining stands of mature lowland forest west
of the river Niger. The park is protected for its unique
wildlife including the endangered Cercopithecus
erythrogaster (White-throated Monkey).

Site C1: Lat/long (6.340, 5.345): This site is a seasonal
lake (Lake 54), with the dominant tree being Ceiba
pentadra (Silk cotton tree). During the rainy season,
the lake overflows, but is dry in the dry season, during
which the lake bed is covered by forbs, tree saplings and
grasses, growing up to 0.5m height.

Site C2: Lat/long (6.345, 5.358): This site is just by a
vehicle track, next to the park generator house. With

14790

the exception of a single individual of Tectona sp. the
vegetation is closed forest.

Ososo Town

Characteristic of the Guinean forest-savanna mosaic,
this is a transition zone between forest to the south and
Sahel savanna to the north. The landscape is a wooded
savanna vegetation, gallery forests, bare rock surfaces
and farms. The terrain is hilly with a network of cave-like
habitats formed from granitic boulders. The village is set
within the valley of the surrounding Ososo Hills, some of
which still hold patches of native vegetation, fragmented
by farmland on gentle slopes and at the foot of hills.

Site B1: Lat/long (7.410, 6.244): This site is a fallow
farmland vegetation with the dominant tree being few
Parkia biglobosa surrounded by grasses.

Site B2: Lat/long (7.414, 6.240): This site is a hilltop,
forested with dense understory clutter. In addition to
Parkia biglobosa, other dominant trees were Cola nitida
(cola nut).

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14788-14801
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Bat capturing

Bats were captured bimonthly in two 100m? plots
(sites) per locality between February—September 2011
using 12 x 3 m mist nets with four or five shelves, 16mm
mesh, 2 x 70 denier netting. Each sampling plot included
eight ground nets and one canopy net. Ground nets were
erected using bamboo poles with the lowest point of
each net reaching the forest floor or grass layer. Canopy
nets comprised of three or four mist nets stacked one
above the other and attached to a rope pulley system,
which was hoisted between two trees. Canopy net
height varied depending on the height of trees at a given
plot. Capture efforts varied between localities (Table 1).

Bats were captured between 18.30-06.00 h, and
nets checked regularly throughout the night. Bats were
retrieved from nets and placed in individual holding
bags prior to processing. Routine biometric data were
collected from each individual; forearm length (mm)
using a Vernier caliper 0.05 precision, body mass (g)
using a Pesola spring scale, sex, age and reproductive
status (Brunet-Rossinni & Wilkinson 2009; Racey 2009).
Identified individuals were released immediately after
measurements. We followed Hayman & Hill (1971) and
Rosevear (1965) in the identification of captured bats.
Handling of captured animals followed Gannon & Sikes
(2007). Taxonomy followed Simmons (2005) and where
required, supported, by recent revisions. Voucher
specimens were collected for all bat species. Skull
extraction and measurements used in identification
and confirmation of field IDs was performed by Jakob
Fahr prior to deposition at the Professor A.B.M. Egbhorge
Museum of the University of Benin City. A handheld
GPS (Garmin Etrex) was used to obtain geographical
coordinates of sample plots.

RESULTS

We report two new country records Casinycteris
campomaanensis and Chaerephon aloysiisabaudiae.
A total of 239 individuals belonging to 27 species
and eight families (Emballonuridae, Hipposideridae,
Megadermatidae, Molossidae, Nycteridae,
Pteropodidae, Rhinolophidae and Vespertillionidae)
were recorded from the three localities (Table 1). Of
the 27 species, 11 were fruit bats belonging to the
single family Pteropodidae with 189 individuals, while
16 were insectivorous bats belonging to seven families
of which a total of 50 individuals were captured. Each
locality had a unique species composition with only two
species (Eidolon helvum and Micropteropus pusillus)
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shared between Ososo and Emu, while three species
(Epomops franqueti, Megaloglossus woermanni and
Mops condylurus) were shared between Emu and
Okomu. Table 2 displays forearm length and body mass
of species captured during the survey.

Species accounts

New records and material (voucher specimens) are
presented, and previous localities for captured species
were extracted from published literature. The current
IUCN Red List category for each species is also provided
(IUCN 2019). Where available, noteworthy ecological or
taxonomic details are discussed under notes.

Pteropodidae

Eidolon helvum (Kerr, 1792)

Near Threatened

New records: Emu and Ososo.

Previous records from Nigeria: Yola (Dollman 1908),
Panyam (Thomas 1911), Abuehi, Asaba and Gombi
(Andersen 1912), Lagos Island (Boulger & Porterfield
1958), University of lle Ife (Halstead 1977; Okon 1974;
Ogunbiyi & Okon 1976; Caxton-Martins 1977; Okon
1980; Aladetuyi 1984; Cole & Marquis 1985; Okon &
Ogunbiyi 1997; Nwoha 2000; Agboola et al. 2003; Oke
2004), Abuja (Monath et al. 1974), ljan Ekiti, lyin Ekiti,
Idanre, Oyo, Okitipukpa (Funmilayo 1978), lIbadan
(Funmilayo 1978; Happold & Happold 1978b), Otari
and Buguma (Angelici et al. 2000), northern Nigeria
(Dzikwi et al. 2010), Oshogbo and New Bussa (Happold
& Happold 1978b). The closest reported locality is near
Benin by Rosevear (1953).

Epomops franqueti (Tomes, 1860)

Least Concern

New records: Emu and Okomu National Park (Image
1).

New material: Two individuals were collected from
Emu Village (F-N° 62, 73).

Previous records from Nigeria: Old Calabar (Thomas
1880), Asaba (Andersen 1912; Rosevear 1965),
Abonuema, Lagos, Oban (Andersen 1912), Umuahia
(Rosevear 1965), Ibadan (Caxton-Martins 1977; Happold
& Happold 1978b; Bergmans 1982), Olokomeji Forest
Reserve, Nikrowa, Sapoba Forest Reserve, Igbo-Oloyin,
Omo Forest Reserve (Happold & Happold 1978b),
Agege, Calabar, Ife, Odukpani (Bergmans 1982), Leinde
Fadali (Hutterer et al. 1992), Otari, Buguma, Orashi
and Peterside (Angelici et al. 2000), northern Nigeria
(Odebiyi et al. 2004).

Notes: This is a new record for Okomu National Park.
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Table 1. Capture effort and the number of individuals of the 27 bat species captured from the three survey localities

Emu Okomu Ososo
Al | A2 C1 | c2 B1 | B2 Total
Canopy mist net/nights
27.4 | 5 | 8 | 17.3 | 22 | 1.5 | 81.2
Ground mist net/nights
Family/Species 425 - 34 20 25 - 1215
Eidolon helvum 19 2 7 28
Epomophorus gambianus - - 1 1
Epomops franqueti 17 1 4 22
Hypsignathus monstrosus - - 3 3
Myonycteris angolensis smithii - - 4 3 7
Pteropodidae Megaloglossus cf. woermanni 1 1 9 1 12
Micropteropus pusillus 51 4 15 70
Myonycteris leptodon 29 3 32
Rousettus aegyptiacus 7 1 8
Casinycteris campomaanensis 1 1
Scotonycteris cf. zenkeri 4 1 5
Hipposideridae Hipposideros cf. ruber 1 1
Rhinolophidae Rhinolophus aff. darlingi 2 2
Megadermatidae Lavia frons 1 1
Nycteris arge 1 1
Nycteridae Nycteris grandis 2 2
Nycteris macrotis 1 1
Glauconycteris beatrix 1 1
Mimetillus moloneyi 1 1
Vespertilionidae Scotophilus dinganii 1 1
Scotophilus leucogaster 2 2
Scotophilus nigrita 1 1
Chaerephon aloysiisabaudiae 2 2
Molossidae Chaerephon pumilus 1 1
Mops condylurus 30 1 31
Saccolaimus peli 1 1
Emballonuridae
Taphozous nudiventris 1 1
Epomophorus gambianus (Ogilby, 1835) Hypsignathus monstrosus Allen, 1862
Least Concern Least Concern
New record: Ososo (Image 2). New record: Okomu National Park.
Previous records from Nigeria: Benin, Gombe New material: One individual was collected from
(Andersen, 1912), Kabwir (Thomas 1912), Jebba  Okomu NP (F-N° 209).

(Andersen 1912; Brae strup 1933), Nupeko (Monath et
al. 1974), Otari, Buguma, Orashi and Peterside (Angelici
et al. 2000), northern Nigeria (Dzikwi et al. 2010), near
Jebba (Rosevear 1953), Ibadan, Shaffini, Ejigbo, Upper
Ogun Game Reserve, Borgu Game Reserve (Oli river),
Shagunu (Happold & Happold 1978b).
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Previous records from Nigeria: Old Calabar (Murray
1862; Andersen 1912), Kwa and Oban (Andersen 1912),
Ibadan and Topo Island (Happold & Happold 1978b),
Buguma and Orashi (Angelici et al. 2000), Calabar
(Lameed & Ayodele 2008). The closest reported locality
is Benin (Rosevear 1953).
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Image 1. Epomops franqueti (Tomes, 1860).

Notes: This is a new record for Okomu National Park.

Megaloglossus cf. woermanni Pagenstecher, 1885

Least Concern

New records: Emu village and Okomu NP.

Previous records from Nigeria: Okomu National
Park (Nikrowa), Shasha Forest Reserve, Gambari Forest
Reserve, Sapoba Forest Reserve, Ibadan - International
Institute for Tropical Agriculture (Happold & Happold
1978), southeastern Nigeria (Luiselli & Angelici 1998),
Orashi and Peterside (Angelici et al. 2000).

Notes: Based on molecular data, Nesi et al. (2013)
separated eastern populations of Megaloglossus from
western African ones, and the taxonomic status of
specimens Nigeria remain unresolved. Therefore, the
status of our collection remains unclear.

Micropteropus pusillus (Peters, 1868)

Least Concern

New record: Emu village (Image 3).

New material: One individual was collected from
Ososo (F-N° 58).

Previous records from Nigeria: Nupeko (Monath et
al. 1974), Borgu Game Reserve (Oli river), Shaffini, Egbe,
Olokomeji Forest Reserve, Upper Ogun Game Reserve,
Ibadan (Happold & Happold 1978b), Calabar (Lameed
& Ayodele 2008), northern Nigeria (Dzikwi et al. 2010).

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14788-14801

Tanshi et al.

© Stefan Pettersson

Image 2. Epomophorus gambianus (Ogilby, 1835) with pup.

Rosevear 1953 lists the species, but no specific localities
are provided.

Myonycteris angolensis smithii (Bocage, 1898)

Least Concern

New record: Ososo Town.

New material: One specimen was collected from
Ososo Town (F-N° 174)

Previous records from Nigeria: Ipole near lllesha
(Happold & Happold 1978b), Filele (GBIF 2018), Idere
(HZM), Igbo-Ora (GBIF 2018), Obudu (BM), Odukpani
(GBIF 2018), Sapoba, Kagoro (Happold 1987), and Leinde
Fadali (Hutterer et al. 1992).

Notes: We follow the suggestion of Nesi et al. (2013)
to treat the taxon as a subspecies, with populations in
western Nigeria now referred to M. a. smithii.
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Image 3. Micropteropus pusillus (Peters, 1868).

Myonycteris leptodon Dobson, 1878

Least Concern

New record: Okomu National Park.

New material: Three specimens were collected from
Okomu NP (F-N° 98, 104, 120).

Previous records from Nigeria: Ibadan (Bergmans
1976) and Sapoba FR (Happold 1987).

Notes: This is a new record for Okomu National
Park. Specimens from both localities were previously
identified as M. torquata. Specimens west of the river
Niger, however, have been assigned to M. leptodon that
was recently elevated to species rank, with M. torquata
now restricted to localities east of the river (Nesi et al.
2013).

Rousettus aegyptiacus (Geoffrey, 1810)

Least Concern

New record: Ososo Town (Image 4).

Previous records from Nigeria: Oban (Rosevear
1965), Jos, Kagaro and Kano (Bergmans 1994), Otari,
Orashi and Peterside (Angelici et al. 2000).

Casinycteris campomaanensis Hassanin, 2014

Data Deficient

New record: Okomu National Park (Image 5).

New material: One sexually immature individual was
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Image 4. Rousettus aegyptiacus (Geoffrey 1810).

collected from Okomu NP (F-N° 103).

Previous localities: The species is not previously
known from Nigeria.

Notes: This individual was captured in a ground
net at about 1.2m from ground level, and close to a
dry seasonal lake. This specimen represents the first
record of the species for the country. The species was
only recently described from a specimen caught in 2007
from its type locality - Village of Nkoe'lon-Mvini, Campo-
Ma’an area, South Region, Cameroon (Hassanin 2014).
The current specimen is only the second collection
known for the species and is deposited in the personal
collection of Jakob Fahr, awaiting transfer to the Prof.
A.BM. Egborge Zoological Museum, University of Benin,
Benin City.

Scotonycteris cf. zenkeri Matschie, 1894

Unassessed

New record: Okomu National Park (Image 6).

New material: One individual was collected at Okomu
NP (F-N° 102).

Previous localities: Gambari, Oban, Omo Forest
Reserve, Shasha and Sapoba Forest Reserves (Happold
& Happold 1978b), Orashi and Peterside (Angelici et al.
2000).

Notes: Based on molecular data, this cryptic
species complex was recently resolved across the
Guineo-Congolian forest range, but specimens from
southwestern Nigeria remain unassessed (Hassanin et al.
2015). Therefore, pending the taxonomic resolution of
specimens from southwestern Nigerian, the taxonomic
status of our specimen remains unclear and awaits
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Image 5. Casinycteris campomaanensis Hassanin, 2014, a new
record for Nigeria.

molecular analysis. Scotonycteris zenkeri is suggested to
occur in Okomu National Park (Anonymous, Okomu NP
mammal list). This specimen confirms the presence of a
Scotonycteris sp. in the park.

Rhinolophidae

Rhinolophus aff. darlingi Andersen, 1905

Least Concern

New record: Ososo.

New material: Two individuals were collected at
Ososo (F-N° 90, 175).

Previous localities: Kagoro (Hill etal. 1988), specimens
reported for Chappal Waddi, Gangirwal as R. simulator
by Hutterer et al. (1992) have been reidentified by Jakob
Fahr (unpubl. data, January 2014).

Hipposideridae

Hipposideros cf. ruber (Noack, 1893)

Least Concern

New records: Ososo.

New material: One individual was collected from
Ososo (F-N° 89).

Previous localities: Umuahia (Cozens & Marchant
1952), Calabar, Ibadan, Kagoro, Kamuku Game Reserve,
Naraguta Forest Reserve, Yankari Game Reserve
(Happold 1987), Chappal Waddi, Gangirwal, (Hutterer et
al. 1992).

Notes: Based on molecular analysis supported by
echolocation data, Vallo et al. (2008) and Monadjem et
al. (2013) demonstrated that H. cf. ruber contained at
least eight lineages. As no specimens were examined

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14788-14801

Tanshi et al.

Image 6. Scotonycteris cf. zenkeri Matschie, 1894.

from Nigeria by both of these studies, the taxonomic
status of our specimen remains unclear. Similarly, the
taxonomic status of other specimens reported from
previous localities in Nigeria remain unclear. Based on
echolocation data obtained from specimens collected
recently in southeastern Nigeria (I. Tanshi unpubl. data),
specimens from the country may belong to C1 and E1
lineages after Monadjem et al. (2013).

Emballonuridae

Saccolaimus peli (Temminck, 1853)

Least Concern

New records: Okomu National Park

New material: One individual was collected from
Okomu NP (F-N° 105).

Previous localities: Lagos (Rosevear 1953) as
Taphozous peli, Oban (Happold 1987) as Taphozous peli,
Orashi (Angelici et al. 2000).

Notes: This is a new record for Okomu National Park.

Taphozous nudiventris Cretzschmar, 1830

Least Concern

New records: Ososo.

New material: One specimen was collected from
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Table 2. Forearm length and body mass of 27 bat species captured during the survey. Values represent mean, range, standard deviation, and count.

Family

Species

Forearm (mm)

Body mass (g)

Pteropodidae

Eidolon helvum

118.43,96.2-131,8.7,28

242.96,135-380,55.1,28

Epomophorus gambianus

86.9,1

148,1

Epomops franqueti

87.08,77-96.4,4.7,22

101.05,68-143,22.3,22

Hypsignathus monstrosus

112.87,106.1-122.2,8.4,3

148.33,102-182,41.5,3

Myonycteris angolensis smithii

50.36,37.6-58,3.3,70

25.21,13-47,6.1,71

Megaloglossus cf. woermanni

73.31,69.8-78.1,3.2,7

61.71,54-72,6.2,7

Micropteropus pusillus

41.97,39.8-44.3,1.4,12

16.08,11-26,4.5,12

Myonycteris leptodon

58.5,51.1-64.6,3.5,33

35.63,20-47,7.1,33

Rousettus aegyptiacus

93.54,80.3-101.8,7.5,8

135.25,85-166,32.1,8

Casinycteris campomaanensis 67.8,1

36,1

Scotonycteris cf. zenkeri 51.58,48.8-55,2.4,5

24.6,19-35,6.4,5

Hipposideridae Hipposideros cf. ruber 51.1,1

12,1

Rhinolophidae Rhinolophus aff. darlingi

47.55,47.3-47.8,0.4,2

12.5,12-13,0.7,2

Megadermatidae Lavia frons 54.2,1 22,1
Nycteris arge 38.6,1 8,1
Nycteridae Nycteris grandis 62.8,61.5-64.1,1.8,2 32.5,31-34,2.1,2
Nycteris macrotis 49.9,1 15,1
Glauconycteris spp. 37.2,1 6,1
Mimetillus moloneyi 28.4,1 8.5,1
Vespertilionidae Scotophilus dinganii 56.6,1 23,1

Scotophilus leucogaster 52.9,52-53.8,1.3,2

19.5,18-21,2.1,2

Scotophilus nigrita 89.2,1 79,1
Chaerephon aloysiisabaudiae 51.3,51.3-51.3,0,2 25,25-25,0,2
Molossidae Chaerephon pumilus 35.6,1 9,1

Mops condylurus 48.5,45.9-51,1.3,31

23.03,18-35,4.5,31

Saccolaimus peli 88.4,1

90,1

Emballonuridae
Taphozous nudiventris 71.3,1

44,1

Ososo (F-N° 94)
Previous localities: Gomlar, Kabwir (Rosevear 1965),
Wase Rock (Dunger 1965).

Nycteridae

Nycteris arge Thomas, 1903

Least Concern

New records: Okomu National Park.

New material: One individual was collected from
Okomu NP (F-N° 96).

Previous localities: Akpada, Afon, Kudu (Happold
1987), Orashi (Angelici et al. 2000) Umuahia (Cozens
& Marchant 1952), Akpaka Forest Reserve (Bergmans
1977), Calabar (Lameed & Ayodele 2008).

Notes: Unpublished records suggest that this species
occurs in Oban (ACR 2017), Nikrowa Forest Reserve
(GBIF 2018), Okomu Forest Reserve (GBIF 2018).

Nycteris macrotis Dobson 1876

Least Concern

New records: Ososo (Image 7).

New records: One individual was collected from
Ososo (F-N° 55).

Previous localities: Umuahia (Cozens & Marchant
1952), Nasarawa (Rosevear 1965), Akpaka Forest
Reserve, Dada, Fanisau (Happold 1987), Shaguna
(Bergmans 1977).

Nycteris grandis Peters, 1865

Least Concern

New records : Okomu National Park (Image 8).

New material: Two individuals were collected from
Okomu NP (F-N° 241, 243).

Previous localities: Calabar (Thomas 1880), Kagoro,
Nikrowa, (Bergmans 1977; Happold 1987).
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Image 7. Nycteris macrotis Dobson, 1876.

[CRI{ICRELM

Image 8. Nycteris grandis Peters, 1865.
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Notes: Nikrowa refers to a village near Okomu
National Park. A section of the park is also referred to as
Nikrowa by the park rangers. Thus, it is unclear whether
the previous record for Nikrowa falls within Okomu NP in
the absence of geographical coordinates for this record.

Megadermatidae

Lavia frons (Geoffroy, 1810)

Least Concern

New record: Okomu National Park.

New material: One individual was collected from
Okomu NP (F-N° 118).

Previous localities: Yola (Dollman 1908), llorin
(Rosevear 1953), Pandam (Bergmans 1977), Dikwa, Kainji
Lake National Park, Malamfatori, Shaguna (Happold
1987). Omo Forest Reserve is not listed here as a previous
locality, because the only known report of the species
from that forest represents an incorrect identification (1.
Tanshi, pers. obs.) and reported on a bogus species list
(Tanshi, 2019).

Vespertilionidae

Glauconycteris beatrix Thomas, 1901

Least Concern

New records: Okomu National Park.

New material: One specimen was collected from
Okomu NP (F-N° 240).

Previous localities: The specimen is suspected to
be G. beatrix, which is listed for Okomu Forest Reserve
(Happold 1987). Rosevear (1953) includes Chalinolobus
beatrix, but no localities are listed.

Mimetillus moloneyi (Thomas, 1891)

Least Concern

New record: Emu (Image 9).

New material: One individual was collected from Emu
(F-N° 122).

Previous localities: Lagos as Vesperugo moloneyi
(Thomas, 1891), as Eptesicus moloneyi reported for Lagos
(Rosevear 1953; Happold 1987).

Scotophilus leucogaster (Cretzschmar, 1830)

Least Concern

New record: Emu.

New materials: Two individuals were collected from
Emu (F-N° 1, 16)

Previously localities: Fika (Happold 1987), Pandam
Game Reserve (Bergmans 1977), Maiduguri (Harrison &
Brownlow 1978), Bichi, Ibadan, lllorin, Kaduna, Kainji Lake
National Park, Kamuku Game Reserve, Mokwa, Panyam,
Samaru, Yankari Game Reserve, Zaria (Happold 1987).
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Image 9. Mimetillus moloneyi (Thomas, 1891).

Scotophilus dinganii (Smith, 1833)

Least Concern

New record: Ososo.

New material: One individual was collected from
0Ososo (F-N° 176).

Previous localities: Zaria (Happold 1987), Agege,
Darazo, Ibadan, Ife, Jos, Pandam Game Reserve
(Bergmans 1977), Kainji Lake National Park, Kamuku
Game Reserve, Lagos, Panyam and Shagunu (Happold
1987).

Molossidae

Chaerephon aloysiisabaudiae (Festa, 1907)

Least Concern

New record: Okomu National Park (Image 10).

New material: Two individuals were collected from
Okomu NP (F-N° 97, 101).

Previous localities: The species is not previously
known from Nigeria.

Notes: This is the first record for the country. Both
specimens were caught in canopy nets over a dry
seasonal lake (often flooded in the rainy season). One
was a lactating female. It is unsurprising that the
species occurs in Nigeria, as it is previously known from
countries to the east (Cameroon) and west (Ghana).
Other countries include Cote d’lvoire, Gabon, Central
African Republic, Democratic Republic of Congo, Sudan,
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Image 10. Chaerephon aloysiisabaudiae (Festa, 1907), a new record
for Nigeria.

and Uganda (Fahr 2013).

Chaerephon pumilus (Cetzschmar, 1830)

Least Concern

New record: Emu.

New material: One individual was collected from Emu.

Previous localities: Yola as Chaerephon websteri
(Dollman 1908) Tadarida websteri (Rosevear 1953),
Maiduguri (Harrison 1958), Pandam, Zawan as T
gambiana (Bergmans 1977), Ogbunike cave (Gugnani
et al. 1994), Nguru as T. gambiana (Lekunze et al. 2001)
Calabar as T. pumila (Lameed & Ayodele 2008)

Notes: T. gambiana was treated as a junior synonym
of Mops pumilus by Hayman & Hill (1971).

Mops condylurus (Smith, 1833)

Least Concern

New records: Emu and Okomu National Park.

New material: Four individuals were collected from
Emu (F-N°9, 23 and 29) and Okomu NP (F-N° 100)

Previous localities: Umuahia (Cozens & Marchant
1952), Lagos (Rosevear 1953) as Tadarida angolensis,
Aguleri, Ajaokuta Forest Reserve, Asaba, Enugu, Igbetti,
Lokoja, Oyo, Shagunu, Yankari Game Reserve, Zungeru
(Happold 1987), Okene, Ajaokuta Forest Reserve, Lokoja,
Shaguna (Bergmans 1977), Calabar (Lameed & Ayodele
2008).
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Notes: This is a new record for Okomu National Park.
DISCUSSION AND CONCLUSION

This study recorded 239 individuals of 27 bat species
belonging to eight families. Of the three sampled
localities, only ONP had been previously reported
in the literature (Happold 1987), making these first
locality records for Emu and Ososo. In addition, at
ONP nine species were first time records. Of these, five
species (Chaerephon aloysiisabaudiae, Hypsignathus
monstrosus, Lavia frons, Mops condylurus, and
Saccolaimus peli), all of which are known edge bats or
known to forage in the forest canopy, were collected
exclusively in canopy net installations. Thus, a survey
based on only ground mist nets will likely miss these
species, demonstrating the value of complementary
capture techniques. Furthermore, the new park records
areimportant because ONP is the last remaining federally
protected area holding mature secondary forest west
of the river Niger in southern Nigeria. Unlike state-
protected forest and game reserves, federal protection
for national parks allows paramilitary trained ranger
patrols that minimize poaching and encroachment.
Recognized as part of the Key Biodiversity Areas (KBA)
network, this park is home to some endemic species like
the white throated monkey Cercopithecus erythrogaster
and the site of recent records (across taxa) new to the
country and science. It is therefore not surprising that
the new country records reported from this survey were
both collected at ONP.

Our capture results are similar to findings of other
comparable surveys reported elsewhere in West Africa
(Decher et al. 2015; Fahr & Ebigbo 2003). Decher et al.
(2015) reported 312 individuals of 26 species belonging
to eight families, whereas Fahr & Ebigbo (2003) reported
276 bats of 21 species belonging to six families. On the
other hand, surveys with fewer captures report fewer
bat species (Angelici et al. 2000; Decher & Fahr 2007;
Monadjem, Fahr & Allee 2007; Denys et al. 2013).
Surveys with higher sampling effort, however, report
greater number of species (Fahr & Kalko 2011; Monadjem
et al. 2016). Both studies in West Africa that reported
higher species richness than the current study employed
complementary and contemporary capture techniques
(harp traps, canopy and ground mist nets and roost
search) over a longer time span. Given the differential
detectability of different bat ensembles, this disparity in
our captures versus previous reports demonstrates the
value of employing diverse capture techniques in bat
survey, supporting previous recommendations (Meyer
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etal. 2011).

In conclusion, our survey improves knowledge of
species distribution in this poorly studied part of Africa,
by filling geographical gaps. Furthermore, we report new
records for a Key Biodiversity Area in southern Nigeria
and our capture of two new country records suggests
the potential for more species discoveries in this poorly
studied but ecologically diverse region of Africa.
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Abstract: Northern Tamandua Tamandua mexicana is one of the most common roadkill species encountered on Costa Rican highways.
Ten roadkill Northern Tamanduas were collected along different roads in Costa Rica and moved to a veterinary facility where appendicular
radiologic studies were undertaken. The number of fractures present in each individual varied from zero to five (mean=2.6), with only one
animal sustaining no fractures at all. Most fractures were present in the humerus (31%), followed by the ulna and ilium (both 19%), whilst
the cranial portion of the body represented the highest number of fractures (61%). These data can contribute, not only to establishing
causes of animal-road-mortalities, but also to the future understanding and decision-making of clinical actions for animals injured on the
roads.
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Resume: El tamandua nortefio Tamandua mexicana es una de las especies que mas comunes que se encuentran atropelladas en las
carreteras de Costa Rica. Se recolectaron diez tamanduas atropellados a lo largo de diferentes caminos en Costa Rica y se trasladaron a una
clinica veterinaria donde se realizaron estudios radiolégicos apendiculares. El nimero de fracturas presentes en cada individuo varié de
cero a cinco (media = 2.6), y solo un animal no sufrié fracturas del todo. La mayoria de las fracturas estaban presentes en el himero (31%),
seguidas por la ulna y el ilion (ambos 19%); la porcidon craneal del cuerpo representaba el mayor nimero de fracturas (61%). Estos datos
pueden contribuir, no solo al establecimiento de causas de mortalidad de animales en el camino, sino también a la comprension y toma de
decisiones futuras de acciones médicas para animales que son heridos en carreteras

DOI: https://doi.org/10.11609/jott.4956.11.14.14802-14807
Editor: Wendy Collinson-Jonker, Endangered Wildlife Trust, Gauteng, South Africa. Date of publication: 26 November 2019 (online & print)
Manuscript details: #4956 | Received 18 March 2019 | Final received 02 November 2019 | Finally accepted 05 November 2019

Citation: Arguedas, R., E.C. Lopez & L. Ovares (2019). Bone fractures in roadkill Northern Tamandua Tamandua mexicana (Mammalia: Pilosa: Myrmecophagidae)
in Costa Rica. Journal of Threatened Taxa 11(14): 14802-14807. https://doi.org/10.11609/jott.4956.11.14.14802-14807

Copyright: © Arguedas et al. 2019. Creative Commons Attribution 4.0 International License. JoTT allows unrestricted use, reproduction, and distribution of this
article in any medium by adequate credit to the author(s) and the source of publication.

Funding: Authors used their own resources for this project.

Competing interests: The authors declare no competing interests.

Author details: RANDALL ARGUEDAS—Zoo0 and wildlife veterinarian and Master of Science degree on Conservation Medicine. Head veterinarian at the Zooldgico
Nacional Simén Bolivar. Professor of Zoo and wildlife medicine and surgery at Universidad Técnica Nacional. Research interests are mainly on baseline physiology,
anatomy and diseases of wild vertebrates. ELISA C. LOPEz—Veterinarian and general manager at Totldli Ecological Park and legal representative of the National
Registry of Scientific and Technological Institutions and Companies (RENIECYT). Currently working on the “Etnobiological Garden” research at the Totlali Ecological
Park. LizBETH OVARES—Tropical biologist. Head of the Environmental Education Department at the Zooldgico Nacional Simdn Bolivar. Research interests are in

wildlife urban ecology and human interactions with wildlife.

Author contribution: RA—conceived and designed the study, took the X-rays, analyzed and interpreted data and wrote the paper. ECL—helped in the study design,
field, took the X-rays, edited the X-ray images. LO—analyzed and interpreted data, wrote the paper.

Acknowledgements: Dr. Alejandro Gémez, Dr. Ricardo Garcia, and Dr. Natalia Pérez, for facilitating all the x-rays. All the staff from Vias Amigables con la Vida

Silvestre Costa Rica.

SIMON | PARQUE
BOLIVAR ECOLOGICO
TOTLALI

14802


mailto:ranarg@gmail.com
mailto:mvz.elisa.lopez@totlali.com
mailto:liz.ovares@gmail.com
https://orcid.org/0000-0003-2129-4880
https://orcid.org/0000-0001-5227-6314
https://orcid.org/0000-0003-0337-3622
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11609/jott.4956.11.14.14802-14807
https://doi.org/10.11609/jott.4956.11.14.14802-14807

Bone fractures in roadkill Northern Tamandua

INTRODUCTION

Highways are significant factors of wildlife mortality;
they interfere with natural migration routes and are
responsible for habitat fragmentation, which is one of the
main causes of biodiversity loss (De la Ossa-V & Galvan-
Guevara 2015). A further negative impact of roads is the
resulting collision with a vehicle, namely, roadkill.

Studies have shown that roadkill seriously
decreases animal populations and can even result in
local extinctions creating a risk factor for xenarthran
persistence, even to non-threatened species (Ribeiro
et al. 2017). Among Costa Rican wildlife species, the
Common Opossum Didelphis marsupialis and a species
of anteater Tamandua mexicana (Image 1) dominate
roadkill numbers (Monge-Nagera 2018b).

Monge-Nagera (2018a) found that T. mexicana was
the most common roadkill species (n=73), followed
by the Common Oppossum (n=66) from data gathered
over a four year period (2014-2018). Furthermore, 13
additional T. mexicana individuals were detected as
roadkill over a one-year period (48 sample efforts) on a
94.9km road (n=7.3 anteater/km) (Artavia et al. 2015)
whilst a further seven individuals of T. mexicana were
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found on a 100-km section of road over an eight-month
period in 2008 (Carvajal Alfaro & Diaz Quesada 2016).

T. mexicana had higher numbers of roadkill during
the dry season (December to April) than the wet season
(May to November) in Costa Rica and Colombia (Nadjar
& De la Ossa 2013; Monge-Nagera 2018a) possibly
because ants are scarcer in dryer habitats than when it is
wet, causing anteater species to travel further in search
of food. This may result in them crossing roads more
frequently and becoming roadkill although this is just
speculation since the seasonal behavior of T. mexicana is
poorly known (Nadjar & De la Ossa 2013; Monge-Nagera
2018a) and further study of their behaviour is needed
(Monge-Nagera 2017, 2018a).

Descriptive epidemiological studies of wildlife are an
important source of information about natural and non-
natural hazards to wildlife populations (Molina-Lépez et
al. 2011) and consequently, studies that investigate the
causes of mortality have become an important source
for ecosystem health monitoring (Molina-Lopez et al.
2011). One of the most common findings in animals hit
by automobiles is the appendicular fractures (Minar et al.
2013) which can be surgically treated if an injured animal
is taken to a rescue center. Understanding the normal

© Rodolfo Orozco-Vega

Image 1. Northern Tamandua Tamandua mexicana at Aranjuez, Pitahaya, Puntarenas Province, Costa Rica.
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bone radiographic appearance as well as the location of
the fracture is vital in assisting the treatment of injured
animals. Furthermore, increased public awareness of
the number of wildlife injured or killed on Costa Rican
roads may have contributed to the mitigation methods
being applied.

T. mexicana is a species of a medium-sized anteater
ranging from southern Mexico to northwestern Andes
in South America and lives in diverse forest ecosystems
(Navarrete & Ortega 2011). It is classified as “Least
Concern” by the IUCN due to its wide distribution, and
presumably, large population, however, the current
population trend is unknown (Ortega et al. 2014),
although it is represented in protected areas, as well
as in anthropogenic ecosystems (Navarrete & Ortega.
2011). Usually solitary by nature, T. mexicana ranges
often overlap with that of neighboring T. mexicana.
Females give birth to a single offspring once a year,
with the pups becoming independent after one year
(Wainwright 2007; Navarrete & Ortega. 2011). Head and
body length ranges from between 470-770 mm, with a
tail length between 402-672 mm; weight ranges from
2-7 kg (Nowak 1991; Wainwright 2007). T. mexicana
is both diurnal and nocturnal foraging in trees and on
the ground, feeding predominantly on termite genera:
(Armitermes, Calcaritermes, Coptotermes, Leucotermes,
Microcerotermes, and Nasutitermes; Navarrete &
Ortega 2011) and ant genera (Camponotus, Azteca, and
Crematogaster; Navarrete & Ortega 2011)

The purpose of this communication is to use roadkill
T. mexicana as tools to demonstrate the location and
frequency of bone fractures resulting from an impact
with a vehicle. This information can be a valuable
reference in future medical and surgical procedures at
rescue centers.

METHODS

Ten roadkill of T. mexicana were collected between
April to July 2016, on different roads in Costa Rica.
For each individual, the date and time of collection,
geographic coordinates and the person responsible for
collecting them were recorded. We believe that two of
the animals were at least one year old. The remaining
eight individuals consisted of mature animals based on
closed epiphyseal growth plates. Based on the presence
of the reproductive organs, we were able to sex three
of the T. Mexicana confirming there were two females
and one male; three of the carcasses had no organs,
whilst the remaining four individuals were unclear due
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to damage to the abdominal cavitiy.

The 10 T. Mexicana (all deceased) were transferred
to a veterinary establishments where appendicular
radiology studies were carried out using an Ultra 12040HF
(Diagnostic Imaging Systems®) X-ray unit with a CR2000
Plus Scanner and CR200 Navigator Software (Diagnostic
Imaging Systems®). Lateral (L) and anteroposterior (AP)
orthogonal views of the four extremities were taken.
Each animal received six radiographs, with AP projections
of the forelimbs and hind limbs performed on both limbs
at the same time. Each affected bone, in all animals,
had only one fracture, which made further classification
easier. For two of the animals, x-rays of the hind legs
could not be done due to extensive damage to the legs.
For the remaining eight, x-rays of the forelimbs (including
the scapula, humerus, radius/ulna, carpus, metacarpals,
and phalanges) and x-rays of the hind limbs (including
the ilium, ischium, pubis, femur, tibia and fibula, tarsals,
metatarsals and phalanges) were all taken.

RESULTS

Of the 10 roadkill, a total of 54 radiographs were taken
(Figures 1 & 2). Two individuals had open epiphyseal
growth lines indicating that they were juveniles and
still growing. The number of fractures present in each
individual varied from zero to five (mean=2.6); only one
animal did not present any fractures, while three of them
had a total of five fractures in different bones (Table 1).
Sixty-one percent of the fractures occurred in the cranial
portion of the body with the majority observed in the
humerus (31%) followed by the ulna (19%) and then the
radius (11%). The remaining 39% were present in the
caudal portion of the body with the majority observed
in the ilial (19%), followed by the femur (12%) and then
tibia/fibula (8%); no fractures were observed in the
scapula, ischium, pubis, carpal/tarsal, metacarpal/tarsal
and phalanges.

DISCUSSION

There are few studies that utilize road-killed animals
as a beneficial tool for learning, specifically for evaluating
fractures on animal-roadkill species. Most studies that
roadkill-animal-fractures mainly focus on
domestic animals (for example, dogs and cats) (Minar et
al. 2013; Martinez-Hernandez et al. 2017). Despite cats
having a similar head and body length (that is, ~460mm)
as the T. mexicana, our study observed that a higher
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Figure 1. Selected x-rays of fractures in different bones from the ten roadkill . mexicana collected between April and July 2016, on different
roads in Costa Rica. Anteroposterior and lateral projections are represented. a—diaphyseal radio-ulnar fracture | b—distal ilial fracture | c—
distal humeral fracture | d—distal humeral fracture | e—diaphyseal femoral fracture | f—diaphyseal tibial fracture

Table 1. Fractures per individual of the ten roadkill . mexicana collected between April to July 2016, on different roads in Costa Rica.

Affected bone

Individual LH RH LR RR 1] RU LF RF T RT L RI Total
T1 - - - - - - - - - - - - 0

T2 - 1 1 - 1 - - - 1 - 1 5

T3 1 - - - - - - - - - - - 1

T4 - - - - - 1 - - - 1 1 - 3

T5 1 1 1 1 1 - X X X X X X 5

T6 - - - - - 1 - 1 - - - - 2

T7 - - - - - - - - - - 1 - 1

T8 = 1 = - 1 - X X X X X X 2

T9 1 1 - - - - - 1 - - 1 1 5

T10 - 1 - - - - - 1 - - - - 2
Total overall 3 5 1 2 2 3 0 3 0 2 3 2 25

Key: L—left | R—right | H—humerus | R—radius | U—ulna | F—femur | T—tibia | I—ilium. Individuals T5 and T8 have no hind limb x-rays (x)

| -—means no fractures | X—means the individuals did not have the limb.
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Figure 2. Four X-rays of complete T. mexicana normal extremities. Anteroposterior (AP) and lateral projections (L) are represented. a—AP
projection of the pelvic limb | b—AP projection of the thoracic limb | c—L projection of the thoracic limb | d—L projection of the pelvic limb.

percentage of fractures were found in the cranial portion
of the T. mexicana whilst the most commonly affected
bones in cats were found in the caudal portion (such
as, the femur (28.2%) and pelvis (24.8%). The same
contrast was also noticed with dogs with more fractures
observed in the pelvis (15.8%), the femur (14.8%) and
the tibia (14.8%) (Phillips 1979). Reasons for a higher
percentage of fractures found in the cranial portion of
the T. mexicana is likely due to a combination of dense
roadside habitat and the anatomy of xenarthrans whose
plantigrade locomotion, coupled with short limbs,
provides low agility and relatively slow locomotion
(Ribeiro et al. 2017). They emerge from the forest onto
the road, providing a driver with limited visibility ad
reaction time, and are often immediately hit by a vehicle
in the frontal lateral position (Ribeiro et al. 2017).

Other reasons for xenarthrans being vulnerable
to roadkill are their poor vision, which may mean they
simply do not see approaching vehicles (Ribeiro et al.
2017). Furthermore, speeding vehicles and poor driver
visibility (particularly in areas with dense roadside
vegetation) may also influence roadkill occurrence
(Collinson et al. 2019).

14806

Similar findings for fractures found on roadkill and
comparable with T. mexicana is a study undertaken in
North America, where an average of four fractures per
individual in Virginia opossums Didelphis virginuanus
were observed (Mead & Patterson 2009). This species
is a medium-sized mammal, with head and body length
ranging from 325 to 500 mm, weighing between 2-5.5
kg (Novakl 1991) and thus similar to the T. mexicana.
Mead & Patterson (2009) reported several findings
for opossums collected on roads, where the majority
of skeletal injuries occurred in the cranial portion of
the skeleton (for example, 54% rib fractures and 23%
scapular fractures). Similar to the findings of Mead &
Patterson (2009) on opossums, we also observed more
than one fracture per individual in T. mexicana; this is
likely due to them being of medium-sized resulting in
multiple fractures when colliding with a vehicle (Cross
2012).
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CONCLUSION

We found little literature evaluating long bone
radiology in T. mexicana, therefore the data from our
study which provides examples (and images) of normal
appendicular x-rays plus the anatomic bone fracture
location of trauma, can be used as a reference for
further medical or biological studies, specifically at
rescue and rehabilitation centers. Veterinarians can
use epidemiological information to better understand
surgical treatment of T. mexicana (and other species
of similar size and behaviour), particularly for injured
individuals that can then be rehabilitated and released
back into the wild.
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Barilius torsai - new species from Brahmaputra

INTRODUCTION

Fishes of the genus Barilius  Hamilton
(Cyprinidae:Danioninae: Chedrini) are one of the
dominant small-sized fishes occurring in hill streams
and upland rivers throughout India, Bangladesh,
Myanmar, Nepal, Sri Lanka, China, Irag, and Thailand
(Selim & Vishwanath 2002; Jayram 2010; Tejavej 2012;
Qin et al. 2019). Barilius was erected as a subgenus
of Cyprinus with Cyprinus barila Hamilton, as the type
(Qin et al. 2019). Howes (1980) identified two groups
within Barilius (sensu lato), corresponding to the genera
Barilius and Opsarius (Rainboth 1991). These bariliine
fishes are characterised by their relatively elongate,
compressed bodies with round belly, vertical bars on the
flanks, 9—17 anal-fin rays and sub-laterally placed lateral
line (Hamilton 1822; Howes 1980; Talwar & Jhingran
1991; Tejavej 2012). Of the 36 valid species of bariliine
fishes, 24 have been recorded in India (Fricke et al.
2019; Qin et al. 2019). Currently, most bariliine fishes,
including all southeastern Asian species are assigned to
the genus Opsarius (Howes 1983; Rainboth 1991; Qin
et al. 2019) and the genus Barilius is restricted to five
species characterized by an extremely shallow body:
B. barila (Hamilton, 1822), B. evezardi Day, 1872, B.
modestus Day, 1872 and B. vagra (Hamilton, 1822) from
India, and B. mesopotamicus Berg, 1932 from the Tigris-
Euphrates basin, based on the diagnosis of Barilius sensu
by Howes (1980), as well as morphological (Howes 1980;
1983) and molecular phylogenetic evidence (Tang et al.
2010; Liao et al. 2011; Qin et al. 2019).

During an ichthyological survey in the Torsa, a
tributary of the Brahmaputra River during July and
November 2015, a total of 83 individuals of a Barilius
species were caught by cast net of mesh size 15-20 mm
at Jaldapara, Alipurduar District, West Bengal, India.
Examination of the collected specimens in July 2015 and
detailed re-examination in November 2015 following
standard literature (Jayaram 2010; Arunkumar & Singh
2000; Nath et al. 2010; Dishma & Vishwanath 2012;
Knight et al. 2015) revealed that 11 of the 83 specimens
could not be assigned to any of the known species. The
new species is described herein as Barilius torsai.

MATERIALS AND METHODS

Measurements were made with digital caliper with
an accuracy of 0.1mm. Counts and measurements were
made on the left side of the specimens wherever possible
and based on standard methods following Dishma
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& Vishwanath (2012). Colour pattern was recorded
from fresh and preserved (10% formalin) specimens.
Voucher specimens are deposited in the Museum of
the Zoological Survey of India (ZSI), Kolkata and at the
ICAR-Central Inland Fisheries Research Institute (CIFRI),
Barrackpore.

Barilius torsai sp. nov.
(Image 1)
urn:lsid:zoobank.org:act:79FEC835-A4FA-4D27-8EC1-2EDD65616A31

Type material

Holotype: ZSI FF5542, 12.xi.2015, 26.729°N &
89.325°E, 71.41mm SL, Torsa River, Jaldapara, Alipurduar
District, West Bengal, India, coll. A. Roy Chaudhary.

Paratype: ZSI FF5543, 26.ii.2015, 26.729°N &
89.325°%, 74.56mm SL, data same as for holotype, coll.
A. Mitra; CIFRI F10003-10010, 8 ex., 26.vii.2015, 71.46—
74.23 mm SL, data same as for holotype, coll. A. Mitra;
CIFRI F10011, 12.xi.2015, 71.46mm SL, data same as for
holotype, coll. A. Roy Chaudhary.

Diagnosis

Barilius torsai is distinguished from all other species
of Barilius by a combination of the following characters:
lateral line complete with 52-53 scales, 29 pre-dorsal
scales, pectoral fin notched, two well-developed pairs
of barbels (rostral and maxillary), body with 9-11 blue
vertical bars, dorsal fin hyaline with dark pigment
concentrated along lower 2/3™ of dorsal-fin rays.

Description

See Table 1 and Supplementary 1 for morphometric
characters and image 1 for general appearance. Body
shallow, its depth about one-fourth standard length (SL),
laterally compressed with ventral profile more convex
than the dorsal profile. Caudal peduncle long, narrower
near the caudal base. Head small and compressed,
length about one-fourth SL, snout slightly blunt. Mouth
oblique, angle of gape not reaching vertical from the
anterior margin of the orbit. No symphysial process in
the lower jaw. Eyes large, situated in the anterior half of
the head, diameter about one-fourth head length (HL).
Nostrils closer to anterior margin of eye than the snout
tip. Two pairs of well-developed barbels (rostral and
maxillary), length of rostral barbel slightly larger than
maxillary, which reaches the orbit. Tubercles on snout
and lower jaw absent.

Dorsal fin with two simple and seven branched rays,
its origin posterior to the pelvic-fin origin, and closer to
the caudal-fin base than tip of the snout. Pectoral fin
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Figure 1. Type localty of Barilius torsai sp. nov. indicated in red.

with two simple and 11 branched rays, not reaching the
pelvic-fin base, notched after third (between third and
sixth ray). Pelvic fin with two simple and seven branched
rays, its origin closer to the anal-fin than pectoral-fin
origin, posterior tip not reaching anus/anal fin origin,
muscular pad at base present. Anal fin with two simple
and eight branched rays, its origin just below base of the
last dorsal fin ray. Caudal fin deeply forked, lobes equal,
with 17 principal rays. Scales cycloid and small. Lateral
line complete, slightly curved, running along lower half
of the body and passing almost through middle of the
caudal base, with 52-53 scales in the lateral-line row up
to the end of the caudal base. Scales in transverse line
on body 11/1/5 between dorsal fin origin and pelvic fin
base. 29 pre-dorsal scales.
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Colour

In live and fresh specimens, dorsum appears greyish,
sides and belly silvery. Body with 9—11 blue vertical
bars, three to five anterior bars almost reaching lateral
line, number of bars on either side of the body unequal.
Pectoral, pelvic and anal fin hyaline. Caudal fin hyaline,
with black margin on fork edges. Dorsal fin hyaline with
dark pigment on rays, concentrated along lower two-
third of dorsal-fin rays. In preserved specimens, silvery
colouration disappears and all dark pigment in fins and
body bar turns black. Dorsum appears black and ventral
areas creamy.
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Image 1. Holotype of Barilius torsai sp. nov. (ZSI FF5542; 71.41mm SL): A—lateral view | B—dorsal view. © Sujit Choudhury, ICAR-CIFRI,

Barrackpore.

Image 2. Torsa River, Jaldapara, West Bengal, habitat of Barilius torsai
sp. nov. © Sanjoy Kumar Das, ICAR-CIFRI, Barrackpore.

Etymology

The specific name refers to the Torsa, type locality
of the species, and a tributary of the Brahmaputra River
System. An adjective.

Distribution
Presently known only from the Torsa River in West
Bengal, India (Figure 1, Image 2).

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14808-14815

DISCUSSION

Fifteen species of bariliine fish are found in the
Brahmaputra basin, and the larger northeastern Indian
region. They are Barilius vagra (Hamilton, 1822);
B. barila (Hamilton, 1822); Opsarius arunachalensis
(Nath et al., 2010); O. bendelisis (Hamilton, 1807); O.
howesi (Barman, 1986); O. lairokensis (Arunkumar
& T. Singh, 2000); O. profundus (Mayanglambam &
Vishwanath, 2012); O. radiolatus (Gunther, 1868); O.
Shacra (Hamilton, 1822); O. barna (Hamilton, 1822); O.
chatricensis (Selim & Vishwanath, 2002); O. dimorphicus
(Tilak & Husain, 1990); O. dogarsinghi (Hora, 1921); O.
ngawa (Vishwanath & Manojkumar, 2002), and O. tileo
(Hamilton, 1822). Barilius torsai sp. nov. is a member
of Barilius. 1t can be distinguished from members of
Opsarius sensu Howes (1980; 1983) in having a shallow
body (vs. deep), two pairs of barbels (vs. a single pair
or absent), elongated pelvic axial scales (vs. lobate
or fleshy), and absence of parallel rows of tubercles
on the dentary (vs. presence). Barilius torsai can be
distinguished from all other congeners by the presence
of notched pectoral fin, and from its northeastern Indian
congeners by the presence of a complete lateral line with
52-53 scales, greater number of pre-dorsal scales and
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Table 1. Morphometric data of Barilius torsai sp. nov.

Parameter Holotype Paratype(s)
Standard length (SL; mm) 71.41 71.46-74.56
% SL

Body depth at dorsal-fin origin 23.89 22.17-23.61
Body depth at anal-fin origin 17.74 17.79-18.24
Head length (HL) 26.58 26.66-26.84
Caudal-peduncle length 18.34 15.77-18.24
Caudal-peduncle depth 10.05 10.12-10.68
Pre-dorsal length 55.16 55.19-55.30
Pre-pelvic length 48.34 47.25-47.98
Pre-anus length 68.97 64.67-68.06
Pre-anal length 70.55 66.87-70.47
Dorsal-fin base length 13.98 13.99-14.48
Anal-fin base length 12.03 12.33-13.41
Dorsal-fin height 18.75 18.78-19.54
Pelvic-fin length 12.81 13.00-13.29
Anal fin height 14.33 14.30-14.31
Pectoral-fin length 18.13 17.18-18.10
Caudal-fin length 23.02 23.43-24.14
Body width at anal-fin origin 9.94 9.54-9.89
Body width at dorsal-fin origin 11.47 11.47-12.82
% HL

Snout length 29.19 23.64-28.69
Interorbital width 31.51 29.69-31.03
Eye orbit diameter 235 23.78-25.59
Mouth gape width 20.02 21.11-28.04
Head-depth at eye 56.95 58.13-66.27
Head-depth at nape 67.12 68.96-73.06
Maximum head width 47.26 47.24-47.36
Head-width at eye 44.89 44.86-44.91
Maxillary barbel length 22.23 22.65-25.94
Rostral barbel length 23.97 23.99-29.74

hyaline dorsal fin with dark pigment concentrated along
lower two-third of the dorsal-fin rays and lesser body
depth at dorsal-fin origin except B. barila, O. shacra,
0. bendelisis, O. chatricensis (Table 2). Barilius torsai
further differs from species of B. vagra and B. barila in
having greater number of predorsal scales (29 vs. 21-22
in B. vagra and 22 in B. barila), lateral line scales (52-53
vs. 40—-45 in B. vagra and B. barila) and lesser number of
branched pectoral fin rays (11 vs. 14-15 in B. vagra and
12 in B. barila).

In comparison to the species currently included
within Opsarius sensu Howes (1980; 1983) Barilius torsai
is similar to O. shacra and O. arunachalensis in its dorsal
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and anal fin ray counts, but differs from O. shacra in
having lesser number of lateral line scales (52—-53 vs. 59—
70), greater number of pre-dorsal scales (29 vs. 22-25),
branched pectoral fin rays (11 vs. 14) and the dorsal fin
with dark pigment along lower the two-third margin (vs.
upper third). It differs from O. arunachalensis in having
a greater body depth at dorsal-fin origin (22.17-23.89%
SL vs. 20.21-20.83% SL), greater number of lateral line
scales (52-53 vs. 40-45) and presence (vs. absence) of
barbels and vertical bars on body.

Barilius torsai differs from O. profundus and O.
lairokensis in having lesser body depth (22.17-23.89%
SLvs. 32.1-37.4% SL in O. profundus and 25.54% SL in O.
lairokensis), greater number of lateral line scales (52-53
vs. 30-35 in O. profundus and 41-44 in O. lairokensis)
and greater number of predorsal scales (29 vs. 17-18
in O. profundus and 21 in O. lairokensis). Barilius torsai
further differs from O. bendelisis, O. howesi and O.
radiolatus in having greater number of predorsal scales
(29 vs. 18-20 in O. bendelisis, 17-18 in O. howesi and
24-25 in O. radiolatus), lateral line scales (52-53 vs. 39—
46 in O. bendelisis, 42—43 in O. howesi and 56—62 in O.
radiolatus) and lesser number of branched pectoral fin
rays (11 vs. 14 in O. bendelisis, 13 in O. howesi and 16 in
O. radiolatus).

Barilius torsai differs from O. barna, O. chatricensis,
O. dimorphicus, O. dogarsinghi, O. ngawa, and O. tileo
in having greater number of predorsal scales (29 vs.
15-16 in O. barna, 15 in O. chatricensis, 25-27 in O.
dimorphicus, 20 in O. dogarsinghi, 21-22 in O. ngawa,
and 28 in O. tileo), lateral line scales (52-53 vs. 36—42 in
O. barna, 38 in O. chatricensis, 60—66 in O. dimorphicus,
37-40in O. dogarsinghi, 40-43 in O. ngawa, and 59+4 in
0. tileo) and lesser number of branched anal fin rays (8
vs. 10-11in O. barna, O. dimorphicus and O. ngawa, 10
in O. chatricensis and O. tileo, and 9 in O. dogarsinghi).

A new species of Barilius adds to our understanding
of the diversity of freshwater fishes of the Torsa River
and the eastern Himalayan ecoregion. New discoveries
such as this also shows that our understanding of
diversity and conservation of freshwater fishes of this
region needs to be improved and more exploratory
surveys are required.

Comparative material

Barilius barila: ZS! 54500, 85.31mm SL, Jammu,
India; ZSI F2549/2, 51.71mm SL, Belsari River (tributary
of Brahmaputra River), Assam, India; ZS|I F4307/2,
51.79-84.80 mm SL, Barak River, Karong, Manipur, India;
MUMF 5049, 5051, 83.22-89.53 mm SL, Khuga River,
Churchandpur, Manipur, India.
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Table 2. Comparative measurements of body depth, vertical bars on body and meristic counts of Barilius torsai sp. nov. with related species

of Barilius and Opsarius.

Body depth Barbels (in Lateral line Pre-dorsal Vertical bars on Anal fin Pectoral fin

Species (% SL; mm) pair) scales scales body branched rays branched rays
B. torsai 22.17-23.89 2 52-53 29 9-11 8 11

B. vagra 25.22-26.71 2 40-45 21-22 10-14 10-12 14-15

B. barila 23.42-24.1 2 40-45 22 14-15 10-11 12

O. shacra 22.24-23.23 2 59-70 22-25 12-13 8 14

0. bendelisis 22.12-26.13 2 39-46 18-20 8-12 7-8 14

O. profundus 32.1-37.4 2 30-35 17-18 7-10 101/2 11

0. howesi 30.03-31.73 2 42-43 17-18 14-15 7-8 13

O. radiolatus - 2 56-62 24-25 Absent 10-11 16

O. lairokensis 25.54 2 41-44 21 14-16 11 13

O. arunachalensis 20.21-20.83 0 40-45 21 Absent 8 11

O. barna 29.0-30.8 0 36-42 15-16 9-11 10-11 12

O. chatricensis 23.2 0 38 15 7-8 10 11

O. dimorphicus 24.9-28.8 1 60-66 25-27 Sopts 10-11 12-13

O. dogarsinghi 24.8-30.0 2 37-40 20 8-9 9 12

0. ngawa 24.8-28.3 2 40-43 21-22 13-14 10-11 12-13

O. tileo 29.9 1 59-4 28 Spots 10 13

Barilius vagra: MUMF Uncat, 41.67-55.69 mm SL, Opsarius profundus: MUMF 27001 (holotype),

Arunachal Pradesh, India.

Opsarius arunachalensis: APFS/ZSI/P-502, P-503,
110-140 mm SL, Agari River mouth, Pasighat, East Siang
District, Arunachal Pradesh, India.

Opsarius barna: MUMF 27061-27064, 73.1-83.21
mm SL, Dikrong River, Arunachal Pradesh, India.

Opsarius bendelisis: ZS| FF1357, 79.71mm SL,
Cauvery River, India; ZSI FF4269, 120mm SL, Torsa River,
Cooch Behar, northern Bengal, India; ZSI FF4270, 37.21—
78.34 mm SL, Lataguri, Jalpaiguri District, northern
Bengal, India.

Opsarius chatricensis: MUMF 503/1 (holotype),
86.43mm SL, Chatrickong River, 150km from Imphal,
Ukhrul District, Manipur, India. Additional data from
Selim & Vishwanath (2002).

Opsarius dimorphicus: Data from Tilak & Husain
(1990).

Opsarius dogarsinghi: MUMF 207-210, 52.89-72.26
mm SL, Chakpi Stream, Manipur, India.

Opsarius howesi: ZSI FF2235, FF2236 61-70 mm SL,
Jalpaiguri District, northern Bengal, India.

Opsarius lairokensis: MUMF 27075, 108.45mm SL,
Moreh Bazar, Moreh, Chandel District, Manipur, India.

Opsarius ngawa: MUMF 149 (holotype), 96.56mm
SL, Sherou River (tributary of Manipur river), 83km
south of Imphal, Manipur, India; MUMF 27056-27058,
80.1-82.96 mm SL, Singda, Manipur, India.
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71.21mm SL, Koladyne River, Kolchaw, Lawntlai District,
Mizoram, India.

Opsarius radiolatus: Data from Gunther (1868) and
Nath et al. (2010).

Opsarius shacra: ZSl F12269, 51.15mm SL, Tribeni,
Nepal; ZSI F13405/1, 38.78-73.19 mm SL, Teesta River
drainage, Kalimpong Duars & Siliguri Terai, West Bengal,
India; CIFRI F10001, 72.53-73.91 mm SL; Siang River,
Pasighat, East Siang District, Arunachal Pradesh, India.

Opsarius tileo: MUMF 27076, 128.16mm SL, Umtrao
River, Byrnihat, Norbong, Ribhoi District, Meghalaya,
India.
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Supplementary 1. Biometric data of Barilius torsai sp. nov.

Holotype Paratype (s)

Measurements s zsl CIFRI CIFRI CIFRI CIFRI CIFRI CIFRI CIFRI CIFRI CIFRI

FF5542 | FF5543 | F10003 | F10004 | F10005 | F10006 | F10007 | F10008 | F10009 | F10010 | F10011
Standard length (mm) 71.41 74.56 71.46 71.67 71.89 72.15 72.17 72.98 73.17 74.23 71.46
Body depth at dorsal-fin origin 17.06 16.53 16.07 16.92 16.95 17.03 16.6 16.59 16.58 16.59 16.04
Body depth at anal-fin origin 12.67 13.6 12.71 12.91 12.81 12.89 12.97 12.99 13.1 13.4 12.98
Head length (HL) 18.98 20.01 19.1 19.17 19.21 19.24 19.31 19.51 19.57 19.89 19.18
Caudal-peduncle length 13.1 11.76 12.96 12.91 13.07 12.46 12.49 12.79 12.87 13.54 12.89
Caudal-peduncle depth 7.18 7.96 7.62 7.39 7.28 7.33 7.34 7.57 7.66 7.56 7.26
Pre-dorsal length 39.39 41.23 39.48 39.57 39.73 39.87 39.88 40.33 40.41 41.02 39.44
Pre-pelvic length 34.52 35.23 34.12 34.17 34.12 34.56 34.19 34.65 34.67 35.17 34.29
Pre-anus length 49.25 48.22 48.23 48.27 48.93 49.11 48.63 48.72 48.57 49.19 48.64
Pre-anal length 50.38 49.86 49.89 49.79 49.32 50.39 49.89 49.87 49.98 50.84 50.36
Dorsal-fin base length 9.98 10.8 10.01 10.17 10.06 10.2 10.43 10.31 10.27 10.53 10.02
Anal-fin base length 8.59 10 8.91 8.97 8.87 9.27 9.37 9.67 9.81 9.92 8.95
Dorsal-fin height 13.39 14.57 13.57 13.78 135 13.67 13.58 13.89 14.2 14.46 13.58
Pelvic-fin length 9.15 9.91 9.29 9.42 9.47 9.39 9.43 9.57 9.71 9.79 9.34
Anal-fin height 10.23 10.67 10.22 10.25 10.28 10.32 10.32 10.44 10.47 10.62 10.22
Pectoral-fin length 12.95 12.81 12.35 12.81 13.01 12.84 12.79 12.91 12.88 12.87 12.4
Cauda- fin length 16.44 18 16.74 16.83 16.97 17.31 17.29 17.57 17.54 17.88 16.94
Body width at anal-fin origin 7.1 7.11 6.99 6.98 6.95 6.97 6.98 6.97 7.01 7.34 7
Body width at dorsal-fin origin 8.19 9.56 8.2 8.89 8.39 8.78 9.14 9.27 8.74 9.5 8.25
Snout length 5.54 4.73 4.87 4.77 4.78 4.79 4.76 5.6 4.98 5.53 5.5
Interorbital distance 5.98 5.94 5.78 5.7 5.96 5.78 5.89 5.86 5.91 5.91 5.82
Eye orbit diameter 4.46 5.12 4.68 4.56 4.72 4.65 4.9 4.65 4.98 4.97 4.9
Mouth gape width 3.8 5.61 4.04 4.21 4.73 5.17 5.35 5.28 5.38 5.47 4.05
Head depth at eye 10.81 13.26 12.31 12.15 11.17 12.37 11.23 11.35 1231 11.94 11.24
Head depth at nape 12.74 14.62 13.69 13.52 13.25 13.42 14.02 14.13 13.79 13.72 13.7
Maximum head width 8.97 9.46 9.03 9.08 9.08 9.09 9.146 9.24 9.25 9.4 9.06
Head width at eye 8.52 8.98 8.57 8.61 8.62 8.64 8.67 8.76 8.78 8.93 8.61
Maxillary barbel length 4.22 5.19 4.33 4.97 4.69 4.74 5.01 5.02 4.98 5.11 4.35
Rostral barbel length 4.55 5.95 4.59 4.6 4.7 5.12 5.32 4.79 4.89 5.39 4.62
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Butterfly diversity throughout Midnapore urban area

INTRODUCTION

Butterflies play a pivotal roles for stability in food
webs as: herbivores (Rusman et al. 2016), pollinators
(Atmowidi et al. 2007; Mukherjee et al. 2015), host of
parasitoids (van Nouhuys & Hanski 2002), and prey of
predators (Hammond & Miller 1998; Rusman et al.
2016). Numerous butterfly species act as biological
indicators of environmental health and ecological
changes (Hill 1999; Kocher & Williams 2000; Koh & Sodhi
2004; Thomas 2005; Posha & Sodhi 2006; Koh 2007) as
they can be very sensitive to habitat fragmentation and
climate change (Kunte 2000). Butterflies contribute to
a large extent in maintaining the community structure
of flora in the tropical regions (Bonebrake et al. 2010;
Samanta et al. 2017).

Empirical studies show that the Indian subcontinent
hosts about 1,318 species of butterflies (Varshney &
Smetacek 2015). Over the last few decades, however,
various anthropogenic activities and sudden climatic
change conditions have led to modification of the
habitat structure and function which in turn negatively
influenced butterfly diversity (Clark et al. 2007; Di Mauro
etal. 2007). Therefore, the diversity studies of butterflies
are critical to determine the effects of urbanization on
butterfly communities and other aspects of biodiversity
conservation (Blair 1999; Singh & Pandey 2004; Clark
et al. 2007; Di Mauro et al. 2007; Saikia et al. 2009;
Mukherjee et al. 2015). Butterfly diversity indirectly
also reflects the diversity of various plant communities
(Murugesan et al. 2013; Mukherjee et al. 2016). Pollard
(1988) reported that biotic and abiotic factors also
influence butterfly populations, indicating the bio-
indication potential of the group. There are numerous
reports by various investigators on butterfly diversity
from different parts of India (Bhaskaran & Eswaran
2005; Eswaran & Pramod 2005; Tiple & Khurad 2009;
Nimbalkar et al. 2011; Tiple 2011; Kunte et al. 2012;
Majumder et al. 2012; Tiple 2012; Harsh 2014).

Midnapore is the headquarters of the district West
Midnapore of the state of West Bengal in India. Itisin
the junction of the plains of Bengal and Chota Nagpur
Plateau. The plains of Bengal are enriched mostly with
agricultural fields where as the Chota Nagpur Plateau
is mostly tropical deciduous forestland. Since no
systematic study of diversity of butterfly fauna was ever
conducted in and around Midnapore Municipality area
there is no documentation, the present investigation
was carried out to explore the status of butterfly fauna
in Midnapore Municipal area.
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MATERIALS AND METHODS

Study Area

The study was conducted in and around Midnapore
Municipality area of West Midnapore District of West
Bengal, India. The study area (22.262°N & 87.654°E;
elevation about 1,035m) is situated on the banks of river
Kangasabati on one side and the other side consists of
sparse to highly dense forest, chiefly of Shorea robusta,
which connects with Dalma Hills and is the entry point
of Bengal-Jharkhand hill range of Chota Nagpur Plateau.
This range is often used as an elephant corridor, though
the town is not affected by elephants. Several adjacent
areas like Gopegarh Heritage Park, Banks of Kasai River
adjacent to the railway track, Vidyasagar Park, Khudiram
Park, area adjacent to Aniket Bandh, Pakhibagan,
Vidyasagar University Campus, area adjacent to
government Silkworm Centre, Police Line field, and
Ramakrishna Ashram field were the main points of study
area (Figure 1).

Methods

The survey of butterflies was done using Pollard walk
method (Pollard et al. 1975; Pollard 1977). The surveys
of butterflies were carried out in most of the designated
areas during day time mostly on sunny days (07.00 to
10.00 h). Occasional surveys were also undertaken
during early morning and even after 16.00h in search
of the butterflies that love shadows during summer
months. The study areas were mainly divided into 12
sites and conducted on regular basis through random
visit and photographs of most of the species were
taken all over the year. The line transect method was
used principally for assessing the butterfly communities
(Hossain & Aditya 2016). We refrained from collection
of live specimens or use of nets so as not to put these
insects under stress or harm them accidentally during
the investigation. Most of the species were identified
through photographs taken from different angle so as
to make a positive identification. Photographs were
taken using Canon 600D +(55-250) mm f/4-5.6 lens
and a Nikon L820 point & shoot camera. Identification
of specimen was done following the keys of Evans
(1932), Wynter-Blyth (1957), Kehimkar (2008), and
Kunte (2012). Further, help was also taken from www.
ifoundbutterflies.org.

Biodiversity indices

Different dominance indices and information statistic
indices were analysed with the help of Microsoft Excel
2010 software to understand the community structure
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Figure 1. Satellite view of twelve sites of the study area. The sites are as follows: Banks of Kasai river adjacent to railway track (P1), Vidyasagar
park (P2), Midnapore College campus (P3) Khudiram park (P4), area adjacent to Aniket Bandh (P5), Policeline Field (P6), Pakhibagan (P7),
Ramakrishna ashram field (P8), Vidyasagar University Campus (P9), area adjacent to government Silkworm Centre (P10) and Gopegarh Heritage
Park (P11 and P12).

of the butterflies in the study area. Species richness
was analysed through Shanon index (Shannon & Weaver
1963) whereas, species abundance was analysed
through Simpson index (Simpson 1964) and evenness
was studied through Pielou index (Mulder et al. 2004).
A rank abundance curve or Whittaker plot was used to
show relative abundance of different species. The plot
simultaneously represents species richness and species
evenness. Lorenz curve was used to show inequality in
the population distribution of different species in the
community (Damgaard & Weiner 2000).

Species Richness
Shanon index is an important information-
statistic index, used in measuring species richness in a
community. Rare species with very few individuals can
contribute some value to this biodiversity index. The
index is calculated through the following equation:
H,=-Zp Inp,

14818

where, H_is the value of Shanon index and pi is the
proportion of i""species in the community.

Species Abundance

Simpson’s index is the measures of probability that
two individuals randomly selected from a community
will belong to the same species. Simpson’s index was
calculated using the protocol given by Simpson 1964
(Simpson 1964):

A=2p?

where, Ais the value of Simpson index and p, is the
proportion of i""species in the community.

Species Evenness

Species evenness denotes how close the species
are in a community numerically. Statistically it is well-
defined as a degree of species diversity which quantifies
how equal the community is. Evenness of species in a
community can be represented by Pielou’s index (Pielou
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1969), as follows:

E=H, / H__ where, E is the evenness, H_is the
value of Shanon index and H__ is equal to In(s) (Where,
S=number of species in the community)

Whittaker plot and Lorenz curve

Whittaker plot or rank-abundance curve is a graphical
representation used in ecology to display relative species
abundance. In the rank abundance curve, the X-axis
is denoted as abundance rank and Y-axis is denoted as
relative abundance. Further, itis used to visualize species
richness and evenness simultaneously (Whittaker 1965).
Lorenz curves were used to demonstrate phenomena
such as disproportionate distribution of species
abundance in a community. This curve was also used
to demonstrate degree of inequality in abundance
in a community. Quantitative comparison of rank
abundance curves of different families of butterflies can
demonstrate the unequal distribution of species.

SHE analysis

SHE analysis scrutinizes the relationship between
species richness (S), diversity as measured by Shanon
index or the information (H) and evenness (E) in the
samples. The most obvious advantage of this analysis
is that it allows to interpret variations in the diversity
(Magurran 1988). SHE analysis fundamentally can
shed light on the species abundance and distribution
(Buzas & Hayek 1998). The SHE analysis (McAleece et
al. 1997) provides the variations in the species richness,
abundance and evenness in the sample size (N) or
throughout the months (N, over time) abundance for an
area (Mukherjee et al. 2015) in a nutshell. The analysis
for SHE was conducted using PAST software (Hammer et
al. 2001).

RESULTS AND DISCUSSION

During the present study period overall 82 species
of butterflies were recorded in the field with a total of
5,107 individuals belonging to six families. The list of
the butterflies along with their occurrence and time of
appearance has been listed in Table 1. Of the butterfly
species recorded, most are ‘common’ and ‘generalist’
species (Sarma et al. 2012), and not a single species
is threatened globally as per the IUCN Red List 2018,
however, there are many species which were declared
legally protected, viz., Gram Blue Euchrysops cnejus,
Pointed Ciliate Blue Anthene lycaenina, Common Gull
Cepora nerissa under Schedule Il, and Striped Albatross
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Appias libythea under Schedule IV of the Wildlife
Protection Act, 1972. The study shows higher species
richness when compared with other empirical studies
(Jana et al. 2013; Samanta et al. 2017; Pahari et al. 2018)
on butterfly diversity in the nearby urban and forested
areas except Kolkata’s suburban areas which shows 91
species (Mukherjee et al. 2015).

Satellite overview of the marked study area have
been represented in Figure 1. During the study period
we found that family Nymphalidae is the dominant
species comprising 2,173 number of individuals which
constitutes 42.54% of the total population followed by
Lycaenidae comprising 1,153 numbers of individuals
and 22.5%, followed by Pieridae (971 individuals and
19.03%), Papilionidae (438 and 8.58%), Hesperiidae
(370 and 7.24%), and Riodinidae (2 and 0.11%) (Figure
2). Previous study support Nymphalidae as the most
dominant family in the semi-urban areas of Howrah and
Haldia (Pahari et al. 2018) whereas, Lycaenidae as the
most dominant family in the suburban areas of Kolkata,
West Bengal (Mukherjee et al. 2015).

Papilio polytes which belongs to family Papilionidae
was found to be the most abundant while Papilio crino
was the least. In the family Pieridae, Catopsilia pomona
was more predominant than other species but we found
only a single species of Ixias marianne. In the family
Nymphalidae we found that Danais chrysippus was the
most common species while Lethe europa was the least.

The Shanon-Weaver index for the studied community
withavalue of 4.01 shows that the communityis a natural
one with high species richness. As the value of Simpson
index increases, the species abundance decreases. The
value of Simpson’s index ranges between 0 and 1 and the
more the index value inclined to 0 the more the species
abundance in the community. The value of Simpson’s

7244

8576

Paplionidae
B Pendae
® Nymphalidae
» Rodinicae
B Lycaenidae

Hesperidae

Figure 2. Family wise composition (%) of Butterfly species in the study
area.
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Tablel. Butterfly species, their abundance and season of occurrence in the study area.

Biswas et al.

Total number of species
found during study Observed time

Common hame Scientific name period (2013-2015) Season (M/N/A)
Family: Papilionidae
1 Common Rose ?;;Zﬁﬁzj r:ura aristolochiae 78 Feb—Nov M, N
2 Common Mormon Papilio polytes (Linnaeus) 126 Jan-Dec M, N
3 Blue Mormon Papilio polymnestor (Cramer) 12 Aug-Nov M, N
4 Common Jay Graphium doson (Felder) 63 Jan-Dec N
5 Tailed Jay Graphium agamemnon (Linnaeus) 44 May-Nov N
6 Lime Butterfly or Common Lime Papilio demoleus (Linnaeus) 81 Jan-Dec M, N, A
7 Common Mime Chilasa clytia (Linnaeus) 19 Aug-Oct N, A
9 Common-banded Peacock Papilio crino (Fabricius) 4 Jul-Aug A
10 Spot bar Swordtail Graphium nomius (Esper) 11 Jun-Oct M, A
Family: Pieridae
11 Common Albatross Appias albino (Boisduval) 59 Mar-Nov M
12 Common Emigrant Catopsilia pomona (Fabricius) 196 Jan-Dec M, N, A
13 Mottled Emigrant Catopsilia pyranthe (Linnaeus) 171 Jan-Dec M, A
14 Common Grass Yellow Eurema hecabe (Linnaeus) 124 Jan-Dec M, N, A
15 Small Grass Yellow Eurema brigitta (Cramer) 49 Jun-Oct
16 Pioneer Belenois aurota (Fabricius) 6 Jul-Aug A
17 Common Gull Cepora nerissa (Fabricius) 63 Mar-Dec M, N
18 Common Jezebel Delias eucharis (Drury) 97 Jan-Dec M, A
19 White Orange tip Ixias marianne (Cramer) 1 Sept M,A
20 Yellow Orange tip Ixias pyrene (Linnaeus) 15 Apr-Oct M, A
21 Psyche Leptosia nina (Fabricius) 104 Jan-Dec M, N, A
22 Common Wanderer Pareronia valeria (Cramer) 86 Jun-Dec N
Family: Nymphalidae
23 Common Castor Ariadne merione (Cramer) 43 Mar-Oct M, A
24 Angled Castor Ariadne ariadne (Moore) 119 Jan-Dec M, N, A
25 Tawny Coster Acraea violae (Fabricius) 143 Feb-Nov M, A
26 Plain Tiger Danais chrysippus (Linnaeus) 211 Jan-Dec M, N, A
27 Stripped Tiger Danais genutia (Cramer) 82 Feb-Nov M, N, A
28 Common Crow Euploea core (Cramer) 131 Jan-Dec M, N, A
29 Blue Tiger Tirumala limniace (Cramer) 64 Mar-Nov M, A
30 Common Leopard Phalanta phalantha (Drury) 37 Mar-Dec N
31 Baronet Symphaedra nais (Forster) 34 Mar-Sept M, A
32 Common Baron Euthalia aconthea (Cramer) 27 Mar-Oct A
33 Common Sailor Neptis hylas (Linnaeus) 18 Feb-Nov M, N
34 Chestnut-streaked Sailor Neptis jumbah (Moore) 19 Feb-Nov M, N, A
35 Great Eggfly Hypolimnas bolina (Linnaeus) 49 Jan-Dec N, A
36 Peacock Pansy Junonia almanac (Linnaeus) 94 Jan-Dec N, A
37 Blue Pansy Junonia orithya (Linnaeus) 66 Mar-Oct M, N, A
38 Yellow Pansy Junonia hierta (Fabricius) 47 Jan-May M, A
39 Lemon Pansy Junonia lemonias (Linnaeus) 138 Jan-Dec N, A
40 Grey Pansy Junonia atlites (Linnaeus) 161 Jan-Dec N, A
41 Chocolate Pansy Junonia iphita (Cramer) 39 Apr, Oct N
42 Common Palmfly Elymnias hypermnestra (Linnaeus) 50 Dec- May N, A
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Total number of species
found during study Observed time

Common hame Scientific name period (2013-2015) Season (M/N/A)
43 Common Evening brown Melanitis leda (Linnaeus) 182 Jan-Dec M, A
44 Common Bush Brown Mycalesis perseus (Fabricus) 163 Jan-Dec A
45 Dark Branded Bushbrown Mycalesis mineus (Linnaeus) 43 Oct-Mar N, A
46 Common Fourring Ypthima huebneri (Kirby) 121 Jan-Deb M, A
47 Common Fivering Ypthima baldus (Fabricus) 33 May-Oct N
48 Bamboo Tree brown Lethe europa (Fabricus) 3 Mar M
49 Commander Moduza procris (Cramer) 56 Jun-Nov M, N
Family: Riodinidae
50 Double-banded Judy Abisara bifasciata (Moore) 2 Dec-Mar N
Family: Lycaenidae
51 Ape Fly Spalgis epius (Westwood) 9 Mar-Nov M, N
52 Common Pierrot Castalius rosimon (Fabricius) 144 Jan-Dec M, N
53 Common Cerulean Jamides celens (Cramer) 49 Jul-Oct M, N
54 Common Lineblue Prosotas nora (Felder) 33 Jan-Oct M, N
55 Common Quacker Neopithecops zalmora (Butler) 31 Jul-Nov N, A
56 Common Silverline Spindasis vulcanus (Fabricius) 67 Jun-Nov M, N
57 Dark Cerulean Jamides bochus (Stoll) 5 Mar-Apr A
58 Dark Grassblue Zizeeria karsandra (Moore) 167 Jan-Dec M, N, A
59 Falcate Oakblue Mahathala ameria (Hewitson) 8 Apr-Nov M, N
60 Gram Blue Euchrysops cnejus (Fabricius) 96 Jan-Dec M, N, A
61 Indian oakblue Arhopala atrax (Hewitson) 12 Jun-Jul
62 Lesser Grassblue Zizina otis (Fabricius) 17 Jul-Oct M, N
63 Lime Blue Chilades lajus (Stoll) 121 Feb-Nov M, N, A
64 Tailless Lineblue Prosotas dubiosa indica (Evans) 5 Jul N
65 Oriental Grass Jewel Freyeria putli (Stoll) 4 Mar-Aug
66 Pale Grass Blue Pseudozizeeria maha (Kollar) 109 Mar-Oct
67 Plains Cupid Chilades pandava (Horsfield) 38 May-Sep M, N, A
68 Rounded Pierrot Tarucus nara (Kollar) 146 Mar-Oct N, A
69 Slate Flash Rapala manea (Hewitson) 64 Mar-Dec M
70 Zebra Blue Leptotes plinius (Fabricius) 17 May-Jul M, A
71 Pea Blue Lampides boeticus (Linnaeus) 11 Oct-Nov N
Family: Hesperiidae
72 Brown Awl Badamia exclamationis (Fabricius) 14 Jun-Aug N, A
73 Chestnut Bob Lambrix salsala (Moore) 78 Jan-Dec M, N
74 Common branded Awl Hasora chromus (Cramer) 2 Aug M
75 Common snow Flat Tagiades japetus (Stoll) 13 Nov-Jan M
76 Forest Hopper ?:Zc;:))pterusjama (Felder and 1 Oct M
77 Indian Grizzle Skipper Spialia galba (Fabricius) 29 May-Jul M, A
78 Moore Ace Halpe porus (Mabille) 2 Jul-Aug N
79 Indian Palm Bob Suastus gremius (Fabricius) 74 Jan-Dec M, N
80 Tree Flitter Hyarotis adrastus (Stoll) 52 Sep-Feb M
81 Common Redeye Matapa aria (Moore) 82 Feb-Nov M, N, A
82 Grass Demon Udaspes tolus (Cramer) 23 Aug-Dec M, N, A

M—morning (05.00-10.59) | N—noon (11.00-15.59) | A—afternoon: (16.00-19.00).
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Figure 3. A. Whittaker plot of rank-abundance of the butterfly
community B. Family wise rank-abundance curve

index in this study is 0.021 that shows an intuitive high
proportion to species abundance. As we know the value
of Pielou’s index ranges between 0 and 1 and the more
the index value reaches 1 the more the evenness in the
community. The species evenness (E=0.91) calculated
for the studied community shows high evenness (Table
2).

The rank abundance curve for the community has
a relatively low steep inclination in Whittaker plot
showing high evenness as the high-ranking species have
much lower abundances than the low-ranking species.
A low gradient dictates high evenness among the
different species (Figure 3 A). The rank-abundance curve
when compared family wise (Figure 3 B) shows that
family Nymphalidae has the highest species evenness,
whereas family Papilionidae has the lowest species
evenness. In Lorenz curve (Figure 4) a perfectly equal
species abundance would be one in which every species
has the same population size. The Gini coefficient is
the ratio of the area between the line of equality and
Lorenz curve. It ranges between 0 and 1. The higher
the Gini coefficient, the more unequal the population
distribution (Gini 1936). In the present study (Table
2) the Gini coefficient value is 0.269 that supports the
species richness and species abundance demonstrated
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Figure 4. Lorenz curve showing inequality in species richness and
abundance.

Table 2. Values of different biodiversity indices.

Shanon Simpson Pielou
Lorenz Curve
Index Index Index
Lzrenz Gini Index
4.01 0.02 0.91 rea
13.46 0.2692

through the Shanon and Simpson index.

Observations on SHE graphs of monthly variations
in richness and abundance of butterfly species clearly
indicate log series pattern of distribution, where S will
increase, H will remain constant and E will decrease
(Figure 5) (Hayek & Buzas 1997; Buzas & Hayek 2005;
Magurran 2004). It seems that the butterfly abundance
increased in winter and post monsoon and decreased in
summer and monsoon. This may be due to the changes
in the temperature in this lateritic soil area and high
precipitation in the monsoon may cause destruction of
the habitats as well as food supply of most of the species
concerned.

CONCLUSION

The present report on the butterflies in and around
Midnapore Municipality area is the first of its kind.
There are no such records on the studies of butterflies
earlier from the region. Butterflies are susceptible
to subtle changes in landscape, land use patterns and
vegetation loss, therefore, utmost care should be taken
to preserve not only butterflies but also the species
that support them. Percentage-wise distribution of the
family Riodinidae was the lowest so it might be that the
habitat of the study areas and climate of the region was
not suitable for the family in the present investigation
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Figure 5. Graphical representation of SHE analysis, obtained from
PAST 3.20 software, calculated from the data of relative abundances
of 82 butterfly species in 12 months (samples) of two consecutive
years in and around Midnapore urban area.

which warrants independent investigations. During our
study we encountered that butterflies were abundant
during post monsoon and monsoon while at other times
(winter and summer) their population dwindled which
may be due to less rainfall in winter, scorching heat and
long dry spells during summer. The Shanon-Weaverindex
for the studied community shows high species richness.
Simpson’s index shows an intuitive high proportion to
species abundance. The species evenness (E=0.91)
calculated through Pielou’s index shows high evenness.
A low gradient in rank-abundance curve dictates high
evenness among the different species. Gini coefficient
(0.269) in the present study supports well about the
species richness and species abundance demonstrated
through the Shanon and Simpson index. SHE analysis
indicate log series distribution of the butterfly species
throughout the year in the studied area. Such studies
can generate or inculcate interest among students, locals
and authorities to save or conserve these pollinators
and their habitat, also its conservation is essential for
sustainable development.
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Images 1-18. Photographs of some representative butterfly species in their habitats. © Debarun Patra and Soumyajit Roy.

1—Pachliopta aristolochiae | 2—Papilio polytes | 3—Delias eucharis | 4—Graphium agamemnon | 5—Papilio demoleus | 6—Papilio clytia
| 7—Euthalia nais | 8—Papilio crino | 9—Graphium nomius | 10—Neptis hylas | 11—Neptis jumbah | 12—Belenois aurota | 13—Hypolimnas
bolina | 14—Junonia iphita | 15—Junonia lemonias | 16—Junonia orithya | 17—Junonia almanac | 18—Junonia hierta.
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Images 19-36. Photographs of some representative butterfly species in their habitats. © Debarun Patra and Soumyajit Roy.

19-Spalgis epius | 20—Badamia exclamationis | 21—Lambrix salsala | 22—Jamides celens | 23—Prosotas nora | 24—Castalius rosimon |
25—Neopithecops zalmora | 26—Matapa aria | 27—Tagiades japetus | 28—Zizina labradus | 29—Mahathala ameria | 30—Euchrysops cnejus
| 31—Udaspes tolus | 32—Spialia galba | 33—2Zizina otis | 34—Chilades lajus | 35—Suastus gremius | 36—Chilades pandava.
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Abstract: The Devi Pindiyan Valley, an abode of Goddess Vaishno Devi, in Trikuta Hills (western Himalaya) is a unique hill-top land ecosystem
with a diverse regional mixed subtropical and temperate flora. Because of its suitable geographic location, specific and unique habitat
conditions, this mountainous belt of Shivalik Himalaya has a large number of endemic and threatened plant species. This study presents
information on the plant diversity of Devi Pindiyan Valley of Trikuta Hills. Several line-transect (100m N-S and 100 E-W) surveys were
conducted in which nested quadrats of 10m x 10m were laid for trees, within which interspersed two 5m x 5m sub-quadrats for shrubs and
five 1m x 1m sub-quadrants for herbs at different places for determination of floristic composition. In the diverse habitats of this valley, we
recorded 213 vascular plant species belonging to 164 genera under 71 families. This study area also harbors rich diversity of fungi, where
the most visible 7 species of macrofungi belongs to 7 genera and 4 families were documented. Out of the documented species, 35 species
have been categorized as threatened based on the latest IUCN Red list criteria, while 178 species are included in the catalogue of world
life. Engelhardtia spicata Lechen ex Blume var. integra (Kurz) Manning ex Steenis has been categorized as Least Concerned (LC) by IUCN
Red List site. The species diversity indicates the high conservation value of this area and documenting such an ecologically rich ecosystem
becomes a prerequisite for developing and formulating conservation-cum-management strategies. Therefore, we recommend there is
need for ecological research in terms of biodiversity conservation on Devi Pindiyan Valley and similar ecosystems.
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Plant and fungal diversity of Devi Pindiyan Valley

INTRODUCTION

Himalayan eco-terrains are globally recognized as
a hub and repository of unique biological diversity in
Asia, and their distribution differs from tropical to alpine
climate (Nayar & Shastry 1987; Singh 2019). The species
composition of the Himalayan hills and mountains varies
from place to place and these variations depend mainly
on different climatic factors coupled with differences
in latitude, longitude, and altitude (Singh 2015).The
Indian Himalaya are home to more than 8,000 species of
vascular plants, of which 4,000 species are endemic and
1,748 are known for their medicinal properties (Samant
et al. 1998; Singh 2019a). The western Himalayan
geographic region extends from Jammu & Kashmir to the
Kumaon belt of Uttarakhand State. The Shivalik region
of Jammu division is known for unique and endemic
species whose occurrence is due to favorable climatic
conditions required for the growth and dissemination of
plant species (Singh 2019b). Review of literature reveals
that Jammu & Kashmir is home to about 4,439 species of
plants (Singh et al. 1999), and out of these, 948 species
are published to have medicinal and aromatic value
(Gairola et al. 2014). It is evident from the published
work that a lot of research has been carried out in this
region by different plant scientists to study biodiversity,
ethnobotany, ecology, and data up-gradation on
environmental parameters (Sharma & Kachroo 1983;
Kapur & Sarin 1990; Swami & Gupta 1998; Kirn 2000;
Kumar & Hamal 2009; Kumar et al. 2009, 2015; Kumar
& Sharma 2011; Bhellum & Magotra 2012; Bhatia et al.
2013, 2014; Dar et al. 2014; Dutt et al. 2015; Kour et al.
2017; Pandita & Dutt 2017; Singh et al. 2016, 2019).

Trikuta Hills in the Himalaya are known for the holy
pilgrimage of the shrine of Shri Mata Vaishno Devi and
more than 1.5 lakh people visit this place of worship
every year from different parts of the globe. This shrine
mountain ecosystem has several steep slopes, deep
gorges and valleys, rich in different types of vegetation.
Ecologically, these hills can be characterized as sub-
tropical to temperate mixed vegetation, rich in Pinus,
Quercus, Engelhardtia, and Cedrus as dominant tree
species. The elevation of this mountain ranges from
750 to 2,706m. Many sacred rivers and small streams
originate from these hills, and the higher reaches of these
hills are occasionally covered with snow during winter
months. There are several unexplored regions due to
sacred beliefs and tough terrain in the hills. In this study,
we present the floral and fungal diversity of Devi Pindiyan
Valley with an aim to conserve species in this valley.
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MATERIALS AND METHODS

Study Area

Devi Pindiyan Valley of Trikuta Hill is situated 36km
from Jammu Town and 13km from Katra City (Reasi
District) in Panthal forest area. It lies between latitudes of
32.892 to 33.010N and longitudes of 74.986 to 74.995E
and the elevation range of 860-1,360m (Figure 1). It
covers approximately an area of 17.3 km?2. The study
area is part of district Reasi of Jammu & Kashmir. This
mountainous belt falls in the Palaearctic Realm and the
forest terrains are rugged and the hills are characterized
by moderate to steep slopes. The vegetation
components are characterized by typical subtropical
and temperate forests. The forest components as a
whole are regarded as a sacred grove and named Devi
Pindiyan Shakti Pith. The upper ridges of Trikuta Hill
experiences winter snowfall which is responsible for the
moderate temperature in summer and cool weather in
winter. December—January are the coldest months of
the year when minimum temperatures reach minus 4°C.
The mean temperature in January is about 8°C, and in
May, the temperature rises between 35°C and 40°C. The
annual rainfall ranges between 3,200mm and 3,472mm,
distributed over 60-90 rain days. A number of seasonal
streams that provide water to the local community for
domestic purposes originate from the forest reserve.
River Jhajjar is one of the important sacred perennial
water system originating from Trikuta Hill which runs
through the valley. There are only four villages where an
indigenous Dogri speaking community of Duggar resides.
Due to the remote location, typical physiography and
climate, the local people derive much of their livelihood
from agriculture, horticulture and floriculture. They
mostly depend on forest resources for food, shelter and
medicine. Since the region is known as a sacred place,
some of them cultivate marigolds for sale in the market
which adds to their earnings.

Field Survey, Data Collection and Identification

Four field exploration tours were undertaken for
survey, collection and mapping of plant samples from six
study sites in Devi Pindiyan Valley from March 2017 till
September 2018 with the help of experts from the J&K
Forest Department, CSIR-IIIM Jammu, and the University
of Jammu (Image 1). Several line-transect (100m N-S
and 100m E-W) surveys were conducted at different
places for determination of floristic composition. Nested
guadrats of 10 x 10m were laid for trees, within which
were interspersed two 5 x 5m sub-quadrats for shrubs
and five 1 x 1m sub-quadrats for herbs in different
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Figure 1. Devi Pindiyan Valley and main sampling plots (details information of each plot is given in Table 1).

Tablel. Characterization of collecting sites from Devi Pindiyan Valley of Trikuta Hill, Shivalik Himalaya.

Geographical coordinates

Survey sites (Date of collection) - - - i .

Latitude Longitude Elevation (m) Habitat characterized
Site 1 (14 March 2017) 32.982°N 74.986° E 860 Tropical forests
Site 2 (19 August 2017) 32.987°N 74.987° E 1020 Mixed tropical and subtropical forests
Site 3 (19 August 2017) 32.994° N 74.990° E 1149 Mixed tropical and subtropical forests
Site 4 (28 April 2018) 32.999°N 74.989° E 1135 Mixed tropical and subtropical forests
Site 5 (28 April 2018) 33.004° N 74.993° E 1089 Mixed tropical and subtropical forests
Site 6 (14 September 2018) 33.010°N 74.995° E 1360 Mixed subtropical and temperate forests

growing seasons. GPS coordinates were recorded
by using Garmin Oregon 650 GPS navigation device
(Table 1). Data on habit, phenological characters and
associated species of plants were collected along with
digital photographs. Macro-fungi present in the area
were also systematically collected, photographed and
preserved. Laboratory studies were conducted in the
Department of Botany, University of Jammu and RRLH
Janaki Ammal Herbarium at CSIR-Indian Institute of
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Integrative Medicine, Jammu (CSIR-1lIM). Conventional
herbarium techniques proposed by Jain & Rao (1977)
and Rao & Sharma (1990) were followed. The accurate
identification and authentication of plants was based
on the collected herbarium vouchers and photographs,
which were used as unique evidence and reference
material for regional distribution. Proper identification
and naming of macro-fungi species was done through
individual expertise and online databases such as Index
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Image 1. Vegetation survey, data collection and identification of plants of Devi Pindiyan Valley. © S. Thakur, B. Singh & O.P. Vidyarthi.

fungorum (www.indexfungorum.org) and Mycobank
(www.mycobank.org).

The species were enumerated and photographed
through non-invasive methods. The vouchers of the
collected plants were identified by comparing them
physically with existing preserved specimens at the
Herbarium of the University of Jammu (HBJU) and Janaki
Ammal Herbarium (RRLH) Jammu. Later, all taxa were
authenticated by using taxonomic keys and published
floras (Sharma & Kachroo 1983; Kapur & Sarin 1990;
Swami & Gupta 1998). The prepared herbarium sheets
were deposited at the Herbarium of University of Jammu
(HBJU).

14830

Systematization and Presentation

All plant species of Devi Pindiyan were systematically
arranged. Families were arranged as per Bentham and
Hooker’s System of Classification (Bentham & Hooker
1876). Habit of each plant species were categorized as
trees, shrubs, herbs and lianas. The correct ICN names
of each plant and macro-fungi species were carried
out using web-based databases (www.theplantlist.org,
www.indexfungorum.org and www.mycobank.org). The
threat status of each species was determined using the
online database of IUCN Red List (www.iucnredlist.org)
and presented as Critically Endangered, Endangered,
Vulnerable, Least Concern, Data Deficient and if
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similar information was not available, then they were
designated as NA.

RESULTS

Forest Characterization

The intermediate climate between the subtropical
and the temperate vegetation along with the
topography of the Devi Pindiyan Valley is responsible
for its unusual mixed type of vegetation. The forest belts
possess different types of very unique plant associations
such as mixed deciduous broad-leaved forests, lower
pine association coupled with secondary scrub
parameters. This valley is dominated by species such
as Sapium sebiferum, Grewia optiva and Toona ciliata
in mixed broad-leaved areas. Pinus roxburghii, Phoenix
dactylifera, Trema politoria, and Debregeasia longifolia
at the upper hills mixed with pine vegetation. The
secondary scrubby layers are dominated by Woodfordia
fruticosa, Justicia adhatoda, Euphorbia royleana and
Ehretia acuminata.

Floristic Composition and Analysis

A total of 213 plant species belonging to 165 genera
and 71 vascular plant families were collected from the
Devi Pindiyan and associated hills of Trikuta Mountain
(Appendix 1). Out of a total of 213 plant species, 204
were angiosperms (166 dicots and 38 monocots),
one was gymnosperm and the remaining eight were
pteridophytes (Table 2). The highly represented families
were Poaceae (19 species), Lamiaceae (14 species),
Fabaceae (13 species), Asteraceae & Moraceae (12
species each), Solanaceae (9 species), Euphorbiaceae
(8 species), Rosaceae (7 species), Ranunculaceae (6
species) & Malvaceae, Pinaceae and Pteridaceae (5
species each). Highly represented genera in the valley
were Ficus (10 species), Euphorbia & Solanum (5 species
each), Rubus (4 species), and Acacia & Datura (3 species
each). A total of 95 plant species were herbaceous in
habit, 48 were shrubby bushes, 54 were trees and 16
were climbers. Some snapshots of species diversity are
given in Images 2 and 3.

Besidesvascularplantdiversity, thisregionalsoexhibits
macrofungal diversity, of which some are used as food or
medicine by the local inhabitants of the study area. While
investigating, seven macro-fungi were documented from
the study area that include Ganoderma lucidum (Curtis)
P.Karst. (Ganodermataceae), Schizophyllum commune
Fr. (Schizophyllaceae), Termitomyces heimii Natarajan
(Lyophyllaceae), Macrolepiota procera Scop., Agaricus
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Table 2. Classification of vascular plants distribution in Devi Pindiyan
Valley.

Taxon Family Genus Species Total
I. Lycophytes and Ferns 5 6 8 8
Il.  Gymnosperms 1 1 1 1
Il.  Angiosperms 65 158 204 204
Monocotyledons 12 33 38 38
Dicotyledons 53 125 166 166
Total 71 165 213 213

arvensis Schaeff.,, Calvatia gigantea (Batsch) Lloyd,
and Bovista minor Morgan (all Agaricaceae members).
The first two macro-fungi (Ganoderma lucidum and
Schizophyllum commune) are used as medicine by the
local people, whereas the remaining were recorded as
being used as wild edible macro-fungi (Image 4).

Economically Valued Plants

Out of a total of 213 plant species collected from
the area, 76.05% (162 spp.) are reported in literature
as high valued medicinal plants (Samant et al. 1998;
Bhatia et al. 2013, 2014; Gairola et al. 2014; Dutt et
al. 2015). Some abundantly growing medicinal plants
of Devi Pindiyan Valley and its associated mountain
ranges include Achyranthes bidentata, Acacia modesta,
Artemisia nilagirica, Berberis lycium, Bergenia pacumbis,
Cissampelos  pareira,  Colebrookea  oppositifolia,
Colchicum luteum, Cryptolepis dubia, Datura innoxia,
Holarrhena pubescens, Micromeria biflora, Mentha
longifolia, Ocimum americanum, Plantago lanceolata,
Sida rhombifolia, Valeriana jatamansi, Verbascum
thapsus, Viola canescens,and Zanthoxylum armatum.

While gathering oral information from local people,
26 species were recorded as edible and consumed as wild
leafy vegetables, wild fruits or seeds. Most abundantly
growing plants under this category are Colocasia
esculenta, Debregeasia longifolia, Ficus spicata, Mentha
spicata, Morus alba, Murraya koenigii, Rubus ellipticus,
Rubus niveus, Rumex hastatus, Zanthoxylum armatum
and Ziziphus jujuba. The study area is composed of
nearly 55 timber vyielding plants, with Engelhardtia
spicata, Ficus semicordata, Ficus racemosa, Mallotus
philippensis, Kigelia africana, Melia azedarach, and
Pinus roxburghii being the most dominant tree species.
We also recorded 10 plants from the area as a source
of dye such as Impatiens balsamina, Impatiens bicolor,
Geranium nepalensis, Acacia catechu, and Pistacia
chinensis (Figure 2).
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Image 2. Plant diversity found in Devi Pindiyan Valley and adjoining areas: A—Engelhardtia spicata Lechen ex Blume var. integra (Kurz) Manning ex
Steenis | B—Woodwardia radicans (L.) Sm. | C—Euphorbia royleana Boiss. | D—Thysanolaena latifolia (Roxb. ex Hornem.) Honda | E—Adiantum
recurvatum (D.Don) Fraser-Jenk. | F—Pteris vittata L. | G—Toona sinensis (A.Juss.) M.Roem. | H—Vitex altissima L.f. | |1—Rubus ellipticus Sm.
| J—Senna occidentalis (L.) Link | K—Bauhinia variegata L. | L—Dendrocalamus strictus (Roxb.) Nees. © S. Thakur, B. Singh & O.P. Vidyarthi.

14832 Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14827-14844



Plant and fungal diversity of Devi Pindiyan Valley

R Medicinal ™ Timber W™ Edible

L

Figure 2. Economically valued plants of Devi Pindiyan Valley.

Native and Non-Native Status

Of the total 213 investigated species, 124 species
representing 58.22% are native to the Palaearctic Realm
and remaining 89 species (41.78%) are non-native to
India and adjoining areas (Appendix 1). They are either
introduced, alien (invasive) or recorded from other
regions as native plants. They are European, African,
Australian, or tropical American origin plants escaped
to have distribution in the study area (India) as invasive
or were introduced sometime in history. A total of 32
species (15.02%) are native to India or are exclusively
endemic to the Himalayan regions. Common endemic
species to Himalaya include Mimosa himalayana,
Valeriana jatamansi, Neolitsea umbrosa, Engelhardtia
spicata, Colchicum Iuteum, Isachne himalaica,
Colebrookea oppositifolia, Ficus semicordata, Delphinium
denudatum, Grewia optiva, Acacia modesta, Begonia
picta, Heracleum candicans, Selinum vaginatum, and
Euphorbia royleana. About 0.93% species have nativity
in Indo-Malayan regions. There are several species
which are of Chinese origin and have abundant growth
in the study area includes Ficus sarmentosa, Hedychium
spicatum, Pteris vittata, and Pistacia chinensis.

Threats and Conservation Perspectives

Human  disturbance coupled with habitat
fragmentation have been identified as a major cause of
biodiversity loss in many hotspots. Destruction of forests
has resulted in the degradation of the environment and
habitat of native species of the state. The rich genetic
diversity has been depleted and many plant species
are facing the threat of extinction in their natural
habitats. Expansion of developmental activities (road/
dam/city construction), logging, mining and similar
associated activities are major threats to plant and
animal species. The conservation status of all collected
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Figure 3. Graphical representation of species of Devi Pindiyan Valley
as per IUCN.

and authenticated species were worked out following
IUCN Red List website (www.iucnredlist.org), and out of
a total of 213 species, 34 species have been categorized
under one or other threat concern. Total 32 species
were listed as Least Concern (LC) species, 1 species each
were categorized under Vulnerable (V) category and
Data Deficient (DD) and remaining 178 species were not
assessed as per IUCN classification (Figure 3)

DISCUSSION

The endemic species with limited geographical
ranges are susceptible to extinction as they are
extremely vulnerable to environmental changes, while
widely distributed species can cope with the changing
environment and anthropogenic disturbances (Rao et al.
2003). In this study, we reviewed for the first time, and
presented the plant diversity of unexplored Devi Pindiyan
Valley of Trikuta Hills in Shivalik Himalaya. In the diverse
habitats of this valley, we recorded 213 vascular plants
of 164 genera under 71 families, and seven macro-fungal
genera belonging to four families, indicating that the
flora of the surveyed region shows high diversity. In fact,
while surveying and exploring the interior belts, we often
found a large number of plant species from a certain
small area, which were very different in habitat condition
from their surroundings. In addition to these, we were
able to mark wide variations in ecological conditions
found within the explored area along with variations
in altitudes. According to the Botanical Survey of India,
Jammu & Kashmir in the western Himalaya is one such
region which has been floristically under-explored (Dar
et al. 2012), and the present finding helps to fill the data
gap. Few research projects were previously conducted
in the area, and one of them was of Kapur (1982),
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Image 3. Plant diversity found in Devi Pindiyan Valley and adjoining areas: A—Toona ciliata M.Roem. | B—Mimosa himalayana Gamble |
C—Neolamarckia cadamba (Roxb.) Bosser | D—Cotinus coggygria Scop. | E—Rhamnus triquetra (Wall.) Brandis | F—Sauromatum venosum
(Aiton) Kunth | G—Cissampelos pareira L. | H—Leucas lanata Benth. | |—Boehmeria macrophylla Hornem. | J—Impatiens balsamina L. |
K—Impatiens bicolor Royle | L—Viola canescens Wall. | M—Pinus roxburghii Sarg. | N—Olea paniculata R.Br. | O—Thalictrum foliolosum |
P—Saccharum spontaneum L. | Q—Zanthoxylum armatum DC. © S. Thakur, B. Singh & O.P. Vidyarthi.
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|

G

Image 4. Macro-fungal diversity found in Devi Pindiyan Valley and adjoining areas: A—Ganoderma lucidum (Curtis) P.Karst. | B—Schizophyllum
commune Fr. | C—Termitomyces heimii Natrajan | D—Macrolepiota procera Scop. | E—Agaricus arvensis Schaeff. | F—Calvatia gigantea
(Batsch) Lloyd | G—Bovista minor Morgan. © Y.P. Sharma.
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who studied the phytoecology and forest associations,
but very little data on ecology was presented. Lesser
known species outside their natural habitat are facing
threats of existence seeing in vulnerable category and
may slowly move towards the verge of extinction due to
unabated anthropogenic activities such as deforestation
and illicit extraction of valuable medicinal plants. Hence,
such species need immediate conservation measures
and research on ecological restoration. Owing to
our extensive study efforts in the Devi Pindiyan, this
documented research will provide a good notion of
the plant diversity and reasons for conservation of this
sacred place for the future.
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Appendix 1. List of plants in Devi Pindiyan Valley of Trikuta Hills, Shivalik Himalaya.

Thakur et al.

IUCN
Botanical name Phenology period Habit status Nativity status Voucher no.
DICOTS
Ranunculaceae
1. Clematis barbellata Edgew. June—August Climber NA .Na“f’e to Palaearctic realm and HBJU125
in Himalaya
2. Clematis gouriana Roxb. ex DC. September—December Climber NA Native to Palaearctic realm HBJU126
3. Delphinium denudatum Wall. ex Hook.f May—-September Herb NA Native to Himalaya HBJU151
& Thomson
4. Ranunculus distans Royle June—August Herb NA Native to Himalaya HBJU206
5. Ranunculus muricatus L. March—July Herb NA Non-native to India, and native HBJU276
of Europe
6. Thalictrum foliolosum DC. August-December Herb NA Native to Himalaya HBJU226
Menispermaceae
7. Cissampelos pareira L. March—October Climber NA Native to India HBJU124
8. Cocculus laurifolius DC. March—August Climber NA Native to Himalaya HBJU127
Berberidaceae
9. Berberis lycium Royle April-June Shrub NA Native to Palaearctic realm HBJU112
Papaveraceae
10. Fumaria indica Pugsley March—July Herb NA Native to Palaearctic realm HBJU178
Violaceae
11. | Viola odorataL. April-September Herb NA Non-native, introduced from HBJU290
Europe
12. Viola canescens Wall. March—July Herb NA Native to Himalaya HBJU288
Malvaceae
13. Bombax ceiba L. November—March Tree NA .Non—natlve to India and HBJU115
introduced
14. Grewia asiatica L. March—September Tree NA Non-native to India HBJU159
15. Grewia optiva (Buch.-Ham. ex Roxb.) April-Septmber Tree NA Native to Himalaya HBJU184
J.R.Drumm. ex Burret
g . Native to Palaearctic realm
16. Pterospermum acerifolium (L.) Willd. December—July Tree NA (Southeastern Asia) HBJU203
Non-native to India, and native
17. Sida rhombifolia L. September—January Shrub NA to New World (America & HBJU263
Oceania)
Linaceae
18. Reinwardtia indica Dumort. April-January Shrub NA Native to Himalaya HBJU246
Geraniaceae
19. Geranium nepalense Sweet April-October Herb NA Native to Himalaya HBJU156
20. Geranium mascatense Boiss. February—May Herb NA Na‘hve to Palaearctic realm HBJU277
(Himalaya)
Balsaminaceae
21. Impatiens balsamina L. July—October Herb NA Non-na'tlve to Infila, and native HBJU190
to tropical America
22. Impatiens bicolor Royle May—October Herb NA Non-native to India HBJU191
Oxalidaceae
23. Oxalis corniculata L. February—October Herb NA Non-native to India, and native HBJU228
of Europe
Rutaceae
24, Aegle marmelos (L.) Corréa October—January Tree NA .Non-natlve to India and HBJU107
introduced
25. Murraya koenigii (L.) Spreng. March—August Tree NA Native to Palaearctic realm HBJU187
26. Zanthoxylum armatum DC. April-October Shrub NA Native to PaIaeathc realm HBJU239
(Southeastern Asia)
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IUCN
Botanical name Phenology period Habit status Nativity status Voucher no.
Meliaceae
27. Melia azedarach L. March—October Tree LC Non-native to India, and native HBJU180
of Bangladesh
28. Toona ciliata M.Roem. January—August Tree LC Non-native to India HBJU229
29. Toona sinensis (AJuss.) M.Roem. May-January Tree NA :\‘SZTJ\;E::;:::‘?:;CSC realm HBJU281
Rhamnaceae
30. Rhamnus triquetra (Wall.) Brandis July-September Tree NA Native to Palaearctic realm HBJU247
31. Ziziphus jujuba Mill. May—-October Tree LC gz:‘:ﬁ;g;z:ie::;c realm HBJU294
32. Ziziphus oenopolia (L.) Mill. August—-December Shrub NA Native to Palaearctic realm HBJU295
Sapindaceae
33. Cardiospermum halicacabum L. June—October Climber NA Non-native to India and invasive HBJU149
34. Dodonaea viscosa (L.) Jacq. January—August Shrub NA Non-native to India HBJU160
Anacardiaceae
. . Non-native to India, and native
35. Cotinus coggygria Scop. February—November Shrub LC of Southern Europe HBJU140
36. Lannea coromandelica (Houtt.) Merr. March—September Tree NA gz:‘;ﬁ::;:ﬁ?ggc realm HBJU202
37. Mangifera indica L. March—September Tree DD :;‘;::dec Indo-Malaya region, HBJU212
38. Pistacia chinensis Bunge March—November Tree NA :\‘\/?/E;Itee:z zzliar:;rctlc realm HBJU233
Fabaceae
39. Acacia catechu (L.f.) Willd. April-September Tree NA Native to Palaearctic realm HBJU101
40. Acacia modesta Wall. May—-October Tree NA Native to Himalaya HBJU102
41. Acacia nilotica (L.) Delile March—August Tree LC Non-na.tlve to ln(.jla and native HBJU103
of Tropical America
42. | Bauhinia vahlii Wight & Arn. April-August Climber NA :“SZTJ‘;E::S':ZL?::SC realm HBIU110
43. Bauhinia variegata L. February—July Tree LC :\‘SZTJ\;E;ES:::T::SC realm HBJU111
44. Cassia fistula L. April-July Tree NA Native to Palaearctic realm HBJU119
45. Indigofera cassioides DC. January—June Shrub NA Native to Palaearctic realm HBJU163
46. Indigofera heterantha Wall. ex Brandis May—-October Shrub NA Native to Palaearctic realm HBJU193
47. Lespedeza gerardiana Wall. Ex Maxim. September—December Shrub NA Native to Palaearctic realm HBJU175
48. Mimosa himalayana Gamble June—December Shrub NA Endemic to Himalaya HBJU183
49. Pueraria tuberosa (Willd.) DC. March—August Climber NA :\::gi\f) to Palaearctic realm HBJU204
50. Senna occidentalis (L.) Link October—-March Shrub NA Non-na.rlve to India, an.d native HBJU217
to tropical South America
51. Senna tora (L.) Roxb. November—February Shrub NA Non—na‘tlve to India, a“f’ native HBJU218
to tropical South America
Rosaceae
Cotoneaster nummularius Fisch. & Native to Palaearctic realm
52. C.A.Mey. May-October shrub NA (Southeastern Asia, Himalaya) HBIU132
53. Prunus cerasoides Buch.-Ham. ex D.Don October—-March Tree LC Native to Palaearf:tlc realm HBJU199
(Southeastern Asia)
i Native to Palaearctic realm
54. Rubus ellipticus Sm. March—May Shrub NA (Southeastern Asia, India) HBJU210
55. Rubus niveus Thunb. May-September Shrub NA Native to Palaearctic realm HBJU250
56. Rubus paniculatus Sm. June-October Shrub NA Native to Palaearctic realm HBJU251
57. Rubus rosifolius Sm. March—July Shrub NA Native to Himalaya HBJU211
58. Spiraea bella Sims May-September Shrub NA Native to Himalaya HBJU224
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IUCN
Botanical name Phenology period Habit status Nativity status Voucher no.
Saxifragaceae
Bergenia pacumbis (Buch.-Ham. ex - Native to Palaearctic realm
59. D.Don) CYWu & JT.Pan June—August Herb NA (Himalaya) HBJU146
Myrtaceae
60. Psidium guajava L. May-September Tree NA gl?g;:nve, introduced from HBJU200
Lythraceae
61. Woodfordia fruticosa (L.) Kurz January—May Shrub LC Native to Asia (Himalaya) HBJU292
Onagraceae
62. Oenothera rosea L'Hér. ex Aiton May-December Herb NA Native to Palaearctic realm HBJU225
Begoniaceae
63. Begonia picta Sm. July-September Herb NA Native to Himalaya HBJU278
Apiaceae
64. Heracleum candicans Wall. ex DC. May-September Herb NA Native to Himalaya HBJU244
65. Ligusticum elatum (Edgew.) C.B.Clarke July-September Herb NA Native to Himalaya HBJU209
66. Selinum vaginatum C.B.Clarke June—October Herb NA Native to Himalaya HBJU260
Araliaceae
67. | Hedera helix L. September—May Climber NA Non-native to India, and native | 0,1 0¢
of Europe
Caprifoliaceae
68. Valeriana jatamansi Jones April-September Herb NA Endemic to Himalaya HBJU232
Adoxaceae
69. Viburnum nervosum D.Don April-October Shrub NA Native to Palaear'ctlc realm HBJU286
(Southeastern Asia)
Rubiaceae
70. Catunaregam spinosa (Thunb.) Tirveng. March—June Tree NA Native to Palaearctic realm HBJU120
71. Neolamarckia cadamba (Roxb.) Bosser June—November Tree NA Non-native to India HBJU312
72. Spermadictyon suaveolens Roxb. September—March Shrub NA Non-_natlve to_lndla, Native of HBJU223
Tropical America
73. Wendlandia heynei (Schult.) Santapau March—August Tree NA Native to Palaearctic realm HBJU236
& Merchant
Asteraceae
74. Ageratum conyzoides (L.) L. January—December Herb NA Nor'1-nat|ve, |nvaj5|ve to In{i|a and HBJU105
native from tropical America
75. Artemisia nilagirica (C.B.Clarke) Pamp. July—October Herb NA Native to Palaearctic realm HBJU131
76. Bidens biternata (Lour.) Merr. & Sherff January—December Herb NA Nor}—na‘nve, |r1va5|ve to'lnd|a and HBJU113
native to tropical America
77. Cirsium arvense (L.) Scop. June-October Herb NA Non-native, invasive to India HBJU123
78. Erigeron bonariensis L. May-October Herb NA Non-native, invasive to India HBJU144
79. Inula cuspidata (Wall. ex DC.) C.B. Clarke June—-August Shrub NA Native to Himalaya HBJU164
30, Laun'aea procumbens (Roxb.) Ramayya June—October Herb NA Native to Palaear'ctlc realm HBIU172
& Rajagopal (Southeastern Asia)
. . Non-native and invasive to India,
81. Parthenium hyterophorus L. April-August Herb NA and native of Tropical America HBJU253
82. Silybum marianum (L.) Gaertn. February—September Herb NA Zfor?c—:atlve, Mediterranean and HBJU264
83. Sonchus arvensis L. July-September Herb NA Non-native to India, and native HBJU272
of Europe
84. Sonchus oleraceus (L.) L. May-December Herb NA Non-native to Palaearctic realm HBJU273
Non-native, introduced from
85. Taraxacum campylodes G.E. Haglund September—March Herb NA Mediterranean and Africa HBJU268
Oleaceae
. . Native to Palaearctic realm
86. Jasminum grandiflorum L. August—January Shrub NA (Southeastern Asia) HBJU168
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IUCN
Botanical name Phenology period Habit status Nativity status Voucher no.
87. Ligustrum nepalense Wall. April-July Tree NA Native to Palaearctic realm HBJU177
88. Olea paniculata R.Br. April-November Tree NA :\:;::/:l:;;?alaearctm realm HBJU313
Apocyanaceae
89. Carissa spinarum L. April-June Shrub NA g:;‘;zaot;vseozc;l‘n:;:;srobably HBJU118
90. Cryptolepis dubia (Burm.f.) M.R.Almeida March—-November Climber NA Native to Palaearctic realm HBJU133
91. Holarrhena pubescens Wall. ex G.Don April-December Tree LC gfo;;;s:ve to India, and native HBJU188
Boraginaceae
92. Cynoglossum wallichii G.Don May—-August Herb NA Native to Palaearctic realm HBJU135
93. Cynoglossum zeylanicum (Vahl ex April-October Herb NA Native to Palaearctic realm HBJU136
Hornem.) Thunb. ex Lehm.
94. Ehretia acuminata R.Br. March-May Tree NA Native to Palaearctic realm HBJU157
Convolvulaceae
95. Ipomoea purpurea (L.) Roth June—September Climber NA Non-native and invasive to India HBJU165
96. Ipomoea calophylla Fenzl August—November Climber NA Non-native to India HBJU279
Solanaceae
97. | Datura innoxia Mill. May-October Shrub NA Non-native to India, and native | 5,55
to tropical America
98. | Datura metel L. March-December Shrub NA Non-native toIndia, and native | 5,53
to tropical America
99. Datura stramonium L. June—November Shrub NA E‘Sg;:hve' introduced from HBJU148
100. Physalis minima L. August-October Herb LC Native to Palaearctic realm HBJU195
101. | Solanum americanum Mill. June-January Herb NA Efotr:"—c)n;:e\\lle;r?u:?cl:’ and native HBJU220
102. | Solanum hazenii Britton January—December Shrub NA Native to Palaearctic realm HBJU221
103. | Solanum torvum Sw. April-July Shrub NA gf&;;ﬁ‘;i::s'“d'a' andnative | 1011927
104. | Solanum villosum Mill. July-November Herb NA Non-native to India HBJU284
105. | Solanum virginianum L. May-November Herb NA Non-native to India HBJU271
Scrophulariaceae
106. Buddleja crispa Benth. February-August Shrub NA Native to Palaearctic realm HBJU116
107. Verbascum thapsus L. June—October Herb NA g?rr;—;:nve to India, native of HBJU274
Bignoniaceae
108. | Jacaranda mimosifolia D.Don May—-August Tree Vu Non—r'latlve, introduced from HBJU167
America
109. | Kigelia africana (Lam.) Benth. April-October Tree LC g?:;:sme' introduced from HBJU170
Acanthaceae
110. | Dicliptera bupleuroides Nees May—July Herb NA Native to Palaearctic realm HBJU139
111. | Justicia adhatoda L. June—September Shrub NA giz:i;gs:::ie:;c:)c realm HBJU169
112. lbegf:gath/s incurva Buch-Ham. ex October-May Herb NA Native to Palaearctic realm HBJU173
Verbenaceae
113. Lantana camara L. January—October Shrub NA 2‘:;;na?\,\;e:frl(:;;\il:j\f;zrli::la‘ HBJU171
Lamiaceae
114. | Ajuga macrosperma Wall. ex Benth. January—November Herb NA z\lHait:T:l:lat;Jal;alaearchc realm HBJU106
115. Colebrookea oppositifolia Sm. January—March Shrub NA z\lH?T:/;;sal;alaearcnc realm HBJU128
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116. Elsholtzia fruticosa (D.Don) Rehder August—October Shrub NA Native to Palaear'ctlc realm HBJU158
(Southeastern Asia)
117. Isodon rugosus (Wall. ex Benth.) Codd July—October Shrub NA Native to Palaearctic realm HBJU166
118. Leucas lanata Benth. August-September Herb NA Non-native to India HBJU176
119. | Mentha longifolia (L) L. May-November Herb L gfrno';:“"e to India, native to HBIU181
120. | Mentha spicata L. July-November Herb LC Non-native to India, native to HBJU285
Europe
121. Micromeria biffora (Buch.-Ham. ex January—December Herb NA Native to Himalaya HBJU182
D.Don) Benth.
" Native to Palaearctic realm
122. | Nepeta graciliflora Benth. June—August Herb NA (Southeastern Asia) HBJU245
123. Ocimum americanum L. January—December Shrub NA Non—na-tlve to In.dla’ and native HBJU287
of tropical America
124. | Origanum vulgare L. July—December Herb NA Non-native to India, and native HBJU252
of Europe
125. | Scutellaria scandens D.Don April-August Herb NA Native to Palaearctic realm HBJU215
126. Thymus vulgaris L. August—November Herb LC Non-native to India, native to HBJU227
southern Europe
127. Vitex altissima L.f. June—November Shrub NA Native to Palaearctic realm HBJU235
Plantaginaceae
. Non-native, introduced from
128. | Plantago major L. June-September Herb LC Mediterranean and Africa HBJU289
129. | Plantago lanceolata L. May—-August Herb Vu Native to Palaearctic realm HBJU198
Nyctaginaceae
130. | Mirabilis jalapa L. June—November Shrub NA Non-natnve tolndia, and HBJU242
introduced
Amaranthaceae
131. | Achyranthes bidentata Blume July—October Herb NA Non—na‘hve tollndla, and native HBJU109
to tropical Africa
" Non-native, Introduced species
132. Chenopodium album L. May—-November Herb NA . . HBJU122
from Mediterranean and Africa
Polygonaceae
133. | Rumex hastatus D.Don April-June Herb NA Native to Himalaya HBJU261
Lauraceae
134. | Neolitsea umbrosa (Nees) Gamble March—-May Tree NA Endemic to Himalaya HBJU267
Proteaceae
135. Grevillea robusta A.Cunn. ex R.Br. March—August Tree NA Non-native to India, and native HBJU241
of South Wales
Euphorbiaceae
136. Euphorbia helioscopia L. January—July Herb NA Non-native to India HBJU161
137. | Euphorbia hirta L. June—December Herb NA Non-native to India, and native | 5,16,
to tropical America
138. Euphorbia neriifolia L. June—September Shrub NA Non-native to India HBJU179
139. | Euphorbia prostrata Aiton April-October Herb NA Non-native to India HBJU192
140. | Euphorbia royleana Boiss. May—July Shrub NA Native to Himalaya HBJU194
141. Mallotus philippensis (Lam.) Mull. Arg. March—August Tree NA Native to Palaearctic realm HBJU258
142. Ricinus communis L. June—-December Shrub NA Non-native to India HBJU248
143. | Sapium sebiferum (L.) Roxb. May-October Tree NA Native to Himalaya HBJU256
Phyllanthaceae
144. \C;/I?gclgd/an heyneanum (Wight & Arn.) June-November Tree NA Native to Palaearctic realm HBJU240
145. Leptopus cordifolius Decne May—-August Shrub NA Non-native to India HBJU254
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Urticaceae
146. Boehmeria macrophylla Hornem. June-January Shrub NA Native to Palaearctic realm HBJU114
147. Debregeasia longifolia (Burm.f.) Wedd. August—February Shrub NA Native to Himalaya HBJU137
148, J[.J;ﬁ.r\iz)e:;ia saeneb (Forssk.) Hepper & March—July Shrub NA ';::(;:::\;e;:rli:gia' and native HBJU150
149. | Urtica dioica L. June—September Herb LC Non-native to India HBJU231
Cannabaceae
150. | Trema politoria (Planch.) Blume May—October Tree NA Native to Palaearctic realm HBJU282
Moraceae
151. Ficus arnottiana (Miq.) Miq. March—November Tree NA Native to Palaearctic realm HBJU196
152. Ficus auriculata Lour. March—August Tree NA Native to Palaearctic realm HBJU197
153. | Ficus benghalensis L. April-October Tree NA :\Il:;iivai to Palaearctic realm HBJU201
154. | Ficus hispida L. June-October Tree NA gz:‘if]::s:'rie::;c realm HBIU207
155. Ficus palmata Forssk. June—November Tree NA Native to Himalaya HBJU208
156. Ficus pumila L. May-November Tree NA Native to Palaearctic realm HBJU213
157. Ficus racemosa L. June-November Tree NA Native to Palaearctic realm HBJU214
158. Ficus religiosa L. May—-August Tree NA Native to Palaearctic realm HBJU216
159. Ficus sarmentosa Buch.-Ham. ex Sm. May-September Shrub NA :\::e:qt'ii;/:)to Palaearctic realm HBJU174
160. Ficus semicordata Buch.-Ham. ex Sm. May—October Tree NA :\ll_:::/;:;)al;’alaearcﬁc realm HBJU234
161. Morus alba L. April-August Tree NA Non-native to India HBJU219
162. Morus macroura Miq. March-May Tree NA :\lljai::/aelsag’alaearcﬁc realm HBJU266
Ulmaceae
163. | Holoptelea integrifolia (Roxb.) Planch. May—-October Tree NA Native to Palaearctic realm HBJU189
Juglandaceae
164. 5237:;?;‘:3‘(1; 5 r/Zc)a lt;IJaL:r?i:egneixStB;:rr:(: January—December Tree LC Endemic to Himalaya HBJU143
Fagaceae
165. Quercus oblongata D.Don March—October Tree NA Native to Himalaya HBJU243
Salicaceae
166. | Flacourtia indica (Burm.f.) Merr. January—July Tree NA Native to Palaearctic realm HBJU237
GYMNOSPERMS
Pinaceae
167. | Pinus roxburghii Sarg. October-November Tree LC Native to Himalaya HBJU270
MONOCOTS
Cannaceae
168. Canna indica L. September—October Herb NA Non-native to India HBJU147
Zingiberaceae
169. | Hedychium spicatum Sm. June-November Herb NA :“;Sx:)m Palaearctic realm HBIU186
Dioscoreaceae
170. | Dioscorea biloba (Phil.) Caddick & Wilkin | August-November Climber NA Native to Palaearctic realm HBIU154
(Southeast India)
171. Dioscorea bulbifera L. July-November Climber NA Native to Himalaya HBJU141
Smilaceae
172. | Smilax aspera L. June—-November Climber NA Native to Palaearctic realm HBJU262
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Asparagaceae
173. | Agave americana L. April-October Shrub NA Nonjnatlve, introduced from HBJU104
Mexico
174. | Asparagus adscendens Roxb. October—-December Climber NA Native to Palaearctic realm HBJU142
175. | Asparagus racemosus Willd. October—January Climber NA Néhve to Palaearctic realm HBJU108
(Himalaya)
Colchicaceae
176. Colchicum luteum Baker February-May Herb NA Endemic to Himalaya HBJU152
Commelinaceae
177. Commelina benghalensis L. May-October Herb LC Native to Palaearf:nc realm HBJU130
(Southeastern Asia)
178. | Floscopa scandens Lour. March—May Herb LC Native to Palaearctic realm HBJU155
Arecaceae
179. | Phoenix dactylifera L. June—September Tree NA Non-native t? India, native of HBJU230
northern Africa
Araceae
180. Colocasia esculenta (L.) Schott February—September Herb LC Native to Palaearctic realm HBJU138
Sauromatum venosum (Dryand. ex . Non-native to India, native of
181. Aiton) Kunth Apil-July Herb LC Africa HBJU257
Alismataceae
182. | Sagittaria graminea Michx. June—-November Herb LC Native to Palaearctic realm HBJU255
Cyperaceae
. . Non-native to India, native of
183. Cyperus cyperoides (L.) Kuntze April-December Herb LC southeastern Australia HBJU310
184. | Fimbristylis quinquangularis (Vahl) Kunth | August—October Herb LC Non-native to India HBJU312
185. Fimbristylis schoenoides (Retz.) Vahl January—December Herb LC ZS:;;:VE to India, native of HBJU311
Cyperus sanguinolentus Vahl -nati i §
186. July-December Herb NA Non-native to India, and native | 5, )5
[=Pycreus sanguinolentus (Vahl) Nees] to tropical Africa
Poaceae
187, Arundinella pumila (Hochst. ex A.Rich.) May—July Herb NA Non-native to !ndla, and native HBJU300
Steud. to western Africa
188. | Brachiaria ramosa (L.) Stapf May—October Herb LC Non-native to India HBJU305
189. | Capillipedium assimile (Steud.) A.Camus August—December Herb NA Non-native to India HBJU307
. Non-native to India, and native
190. Chrysopogon fulvus (Spreng.) Chiov. June—October Herb NA to central Africa HBJU303
191. Cynodon dactylon (L.) Pers. January—December Herb NA Non-native to India, and invasive HBJU134
. . . Non-native to India, and native
192. Dactyloctenium aegyptium (L.) Willd. May—-October Herb NA to South Africa HBJU309
193. Dendrocalamus strictus (Roxb.) Nees November—June Tree NA Native to Palaear'ctlc realm HBJU153
(Southeastern Asia)
194. 5::3‘;05“5 atrovirens (Desf) Trin. ex May-September Herb NA Native to Palaearctic realm HBJU298
195. Imperata cylindrica (L.) Raeusch. April-August Herb NA Non-na.tlve to Infila, and native HBJU306
to tropical America
196. Isachne himalaica Hook.f. June—December Herb NA Endemic to Himalaya HBJU301
197. Oplismenus burmanni (Retz.) P.Beauv. July—October Herb NA Native to Palaearctic realm HBJU249
198. Oplismenus composites (L.) P.Beauv. September—November Herb NA Non-native to I-ndla, and native HBJU304
of North America
199. Paspalum scrobiculatum L. May-December Herb LC Non-native to India HBJU302
200. | Paspalum vaginatum Sw. June—September Herb LC Non-native to lnd'é’ and native HBJU296
of western Australia
201. Cenchrus sieberianus (Schltdl.) Verloove July—September Herb LC Non-native to India HBJU297
202. | Pogonatherum crinitum (Thunb.) Kunth May-September Herb NA Non-native to India HBJU308
Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14827-14844 14843



Plant and fungal diversity of Devi Pindiyan Valley

Thakur et al.

IUCN
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203. | Saccharum spontaneum L. July-September Herb LC :\::Sivai to Palaearctic realm HBJU291
204, Thysanolaena latifolia (Roxb. ex March—lune Herb NA Non-r?atlve tg Alndla and HBJU269
Hornem.) Honda American origin
Brachiaria setigera (Retz.) C.E.Hubb. . .
205. [=Urochloa setigera(Retz.) Stapf] July-September Herb NA Non-native to India HBJU299
PTERIDOPHYTES
Selaginellaceae
206. | Selaginella sp. November—January Herb NA - HBJU259
Adiantaceae
207. | Adiantum lunulatum Burm.f. January—April Herb NA :\::gi\;e) to Palaearctic realm HBJU117
208. f;:‘;"t“m recurvatum (D.Don) Fraser- December—April Herb NA Native to Himalaya HBIU121
Pteridaceae
209. Cheilanthes argentea (S.G.Gmel.) Kunze August—October Herb NA Native to Palaearctic realm HBJU129
210. Pteris linearis Poir. March—June Herb NA Non-native to India, and native HBJU238
of Europe
211. | Pteris vittata L. January—April Herb LC Native to Palaearctic realm HBJU275
(China)
Blechnaceae
212. Woodwardia radicans (L.) Sm. July-September Herb NA Non-native to India and native HBJU293
of Europe
Aspleniaceae
213. | Asplenium dalhousiae Hook. August—November Herb NA Native to Palaearctic realm HBJU145
Note: NA-IUCN status not assessed | LC—Least Concern | Vu—Vulnerable | DD—Data Deficient | Native status worked out from Reddy et al. (2008).
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Checklist of rust fungi from Himachal Pradesh

INTRODUCTION

Rust fungi are highly specialized obligate plant
parasites having several unique morphological and
microscopic features. These fungi commonly appear
as yellow orange or brown powder on a variety of host
plants and plant parts. Unlike other plant pathogens,
rusts usually affect healthy and vigorously growing
plants; the infection is limited to plant parts, such as
leaves, petioles, tender shoots, stem, and fruits. The
group is considered as one of the most harmful plant
pathogens in agriculture, horticulture and forestry.
These fungi are of major concern because they act as
limiting factors for the successful cultivation, plantation
and growth of agricultural crops and forestry plants. A
wider diversity and broader host range is exhibited by
this fungal group and their infection is not only limited
to agricultural crops but also non-agricultural plants
including medicinal herbs, shrubs, trees, and even
weeds. An estimated 168 rust genera and approximately
7,000 species exist on various plant hosts, more than half
of which belong to the genus Puccinia (Mohanan 2010).

Rust fungi show unique systematic characteristics
among all fungal groups. A single species may produce
up to five morphologically and cytologically distinct
spore-producing structures, viz., spermagonia, aecia,
uredinia, telia, and basidia, in successive stages of
reproduction during the infection process. The presence
of these successive stages may vary from species to
species. To initiate and develop infection, rusts require
an average temperature up to 35°C along with 50-60 %
relative humidity. The rust infected plants may appear
stunted, chlorotic (yellowed), or otherwise discoloured,
whereas, disease symptoms includes coloured pustules,
witches brooms, stem canker, hypertrophy of the
affected tissues or formation of galls (Cummins &
Hiratsuka 2003). Unlike other fungi, rusts exhibit one of
the most important characteristics of their exceptionally
high degree of host specificity.

Among all reported rust fungi, some are among
agriculture’s most destructive and devastating
pathogens, causing diseases such as wheat stem rust,
wheat yellow (stripe) rust, Asian soybean rust, coffee
rust and many more. These rust fungi cause annual
crop losses in billions every year worldwide. This loss
can be greater in developing world where growers are
not aware about diseases caused by rust fungi and often
cannot afford fungicides. Owing to their economic
importance, the rusts have been studied extensively in
regular mycological surveys in Himachal Pradesh, but no
single-source compiled literature is available. Therefore,
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this study facilitates the access to scattered Himalayan
literature with reference to rust fungi to the students
and plant pathologists of national and international
community.

STUDY AREA

Himachal Pradesh is one of the northern states
of India that lies between 30.377- 32.21 North and
75.74 — 79.07 East. It is a mountainous state with very
high mountains to grasslands in plain (Figure 1). Great
variations in elevation ranging from about 350m (1,148
ft) to 7,000m (22,966 ft) are found in the state. The
variations are also observed in the climatic conditions.
Hot and sub-humid tropical conditions were found in the
southern tracts while, cold, alpine and glacial conditions
in the northern and eastern mountain ranges with
more elevation. The variability in rainfall was observed
in the range of 1,500-3,000 mm. These variations in
geo-climatic conditions of the state lead to greater
biodiversity in the state. A total 66.52% of the area is
covered with very dense evergreen to deciduous forests
types. While, alpine shrub and meadows are found
distributed in the west and northeastern Himalaya;
alders, birches, rhododendrons, and moist alpine shrubs
are regional vegetation. The plant pathogens including
bacteria, fungi and viruses are also found due to these
changeable geographical and climatic conditions of the
state which are quite favourable for their growth and
development.

MATERIALS AND METHODS

The information on rust fungi was gathered by
investigating the following data sources: (1) mycological
survey conducted on rust fungi from Himachal Pradesh
during the years 2014 to 2018, and (2) all forms of
published documentation and literature (Bilgrami et
al. 1991; Jamaluddin et al. 2004). The names of some
taxon in the obtained data have been replaced by
currently accepted names as they were of out-of-date.
The current usage of names was checked using the Index
Fungorum (http://www.indexfungorum.org/) to adopt
the generic and specific taxonomy in Species Fungorum
(http://www.speciesfungorum.org/).

The plant samples found infected with rust fungi
were collected during a mycological survey of various
localities of Himachal Pradesh. Field observations of
rust fungi on host plants and their photographs were
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Figure 1. Himachal Pradesh showing district wise number of reports of rust fungi.
taken in natural conditions. Collected specimens were = RESULTS

packed in paper bags and taken to the laboratory for
further analysis. A few disease samples were used for
morphological analysis of the rust fungi and the rest of
the materials were dried for future microscopic studies.
The air dried specimens were preserved in standard
size herbarium packets and deposited at the Abhilashi
University Mycological Herbarium (AUMH).

The microscopic mounts were prepared from fresh
samples by brushing the rust powder into a drop
of distilled water and lactophenol on microscopic
slides, which were covered with cover slip and gently
heated. The microscopic slides were analysed for spore
dimensions like size, shape and ornamentations.

Both macro- and micro-morphological characters
obtained from the laboratory were only used for
taxonomic studies of the collected fungi. The fungal
specimens were identified and their distribution records
were checked by using standard literature (Cummins
& Hiratsuka 2003; Mukerji & Manoharachary 2010).
Illustrations are photographed under microscope
equipped with digital camera.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14845-14861

As per the results obtained in the present study and
from all sources of information, Himachal Pradesh has
167 species of rust fungi belonging to 23 genera and 11
families (Table 1). The largest family is Pucciniaceae (95
species) followed by Phragmidiaceae (14 species). Other
families were reported to have species of rust fungi up
to ten. However, 19 species of rust fungi with uncertain
placement are placed in taxonomic group incertae
sedis. Aecidium, Chrysomyxa, Coleosporium, Frommea,
Gymnosporangium, Kuehneola, Kweilingia, Melampsora,
Monosporidium, Ochrospora, Peridermium, Phakopsora,
Phragmidium,  Pileolaria, Puccinia, Pucciniastrum,
Pucciniostele, Ravenelia, Skierka, Uredinopsis, Uredo,
Urocystis, and Uromyces are the rust genera reported so
far from Himachal Pradesh.

Present studies revealed that 170 plant species
belonging to 52 families were found infected with rust
fungi throughout the state. Thirty-five hosts of family
Poaceae were highest to be found infected with these
fungi followed by Ranunculaceae (16), Rosaceae (15),
Asteraceae (11), Polygonaceae (7), Fabaceae, Salicaceae,
Acanthaceae & Lamicaeae (6 each), Pinnaceae &
Apiaceae (5 each), Rubiaceae (4), Saxifragaceae,
Cyperaceae & Euphorbiaceae (3 each), and
Berberidiaceae, Geraniaceae, Linaceae & Zinziberaceae
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Table 1. Number of species of rust fungi in the families and genera
in Himachal Pradesh.

Family Genera Numbfer of
species

Chrysomyxa 03
Coleosporiaceae -

Coleosporium 06
Cronartiaceae Peridermium 06

Uredo 07

Melampsora 08
Melampsoraceae

Ochrospora 01

Monosporidium 02

Phakopsora 02
Phakopsoraceae

Pucciniostele 01

Kweilingia 01

Frommea 01
Phragmidiaceae Kuehneola 01

Phragmidium 09

Pileolaria 02
Pileolariaceae

Skierka 01

Gymnosporangium 01
Pucciniaceae Puccinia 80

Uromyces 16

Pucciniastrum 01
Pucciniastraceae - -

Uredinopsis 01
Raveneliaceae Ravenelia 02
Urocystidaceae Urocystis 01
Total (10) 21 148

Aecidium 12
Incertae sedis

Uredo 07
Grand Total (11) 23 167

(2 each). The rest of the plant species were reported
to be infected with a single rust fungus. The area-wise
results revealed that most of the rust fungi (about 127)
were reported from Shimla and nearby regions followed
by Solan (22), Kullu (18), Kangra (9), Chamba & Mandi (7
each), Lahul & Spiti (4), and Kinnaur & Bilaspur (1 each).

The checklist of rust fungi from Himachal Pradesh, a
hilly state of northern India.

Fungi

Basidiomycota Whittaker ex Moore

Pucciniomycetes Pucciniomycetes R. Bauer, Begerow,
J.P. Samp., M. Weiss & Oberw.

Pucciniales Clem. & Shear

1. Family: Coleosporiaceae Dietel.

Genus: Chrysomyxa Unger., Beitr. vergleich. Pathologie:
24 (1840)

Type species: Chrysomyxa abietis (Wallr.) Unger (1840)
Chrysomyxa deformans (Diet.) Jacz., (Dietal 1890)

On Pinaceae—leaves of Picea morinda

Distribution: Shimla & Dalhausie

Gautam & Avasthi

Chrysomyxa piceae Barclay, (Barclay 1890)

On Pinaceae—Ileaves of Picea morinda
Distribution: Narkanda & Mashobra

Chrysomyxa himalensis Barclay, (Butler 1905)

On Ericaceae—leaves of Rhododendron arboreum
Distribution: Shimla

Genus: Coleosporium Lév., Annls Sci. Nat., Bot., sér. 3 8:
373 (1847)

Type species: Coleosporium tussilaginis (Pers.) Lév.
(1849)

Coleosporium barclayense Bagchee, (Bagchee 1950;
Sehgal et al. 1989; Puri 1955)

On Pinaceae—Fallen needles of Pinus roxburghii and
Pinus excelsa

Distribution: Kullu and Shimla

Coleosporium campanulae (Pers.) Tul., (Barclay 1890;
Sehgal et al. 1989)

On Campanulaceae—Leaves of Campanula colorata,
needles of Pinus roxburghii

Distribution: Kasauli and Shimla

Coleosporium clematidis Barclay, (Barkley 1856; Sydow
& Butler 1912)

On Ranunculaceae—leaves of Clematis montana and
Clematis buchnania

Distribution: Shimla

Coleosporium leptodermidis (Barclay) P. Syd. & Syd.,
(Sydow & Butler 1912)

On Ranunculaceae—leaves of Clematismontana
Distribution: Shimla

Coleosporium plectranthi Barclay, (Cummins 1943)

On Lamiaceae—Ileaves of Plectranthus geradianus
Distribution: Shimla

Coleosporium senecionis (Pers.) Fr.,, (Sydow & Mitter
1933)

On Asteraceae—leaves of Senecio graciliforus
Distribution: Shimla

2. Family: Cronartiaceae Dietel.

Genus: Peridermium (Link) J.C. Schmidt & Kunze,

Type species: Peridermium californicum Arthur & F. Kern
(1914)

Peridermium brevius (Barclay) Sacc., (Barclay 1890)

On Pinaceae—Neeles of Pinus excelsa

Distribution: Shimla

Peridermium cedri (Barclay) Sacc., (Barclay 1890)

On Pinaceae—neeles of Cedrus libani var. deodar
Distribution: Shimla

Peridermium malayense Bagchee, (Sydow & Butler 1901)
On Pinaceae—branches of Pinuslongifolia

Distribution: Shimla
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Peridermium orientale Cooke., (Sydow & Butler 1901)
On Pinaceae—Needles of Pinus longofolia

Distribution: Shimla, Kangra, Kasauli (Solan)
Peridermium piceae (Barclay) Sacc., (Sydow & Butler
1901)

On Pinaceae—leaves of Picea morinda

Distribution: Shimla

Peridermium thomsonii (Berk.) Berk.., (Cooke 1878)

On Pinaceae—leaves of Picea morinda

Distribution: Mahasu (Shimla), Kullu

3. Family: Melampsoraceae Dietel.

Genus: Melampsora Castagne (Image 1)

Type species: Melampsora euphorbiae (Ficinus & C.
Schub.) Castagne (1843)

Melampsora ciliata Barclay, (Barclay 1891, Khan et al.
2004)

On Salicaceae=—on leaves of Populus ciliata
Distribution: Shimla

Melampsora populnea (Pers.) P. Karst., (Syn. Melampsora
aecidioides (DC) Schroet., Melampsora rostrupii G.
Wagner) (Barclay 1891; Butler & Bisby 1931; Cummins
1943; Sharma & Sharma 2000)

On Salicaceae—on leaves of Populus alba, Populus ciliata
Distribution: Shimla

Melampsora euphorbiae (Ficinus & C. Schub.) Castagne,
(Syn. Melampsora helioscopiae (Pers.) Vint.) (Sydow &
Butler 1901)

On Euphorbiaceae—Euphorbia pulcherrima Wild. Ex.
Klotz. and Euphorbia helioscopia

Distribution: Kangra

Melampsora hypericorum (DC.) J. Schrét., (Patil & Nayar

Gautam & Avasthi

1936)

On Hypericaceae—leaves of Hypericum sp.

Distribution: Shimla

Melampsora caprearum Thim., (syn. Melampsora
laricis-caprearum Kleb.) (Sydow & Butler 1907)

On Salicaceae—Ileaves of Salix daphnoides and Salix
elegans

Distribution: Dalhausie (Chamba) and Shimla
Melampsora lini (Ehrenb.) Lév., (Mishra 1963b, Mishra
& Prasada 1966)

on Linaceae—leaves and stem of Linum mysorense and
Linum grandiflorum.

Distribution: Flowerdale, Shimla

Melampsora medusae Thum., (Paul et al. 2004).

On Salicaceae—Ileaves of Populus deltoids

Distribution: Kangra

Melampsora oblonga Bagchee, (Ranadive et al. 2012).
On Pinaceae—leaves of Pinus excelsa

Distribution: Mandi (Central H.P.)

Melampsora salicis-albae Kleb., (Sydow & Butler 1901)
On Salicaceae—Leaves of Salix alba

Distribution: Suket, Mandi

Melampsora rostrupii G. H. Wagner, (Syn. M. accidioides,
M. populnea) (Rehill & Puri 1980)

On Salicaceae—Ileaves of Populus alba

Distribution: Shimla.

Genus: Ochrospora Diet.

Type species: Ochrospora sorbi (G. Winter) Dietel (
Ochrospora sorbi (Oudem) Diet., (Arthur & Cummins
1933)

On Ranunculaceae—Anemone sp.

Distribution: Alwas (Chamba)

Image 1. Melampsora populnea on Populus alba: A—symptoms | B—urediniospore with paraphyses. © Ajay Kumar Gautam.
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4. Family: Phakopsoraceae Cummins & Y. Hirats. f.,
Genus: Monosporidium Barclay

Type species: Monosporidium euphorbiae Barclay ex
Sacc. (1891)

Monosporidium andrachnes Barclay, (Barclay1890)

On Phyllanthaceae—Ileaves of Andrachne cordifolia,
Distribution: Shimla & Kasuli (Solan)

Monosporidium euphorbiae Barclay ex Sacc., (Barclay
1890)

On Euphorbiaceae—leaves of Euphorbia pilosa
Distribution: Shimla

Genus: Kweilingia Teng

Type species: Kweilingia bambusae (Teng) Teng (1940)
Kweilingia divina (Syd.) Buriticd (Gautam & Avasthi 2018)
On Poaceae—Ileaves of Dendroclamus strictus
Distribution: Bilaspur

Genus: Phakopsora Dietel

Type species: Phakopsora punctiformis (Barclay & Dietel)
Dietel (1898)

Phakopsora cronartiiformis Dietel, (Butler 1912)

On Vitaceae—leaves of Vitis himalayana

Distribution: Nachar, bashahr (Shimla)

Phakopsora punctiformis (Barclay & Dietel) Dietel,
(Dietal 1890)

On Rubiaceae—leaves of Galium aparine

Distribution: Shimla

Genus: Pucciniostele Tranzschel & K.L. Kom.

Type species: Pucciniostele clarkiana (Barclay) Tranzschel
& K.L. Kom. (1899)

Pucciniostele clarkiana (Barclay) Tranzschel & K.L. Kom.,
(Barclay 1890)

On Saxifragaceae—leaves of Astilbe rivularis
Distribution: Shimla

5. Family: Phragmidiaceae Corda

Genus: Frommea Arthur

Type species: Frommea obtusa (F. Strauss) Arthur (1917)
Frommeella tormentillae (Fuckel) U. Braun, (syn.
Frommea obtusa (Str.) Arth.)

(Godre & Patwardhan 1965)

On Rosaceae—Ileaves of Potentilla fragariae
Distribution: Shimla

Genus: Kuehneola Magnus

Type species: Kuehneola albida (J.G. Kihn) Magnus
(1898)

Kuehneola loeseneriana (Henn.) H.S. Jacks. & Holw.,
(syn. Puccinia arthraxonis (P. Henn.) Syd., P. Syd. & E.J.
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Butler, (Golatkar 1976; Sharma & Sachan 1994)
On Poaceae—Arthraxon prionodes
Distribution: Kasauli Solan (H.P.).

Genus: Phragmidium Link (Image 2)

Type species: Phragmidium mucronatum (Pers.) Schltdl.
(1824)

Phragmidium kamtschatkae (H.W. Anderson) Arthur
& Cummins, (syn. Pucciniaroseae Barclay; Trolliomyces
rosae (Barclay) Ulbrich, Teloconia rosae (Barclay) Syd.)
(Mundkar 1938; Pandotra & Ganguly 1964; Ulbrich
1939)

On Rosaceae—leaves and branches of Rosa macrophylla
Distribution: Shimla

Phragmidium barclayi Dietel, (Sydow & Butler 1907)

[on Rosaceae—leaves of Rubus lasiocarpus

Distribution: Shimla

Phragmidium mucronatum (Pers.) Schitdl., (syn.
Phragmidium disciflorum (Tode) James.)(Cooke 1978)
On Rosaceae—Rosa sp.

Distribution: Kalatop forest, Chamba

Phragmidium incompletum Barclay, (Sydow & Butler
1901)

On Rosaceae—Ileaves of Rubus paniculatus

Distribution: Shimla

Phragmidium kamtschatke (Anders.) Arthur & Cummins,
(Pandotra & Gaungly 1964)

On Rosaceae—Ileaves of Rosa macrophylla

Distribution: Narkanda, Shimla

Phragmidium laceianum Barclay, (Barclay 1891)

On Rosaceae—leaves of Potentilla argyrophylla
Distribution: Narkanda, Bushahr (Shimla), Kullu
Phragmidium nepalense Barclay (Barclay 1891)

On Rosaceae—on leaves of Potentilla nepalensis,
Distribution: Mathiana, Shimla

Phragmidium octoloculare Barclay, (Barclay 1891)

On Rosaceae—Ileaves of Rubus rosaefolius

Distribution: Shimla

Phragmidium quinqueloculare Barclay, (Barclay 1890)
On Rosaceae—Ileaves of Rubus biflorus

Distribution: Shimla

Phragmidium rose-moschatae Dietel, (Mitter & Tandon
1938)

On Rosaceae—leaves of Rosa moschata

Distribution: Shimla & Kasauli

6. Family: Pileolariaceae Cummins & Y. Hirats.

Genus: Pileolaria Castagne (Image 3)

Type species: Pileolaria terebinthi (DC.) Castagne (1842)
Pileolaria indica Syd., (Sydow 1938)

On Anacardiaceae—Ileaves of Pistacia integerrima
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Image 2. Phragmidium sp. on Rosa sp.: A—symptoms | B—teliospores. © Ajay Kumar Gautam.

Distribution: Wangtu, Bushahr (Shimla)

Pileolaria pistaciae F. L. Tai & C. T. Wei, (Gautam &
Avasthi 2017b)

On Anacardiaceae—Ileaves of Pistacia integerrima
Distribution: Balt (Mandi)

Genus: Skierka Racib. (Image 4)

Type species: Skierka canarii Racib. (1900)

Skierka himalayensis A. K. Gautam & S. Avasthi, (Gautam
& Avasthi 2017b)

On Anacardiaceae—leaves of Pistacia integerrima
Distribution: Mandi

7. Family: Pucciniaceae Chevall.

Genus: Gymnosporangium R. Hedw. ex DC.,

Type species: Gymnosporangium fuscum DC. (1805)
Gymnosporangium cunninghamianum Barclay, (Barclay
1890)

On Rosaceae—Ileaves of Pyrus pashia and Pyrus vasiocola
On Cupressaceae—Cupressus torulosa

Distribution: Shimla

Genus: Puccinia Pers. (Images 5-11)

Type species: Puccinia graminis Pers. (1794)
Puccinia agrostidis Plowr., (Barclay 1891)
On Ranunculaceae—Aquilegia vulgaris
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Distribution: Shimla

Puccinia ahmadiana Syd., (Sydow 1938)

On Asteraceae—Pterotheca falconeri

Distribution: Puti Ruhi, Lahul, Kullu Valley of Himachal
Pradesh.

Puccinia porri (Sowerby) G. Winter, (syn. Puccinia allii
(DC.) F. Rud.) (Butler & Bisby 1931; Singh & Sharma
1977, Bharat & Gupta 2011)

On Amaryllidaceae—Allium sativum

Distribution: Kullu, Shimla

Puccinia andropogonis Schwein., (Barclay 1890)

On Poaceae—Andropogon tristis

Distribution: Shimla

Puccinia graminis Pers., (syn. Puccinia anthistiriae
Barclay) (Sydow & Butler 1912)

On Poaceae—Anthistiria anathera

Distribution: Shimla

Puccinia apii Desm., (Barclay 1890)

On Apiaceae—Apium graveolens

Distribution: Shimla

Puccinia arenariae (Schumacher) J. Schrot., (Barclay
1891)

On Caryophyllaceae—Stellaria paniculata

Distribution: Narkanda (Shimla)

Puccinia atropuncta Peck & Clint., (Chona et al. 1956)
On Asteraceae—Prenanthes brunoniana
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Image 4. Skierka himalayensis: A—symptoms | B—teliospores. © Ajay Kumar Gautam.

Distribution: Shimla

Puccinia bulbocastani (A. Cumino) Fuckel., (Bhardwaj &
Sharma 1990)

On Apiaceae—on Bunium persicum

Distribution: Solan

Puccinia bistortae (F. Strauss.) DC., (Sydow 1938)

On Polygonaceae—Polygonum viviparum

Distribution: Losar, Spiti (Lahul & Spiti)

Puccinia brachypodii G.H. Otth., (Payak 1965)

On Berberidaceae—Berberis aristata

Distribution: Shimla

Puccinia bupleuri (Opiz) Rudolphi, (syn. Pucciniabupleuri-
falcati (DC.) G. Wint. (Barclay 1890)

On Apiaceae—Bupleurum falcatum

Distribution: Shimla

Puccinia calthae Link, (Arthur & Cummins 1933; Chona
et al. 1956)

14852

On Ranunculaceae—Caltha palustris var. alba
Distribution: Dhramshala (Kangra); Rohtang pass (Kullu)
Puccinia caricis var. himalayensis Barclay,(Butler & Bisby
1931; Padwick & Khan 1944)

On Cyperaceae—Carex setigera

Distribution: Shimla

Puccinia caricis-filicinae Barclay, (Mitter & Tandon 1938)
On Cyperaceae—Carex filicina

Distribution: Shimla

Puccinia caricis-nubigenae Padwick & A. Khan, (Mitter &
Tandon 1938)

On Cyperaceae—Carex nubigena

Distribution: Kufri, Shimla

Puccinia carthami Corda, (Sydow & Butler 1901)

On Asteraceae—Carthamus oxycantha

Distribution: Kangra

Puccinia chrysopogoni Barclay, (Barclay 1890; Sydow &
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Butler 1907)

Oleaceae—Jasminum humile
Poaceae—Chrysopogon gryllus

Distribution: Shimla

Puccinia circaeae Pers., (Barclay 1890)

On Onagraceae—Circaea alpine

Distribution: Shimla

Puccinia collettiana Barclay, (Barclay 1890; Ganguly &
Pandotra 1963)

On Rubiaceae—Rubia cordifolia

Distribution Shimla, Kasauli (Solan), Naggar (Kullu)
Puccinia coronata Corda, (syn. Puccinia coronata var.
avenae P. Syd. & Syd.) (Mishra et al. 1964)

On Poaceae—Avena sativa

Distribution: Shimla

Puccinia cousiniae P. Syd. & Syd., (Padwick 1945)
On Poaceae—Coursinia thomsoni

Distribution: Spiti (Lahul & Spiti)

Puccinia cynodontis Lacroix ex Desm., (Sharma & Sachan
1994)

On Poaceae—Cynodon dactylon

Distribution: Solan

Puccinia dactylidina Bubak, (Sydow & Butler 1912)
On Poaceae—Dactylis glomerata

Distribution: Shimla

Puccinia dioscoreae Kom., (Pandotra & Ganguly 1962)
On Dioscoreaceae—Dioscorea deltoidea
Distribution: Manali

Puccinia duthiei Ellis & Tracy, (Sydow & Butler 1911)
On Poaceae—Andropogon pertusus

Distribution: Kasauli (Solan)

Puccinia ellisii De Toni, (Barclay 1891)

On Apiaceae—Angelica glauca

Distribution: Phagu, Shimla

Puccinia eremuri Kom., (Barclay 1891)

On Xanthorrhoeaceae—Eremurus himalaicus
Distribution: Kullu

Puccinia erianthi Padwick & A. Khan, (Padwick & Khan
1944)

On Poaceae—Erianthus fulvus

Distribution: Shimla

Puccinia eulaliae Barclay, (Butler & Bisby 1960)

On Poaceae—Pollinia japonica

Distribution: Reported from Shimla (H.P.) only.
Puccinia excelsa Barclay, (Barclay 1891)

On Lamiaceae—Phlomis bracteosa

Distribution: Mahasu & Huttoo Peak, Shimla
Puccinia fagopyri Barclay, (Barclay 1890)

On Polygonaceae—Fagopyrum esculentum
Distribution: Shimla, Sangla valley (Kinnaur)
Puccinia flavipes Syd. & P. Syd., (Barclay 1890)
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On Rosaceae—Fragaria vesca

Distribution: Shimla

Puccinia gentianae (F. Strauss.) Link, (Barclay 1890)

On Gentianaceae—Gentiana kurroo

Distribution: Shimla

Puccinia geranii-silvatici P. Karst., (Barclay 1890)

On Geraniaceae—Geranium nepalense

Distribution: Shimla

Puccinia striiformis Westend, (syn. Puccinia glumarum
(Schw.) Eriks & P. Henn.) (Prasada 1948)

On Poaceae—Brachypodium sylvaticum

Distribution: Shimla

Puccinia graminis Pers., (Barclay 1890a)

On Poaceae—Festuca gigentia

Distribution: Shimla, Kullu

Puccinia graminis-agropyri P.R. Mehta & R. Prasad,
(Prasada 1948)

On Poaceae—Agropyron semicostatum

Distribution: Shimla

Puccinia graminis-poae Erikss. & Henning, (Prasada
1948)

On Poaceae—Poa nemoralis

Distribution: Shimla

Puccinia himalensis (Barclay) Dietel, (Padwick 1946;
Sydow & Butler 1906 & 1907)

On Poaceae—Festuca gigentia

Distribution: Shimla

Puccinia himachalensis A.K. Gautam and S. Avasthi,
(Gautam & Avasthi 2016a)

On Ranunculaceae—Clematis grata

Distribution: Mandi

Puccinia invenusta Syd. & P. Syd., (Sharma & Sachan
1994)

On Poaceae—Phramites karka

Distribution: Solan

Puccinia iridis Wallr., (Sydow & Butler 1912)

On Iridaceae—Iris florentina

Distribution: Shimla

Puccinia komarovii Tranzschel ex P. Syd. & Syd., (Khanna
1961)

On Balsaminaceae—Impatiens amphorata

Distribution: Shimla

Puccinia leptodermidis Barclay, (Barclay 1890; Sydow &
Butler 1912)

On Rubiaceae—Leptodermis lenceolata

Distribution: Shimla, Kasauli (Solan)

Puccinia menthae Pers., (Pandotra & Ganguly 1964;
Sydow & Butler 1912; Sydow 1938)

On Lamiaceae—Mentha longifolia

Distribution: Busher, Shimla, Kasauli, Kullu

Puccinia minutissima Arthur, (Munjal & Gill 1962)
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Image 7. Puccinia flavipes: A—symptoms | B—urediniospores. © Ajay Kumar Gautam.
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On Poaceae—Saccharum officinarum

Distribution: Manali

Puccinia nepalensis Barclay & Dietel, (Barclay 1890;
Ramakrishanan 1952)

On Polygonaceae—Rumex nepalensis

Distribution: Shimla and Kasauli

Puccinia neyraudiae Syd. & P. Syd., (Sharma & Sachan
1994)

On Poaceae—Neyraudia arundinacea

Distribution: Solan

Puccinia nitida (F. Strauss) Barclay, (Sydow & Butler 1912)
On Polygonaceae—Polygonum ampelexicaule
Distribution: Mashobra, Shimla, Rohtaang Pass
Puccinia opizii Bubak, (Arthur & Cunmins 1933)

On Asteraceae—Lactuca decipiens

Distribution: Alwas (Chamba)

Puccinia pacifica Blasdale ex Arthur, (Chona et al. 1956)
On Plantaginaceae—Plantago tibetica

Distribution: Shimla

Puccinia  recondita  Roberge ex Desm., (syn.
Pucciniapersistens Plowr., Pucciniarubigo-vera (DC.) G.
Winter) (Arthur & Cummins 1933; Barclay 1890; Jain et
al. 1966)

On Ranunculaceae—Aquilegia vulgaris, Thalictrum
javanicum, Thalictrum minus

Distribution: Shimla, Dharamshala, Chamba, Kote,
Keylog, Kullu

Puccinia pimpinellae (F. Strauss) Link, (Barclay 1890)
On Apiaceae—Pimpinella diversifolia

Distribution: Shimla

Puccinia polliniae Barclay, (Barclay 1890)

On Acanthaceae—Pollinia nuda

Distribution: Shimla

Puccinia pogonatheri Petch, (Sharma & Sachan 1994)
On Poaceae—Pogonatherum paniceum

Distribution: Solan

Puccinia polygoni-amphibii Pers., (Syn. Pucciniapolygone
Alb. & Schw.)(Ganguly & Pandotra 1963, Mishra &
Sharma 1964)

On Polygonaceae—Polygonum orientale

Distribution: Shimla, Katrain (Kullu)

Puccinia prainiana Barclay, (Barclay 1890)

On Smilacaceae—Smilax aspera

Distribution: Shimla

Puccinia punctata Link, (Barclay 1890)

On Rubiaceae—Galium aparnie

Distribution: Shimla

Puccinia purpurea Cooke, (Sharma & Sachan 1994)

On Poaceae—Sorgham halepense

Distribution: Solan

Puccinia pusilla Syd. & P. Syd., (Sharma & Sachan 1994)
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On Poaceae—Cappilipedium assimite

Distribution: Solan

Puccinia recondita var. simlensis A.P. Misra, S.T. Ahmad
& Sheodh. Singh, (Gupta 1977)

On Ranunculaceae—Thalictrum javanicum,

On Poaceae—Helicotrichon virens

Distribution: Shimla

Puccinia roscoeae Barclay, (Gupta 1977)

On Zingiberaceae—Roscoea alpina, Roscoea procera
Distribution: Shimla

Puccinia saviculae Grev., (Barclay 1890)

On Apiaceae—Savicula europea

Distribution: Shimla

Puccinia saxifragae-cilliatae Barclay, (Barclay 1890)

On Saxifragaceae—Saxifrega ligulata

Distribution: Shimla

Puccinia heucherae (Schweinitz) Dietel, (syn. Puccinia
saxifragae-micranthae Barclay) (Barclay 1891)

On Saxifragaceae—leaves of Saxifrega micrantha
Distribution: Bushar & Shimla

Puccinia sonchi Roberge ex Desm., (Sydow 1938)

On Asteraceae—Sonchus sp.

Distribution: Kullu

Puccinia sorghi Schwein., (Annonymous 1950; Mishra
1963a)

On Poaceae—Zea maize

On Oxalidaceae—Oxalis conriculata

Distribution: Mashobra & Shimla

Puccinia striiformis Westend., (Vasudeva 1958; Joshi &
Merchand 1963; Mishra et al. 1965, 1975; Ahmad et al.
1969)

On Poaceae—Muehlenbergia huegelii; Bromusjaponicas
and Loliumperenne

Distribution: Shimla

Puccinia striiformis f. muehlenbergii Misra & Lele.,
(Mishra & Lele 1963)

On Poaceae—Muehlenbergia huegelii

Distribution: Shimla

Puccinia tanaceti DC., (Sharma & Sachan 1994; Bharat
2008)

On Asteraceae—Artemisia nilogirica

Distribution: Solan

Puccinia thlaspeos Ficinus & C. Schub., (Arthur 1934;
Arthur & Cummins 1933)

On Brassicaceae—Draba lanceolata

Distribution: Hunan Nallah, Pangi & Chamba

Puccinia tiliaefolia T.S. Ramakr. & Sundaram, (Gautam &
Avasthi 2017c)

On Malvaceae—Grewia tiliifolia

Distribution: Mandi

Puccinia tricholepidis Syd., (Sydow 1938)
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Image 8. Puccinia himachalensis: A—symptoms | B—teliospores | C—urediniospores. © Ajay Kumar Gautam.

Image 9. Puccinia menthae: A—symptoms | B—urediniospores. © Ajay Kumar Gautam.

Image 10. Puccinia tiliaefolia: A—symptoms | B—teliospores. © Ajay Kumar Gautam.
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On Asteraceae—Tricholepis elongata

Distribution: Saharan & Bushar

Puccinia trifolii R. Hedw., (Arthur & Cummins 1933)
On Ranunculaceae—Anemone polyanthes
Distribution: Alwas, Chamba

Puccinia tweediana T.S. Ramakr. & K. Ramakr., (Chona &
Munjal 1955;

Ramakrishnan & Ramakrishnan 1948)

On Acanthaceae—Dicliptera sp., D. bupleuroides
Distribution: Kullu, Shimla

Puccinia urticae Barclay, (Barclay 1890)

On Urticaceae—Urtica parviflora

Distribution: Shimla & Kasauli

Puccinia ustalis Berk., (Berkeley 1856)

On Ranunculaceae—leaves of Ranunculus hirtellus
Distribution: Mathana, Shimla

Puccinia violae (Schumach.) DC., (Bilgrami 1963)
On Violaceae—Viola serpens.

Distribution: Shimla

Puccinia wattiana Barclay, (Sharma & Sachan 1994)
On Ranunculaceae—Clematis gouriana
Distribution: Shimla

Genus: Uromyces (Link) Unger (Image 12)

Type species: Uredo appendiculata Pers. (1796)
Uromyces trifolii (R. Hedw.) Lév., (Syn. Uromyces flectens
Lagerh., Uromycesnerviphilus (Grognot) Hotson)
(Gautam & avasthi 2017a)

On Fabaceae—leaves of Trifolium repens L.,
Distribution: Chail Chowk, Mandi

Uromyces viciae-fabae (Pers.) J. Schrot. (syn. Uromyces
fabae (Pers.) de Barry. (Kulshreshtha et al. 1998)

On Fabaceae—leaves of Vigna radiata (L.)

Distribution: Shimla

Uromyces agropyri Barclay, (Barclay 1891)

On Poaceae —Agropyron sp.

Distribution: Bushahr (Shimla)

Uromyces dactylidis G.H. Otth (Syn. Puccinia lycoctoni
Fuckel) (Sydow & Butler 1907)

On Ranunculaceae—Aconitum lycoctonum

Distribution: Shimla

Uromyces ciceris-arietini (Grognot.) Jacz. & G. Boyer,
(Payak 1962)

On Fabaceae—Trigonella polyerata

Distribution: Shimla

Uromyces appendiculatus (Pers.) Link, (Sydow & Butler
1912)

On Fabaceae—Vigna vexillata

Distribution: Dhramshala

Uromyces macintirianus Barclay, (Sydow & Butler 1938)
On Acanthaceae—leaves of Hemigraphis latebrosa
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Image 11. Puccinia wattiana: A—symptoms | B—teliospores. © Ajay
Kumar Gautam.

Distribution: Shimla

Uromyces hobsonii Vize, (Sydow & Butler 1907)

On Oleaceae—leaves of Jasminum grandiflorum
Distribution: Shimla

Uromyces polygoni-avicularis var. polygoni-avicularis
(Pers.) P. Karst., (Sydow 1938)

On Polygonaceae—leaves of Polygonum cogatum
Distribution: Lahul Valley (L&S), Kullu

Uromyces rottboelliae Arthur, (Sydow & Butler 1938)
On Poaceae—Rottboellia speciosa

Distribution: Shimla

Uromyces sommerfeltii Hyl., Jorst. & Nannf., (Barclay
1890)

On Asteraceae—Solidago virgaurea

Distribution: Shimla

Uromyces strobilanthis Barclay, (Mitter & Tandon 1938)
On Acanthaceae—Strobilanthes dalhausianus
Distribution: Shimla

Uromyces valerianae- wallichii (Dietel)
Cummins, (Arthur & Cummins 1933)

Arthur &
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Image 12. Uromyces trifolii: A—symptoms | B—teliospores. © Ajay Kumar Gautam.

On Caprifoliaceae—leaves of Valeria nawallichii,
Distribution: Shimla

Uromyces vignae Barclay, (Barclay 1891)

On Fabaceae—Vigna vexillata

Distribution: Shimla

Uromyces vossiae Barclay, (Barclay 1890)

On Poaceae —\Vossia speciosa

Distribution: Shimla

Genus: Haplotelium Syd.

Type species: Haplotelium amoenum (Syd. & P. Syd.) Syd.
(1922)

Haplotelium ambiens (Cooke) Syd., (syn. Uromyces
ambiens Cooke) (Barclay 1891, Sydow 1913)

On Buxaceae—Buxus sempervirens

Distribution: Bushahr (Shimla)

8. Pucciniastraceae Gaum. ex Leppik 1972

Genus: Pucciniastrum G.H. Otth

Type species: Pucciniastrum epilobii (Pers.) G.H. Otth
(1861)

Pucciniastrum agrimoniae (Dietel) Tranzschel, (Sydow &
Butler 1901; Sydow & Butler 1912)

On Rosaceae—leaves of Agrimonia eupatoria
Distribution: Shimla

Genus: Uredinopsis Magnus

Type species: Uredinopsis filicina (Niessl) Magnus (1893)
Uredinopsis syngrammes Munjal & J.N. Kapoor., (Munjal
& Kapoor 1961)

On Pteridaceae—Leaves of Syngramme fraxiana Bedd.
Distribution: Narkanda

9. Urocystidaceae Begerow, R. Bauer & Oberw.

Genus: Urocystis Rabenh. ex Fuckel

Type species: Urocystis occulta (Wallr.) Rabenh. (1867)
Urocystis sorosporioides Korn. ex Fuckel, (Mundkar &
Thirumalachar 1952)
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On Ranunculaceae—leaves and stem of Delphinium
denudatum
Distribution: Shimla

10. Raveneliaceae Leppik

Genus: Ravenelia Bark.

Type species: Ravenelia glanduliformis Berk. & M.A.
Curtis (1874)

Ravenelia mitis Syd. & P. Syd. (Sydow & Sydow 1904-21)
On Fabaceae—leaves of Tephrosia purpurea
Distribution: Solan

Ravenelia tandonii Syd. (Bakshi & Singh)

On Fabaceae—Ileaves of Acacia catechu

Distribution: Solan.

Incertae sedis

Genus: Aecidium Pers.

Type species: Aecidium berberidis Pers.
Gmel. (1792)

Aecidium cunninghamianum Barclay, (Barclay 1891)

on Rosaceae—leaves of Cotoneaster bacillaris Wall.
Distribution: Shimla

Aecidium flavescens Barclay, (Barclay 1891)

on Asteraceae —leaves of Senecio rufinervis DC.
Distribution: Mashobra, Shimla

Aecidium infrequens Barclay, (Sydow & Butler 1912)

on Geraniaceae —leaves of Geranium nepalense
Distribution: Shimla

Aecidium leucospermum DC., (Barclay 1890)

on Ranunculaceae—leaves of Anemone rivularis
Distribution: Shimla

Aecidium lophanthi P. Henn., (Arthur & Cummins 1933)
on Lamiaceae—leaves of Mentha sp.

Distribution: Chamba

Aecidium montanum E.J. Butler, (Arthur & Cimmins
1933)

On Berberidaceae—Ileaves of Berberis lyceum
Distribution: Kangra

ex J.F.
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Aecidium mori Barclay, (Barclay 1890)
OnMoraceae—leaves of Morusalba

Distribution: Shimla

Aecidium myriactidis (Barclay) Syd. & P.Syd., (Barclay
1890)

On Asteraceae—Ileaves of Myriactis nepalensis
Distribution: Mashobra (Shimla)

Aecidium orbiculare Barclay, (Barclay 1891)

On Ranunculaceae—leaves of Clematisgrata
Distribution: Shimla

Aecidium peristrophes Syd. & P. Syd., (Sydow & Butler
1912)

On Acanthaceae—leaves of Peristrophe sp.

Distribution: Kangra

Aecidium plectranthi Barclay, (Barclay 1890)

On Lamiaceae—leaves of Plectranthuscoetsa
Distribution: Shimla

Aecidium wthaniae Thuem., (Sydow & Butler 1912)

On Solanaceae—leaves of Withania coagulans
Distribution: Shimla

Genus: Uredo Pers.

Type species: Uredo betae Pers. (1801)

Uredo apludae Barclay, (Barclay 1890)

On Poaceae—leaves of Apluda aristata

Distribution: Shimla

Uredo duetziae Barclay, (Butler & Bisby 1960)

On Hydrangeaceae—Ileaves of Deutzia corymbosa
Distribution: Shimla

Uredo lebrookiana Barclay, (Watt), (Butler & Bisby 1960)
On Lamiaceae—Ileaves of Colebrookea oppositifolia,
Distribution: Suni, near Simla

Uredo gomphrenae Barclay, (Sydow & Butler 1907)
On Amaranthaceae—leaves & stem of Gomphrena
globosa

Distribution: Shimla

Uredo ignobilis Syd. & P. Syd., (Pedwick & Khan 1944)
On Poaceae—leaves of Sporobolus indicus
Distribution: Shimla

Uredo pileae Barclay, (Barclay 1891)

On Poaceae—Ileaves of Sporobulus trinervia
Distribution: Shimla

Uredo valerianae-wallichii Dietel, (Barclay 1891)

On Caprifoliaceae—leaves of Valeriana wallichii,
Distribution: Shimla
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DISCUSSION

The present study provides the checklist of rust fungi
from Himachal Pradesh, a northwestern Himalayan State
of India. A remarkable diversity of rust fungi have been
reported from the state which has an area of 55,673km?.
The state exhibits marked variations in climate and
vegetation and so far in fungal diversity. The available
information about rust fungi from the state is in general
meager and there is much scope for exploratory work on
the taxonomy, diversity and ecological aspects of these
fungi. There are about 167 species, 23 genera belonging
to 11 families recorded from this hilly Himalayan state,
with great variations in host infected (about 171 plant
species belonging to 121 genera and 52 families). This
distinguished diversity of rust fungi may be due to the
fact that rust fungi tend to prefer humid habitats, which
is one of the major characteristic features of the state.
Being obligate parasites, rust fungi are associated with
spreading and development of nutrient plants and are
found in many belts, both on herbaceous plants, and on
trees and shrubs.

After compilation of literature it is observed that most
of the rust fungi were reported from Shimla and nearby
regions. Although, these fungi are also reported from
other districts of the state but the scope of exploration
of these fungi and their host range is still there.

Two checklists on two major rust genera namely,
Puccinia (Gautam & Avasthi 2016b) Uromyces (Gautam
& Avasthi 2017a) have recently been published from
this hilly state. Two new species of rust fungi namely
Puccinia himachalensis (Gautam & Avasthi 2016a) and
Skierka himalayensis (Gautam & Avasthi 2017b) have
been reported from the state which are new to science.
Whereas, Pileolaria pistaciae (Gautam & Avasthi
2017b), Kweilingia divina (Gautam & Avasthi 2018) are
the new additions to the mycobiota of the state while,
Puccinia tiliaefolia (Gautam & Avasthi 2017c) has been
rediscovered after 46 years from India. During the
literature survey we did not come across any molecular
studies conducted on rust fungi from the state. As per
greater phytodiversity of the state, studies on the rust
fungi are inadequate and there is vast scope to conduct
studies and fill the data gaps. Molecular studies of rust
fungi are still required besides morphological taxonomy,
which will not only help in revision and reassessment of
the existing fungal species, but also to find their correct
taxonomic position. The knowledge generated by the
work is of immense utility as it is a key to revealing
the diversity and ecology of rust fungi from Himachal
Pradesh Himalaya.

14859


http://www.indexfungorum.org/names/NamesRecord.asp?RecordID=172877

Checklist of rust fungi from Himachal Pradesh

REFERENCES

Ahmad, S.T., H.S. Singh & D.P. Mishra (1969). Additions to wheat rusts
races in India race 14 & 38 of Puccinia striformis identified during
1965. Indian Phytopathology 22: 525-526.

Annonymous (1950). List of common names of Indian plant diseases.
Indian Journal of Agricultural Research 20: 107-142.

Arthur J.C. (1934). Manual of Rusts in United States and Canada.
Lafayette, Indiana. 438pp.

Arthur, J.C. & G.D. Cummins (1933). Rusts of North West Himalayas.
Mycologia 25: 397-406.

Bagchee (1950). Coleosporium barclayense Bagchee. Indian Forest
Records 4(2): 53.

Bakshi, B.K. & S. Singh (1967). Rusts on Indian Forest Trees. Indian
Forest Records (NS), Forest Pathology 2: 139-198.

Barclay A. (1890). Descriptive list of Uredineae occurring in the
neighborhood of Shimla. Journal Asiatic Society of Bangal 56: 161—
165, 350-375.

Barclay A. (1891). Additional Uredineae from the neighborhood of
Shimla. Journal Asiatic Society of Bangal 60: 211-230.

Berkeley M.J. (1856). Decades of fungi; Decas 1-62 nos 1-620.
Hooker’s London Journal of Botany 3—8: 844-1856.

Bharat N.K. (2008). Occurrence of rust on Artemisia dracunculus L. in
Himachal Pradesh. Indian Forester 134: 140.

Bharat, N.K. & S.K. Gupta (2011). Outbreak of garlic rust in Shimla
district of Himachal Pradesh. Journal of Mycology and Plant
Pathology 41: 132-133.

Bhardwaj, L.N. & P.N. Sharma (1990). Occurrence of rust on black
zira in Himachal Pradesh. Indian Journal of Mycology and Plant
Pathology 20(3): 270.

Bilgrami K.S. (1963). A new species of Periconia on the leaves of
Typhalatifolia. Science and Culture 29: 47-48.

Bilgrami K.S., Jamaluddin & Rizwi MA (1991). Fungi of India: List and
references. Today and Tomorrow’s Printers & Publishers, New Delhi,
India.

Butler E.J. (1918). Uredinales from North Western Himalaya.
Mycologia 35: 446—-458.

Butler, E.J. (1912). The rusts of wildvines in India. Annals of Mycology
10: 153-158.

Butler, E.J. (1905). Pilzkrankheiten in Indien in Jahre 1903. Zeitschrift
fiir Pflanzenkunde 15: 44—48.

Butler, E.J. & G.R. Bisby (Revised by Vasudeva RS.) (1960). The fungi of
India. ICAR Publications New Delhi, India, 552pp.

Butler, E.J. & G.R. Bisby (1931). The fungi of India. Imperial Council of
Agricultural Research India. Science Monograph | XVIII+237pp.

Chona, B.L. & R.L. Munjal (1955). Notes on miscellaneous fungi-II.
Indian Phytopathology 8: 184—198.

Chona, B.L. & R.L. Munjal (1956). Notes on miscellaneous fungi-IIl.
Indian Phytopathology 9: 53-56.

Chona, B.L., R.L. Munjal & J.N. Kapoor (1956). Notes on miscellaneous
Indian fungi-IV. Indian Phytopathology 9: 125-132.

Cooke, M.C. (1878). Some Himalayan fungi. Grevillea 7: 94-96.

Cummins, G.B. (1943). Uredinales from the North Western Himalayas.
Mycologia 35: 446—-458.

Cummins, G.B. & N. Hiratsuka (2003). //lustrated Genera of Rust Fungi,
3% ed. American Phytopathological Society, St. Paul, Minnesota
240pp.

Dietal, P. (1890). Uredineen aus dem Himalaya. Hedwegia 29: 259—
270.

Ganguly, D. & V.R. Pandotra (1963). Fungi on medicinal and aromatic
plants in North West Himalays — I. Mycopathologia et Mycologia
Applicata 20: 39-40.

Gautam, A.K. & S. Avasthi (2016a). Puccinia himachalensis — a new
rust fungus from Himachal Pradesh, India. Plant Pathology &
Quarantine 6(2): 220-223.

Gautam, A.K. & S. Avasthi (2016b). First checklist of rust fungi in the
genus Puccinia from Himachal Pradesh, India. Plant Pathology &
Quarantine 6(2): 106—120.

14860

Gautam & Avasthi

Gautam, A.K. & S. Avasthi (2017a). Uromyces trifolii, a new addition to
rust fungi of Himachal Pradesh, India with a checklist of Uromyces in
India. Plant Pathology & Quarantine 7(1): 1-14.

Gautam, A.K. & S. Avasthi (2017b). Fungi associated with Pistacia
integerrima with a description of a new species and one new record
from India. Acta Mycologica 52(2): 1100. https://doi.org/10.5586/
am.1100

Gautam, A.K. & S. Avasthi (2017c). Discovery of Puccinia tiliaefolia
(Pucciniales) in northwestern Himalayas, India. Polish Botanical
Journal 62(1): 135-137.

Gautam, A.K. & S. Avasthi (2018). A new record to rust fungi of North
Western Himalayas (Himachal Pradesh), India. Studies in Fungi 3(1):
234-240.

Godre, WY. & P.G. Patwardhan (1965). Occurrence of Erysiphe
graminis var. tritici in Bombay, Maharashtra. Current Science 34: 89.

Golatkar, V.V. (1976). Harknessia: a new generic record to India.
Current Science 45: 269-270.

Gupta, S.C. (1977). New diseases of sugarcane in U.P. India. Current
Science 46: 27.

Jain, A.C., B.G. Nikam, S.N. Kulkarni & O.P. Sharma (1966). Fungi of
Gwalior and Indore region. The Vikram 4: 181-187.

Jamaluddin, S., M.G. Goswami & B.M. Ojha (2004). Fungi of India
(1989-2001). Scientific Publishers (India), Jodhpur, 326 pp.

Joshi, L.M. & W.C. Merchand (1963). Bromus japonicas Thunb.
susceptible to wheat rust under normal conditions. Indian
Phytopathology 16: 312-313.

Khan, Y., R.C. Sharma, R.C. & S. Sharma (2004). Incidence and severity
of leaf rust (Melampsora ciliata) of Poplar in Himachal Pradesh.
Indian Forester 130(6): 673—679.

Khanna, P.K. (1961). A new report of a new host of Puccinia
kanmorensis Cummins from India. Proceedings from National
Academy of Sciences India 31B: 113.

Kulshreshtha, M., A. Gulabani, D.K. Agarwal & A.K. Sarbhoy (1998).
Some new additions to fungi of India. Indian Phytopathology 51(1):
104.

Mishra, D.P. (1963a). Natural occurrence of the aecial stage of Puccinia
sorghi Schw. Oxalis corniculata Linn. in Nepal. Indian Phytopathology
16: 8-9.

Mishra, D.P. (1963b). A new physiologic race of linseed rust in India.
Indian Phytopathology 16: 102-103.

Mishra, D.P. & R. Prasada (1966). Status of linseed rust races in India
and sources ofresistance. Indian Phytopathology 19: 184-188.

Mishra, D.P. & S.K. Sharma (1964). Natural infection of Oxalis
corniculata, the alternate host of Puccinia sorghi in India. Indian
Phytopathology 17: 138-141.

Mishra, D.P. & V.C. Lele (1963). Choanephora cucubitarum on Cajanus
cajan in India. Indian Phytopathology 22: 515-517.

Mishra, D.P., S.K. Sharma, P.C. Joshi & S. Singh (1964). Further studies
in the crown rust of oat in India. Indian Phytopathology 17: 142—-145.

Mishra, D.P., S. Singh & S. Ahmad (1975). Notes on some rusts from
Shimla Hills. Indian Phytopathology 28: 256—260.

Mishra, D.P., S.T. Ahmad & H.S. Singh (1965). Natural occurrence of
specialized forms of Puccinia graminis and Puccinias triiformis on
Loliumperenne. Indian Phytopathology 18: 214-215.

Mitter, J.H. & R.N. Tandon (1938). Fungi of Nainital Part-Il. Journal of
Indian Botanical Society 17: 177-182.

Mohanan, C. (2010). Rust Fungi of Kerala. Kerala, India. Kerala Forest
Research Institute, Peechi, 148pp.

Mukerji, K.G. & C. Manoharachary (2010).Taxonomy and Ecology of
Indian Fungi. I. K. International Pvt Ltd. New Delhi, India, 304pp.
Mundkar, B.B. (1938). Fungi of India- supplement I, ICAR Sci.

Monograph 12:54pp.

Mundkar, B.B. & M.J. Thirumalachar (1952). Ustilaginales of India.
Commonwealth Mycological Institute, Kew 84pp.

Munjal, R.L. & H.S. Gill (1962). Some dematiaceous fungi from India-I.
Indian Phytopathology 15: 269-279.

Munijal, R.L. & J.N. Kapoor (1961). Two fern rusts from India. Current
science 30: 308-310.

Padwick, G.W. (1945). Notes on Indian fungi-lll. Mycological Papers

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14845-14861


https://doi.org/10.5586/am.1100

Checklist of rust fungi from Himachal Pradesh

12: 15 pp.

Padwick, G.W. (1946) Notes on Indian fungi-IV. Mycological Papers 17:
12 pp.

Padwick, G.W. & A. Khan (1944). Notes on Indian fungi-Il. Mycological
Papers 10: 17 pp

Pandotra, V.R. & D. Ganguly (1962). Notes on two fungi collected from
Kullu Valley, Punjab. Indian Phytopathology 15: 216-217.

Pandotra, V.R. & D. Ganguly (1964). Fungi on medicinal and aromatic
plants in North West Himalayas Mycopathology et Mycological
Applicata 22: 59-68, 106-116.

Patil, J.S. & A.P.B. Nayar (1936). Natural and Induced resistance to
shoot rot in the coconut. Proccedings of Indian Academic of Sciences
3(B): 432-437.

Paul, Y.S., V.K. Thakur & C. Gopi (2004). Occurrence of
Melampsoramedusae Thum in India. Journal of Mycology and Plant
Pathology 34: 850-851.

Payak, M.M. (1962). Natural occurrence of gram rusty in uredial stage
on Trigonella polycerata L. in Shimla hills. Current Science 31: 433—
434.

Payak, M.M. (1965). Berberis as the aecial host of Puccinia
brachypodii in Shimla Hills, India. Phytopathology 52: 49-54.

Prasada, R. (1948). Studies on rusts on some of the wild grasses
occurring in the neighborhood of Shimla. Indian Journal of
Agricultural Science 18: 165-176.

Puri, Y.N. (1955). Rust and wood rotting fungi on some of the Indian
Conifers. Forest Bulletin Dehradun 179. Manager of Publication,
Government of India Press, Calcutta.

Ramakrishanan, T.S. (1952). Additions to fungi of Madras-XIl.
Proceeings of Indian Academy of Sciences 35(B): 11-121.

Ramakrishanan, T.S. & K. Ramakrishanan (1948). Additions to fungi
of Madras- V. Proceedings of Indian Academy of Sciences 28(B):
50-70.

Ranadive, K., S. Kadbane, S. Mandal, H. Wasesa, P. Jite, V. Ranade &
J. Vaidya (2012). Host distribution of Melampsora Cast from India.
Journal of Scientific Information (Special issue) 4: 33-40.

Rehill, P.S. & Y.N. Puri (1980). Some important diseases of Populus.
Indian Journal of Foresrty 3(2): 176-183.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14845-14861

Gautam & Avasthi

Sehgal, H.S., R.K. Tiwari, S.N. Khan & B.M. Misra (1989). New records
of fungi and new host records from India. Indian Forester 115: 228-
234.

Sharma, R.C., & S. Sharma (2000). Status and distribution of foliar
diseases of poplar in Himachal Pradesh. Indian Phytopathology 53:
57-60.

Sharma, R.K. & S.N. Sachan (1994). New host of rust fungi from
Himachal Pradesh. Advances in Plant Sciences 7: 154—158.

Sharma, S., & R.C. Sharma (2002). Prevalence of poplar leaf rust in
Himachal Pradesh. Indian Phytopath 55: 81-83.

Singh, V.M. & Y.R. Sharma (1977). Rust on Garlic FAO. Plant Protection
Bulletin 25: 41-42.

Sydow, H (1913). Mycotheca Germanica. Fasc. XXIV: 1151-1200. Annals
of Mycology 11: 364-366.

Sydow, H. (1938). Fungi Himalayensis. Annals of Mycology 36: 437—
442.

Sydow, H. & E.J. Butler (1901). Fungi Indiae Orientalis Pars. |. Annals of
Mycology 4: 424-445.

Sydow, H. & E.J. Butler (1906). Fungi Indiae Orientalis Pars. |I. Annales
Mycologici 4: 424-445.

Sydow, H. & E.J. Butler (1907). Fungi Indiae Orientalis Il. Annales
Mycologici 5: 485-515.

Sydow, H. & E.J. Butler (1911). Fungi Indiae Orientalis part Ill. Annales
Mycologici 9: 372-421.

Sydow, H. & E.J. Butler (1912). Fungi Indiae Orientalis IV. Annales
Mycologici 10: 243-280.

Sydow, H. & J.H. Mitter (1933). Fungi Indici |. Annals of Mycology
31:84-97.

Sydow, H. & P. Sydow (1904-21). Novae fungorum species-l. Annals of
Mycology 2: 162-174.

Ulbrich, E. (1939). New species from Nanga Parbat collected by C. Troll.
Fungi. Addendum to Pucciniaceae. Notizbl. hot. Gart. Bed. 14: 124,
343-344.

Vasudeva, R.S. (1958). Report of the division of Mycology and Plant
Pathology. Science Report of Agricultural Research Institute, New

Delhi, pp. 87-101 & 1954-55.

.
]

Threatened Taxa

14861



COMMUNICATION

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14862-14869

THE DISTRIBUTION OF BLUE-GREEN ALGAE (CYANOBACTERIA) FROM
THE PADDY FIELDS OF PATAN AND KARAD TEHSILS OF SATARA DISTRICT,
MAHARASHTRA, INDIA

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

Sharada Jagannath Ghadage !() & Vaneeta Chandrashekhar Karande2(®

PLATINUM
OPEN ACCESS 2 Department of Botany, Yashwantrao Chavan Institute of Science, Tal Karad, Satara District,
Maharashtra 415001, India.
M tssharadal980@gmail.com (corresponding author), ?vaneetachandra@gmail.com

Abstract: The distribution pattern of blue-green algae was studied from paddy fields of Patan and Karad tehsils in relation to physico-
chemical properties of soil, viz., pH, electrical conductivity, organic carbon %, available N, P, and K. Paddy field soil samples of 38 localities
from Patan and 28 localities from Karad were analysed. One-hundred-and-thirty-seven species belonging to 35 genera of 10 families from
three orders were encountered from paddy field soils of both the tehsils. Out of 66 soil samples 93.65% samples showed occurrence of
unicellular, heterocystous and non heterocystous forms while 6.34% soil samples showed only non heterocystous forms. Anabaena and
Oscillatoria were found to be of common occurrence. Significant variation was not observed in distribution pattern of blue-green algal
forms in relation to physico-chemical properties during successive surveys.

Keywords: Cyanobacteria, heterocystous, physico-chemical parameters, soil samples.

DOI: https://doi.org/10.11609/jott.4891.11.14.14862-14869
Editor: Asheesh Shivam, Nehru Gram Bharati (Deemed to be University), Prayagraj, India. Date of publication: 26 November 2019 (online & print)
Manuscript details: #4891 | Received 14 February 2019 | Final received 10 October 2019 | Finally accepted 12 November 2019

Citation: Ghadage, S.J. & V.C. Karande. (2019). The distribution of blue-green algae (Cyanobacteria) from the paddy fields of Patan and Karad tehsils of Satara District,
Mabharashtra, India. Journal of Threatened Taxa 11(14): 14862—14869. https://doi.org/10.11609/jott.4891.11.14.14862-14869

Copyright: © Ghadage & Karande 2019. Creative Commons Attribution 4.0 International License. JoTT allows unrestricted use, reproduction, and distribution of
this article in any medium by adequate credit to the author(s) and the source of publication.

Funding: None.
Competing interests: The authors declare no competing interests.

Author details: SHARADA J. GHADAGE graduated from the University of Kolhapur and is currently a research scholar with center for Yashwantrao Chavan Institute of
Science, Satara. She is working as a senior assistant professor in S.G.M. college, Karad. She is currently working on one minor project - Effect of Azolla biofertilizer on
soil quality and developmental stages of various crops, fnded by RUSA. DR. MRs. V. C. KARANDE has 36 years experience as a professor for PG and UG department in
Botany subject Yashwantrao Chavan Institute of Science, Satara. She is working as a Head of Botany department as well as Vice Principal in Y.C. Institute of Science,
Satara and is a BOS member in Shivaji University, Kolhapur. Also she worked as a science faculty Dean in Shivaji University, Kolhapur. She had completed two minor
projects on biodiversity of blue green algae.

Author contribution: SIG - Conconceptualized study, collected and analyzed data, wrote final version of manuscript translated in the field, VCK - supervised study,
helped in the revision of the manuscript.

Acknowledgements: We are thankful to Dr. K.G. Kanade, principal, Y.C. Institute. of Science, Satara for the encouragement during the work. Thanks are also due
to the head Department of Botany Y.C. Institute of Science, Satara for the facilities. We are thankful to staff members and colleagues and friends for the keen
interest and suggestions during this work.

14862


https://orcid.org/0000-0002-7367-5450
https://orcid.org/0000-0001-6603-7306
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11609/jott.4891.11.14.14862-14869
https://doi.org/10.11609/jott.4891.11.14.14862-14869

Distribution of blue-green algae in paddy fields

INTRODUCTION

Blue-green algae are the first photosynthetic
prokaryotes which emit oxygen in the atmosphere.
Cyanobacteria are the connecting link between bacteria,
eukaryotic algae, and higher plants. They resemble
bacteria in the lack of membrane bound organelles like
true nucleus, chloroplast, and mitochondria (Feldgarden
& Cohn 2003); and they contain a photosynthetic system
like that of eukaryotic algae and green plants (Castenholz
& Waterbury 1989).

They contain  bluish-green colored pigment
phycocyanin where ‘cyan’ means dark blue, hence the
name ‘Cyanobacteria’ and this pigment in conjunction
with green chlorophyll, hence the common name is
‘Blue-green algae’. Besides chlorophyll, other pigments
also present and giving different coloration to them are
carotenoids, phycobilins (phycocyanin, phycoerythrin).
They also appear bluish, purple, brown, black and green
in color (Kondo & Yasuda 2003).

Blue-green algae are important components of soil
microflora in the paddy field. They play an important
role in maintaining and improving soil fertility as they
have the ability to fix nitrogen. Rice fields provide ideal
environment for luxuriant growth of blue-green algae.
They are found in paddy field soil throughout the year at
various growth stages of the rice crop. The occurrence,
distribution and proliferation of those blue-green algae
is controlled by the physical and chemical nature of the
paddy field soil. These parameters of soil show profound
effect on the distribution of blue-green algae (Nayak et al.
2004).

Extensive work on the blue-green algae of paddy
fields has been carried out in various regions of India,
viz., West Bengal, Kerala, Chattisgarh, Manipur, Mizoram,
Uttar Pradesh, Madhya Pradesh, Odisha, Tamil Nadu, and
Maharashtra, and in Bangladesh (Banarjee 1935; Goyal et
al. 1984; Anand & Revati 1987; Anand et al. 1987, 1995;
Sahu et al. 1997; Ahmed 2001; Nayak et al. 2001). There
have been some reports on the growth and nitrogen
fixation potentials of blue-green algae (Gupta 1964;
Prasad & Mehrotra 1980; Santra 1991). Marked variations
among the species of blue-green algae from rice field soils
of different regions of India have been recorded by Tiwari
(1972), Sinha & Mukherjee (1975a,b; 1984), and Anand
(1990). The effect of soil pH on the blue-green algal
diversity in rice field soils was studied by Singh (1978),
Sardeshpande & Goyal (1981b), and Nayak & Prasanna
(2007).

Studies on blue-green algal flora from the paddy fields
of Maharashtra were undertaken by Gonzalves & Gangla
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(1949), Sardeshpande & Goyal (1981a); Kolte & Goyal
(1985), Patil & Satav (1986), Madane & Shinde (1993),
and Patil & Chougule (2009). Biodiversity of blue-green
algae from the paddy fields of Satara District was studied
by Karande (2009); and Kamble (2010, 2017). Blue-green
algal diversity other than paddy was studied by Kamat
(1962, 1963, 1964, 1974); Jawale & Kumawat (2004);
Auti & Pingle (2006), and Nikam et al. (2013). There is,
however, no report on the blue-green algal distribution
pattern in relation to physicochemical properties of paddy
soil from Patan and Karad tehsils of Satara District, hence
the present work.

MATERIALS AND METHODS

Study Area

For the present work paddy fields were selected from
Patan and Karad tehsils of Satara, Maharashtra. Patan is
65km away to the south-west of Satara. It is located at
17.370°N and 73.900°E. Most of Patan Tehsil is hilly with
deep valleys while some part is plains. It receives heavy
rainfall. Common soil is red lateritic soil, in plains it is black
cottony soil while at elevations it is of basaltic and lateritic
type. This tehsil is famous for cultivation of local varieties
of paddy, viz.. Dombya, Dodkya, Kolambya, Bhados,
Panwel, Indrayani, Champakali, Ghansal, Jiresal, Teliansh
6444, Kaveri 888, Krishnakusal, Basmati, and Ambemohar.

Karad is 52km away to the south-east of Satara. It
is located at 17.289°N and 74.181°E. Karad city situated
at southern part of Satara District near Agashiva, at the
confluence of Koyna and Krishna rivers which is called
‘Preeti sangam’. The tehsil receives moderate rainfall and
the common soil type is black cottony soil. It is famous
for cultivation of local varieties of rice, viz.: Indrayani,
Rethare Basmati, Pusa Basmati, Hansa, Khadkil Kolhapuri,
Kolhapuri R-24, and Kaveri.

Soil samples were collected from paddy fields of study
area (Fig. 1). Thirty-eight soil samples from Patan and
28 soil samples from Karad were selected for physico-
chemical analysis. About 250g of soil from rice fields
were collected randomly from both the tehsils as per
Somawanshi et al. (1999). The collected soil samples
were brought in the laboratory using polythene bags,
dried at room temperature in diffuse sunlight in shade,
then crushed with the help of a mortar and pestle, sieved
and used for physico-chemical analysis. pH, EC, organic
carbon %, available Nitrogen, Phosphorous, and Pottash
were analysed following standard methods (Table 2).
Physico-chemical parameters of soil from both the tehsils
were compared with distribution of blue-green algal flora
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Figure 1. Study area—location of Karad and Patan Tahasils of Satara District. Source: Google maps.

(Tables 3 and 4).

From above sieved soil about 1g of soil transferred
aseptically to BG 11 + and BG 11- medium (Rippka et al.
1979), Fogg’s medium and chu 10 medium. We found
good results in BG 11 * medium, so for further culturing
and sub culturing we prefer BG 11 + medium. These
cultures were incubated at 22+2°c with 16/8 light dark
cycle under 5 Klux intensity of light, after incubation
algal growth appeared in enriched cultures in laboratory.
Cyanobacterial growth from enriched cultures were
examined microscopically and identified with the help of
standard literature (Dasikachary 1959; Santra 1993; Anand
1990; Anagnostidis & Komarek 1985). Photographs were
taken by using photomicrography unit of Olympus CH20i
(Photoplates II, IIl).

14864

The composition of BG 11 culture media
BG-11 Medium (Allen 1968; Allen & Stainer 1968; Rippka
et al. 1979)

Component gL?
K,HPo, 0.04
MgSO,.5H,0 0.075
Cacl,.2H,0 0.036
Citric acid 0.006
Ferric Ammonium Citrate 0.006
EDTA 0.001
Na,CO, 0002
Trace Metal Mix (A,) 1ml

The trace metal mixture A, solution contained the
following constituents in
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Salts gL
H,BO, 2.86
MnCl,.4H,0 1.81
ZnS0,.7H,0 0.222
Na2Mo0,.2H,0 0.390
CusO,.5H,0 0.079
CO(NO3),.6H,0 0.049
pH was maintained in 7-7.5

RESULT AND DISCUSSION

Thorough screening of 66 paddy field soil samples
collected and cultured from study area have shown
occurrence of 137 species belonging to 35 genera of
10 families from three orders, viz., Chroococcales,
Nostocales, and Stigonematales (Table 1). Of the 35
genera isolated from soil samples 11 are unicellular and
24 are filamentous. Among filamentous taxa; 10 were
filamentous non-heterocystous and 14 are filamentous
heterocystous.  Filamentous heterocystous forms are
found to be dominant over filamentous non-heterocystous
forms. Among the heterocystous form order Nostocales
found to be dominant. The abundance and distribution of
heterocystous forms may be indicating the lower nitrogen
status in study region. Species richness was found in the
genus Oscillatoria. The most widespread genus from the
paddy field soils of study region is Anabaena followed by
Oscillatoria and Lyngbya. The observations of the present
study do not differ much from those by Anand et al. (1995),
where it was reported that the genera Oscillatoria and
Phormodium were predominant in rice fields of Kerala.

Thirty-four genera and 131 species from Patan and 30
genera and 95 species from Karad were recorded (Table
1); 63.50% taxa showed common occurrence, 32.11%
taxa restricted to paddy soils of Patan while 4.37% taxa
found in paddy field soils of Karad. Nine forms strictly
restricted to paddy field soils of Patan, viz., Synechosystis,
Westiellosis, Aulosira, Symploca, Schizothrix,
Merismopedia, Trichodesmium, Cylindrospermum, and
Dacyloccocopsis while Polychlamydum is a rare form
restricted to paddy field soils of Karad. Order Nostocales
found to be largest order in the family Oscillatoriaceae.
Genera Oscillatoria, Lyngbya, and Phormidium belonging
to family Oscillatoriaceae and genera Anabaena and
Nostoc belonging to the family Nostocaceae were found
to be dominant from paddy soils of both the tehsils.

Analysis of paddy field soils (38 localities from Patan
and 28 localities from Karad) by applying standards of
soil parameters required for agriculture were conducted
(Table 2). Soil analysis showed that pH and EC of majority
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Table 1. Total number of species from Patan and Karad tehsils.

Species Species
in Patan in Karad

Family Genera Tehsil Tehsil

Order Chroococcales

1. Chroococcaceae Chroococcus 5 4
Aphanothece 3 3
Aphanocapsa 2 2
Gloeothece 3 2
Gloeocapsa 6 3
Synechosystis 1 1
Synechococcus 2 1
Microsystis 1 2
Dacylococcopsis 1 -
Merismopedia 1 -

2. Entophysalidaceae Chlorogloea 2 2

Order Nostocales

1. Oscillatoriaceae Lyngbya 16 9
Trichodesmium 1 1
Oscillatoria 27 20
Phormidium 12 7
Microcoleus 2 2
Symploca 1 -
Schizothrix 1 R
Polychlamydum - 1

2. Microchaetaceae Microchaete 2 2

3. Nostocaceae Cylindrospermum 7 2
Anabaena 9 10
Nostoc 7 7
Pseudoanabaena 2 1
Aulosira 2 -

4. Scytonemataceae Plectonema 1 1
Scytonema 2 2
Tolypothrix 2 1

5. Rivulariaceae Calothrix 1 2

Order Stigonematales

1. Mastigocladaceae Mastigocladus 1 1

2.Nostochopsidaceae Nostochopsis 1 1

3. Stigonemataceae Fisherella 2 2
Hapalosiphon 3 1
Westiellopsis 1 1
Westiella 1 1

10 Families 35 Genera 'and 3:nc(i:|e;;1ra 30a Sjg‘;”a

137 species species Species
14865
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Table 2. Standard of soil parameters required for agriculture (Somawanshi et al. 1999).
pH EC Fertility category Soil samples showing
Organic carbon % N kg/ha P kg/ha K kg/ha
1. Acid soil < 6.0 1. Good soil < 1 1. Very low <0.20 <140 <7 <100
g‘;“d s0il6.00- 15 poor1-2 2. Low 0.21-0.40 141-280 7-14 101-150
3. Alkali soil 3. Harmfultosome | 3 10 derate 0.41-0.60 281-420 15-20 151-200
>8.50 crops 2-3
4. Harmfultomost | ) /0 4o ate High 0.61-0.80 421-560 21-28 201-250
of crops >3
5. High 0.81-1.00 561-700 29-35 251-300
6. Very High >1.00 >700 >35 >300

of the paddy soils from both the tehsils are in good range
(Tables 3 and 4). Organic carbon % form paddy field soils
of Patan ranged from 0.31-0.106 %; while that of Karad
ranged from 0.73-0.87 % by applying standards of soil
parameters; the organic carbon % from paddy field soils
of Patan was higher than paddy field soils of Karad (Table
3 and 4). Blue-green algal abundance was recorded to
be more in paddy soils of Patan than Karad. The total
nitrogen from Patan ranged 150.5-410 kg/ha and that
of Karad 61.1-323.4 kg/ha found to be favorable for
the distribution of blue-green algal forms. The range of
available N from both the tehsils when compared with
standards (Table 2) indicated that the low to moderate
nitrogen content (Tables 3 & 4) did not affect the blue-
green algal abundance. Roger & Kulasooriya (1980)
reported that under deficiency of nitrogen in soil
condition, nitrogen fixing blue-green algae show their
dominance. Our observations are in concordance with
those proposed by them.

Available P in Patan ranged 62.7-168 kg/ha and Karad
ranged 20.1-56 kg/hashowed blue-greenalgalabundance.
Majority of the localities showed fertility category low to
moderate (Tables 3 & 4) when compared with standards
from both the tehsils and even though it did not affect
blue-green algal dominance. According to Fuller & Rogers
(1952), Cyanobacteria are responsible for increased soil
phosphorous. Majority of the localities showed average
concentrations of phosphorous. Our observations about
available phosphorous of paddy soils of Karad support
them, but only up to some extent. Available K from Patan
paddy field soils ranged 304.6-647.3 Kg/ha and from
Karad ranged 145.6-676.4 kg/ha, respectively. Majority
localities showed moderate and high range of available K
and blue-green algal abundance observed at this range.
There is no significant correlation found in concentration
of P and blue-green algal distribution from both the tehsils
paddy field soils.

Among the soil properties pH is most important factor

which determines growth, establishment and diversity of
Cyanobacteria. Blue-green algae generally prefer neutral
to slightly alkaline pH for optimum growth (Singh 1961).
Our observations support this view as majority of the soil
samples from the study area showed neutral to alkaline pH
ranging 7—-8.40 with occurrence of abundant blue-green
algae. pH values of various localities showed significant
positive correlation. In culture media the optimal pH for
the growth of Cyanobacteria ranges 7.5-10. Abundance
of blue-green algae is observed at the pH 6.5-7.5 in our
experiments. Low available Nitrogen and Potassium
does not affect blue-green algal dominance. Paddy field
soil of Patan was rich in organic carbon % while that of
Karad showed less organic carbon %. This may be the
reason for blue-green algal dominance from paddy soils
of Patan area. There was no remarkable role of available
phosphorous noted on the blue-green algal dominance
from study area.

Different unicellular, heterocystous filamentous and
non-heterocystous filamentous forms were isolated,
identified and maintained in unialgal culture. Blue-green
algal forms were more or less evenly distributed in the
rice fields of both the tehsils. Out of 66 soil samples
93.65% samples contained unicellular, heterocystous
and non heterocystous forms; 6.34% contained only non
heterocystous forms.

Patan is famous for paddy cultivation, traditional
cropping system, use of local varieties for cultivation and
favorable climatic conditions favours luxuriant growth of
paddy in Patan area. Hence we recorded blue-green algal
dominance from paddy field soils of Patan . Observations
suggested that soil from both the tehsils is nutritionally
rich. Understanding of blue-green algal flora and its
correlation with soil parameters will help in applying
fertilzers, it will also help in enhancing the nitrogen fixing
blue-green algae and reducing non nitrogen fixers which
usually compete with the all available nutrients with the
nitrogen fixers.
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Image 1. a—Aphanothece pallida | b—Merismopedia tenuissima | c—Gloeocapsa livida | d—Chroococcus turgidus | e—Chlorogloea fritschii
| f—Lyngbya stagnina | g—Oscillatoria princeps | h—Oscillatoria chalybea | i—Symploca thermalis.

Table 3. Numerical analysis for fertility category of soil samples from Patan Tehsil, Satara District.

pH EC Fertility status No. of soil samples showing
Organic carbon Available N Available P Available K
% kg/ha kg/ha kg/ha

1 Very low 02 08 - 01
2 37 soil samples with 37 soil samples ha\./e Low 13 15 05 01

Good soil pH; except good Ec. Except Soil Moderat: 04 09 03 02
3 8 ¢ ) sample of Konjawde oderate

soil sample of Rasati having 1.48 Ec:
4 with acidid i. e. 5.68 aving 1.48 £¢; Moderate high 04 03 06 10

H Which is not good for
5 P seed germination High 06 02 04 04
6 Very high 09 01 20 20
Total 38 38 38 38 38 38
Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14862—-14869 14867
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Image 2. a—Anabaena fertilissima | b—Nostoc rivulare | c—Calothrix bharadwajae | d—Calothrix fusca | e—Nostochopsis lobatus | f—
Fischerella mucicola | g—Hapalosiphon flagelliformis | h—Hapalosiphon baronii | i—Hapalosiphon intricatus.

Table 4. Numerical analysis for fertility category of soil samples from Karad Tehsil, Satara District.

Ghadage & Karande

pH EC Fertility status No. of soil samples showing
Organic carbon % Ava. N kg/ha Ava. P kg/ha Ava. K kg/ha
1 Very low 07 08 01 -
2 27 soil samples have Low 10 17 05 02
good Ec.Soil sample
3 All 28 soil samples of Talbid having Moderate 04 01 05 03
4 with Good soil pH 1.16 Ec; Which is Moderate high 06 02 02 02
not good for seed
5 germination High - 03 03
6 Very high 01 12 18
Total 28 28 28 28 28 28
14868 Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14862—-14869
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Abstract: Cordia diffusa K.C. Jacob, belonging to Boraginaceae,
discovered in 1938 and named by K.C. Jacob in 1944, is a little-known
and the only narrow endemic but neglected plant of Coimbatore City.
The lectotype of the steno-endemic is determined and the current
status, distribution, potential threats, bioprospecting potential,
and suggestions for conservation of the species are discussed. The
collection of steno-endemic plant during intensive exploration in
its type locality nearly after 90 years is of phytogeographic and
conservation significance. The endemic is proposed the category of
Critically Endangered (CR) based on criterion D of IUCN (as per versions
3.1 & 13). C. diffusa can be protected by promoting awareness of the
rarity of native species and mass propagation through vegetative
means so as to introduce it in gardens, parks, and avenues, etc. at once
in the city.

Keywords: Conservation, endemic shrub, lectotypification, status,
threats.

Understanding rarity has been an important task
among plant ecologists and also vital in conserving
biodiversity while the process of rarity has diverse
ecological consequences. Steno- or strict endemic
species have a small, non-dominant, constantly sparse
plant population size and are characterised by their
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narrow habitat specificity and geographically restricted
in a specific habitat (Rabinowitz 1981). Species with
narrow distribution range and/or fewer individuals
are considered to be most prone to extinction due to
changing climatic conditions and competition from
alien species (Chitale et al. 2014). Human-induced
perturbations resulting in habitat loss is identified as
one of the important causes of rarity, though several
intrinsic factors also govern the distribution and survival
of species in their natural habitats. The conservation of
narrow endemics that are threatened or endangered
has become a major concern shared by governments,
conservation organisations, and individuals (Kruckeberg
& Rabinowitz 1985). Species not collected in herbaria
for several decades have been one of the valuable
yardsticks for judging the rarity status of the species
(Meher-Homiji 1995).

Coimbatore, the district headquarters and the third
largest city of Tamil Nadu, is located between 11.016°N,
and 76.955°E with an approximate altitude of 470m,
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Rediscovery of Cordia diffusa in Coimbatore

extending over an area of 105km?, inhabited by over two
million urban population (https://coimbatore.nic.in/).
Coimbatore City, bounded on the west by the Western
Ghats, Noyyal (Noyyil) river running to the south, while
the east and the north are coverd by vast stretches of
fields mainly of black cotton soil (Chandrabose 1981;
Chandrabose & Nair 1988). The city limit has expanded
as the metropolitan area of the city has increased from
38.28km? in 1973 to 62km? in 1981 to 274.34km? in
2010, owing to the rapid urbanisation and expanding
population. Itis also one of the most industrialised cities
of Tamil Nadu (Anonymous 2015).

Coimbatore City area was botanically sporadically
explored since 1826 by renowned botanists such as C.A.
Barber, K.C. Jacob, Colonel Cox, J.L. Elllis, and later by M.
Chandrabose, Girija Lakshmanan, T.R. Somasundaram,
K. Subramanyam, H. Sundanda Kamath, and others. The
Flora of Coimbatore published by Chandrabose & Nair
(1988) recorded c. 850 taxa by exploring about 258km?
over a period of 10 years in the city and its environs.
Of these, three taxa (Polygala jacobii Chandrabose
(1968), Euphorbia hypericifolia L. var. coimbatorensis
Chandrabose (1988), and Cordia diffusa KC Jacob (1944))
were reported as endemic to the region, but C. diffusa,
restricted to the city limits, is the only stenoendemic
species as of now. Polygala jacobii, treated as an
unresolved name in the Plant List, is a Indo-Sri Lankan
rare endemic herb distributed in Karnataka, Kerala,
Madhya Pradesh, Maharashtra, and Tamil Nadu in India
(Kulkarni & Singh 1973; http://florakarnataka.ces.iisc.
ac.in/hjcb2/herbsheet.php?id=3666&cat=1), and E.
hypericifolia L. var. coimbatorensis is now synonymised
under Euphorbia indica Lam. (Plant List 2019; POWO
2019).

Taxonomic History & Phytogeography

The genus Cordia L. (Boraginaceae sensu lato
and Cordiaceae sensu stricto), native to tropical
and subtropical regions, is diverse with c. 250-350
widespread species (Mabberley 2008; Balachandran &
Rajendiran 2016). In India, the genus is represented
by about 20 species, of which 13 species have been
recorded so far from Tamil Nadu (Ramamurthy 1987;
Balachandran & Rajendiran 2016) including three
endemics, viz., Cordia diffusa K.C. Jacob, C. domestica
Roth, and C. ramanujamii Balachandran & Rajendiran,
all are shurbs or small trees. C. domestica is distributed
in Western Ghats of Madurai and Nilgiris districts and
also reported to be cultivated (Ramamurthy 1987), while
C. ramanujamii is a recently discovered endemic species
from the Pakaam Malai Reserve Forest, Ginjee, Eastern
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Ghats, Tamil Nadu, at an altitude of 350m (Balachandran
& Rajendiran 2016).

A new Cordia species was discovered by Dr. K.
Cherian Jacob on 02 May 1938, based on the collections
from Nanjundapuram, about 8km south of Coimbatore,
and was later named as Cordia diffusa K.C. Jacob (1944).
This species was included in the enumeration of rare
and threatened plants of southern India by Henry et al.
(1978), and it was determined as Indeterminate on the
IUCN Red List of Threatened Plants (Rao et al. 2003).
Based on the specimens available at MH, it was revelaed
that this rare narrow endemic species was collected by K.
Subramanyam in 1959 (MH: 7784) and was last collected
by Chandrabose in 1968 from nearby the type locality, as
well as from the Forest College compound, R.S. Puram,
Coimbatore. The steno-endemic, however, has not
been collected or recorded since 1968. It was stated by
Chandrabose & Nair (1988) that Cordia diffusa, is also
on the verge of extinction due to rapid urbanisation,
industrialisation and other anthropogenic activities.
They further reiterated that conservation of the species
in this highly disturbed area would be a challenge. In
the light of these facts, we made thorough explorations
in and around the type locality to determine the current
status of the species. Prabhu et al. (in press) report
the collection of the species from the Forest College
Campus, Insitute of Forest Genetics and Tree Breeding
(IFGTB), Coimbatore, in their phytochemical screening
and bioactivity studies. There is, however, no extant
population of the plant in the Forest College, IFGTB
Compound. The bush from which the collection was
reportedly made was found cleared from the garden of
IFGTB. A few stem cuttings of the removed plant are
being kept now for propagation of the species (Fig. 1G).
Hence, the authors made intensive surveys for the plant
in its type locality for about one year and could recollect
the species in flowers and fruits from the dry open
wastelands along the railway track, Nanjundapuram
area, Coimbatore, in May 2018. A population of just 10
individuals were observed in the type locality, and the
plant was straggling in the dry open wasteland with black
cotton soil and almost always associated with Capparis
sp., besides Calotropis gigantea, Morinda tinctoria, etc.
The habitat of the endemic plant was highly disturbed
by human interferences particularly plastics, polythene,
bottles and other garbage found strewn around the
habitat. From the pertinent literature, it was revealed
that this species was not collected from its type locality
after the type collection by K.C. Jacob in 1938. Hence,
the present collection of C. diffusa from its type
locality, nearly after 90 years is of phytogeographic and
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conservation significance of this little-known species.
There are, however, collections from nearby areas along
Vaalankulam Lake in western Coimbatore (see specimens
examined). The species was supposedly recently
recorded from the Gulf of Mannar, eastern coast, by
Daniel & Umamaheswari (2001). The rare occurence
of the endemic species from the mainland coast as well
as from the Karaichalli Island, Thoothukudi (Tuticorin)
District, Gulf of Mannar Bioisphere Reserve, is intriguing
and is the only record of C. diffusa from the coast and
far away from its type locality. Nevertheless, the cited
specimens in the Flora (P. Daniel & P. Umamaheswari
103325, 107301; S.A. Muthukumar 104746) could not
be traced at MH. Hence, the disjunct distribution of
this narrow endemic is intriguing and needs further
investigations.

The reported distribution of C. diffusa K.C. Jacob in
Chengalpattu District (Ramamurthy 1987; Nayar 1996;
Singh et al. 2015), and in the Deccan (Ahmedullah &
Nayar 1987) is doubtful as there are no specimens from
these regions available in MH. Daniel & Umamaheswari
(2001) also concluded that the endemic species was
earlier reported from Coimbatore only.

Systematic Treatment
Cordia diffusa

K.C. Jacob in J. Bombay Nat. Hist. Soc. 45: 78. 1944;
A.N. Henry et al. in J. Bombay Nat. Hist. Soc. 75: 692.
1978; K. Ramamurthy in A.N. Henry et al., Fl. Tamil
Nadu 2: 97. 1987; M. Chandrabose & N.C. Nair in Fl.
Coimbatore 190. 1988; P. Daniel & P. Umamaheswari
in Fl. Gulf of Mannar 279, t.37. 2001. Gerascanthus
diffusus (K.C. Jacob) Borhidi, Acta Bot. Hung. 34: 404.
1988 (Image 1).

Lectotype: INDIA, Tamil Nadu, Coimbatore District,
near Nanjundapuram, 1,330ft (c. 400m), railwayline,
02 May 1938, K.C. Jacob 86237A, MH Acc. No. 175500!
designated here; Isolectotypes: K.C. Jacob 86237 B, C,
D & E, MH Acc. Nos. 175501!-175504! Paratype: Tank
Road, near Railway station, c. 400m, 23 March 1942, K.C.
Jacob s.n., MH 175505!

Specimens examined: India, Tamil Nadu, Coimbatore
District, Vaalankulam, along railway line, 467m, K.
Subramanyam 7784, 10 February 1959, MH Acc.
Nos. 15269!, 15270!; Ramanathapuram, 469m, M.
Chandrabose 28852, 21 November 1965, MH 55200!,
55201!; Forest College Compound, R.S. Puram, 468m, M.
Chandrabose 29876, 07 May 1968, MH Acc. Nos. 57090,
570901!; Vaalankulam side, 467m, M. Chandrabose
30292, 02 July 1968, MH Acc. Nos. 57455!, 57456!; M.
Chandrabose 30577, 02 August 1968, MH Acc. Nos.
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57601!, 57602!; R.S. Puram, Botanical Garden, IFGTB
Campus, Gurudev Singh & C.K. Jeyachandran 17681, 13
October 1987, FRC (n.v.); Near Nanjundapuram, c. 410m,
along railway line, K. Sampath Kumar 997, 29 April 2018,
MH (Image 2).

Shrubs, straggling, spreading, c. 1m high; branches
many, woody, spreading in all directions, lenticellate;
younger parts tawny pubescent. Leaves 3-7 x 2.0-3.5
cm, simple, alternate or opposite, exstipulate, broadly
elliptic-oblong, acute or obtuse at apex, shortly
mucronate, rough, coriaceous, dentate, scalloped
along margins, dark green above, pale beneath; midrib
prominent beneath, nerves prominent, 6—8 pairs; rough
hairy on both surfaces, petiole c. 0.3-0.5 cm long,
pubescent. Inflorescences in terminal 8-12 flowered
umbellate cymes; peduncle simple, c. 2cm long. Flowers
ebracteate, pedicels 2-4 mm long. Calyx tubular, brown,
tomentose, c. 5mm long; fruiting calyx saucer-shaped,
margins brown, tomentose. Corolla white, tubular,
c. 8mm long, lobes 4, linear-oblong, prominent and
reflexed, fragrant. Stamens 4, antisepalous, epipetalous,
exserted; anthers pale brownish, sagitate; filaments
adnate to the base, free at the top, white, glabrous.
Style terminal, simple below, bipartite, branches again
bipartite, pale yellow; stigma simple, white. Ovary
4-loculed, c. 2mm long, greenish. Drupes ovoid-acute,
mucronate, 1-1.5 x 0.8-1.2 cm, greenish when young,
bright ornage when ripe, edible, pulp sugary, viscid, with
cup-shaped, fulvous pubescent, irregularly many lobed
persistent calyx; 1-seeded; seeds globose, orange, shiny,
5-8 x 4-6 mm.

Flowering and fruiting: Almost throughout the year.

Current Status

Based on the field surveys, consultation of herbarium
specimens of earlier collections including types at MH,
review of pertinent literature (Jacob 1944; Henry et al.
1978; Ramamurthy 1987; Ahmedullah & Nayar 1987;
Chandrabose & Nair 1988; Daniel & Umamaheswari
2001), it is infered that the extant population of the
steno-endemic may not exceed 50 mature individuals
and the area of occupancy is very small and restricted
covering less than 5km?  Owing to the small and
inferred continued declining population size, and the
number of mature individuals in the extant population
being less than 50, it is proposed that the species be
categorized as Critically Endangered (CR) based on
criterion D for restricted number of mature individuals
as per the guidelines of the IUCN Red List Categories &
Criteria (versions 3.1 & 13; IUCN 2001, 2017). Hence,
conservation of the species requires immediate and
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Image 1. Cordia diffusa K.C.Jacob: A—habit of the steno-endemic shrub | B—leaf morphology | C—close-up of inflorescence | D—a twig with
immature and mature fruits | E—branch with flowers and fruits | F—close-up of a mature fruit and a seed (inset) | G—sapling from stem
cutting. © A-F - K. Sampath Kumar | G - S. Arumugam.

inevitable actions to avoid the possible extinction in the
near future.

Threat Factors and Conservation Strategies

Human interference with the environment in recent
times has greatly accelerated the pace of extinction,
though extinctions have also taken place in the past
mainly due to natural causes. But, endangered plant

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14870-14875

species, compared with endangered animals, attract
rather little public attention (Sivarajan 1991). As per
the recent estimates, the extinction rate of seed-bearing
plant species is 500 times faster than in other species
(Ledford 2019).

The flora of Coimbatore and its environs obviously is
much disturbed due to regular biotic interferences. The
popluations of C. diffusa in its type locality are found
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rare and becoming endangered, and conserving this
species in such a highly disturbed area would be really
a challenge (Chandrabose 1981; Chandrabose & Nair
1988). During the present survey in the type locality, it
was identified that the human interference has been the
major threat factor, and dumping of used polythenes,
plastics, glasswares, waste materials, debris of buildings,
and persistent clearing of vegetation along the tracks
by the railway all leading to the habitat destruction and
degradation, besides the increasing pollution, rapid
urbanisation and industrialisation in the city area. The
lack of awareness about the endemic plant of the city
also results in the removal of the stands in the wild.

As the plant is shrubby and can be easily propagated
by stem cuttings (Fig. 1G), it can be mass propagated
at the earliest and introduced in city gardens and in
other suitable habitats in and around the city so as to
conserve the species. Awareness of the steno-endemic
should be created among the public particularly among
the school children and college students; and vegetative
propagules may be distributed by the concerned
agencies or through local ‘plant protection’ societies
and environment / nature clubs to save the plant in peril.
The micropropagation studies on the highly threatened
endemic plant must be given high priority. The in vitro
repository of plant propagules may be deposited at the
National Bureau of Plant Genetic Resources (NBPGR)
towards long-term ex situ conservation of the species.

Ex situ conservation through seed, pollen, gene and
germplasm banks may also be considered to preserve
the species outside its natural habitats. Reproductive
biological studies may provide important perspectives
to help preserve the genetic potential which are crucial
for restoration and reintroduction.

Potential Uses/ Bioprospecting

There are lesser chances to collect and name the
missing species before they become extinct and the
information about potential uses or unique properties
of such native plants need to be passed on (Sharp 1964;
Raven 1976). With the scanty literature and the limited
herbarium collections, Cordia diffusa remains a poorly
known plant.

The traditional uses, phytochemistry and
pharmacology of the 36 medicinal species of the genus
Cordia have been reviewed recently (Oza & Kulkarni
2017), wherein c. 300 phytochemical compounds
of various classes present in the 36 species has
been documented. The traditional uses, diversity of
phytochemicals, pharmacological properties, and
biological activities of C. dichotoma discussed in the
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review by Jamkhande et al. (2013); and the presence of
apigenin in the bark of C. dichotoma showed significant
healing and reduction in inflammatory enzymes of
ulcerative colitis (Ganjare et al. 2011). The protective
effect of bark extract of C. macleodii against Naja venom
poisoning was reported by Soni & Bodakhe (2014). The
reputed use of bark from C. rothii in heart ailments in
Gujarat has also been recorded (Chauhan & Chavan
2009). Similarly, the leaves C. diffusa has been studied
recently for its antioxidant activity and phytochemical
consitutents (Prabu et al. in press). Thus, C. diffusa has
the potential for further bioprospection studies using
vegetatively propagated materials or in vitro raised plant
parts to avoid collecting from the wild.

Conclusions

Ex situ conservation measures for the narrow
endemic plant of Coimbatore City, Cordia diffusa K.C.
Jacob, must be initiated immediately. In situ conservation
of the wild populations will be most challenging in the
light of serious habitat loss owing to the burgeoning
population, ever-increasing pollution, rapid urbanisation

Image 2. Herbarium of Cordia diffusa K.C.Jacob: (KSK 997).
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and industrialisation, besides possible impacts of global
climate change. Hence, effective steps to promote
awareness of the rarity and conservation significance
of the unique shrub of the city among the public and
particularly students are the need of the hour. As
the shrub seems to establish easily by asexual mode,
multiplication through stem cuttings in nurseries and
distribution of vegetatively propagated plant saplings to
gardeners may be given top priority, besides introducing
it in public and private gardens. Further studies on
bioprospection and in vitro clonal propagation are
vital. The disjunct distribution of the endemic plant in
the region needs further research. Field explorations
and regular monitoring of the extant populations in
the fragile habitats of the city environs may reveal the
current status of other native taxa.
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Abstract: Ten species of orchids belonging to eight genera are
recorded for the first time from Tripura State of India. The taxa
include Bulbophyllum affine Wall. ex Lindl., Bulbophyllum lobbii Lindl.,
Coelogyne suaveolens (Lindl.) Hook.f., Dendrobium tortile Lindl.,
Micropera pallida Lindl., Mycaranthes floribunda (D.Don) S.C.Chen &
J.J.Wood, Pinalia acervata (Lindl.) Kuntze, Pinalia globulifera (Seidenf.)
A.N.Rao, Thelasis khasiana Hook.f. and Trichoglottis ramosa (Lindl.)
Senghas. Geographical distribution along with detailed descriptions
and photographs of the recorded species are provided.

Keywords: Epiphytes, Indo-Malayan, new report, northeastern India,
Orchidaceae.

Orchidaceae represents the largest angiosperm
family and is known to occupy a variety of niches, with
growth forms ranging from terrestrial to epiphytic and
even underground (IUCN 2017). With over 1,300 species,
orchids make up nearly 9% of the Indian flora and
represent the largest family of flowering plants in India
(ICAR-NRCO 2017). The northeastern region of India is
recognized for its rich and unexplored floristic diversity
due to its placement in the Indo-Malayan ecozone. The
earlier record from the state, the Flora of Tripura (Deb
1983) cites 33 orchid species. The publication, however,
is more than 35 years old and the vegetation (floral
species composition) of the state has changed since
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then. There have been many new orchid records from
the neighboring states in the northeastern region (Odyuo
et al. 2013, 2017; Chowlu et al. 2014; Nanda et al. 2014;
Panday et al. 2014; Verma & Lavania 2014), however, only
a few new records are published from the state of Tripura
(Das & Datta 2016; Panda et al. 2016). The present report
provides records of 10 orchid species which were earlier
not known from the state. The specimens were gathered
during field surveys conducted during the first half of
2018 and were systematically identified using available
literature (Kumar & Kumar 2005; Schuiteman et al. 2008;
Chen et al. 2009; Agrawala & Chowdhery 2013; Kumar et
al. 2018).

MATERIALS AND METHODS

Extensive field surveys were conducted in the forests
of Tripura State between March and August 2018.
Orchids were photographed and morphometric data
were gathered besides the GPS coordinates and details
of habitat. Only one orchid specimen representing each
taxon was collected due to their threatened status and
low population size, and was pressed, treated with
formalin and prepared using standard method (de
Vogel 1987; Bridson & Forman 1992). These herbarium
specimens were deposited at the Delhi University
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Herbarium (DUH), India, and accession numbers were
noted down. Comparisons between herbarium records
were made using online portals such as the Kew
Herbarium Catalogue (http://apps.kew.org/herbcat/
gotoHomePage.do) and the Swiss Orchid Foundation
at the Herbarium Jany Renz (https://orchid.unibas.ch/
index.php/en/database-search/advanced-search).

TAXONOMIC TREATMENT
Bulbophyllum affine Wall. ex Lindl.

Gen. Sp. Orchid. Pl. 48. 1830; Sarcopodium affine
(Wall. ex Lindl.) Lindl. & Paxton, Paxton’s Fl. Gard. 1: 155.
1853; Phyllorkis affinis (Wall. ex Lindl.) Kuntze, Revis.
Gen. Pl. 2: 677. 1891; Bulbophyllum kusukusense Hayata,
Icon. Pl. Formosan. 4: 48, f. 19. 1914. Type: Nepal, 1852,
N. Wallich 1982 (K!)

Erect epiphytic herb; rhizome sturdy, 0.5-0.8 cm in
diameter; pseudobulbs erect, 6-8 cm apart, cylindrical,
2.5-3.5cmin length, 0.8—1.2 cm in diameter; leaf solitary
with entire margin, petiole 1-2 cm long, lamina 14-16
X 2-3 cm, oblong with parallel venation, retuse apex
and decurrent base; inflorescence consisting of a single
flower originating from the rhizome; flower pedicellate,
bracteate, 2.0-2.5 cm long, zygomorphic; sepals and
petals lanceolate with acute apices, 1.3-1.7 x 0.4-0.7 cm,
white with longitudinal maroon stripes; lip lanceolate
with acute apex, 0.4-0.5 x 0.1-0.2 cm, orange to scarlet
in color; column slightly recurved, 0.5cm long, sessile;
anther cap orange, pollinia 2, cream yellow (Images 1,
11).

© Arjun Adit

Image 1. Bulbophyllum affine Wall. ex Lindl.
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Flowering and Fruiting: June—July.

Habitat: Found in a large population growing on
a single Balakata baccata (Roxb.) Esser tree in moist
broadleaf forest adjacent to Tlangsang Village in Jampui
Hills.

Specimen examined: DUH 14443 (DUH), 7.vi.2018,
Tlangsang, North District, Tripura, India, 23.906°N,
92.272°E, 690m, coll. Arjun Adit 2121.

Other specimen examined: K001114844 (K), 1852,
Nepal, coll. N. Wallich 1982.

Distribution: Bhutan, Cambodia, India (throughout),
Laos, Myanmar, Nepal, southern China, Taiwan, Thailand,
and Vietnam.

Bulbophyllum lobbii Lindl.

Edwards’s Bot. Reg. 33: 29. 1847; Sarcopodium lobbii
(Lindl.) Lindl. & Paxton, Paxton’s Fl. Gard. 1: 155. 1850;
Sarcobodium lobbii (Lindl.) Beer, Prakt. Stud. Orchid.
306. 1854; Phyllorkis lobbii (Lindl.) Kuntze, Revis. Gen.
Pl. 2: 677. 1891; Phyllorchis lobbii (Lindl.) Kuntze, Revis.
Gen. Pl. 2: 677. 1891. Type: Java, Pangerango, Lobb 312
(K-LINDL.)

Erect epiphytic herb; rhizome sturdy, 1.0-1.5 cm in
diameter; pseudobulbs erect, 10-15 cm apart, globose,
1.2-1.5cm inlength, 1.2-1.5 cm in diameter; leaf solitary
with entire margin, petiole 1.4—-1.7 cm long, lamina 10—
10.5 x 2—3 cm, oblong with parallel venation, acute apex
and decurrent base; inflorescence consisting of a single
flower originating from rhizome; flower pedicellate,
bracteate, 4.0-4.5 cm long, zygomorphic; sepals and

© Arjun Adit

Image 2. Bulbophyllum lobbii Lindl.
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petals lanceolate with acute apex, 2.5-3.0 x 0.7-1.1 cm,
creamish-yellow with faint longitudinal maroon stripes;
lip triangulate with acute apex, 1.0-1.2 x 1.2-1.4 cm,
white; column slightly recurved, 0.8cm long, sessile;
anther cap yellow, pollinia 2, cream yellow (Images 2, 12).

Habitat: Growing on Cryptocarya amygdalina Nees
and Magnolia montana (Blume) Figlar trees in the moist
broadleaf forest of Phuldungsei in Jampui Hills along with
other epiphytes like Hoya lanceolata Wall. ex D.Don,
Mycaranthes floribunda (D.Don) S.C.Chen and Thelasis
khasiana Hook f.

Flowering and Fruiting: March—April.

Specimen examined: DUH 14444 (DUH), 19.iii.2018,
Phuldungsei, North District, Tripura, India, 23.81Q°N,
92.261°E, 923m, coll. Arjun Adit 2105.

Other specimen examined: K000364608 (K!), Malaya,
coll. Lobb s.n.

Distribution: Bangladesh, Bhutan, Brunei, Cambodia,
India (Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Sikkim, and Tripura), Indonesia,
Malaysia, Myanmar, Philippines, Singapore, and Thailand.

Coelogyne suaveolens (Lindl.) Hook.f.
Fl. Brit. India. 5: 832. 1890; Pholidota suaveolens
Lindl., Gard. Chron. 1856: 372. 1856; Pleione suaveolens

© Arjun Adit

Image 3. Coelogyne suaveolens (Lindl.) Hook. f.
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(Lindl.) Kuntze, Revis. Gen. PI. 2: 680. 1891. Type: India,
19 May 1856, Bishop Winchester s.n. (K!)

Erect epiphytic herb; rhizome sturdy, 0.8-1.0 cm in
diameter; pseudobulbs erect, 7-9 cm apart, cylindrical,
5.5-6.0 cmin length, 2.0-2.5 cm in diameter; leaves two,
with undulate margin, petiole 3—-3.5 cm long, lamina
19-20 x 3.2-3.5 cm, oblanceolate with parallel venation,
acuminate apex and decurrent base; Inflorescence
synanthous, consisting of 10-14 flowers in a raceme;
flowers pedicellate, bracteate, 1.5-2.0 cm long,
zygomorphic, white; bract one per flower, cymbiform,
brown in color; sepals and petals oblong with acute
apices, 1.2 — 1.5 x 0.5 — 0.8 cm, white; lip oblong with
acute apex, 1.2-1.5 x 0.5-0.8 cm; lip keel lamellae
crenate to dentate, longitudinally arranged, yellow, four
to five in number; column white recurved, 0.4cm long,
sessile; anther cap red, pollinia 2, yellow (Images 3, 13).

Habitat: Growing on Magnolia montana (Blume)
Figlar tree in moist broadleaf forest along with Pinalia
acervata (Lindl.) Kuntze at Vanghmun in Jampui Hills.

Flowering and Fruiting: April-July

Specimen examined: DUH 14445 (DUH), 6.v.2018,
Vanghmun, North District, Tripura, India, 23.976°N,
92.278°E, 633m, coll. Arjun Adit 2114.

Other specimen examined: K000079285 (K!), India,
Bishop Winchester s.n.

Distribution: Bhutan, India (Arunachal Pradesh,
Assam, Manipur, Meghalaya, Mizoram, Nagaland,
Sikkim, and Tripura), Laos, Myanmar, southern China,
and Thailand.

Dendrobium tortile Lindl.

Gard. Chron. 1847: 797. 1847; Dendrobium
dartoisianum De Wild., Gard. Chron. 39: 380. 1906;
Dendrobium haniffi Ridl. ex Burkill, Gard. Bull. Straits
Settlem. 3: 295. 1924. Type: June 1847, Veitch s.n. (K!)

Erect epiphytic herb; non-rhizomatous; pseudobulb
in form of erect cane with nodes, cylindrical, 3040 cm
in length, 1.0-1.5 cm in diameter; leaves simple with
entire margin, alternately arranged, sessile, lamina 10—
13 x 1.3-1.5 cm, linear with parallel venation, acute apex
and decurrent base; inflorescence terminal in groups of
2-4 flowers; flowers pedicellate, bracteate, 5-6 cm long,
zygomorphic, white; bract one per flower with papery
texture, transparent 0.5-0.7 x 0.4-0.5 cm; sepals and
petals lanceolate with acute apices, 3.0-3.5 x 0.4-0.6
cm, twisted, white with purplish hue; lip tubular and
enclosing the column with acute apex, 2.5-2.8 x 2.0-2.5
cm, white, mentum greenish white 0.5-0.8 cm long;
column green, 0.3cm, sessile; anther cap green, pollinia
2, cream (Images 4, 14).
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Image 4. Dendrobium tortile Lindl.

Habitat: Growing on Tectona grandis L.f., Shorea
robusta C.F. Gaertn., Dipterocarpus turbinatus C.F.
Gaertn., Artocarpus chama Buch.-Ham., and Vitex
altissima L.f. in moist deciduous forests of Garji and
Kumarghat reserve forests.

Flowering and Fruiting: February—May.

Specimen examined: DUH 14446 (DUH), 23.iii.2018,
Garji Reserve Forest, Gomti District, Tripura, India,
23.438°N, 91.471°E, 38m, coll. Arjun Adit 2107.

Other specimen examined: K000596550 (K!),
3.ii.1926, Wangka, Kanburi, Thailand, 15.133°N, 98.5°E,
200m, coll. A.F.G. Kerr 0278.

Distribution: Bangladesh, India (Assam, Meghalaya,
Mizoram, Manipur, Nagaland, and Tripura), Laos,
Malaysia, Myanmar, Thailand, and Vietnam.

Micropera pallida (Roxb.) Lindl.

Edwards’s Bot. Reg. 18: 1522. 1833; Aerides pallida
Roxb., Fl. Ind. (ed. 1832). 3: 475. 1832; Camarotis
apiculata Rchb.f., Bonplandia. 5: 39. 1857; Dendrocolla
apiculata Zoll. ex Rchb.f, Bonplandia. 5: 39. 1857,
Camarotis pallida Lindl., J. Proc. Linn. Soc., Bot. 3: 37.
1859; Sarcochilus cochinchinensis G. Nicholson, lll. Dict.
Gard. 3: 360. 1886; Sarcochilus roxburghii Hook.f., FI.
Brit. India. 6: 36. 1890; Saccolabium saxicolum Ridl.,
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Trans. Linn. Soc. London, Bot. 3: 374. 1893; Sarcanthus
apiculatus (Rchb.f.) J.J. Sm., Orch. Java: 598. 1905;
Sarcanthus thorelii Guillaumin, Bull. Soc. Bot. France.
77:331. 1930; Micropera apiculata (Rchb. f.) Garay, Bot.
Mus. Leafl. 23: 186. 1972. Type: Bangladesh, Comilla, 7
September 1871, C.B. Clarke 14202 (K!).

Erect or hanging epiphytic monopodial herb; non-
rhizomatous; stem terete, 25—-30 cm in length, 0.3-0.5
cm in diameter; leaves simple with entire margin,
alternately arranged, sessile, lamina 7-10 x 0.8-1.0 cm,
linear with parallel venation, obtuse apex and sheathing
base; inflorescence axillary and drooping with 9-11
flowers; flowers pedicellate, bracteate, 1.0-1.5 cm long,
zygomorphic, yellow; bract one per flower, brown black;
sepals and petals obtuse with round apices, 0.5-0.6 x
0.2-0.3 cm, yellow; lip obtuse with acute apex, 0.3-0.4 x
0.2-0.3 cm, yellow, spur yellowish-white 0.1-0.2 cm long;
column white, 0.1cm long, sessile; anther cap yellow at
head and cream on tail, pollinia 2, yellow (Images 5, 15).

Habitat: Growing on Mangifera indica L. and
Artocarpus hirsutus Lam. in moist deciduous forests of
Garji, Maharani and Kumarghat reserve forests.

Flowering and Fruiting: June—August.

Specimen examined: DUH 14447 (DUH), 9.vi.2018,
Garji Reserve Forest, Gomti District, Tripura, India,

© Arjun Adit

Image 5. Micropera pallida Lindl.
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23.395°N, 91.440°E, 23m, coll. Arjun Adit 2122.
Other specimen examined: K000974275 (K!),
7.ix.1871, Comilla, Bangladesh, coll. C.B. Clarke 14202.
Distribution: Bangladesh, Brunei, Cambodia, India
(throughout), Indonesia, Laos, Malaysia, Myanmar,
Thailand, and Vietnam.

Mlycaranthes floribunda (D. Don) S.C. Chen & J.J. Wood

Fl. China 25: 348. 2009; Dendrobium floribundum
D.Don, Prodr. Fl. Nepal. 34. 1825; Eria paniculata Lindl.
in Wallich, Pl. Asiat. Rar. 1: 32. 1830; Pinalia paniculata
(Lindl.) Kuntze, Revis. Gen. Pl. 2: 679. 1891. Callista
floribunda (Rchb.f.) Kuntze, Revis. Gen. PIl. 2: 654. 1891.
Type: India, Sikkim, J.D. Hooker 67 (K!)

Erect epiphytic herb; stem clustered without
psuedobulbs; leaves simple with entire margin, sessile,
alternately arranged, lamina 12—-14 x 0.4-0.5 cm, linear
with parallel venation, acuminate apex and sheathing
base; inflorescences 2—3 in terminal position, consisting
of 35-45 flowers in raceme; flowers pedicellate,
bracteate, 0.3—0.5 cm long, zygomorphic; bract one per
flower, green; sepals ovate with acute apices, 0.2-0.3
x 0.1-0.2 cm, yellowish green; petals ovate with acute
apices, 0.2—-0.3 x 0.1-0.2 cm, white with purple spots; lip
rectangular with blunt apex, 0.2-0.3 x 0.1-0.2 cm, with
cream colored protrusion; column white, 0.1cm long,
sessile; anther cap cream, pollinia 8, cream (Images 6,

© Arjun Adit

Image 6. Mycaranthes floribunda (D. Don) S.C. Chen & J.J. Wood
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16).

Habitat: Growing on Cryptocarya amygdalina Nees
and Magnolia montana (Blume) Figlar trees in moist
broadleaf forest of Phuldungsei in Jampui Hills along
with other epiphytes like Hoya lanceolata Wall. ex D.Don,
Bulbophyllum lobbii Lindl., and Thelasis khasiana Hook.f.

Flowering and Fruiting: May—June

Specimen examined: DUH 14448 (DUH), 7.v.2018,
Phuldungsei, North District, Tripura, India, 23.810°N,
92.261°E, 923m, coll. Arjun Adit 2115.

Other specimen examined: K001114827 (K!), Pundua,
Bangladesh, coll. F. De Silva 1971.

Distribution: Bangladesh, Bhutan, Cambodia, India
(Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Sikkim, and Tripura), Laos, Myanmar,
southern China, Thailand, and Vietnam.

Pinalia acervata (Lindl.) Kuntze

Revis. Gen. Pl. 2: 679. 1891; Eria acervata Lindl., J.
Hort. Soc. London. 6: 58. 1851; Eria poilanei Gagnep.,
Bull. Mus. Natl. Hist. Nat. 23: 310. 1930; Dendrobium
seriatum Wall. ex Hook.f., Fl. Brit. India. 5: 796. 1890.
Type: Cambodia, 14 August 1928, M. Poilane 15285 (P!)

Erect epiphytic herb; arhizomatous; pseudobulbs
erect, clustered, conical, 3.5-4.0 cm in length, 1.0-1.5
cm in diameter; Leaves simple with entire margin, sessile,
lamina 14-18 x 1.0-1.2 cm, linear with parallel venation,
acuminate apex and sheathing base; inflorescence

© Arjun Adit

Image 7. Pinalia acervata (Lindl.) Kuntze
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synanthous, consisting of 8-10 flowers in raceme; flowers
pedicellate, bracteate, 1.6—-1.8 cm long, zygomorphic;
Bract one per flower, green; sepals and petals ovate
with acuminate apices, 1.2-1.4 x 0.2-0.3 cm, white; lip
broadly cuneate with acute apex, 1.2-1.5 x 0.5-0.8 cm
with cream colored ornamentation, mentum 0.2-0.3
cm long; column white, 0.4 cm long, sessile; anther cap
lemon yellow, pollinia 8, yellow (Images 7, 17).

Habitat: Growing on Magnolia montana (Blume)
Figlar tree in moist broadleaf forest along with Coelogyne
suaveolens (Lindl.) Hook.f. at Vanghmun in Jampui Hills.

Flowering and Fruiting: June—July.

Specimen examined: DUH 14449 (DUH), 6.vi.2018,
Vanghmun, North District, Tripura, India, 23.976°N,
92.278°E, 633m, coll. Arjun Adit 2120.

Other specimen examined: K000596933
22.vi.1915, Chiangmai, Thailand, coll. A.F.G. Kerr s.n.

Distribution: Bhutan, Cambodia, India (Arunachal
Pradesh, Assam, Manipur, Meghalaya, Nagaland, Sikkim,
and Tripura), Laos, Myanmar, Nepal, southern China,
Thailand, and Vietnam.

(K1),

Pinalia globulifera (Seidenf.) A.N.Rao
Bull. Arunachal Forest Res. 26: 103. 2010; Eria
globulifera Seidenf., Opera Bot. 62: 125. 1982. Type:
Thailand, Doi Pae Poe, 1982, Seidenfaden GT 7317 (C!)
Erect epiphytic herb; arhizomatous; pseudobulbs
erect, clustered, cylindrical, 6-7 cm in length, 1.8-2.0

Image 8. Pinalia globulifera (Seidenf.) A.N.Rao
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cm in diameter; Leaves four, simple, with entire margin,
alternately arranged with negligible internodal distance,
petiole 1.5-2.0 cm long, lamina 15-17 x 2.5-2.7 cm,
oblanceolate with parallel venation, acuminate apex and
decurrent base; inflorescences terminal, two in number,
with 70-90 flowers in each globular raceme; flowers
pedicellate, bracteate, 0.5-0.6 cm long, zygomorphic;
bract one per flower, white; sepals and petals ovate with
acute apex, 0.2 x 0.2 cm, white; lip ovate with acute
yellow apex, 0.2 x 0.2 cm; column white, 0.1cm long,
sessile; anther cap yellow, pollinia 8, yellow (Images 8,
18).

Habitat: Growing on a Syzygium cumini (L.) Skeels tree
in moist broadleaf forest along with Coelogyne fimbriata
Lindl. at Vanghmun in Jampui Hills.

Flowering and Fruiting: July—September.

Specimen examined: DUH 14450 (DUH), 14.vii.2018,
Phuldungsei, North District, Tripura, India, 23.813°N,
92.259°, 845m, coll. Arjun Adit 2126.

Distribution: Bhutan, Cambodia, India (Arunachal
Pradesh, Assam, Himachal Pradesh, Jammu & Kashmir,
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim,
Tripura, and Uttarakhand), Laos, Myanmar, Thailand, and
Vietnam.

Thelasis khasiana Hook.f.

Fl. Brit. India. 6: 87. 1890; Thelasis pygmaea var.
khasiana (Hook.f.) Schltr. Mem. Herb. Boissier. 21: 71.
1900. Type: India, Khasia Mts., Lobb s.n. (K!)

Erect epiphytic herb; rhizome short; pseudobulbs
erect, 0.5-1.0 cm apart, ovoid, 1.1-1.3 cm in length,
0.8-1.0 cm in diameter; leaves or sometimes with a
second smaller leaf, simple with entire margin, petiole
1.2-1.5 cm long, lamina 6.5-6.9 x 1.1-1.3 cm, lanceolate
with parallel venation, acute apex and decurrent base;
inflorescence synanthous in form of raceme originating
from the base of pseudobulb; flower pedicellate,
bracteate, 0.3—0.4 cm long, zygomorphic; Sepals and
petals lanceolate with acute apices, 0.1-0.2 x 0.1-0.2 cm,
yellowish-green; lip ovate-lanceolate with acute apex,
0.1-0.3 x 0.1-0.2 cm, yellowish green; column slightly
recurved, 0.1cm long, sessile; anther cap green; pollinia
2, yellow (Images 9, 19).

Habitat: Found on Cryptocarya amygdalina Nees tree
in the moist broadleaf forest of Phuldungsei in Jampui
Hills along with other epiphytes like Hoya lanceolata Wall.
ex D. Don, Bulbophyllum lobbii Lindl. and Mycaranthes
floribunda (D.Don) S.C. Chen.

Flowering and Fruiting: July—August.

Specimen examined: DUH 14451 (DUH), 14.vii.2018,
Phuldungsei, North District, Tripura, India, 23.81Q°N,
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Image 9. Thelasis khasiana Hook.f.

92.261°E, 923m, coll. Arjun Adit 2125.

Other specimen examined: K000891232 (K!),
18.ix.1850, Below Paurany, India, coll. J.D. Hooker and T.
Thomson s.n.

Distribution: India (Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Sikkim, and Tripura), Laos, Myanmar,
southern China, Thailand, and Vietnam.

Trichoglottis ramosa (Lindl.) Senghas

F.R.R. Schlechter, Orchideen Beschreib. Kult. Zlcht.,
ed. 3,1:1315. 1988; Staurochilus ramosus (Lindl.) Seidenf.
Opera Bot. 95:95. 1988; Oeceoclades flexuosa Lindl., Gen.
Sp. Orchid. Pl.: 236. 1833; Saccolabium ramosum Lindl.,
Gen. Sp. Orchid. Pl. 224. 1833; Saccolabium flexuosum
Lindl., J. Proc. Linn. Soc., Bot. 3: 36. 1859; Saccolabium
flexuosum (Lindl.) Rchb.f. in W.G. Walpers, Ann. Bot. Syst.
6: 886. 1864; Aerides ramosa (Lindl.) Wall. ex Hook.f., Fl.
Brit. India 6: 72. 1890; Cleisostoma ramosum Hook.f., Fl.
Brit. India. 6: 72. 1890; Gastrochilus flexuosus (Lindl.)
Kuntze, Revis. Gen. Pl. 2: 661. 1891; Gastrochilus ramosus
(Lindl.) Kuntze, Revis. Gen. PIl. 2: 661. 1891; Sarcanthus
ramosus (Hook.f.) J.J.Sm., Natuurw. Tijdschr. Ned.—Indié.
72:92. 1912; Pomatocalpa ramosum (Lindl.) Summerh.,
Kew Bull. 56. 1948. Type: India, Ganges delta, Wallich
Icon no. 654 (K!)

Erect or hanging monopodial epiphytic herb; leaves
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simple with entire margin, alternately arranged, sessile,
lamina 10-17 x 0.8-1.2 cm, linear with parallel venation,
emarginate apex and sheathing base; inflorescence
branched, erect and terminal with 20-30 flowers on
each side branch; flowers pedicellate, bracteate, 0.6—0.7
cm long, zygomorphic, brick red; bract one per flower,
brown; sepals and petals oblanceolate with acute apex,
0.3-0.4 x 0.1 cm, brick red; lip rectangular with truncate
apex, 0.2-0.3 x 0.1 cm, white with purple spot at the
apex and yellow spot near the base, spur white 0.2—0.3
cm long; column pink, 0.1cm long, sessile; anther cap
yellow, pollinia 2, yellow (Images 10, 20).

Habitat: Found growing on Melaleuca viminalis (Sol.
ex Gaertn.) Byrnes in close association with Acampe
praemorsa (Roxb.) Blatt. & McCann and Rhynchostylis
retusa (L.) Blume in moist deciduous forest of Clouded
Leopard National Park and Sepahijala Wildlife Sanctuary.

Flowering and Fruiting: April-July

Specimen examined: DUH 14452 (DUH), 11.v.2018,
Clouded Leopard National Park, Sepahijala District,
Tripura, India, 23.675°N, 91.320°E, 47m, coll. Arjun Adit
2117.

Other specimen examined: K000364567 (K!), Sikkim,
India, coll. J.D. Hooker s.n.

Distribution: Bangladesh, Bhutan, India (except
Jammu & Kashmir, Laddakh, Himachal Pradesh and
Uttarakhand), Myanmar and Thailand.

© Arjun Adit

Image 10. Trichoglottis ramosa (Lindl.) Senghas
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Image 13. Herbarium record of Coelogyne suaveolens (Lindl.) Hook. f. Image 14. Herbarium record of Dendrobium tortile Lindl.
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Image 16. Herbarium record of Mycaranthes floribunda (D. Don) S.C.

Image 15. Herbarium record of Micropera pallida Lindl. Chen & J.J. Wood
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Image 17. Herbarium record of Pinalia acervata (Lindl.) Kuntze Image 18. Herbarium record of Pinalia globulifera (Seidenf.) A.N.Rao
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Image 19. Herbarium record of Thelasis khasiana Hook.f.
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Abstract: Humboldtia bourdillonii is an Endangered tree legume;
considered endemic to its type locality in the Periyar Tiger Reserve
in Idukki District of Kerala State. A new population of this highly
threatened endemic species is located in the Vagamon Hills of
Kottayam District which is about 70km away from its original locality.
The newly located population is drastically affected by the severe
floods and landslides that occurred in Kerala state during August 2018.
Urgent conservation measures are needed to protect the population
from further loss.

Keywords: Adimundan, Humboldtia, Fabaceae, Caesalpinioideae,
threatened, Vagamon Hills, Western Ghats.

Humboldtia Vahl is a small tree legume genus with
seven species and two varieties, all are endemic to
southern Western Ghats of Karnataka, Kerala and Tamil
Nadu states, except H. laurifolia, the type species which
is endemic to Sri Lanka. The species of Humboldtia
inhabits the evergreen forest in the altitudinal range of
200-1,250 m and generally prefer river banks and areas
between streamlets. H. brunonis Wall., H. decurrens
Bedd. and H. laurifolia Vahl are myrmecophytes that
harbour ants and many endemic invertebrate taxa such
as bees and arboreal earthworms within swollen hollow
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internodes (Krombein et al. 1999). Most of the species
of Humboldtia are under severe threat especially due to
habitat loss and degradation of forest by anthropogenic
activities. Among them, H. unijuga Bedd. var. trijuga J.
Joseph & V. Chandras. is Critically Endangered, H. unijuga
var. unijuga and H. vahliana Wight are Endangered,
H. laurifolia is Vulnerable and H. decurrens is Near
Threatened as per IUCN (2019). H. bourdillonii Prain was
described by David Prain based on the collections of T.F.
Bourdillon from the ‘Peermade Ghats’ of Idukki District
in Kerala State in 1894 with no further information on
the species thereafter. After a century, Sasidharan
(1998) relocated the species from the Periyar Tiger
Reserve of Peermade Ghats. Augustine (2000, 2002)
and Ramachandran et al. (2014) also reported the
species from the same region. The latter conducted a
detailed study on the population status of the species
and found that it has a discrete distribution with an
area of occupancy of 0.06km? and area of occurrence of
approximately 2km? and the population is estimated to
have 1,310 individuals only. Ramachandran et al. (2014)
assessed H. bourdillonii as Critically Endangered status
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against the Endangered status on the IUCN Red List
(World Conservation Monitoring Centre 1998).

During a botanical exploration conducted to
Vagamon Hills in the Kottayam-ldukki district border in
June 2018, the authors accidently found a small patch
of H. bourdillonii in the margins of a reserve forest near
a tributary of Meenachil River. The species in this small
patch is represented by about 20 individuals of different
ages and girth classes. Few trees were with irregular
flowers while majority were in fruiting stage. This is
the first report of occurrence of this threatened species
outside its type locality. Detailed description, illustration,
images, distribution map and notes on habitat,
ecology and conservation status are provided for easy
identification and a better understanding of the species.

TAXONOMIC TREATMENT

Humboldtia bourdillonii Prain, J. Asiat. Soc. Bengal,
Pt. 2, Nat. Hist. 73(5): 200. 1904; Gamble, Fl. Madras 411.
1919; Sanjappa, Blumea 31: 331. 1986 & Legumes India
30. 1992; Sasidh., Higher Plants of Indian Sub-Continent
8:209.1998; T.S. Nayar et al., Fl. Pl. Kerala 319. 2006; V.S.
Ramach. et al., Trop. Ecol. 55(1): 85. 2014; Sanjappa in
G.V.S. Murthy & V.J. Nair (ed.) Flora of Kerala 2: 236. 2016
(Figure 1, Image 1)

Small to medium-sized trees, up to 15m high, bark
smooth; branchlets woody. Stipules appendaged, 2—3.5 x
1-1.5 cm, ovate, acuminate, prominently parallel-veined,
glabrous, persistent; appendages falcate-reniform,
divergently veined, persistent. Leaves 6-8 foliolate;
petioles ca 1cm long; rachis 10-16 cm long, narrowly,
obcordately winged between the leaflets; petiolules
3-4 mm long, stout, glabrous; leaflets 12—-25 x 3—4 cm,
linear-lanceolate to narrowly ovate or elliptic, acuminate
at apex, obtuse and unequal at base, thick-chartaceous,
glabrous; veins prominently reticulate beneath. Flowers
in 4—6 cm long corymbs on tubercles on stem and
old branches, tawny velvety; pedicels 1-1.5 cm long,
velvety; bracts 3-4 x 1.5 mm, ovate, brown tomentose,
deciduous; bracteoles connate when young, splitting
down at maturity, 5-6 x 3 mm, ovate, obtuse, brown
tomentose and gland-dotted, deciduous. Calyx brown
tomentose; tube ca 6mm long; lobes 4, crimson, 9-11
x 3—5 mm, subequal, ovate-oblong, obtuse-rounded at
apex, tomentose. Petals 5, white, 3 larger ones 11-12
x 6—7 mm, others 8-9 x 3-4 mm, obovate, obtuse at
apex, sparsely pilose inside, shortly clawed, caducous.
Stamens 5, filaments 2.5-3 cm long, reddish, broad and
pilose at base; anthers versatile, ca 4 x 1.5 mm, oblong.
Ovary stipitate, 6-7 x 3 mm, obliquely oblong, densely
pilose, 5-6-ovuled; style 1.6-1.8 cm long, narrowing
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towards the tip; stigma capitate. Pods 10-14 x 3-3.5
cm, dolabriform, falcate, velvety, bright red or crimson,
sutures thick, prominently veined, 3-5 seeded. Seeds ca
2.5 x 2 cm, suborbicular, pale red when young and dark
brown when matured.

Local name: ‘Adimundan’ (Malayalam)

Flowering & Fruiting: January—July.

Habitat & Ecology: Grows in steep, slippery terrain in
wet evergreen forest at ca. 1,100m, in an isolated patch
of about 0.5ha area. The population is located near to
a stream and comprises eight mature individuals (10-70
cm gbh) and 12 seedlings (<10cm gbh). Aglaia tomentosa
Teijsm. & Binn., Antidesma montanum Blume, Aporosa
acuminata Thwaites, Artabotrys zeylanicus Hook. f. &
Thomson, Casearia graveolens Dalz., Drypetes venusta
(Wight) Pax & K. Hoffm., Goniothalamus keralensis
E.S.S. Kumar, Shaju, Roy et Raj Kumar, Litsea bourdillonii
Gamble, Schefflera racemosa (Wight) Harms, Vernonia
arborea Buch.-Ham., etc. are the major associates of H.
bourdillonii.

Specimens examined: Kerala, Idukki District,
Peermade Ghats, 07 February 1894, Bourdillon 906
(CAL, MH), Peermade road, 853m ( 2800ft), 06 March
1907, Bourdillon 1614 (University College Herbarium,
Thiruvananthapuram); Arjunankotta, 25 February 1994,
Sasidharan & Jomy 13378 (CAL); 14 February 2007, S.V.
Predeep & Anoop P.B. 20531 (MBGH); Kottayam District,
Vagamon Hills, 16 June 2018, Anoop P.B. & A.J. Robi
15548 (MBGH — Image 2).

THREATS AND CONSERVATION

Peermade Hills and Vagamon Hills were once covered
by continuous dense evergreen forests and was home to
several Western Ghats endemic species. Extensive forest
clearance especially for the cultivation of Cardamom and
Tea during 19 century under British rule have caused
serious decline in population of several threatened plants
including H. bourdillonii. At present, the evergreen forests
in Vagamon Hills are restricted to certain pockets and are
under severe threat due to tourism related activities,
since Vagamon is one of the major tourist destinations
in Kerala state. The newly located population of H.
bourdillonii is also facing serious threat from human
intervention and natural calamities like landslides and
soil erosion. Both locations of the species are in landslide
prone areas identified by the Kerala State Disaster
Management Authority — KSDMA (Figure 2). Between
1 June and 18 August 2018 Kerala State received 36%
excess rainfall than normal levels, leading to widespread
floods and the torrential rains triggered a number of
landslides that devastated innumerable infrastructure
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Figure 1. Humboldtia bourdillonii Prain: A—leaf | B—cauline inflorescence | C—corymb | D—bract | E—bracteoles | F—sepal | G—petal | H—

stamen | |I—pistil | J—pod | K—seed. © Anoop P. Balan.

facilities and washed away a vast variety of Biodiversity.
Vagamon Hills also experienced heavy precipitation
and large-scale landslides during that period and a
massive landslide occurred near to the population of H.
bourdillonii, washed away four to five mature trees of the
species along with its associated endemic taxa (Image 3).

Immediate intervention is required from the forest
department to protect the extant population from further

14888

damage, since the land is in their custody. Actions are
also needed to raise the seedlings in nurseries (ex situ
conservation) and further reintroduction to adjacent
localities in Vagamon Hills. Mass multiplication through
vegetative/ tissue culture techniques should also be
attempted to prevent the extinction of this highly
threatened species.
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Image 1. Humboldtia bourdillonii Prain: A—tree trunk | B—stipules | C—leaves | D—pods | E—pod, split-opened | F—seed, young and matured.

© Anoop P. Balan.

REFERENCES

Augustine, J. (2000). Floristic and Ethnobotanical Studies of Periyar
Tiger Reserve, Kerala. Ph.D. Thesis, University of Calicut, Kozhikode,
1204 pp.

Augustine, J. (2002). Some threatened plants collected from Sabarimala
and surrounding evergreen forests, Kerala. Indian Journal of Forestry
25:338-340.

IUCN (2019). The IUCN Red List of Threatened Species. Version 2019-2.
<https://www.iucnredlist.org>

Krombein, K.V., B.B. Norden, M.M. Rickson & F.R. Rickson (1999).
Biodiversity of the Domatia Occupants (Ants, Wasps, Bees and
others) of the Sri Lankan Myrmecophyte Humboldtia laurifolia Vahl

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14886—-14890

(Fabaceae). Smithsonian Contributions to Zoology 603: 1-30. https://
doi.org/10.5479/5i.00810282.603

Ramachandran, V.S., K. Swarupanandan & M. Sanjappa (2014). Status
and distribution of Humboldtia bourdillonii, an endangered tree
species of the Western Ghats, India. Tropical Ecology 55(1): 85-91.

Sasidharan, N. (1998). Rediscovery of four threatened and possibly
extinct endemic tree legumes from Kerala. Higher Plants of Indian
Subcontinent 8: 205-213.

World Conservation Monitoring Centre (1998). Humboldtia
bourdillonii. The IUCN Red List of Threatened Species 1998:
eT31187A9606349. Downloaded on 17 November 2019. https://
doi.org/10.2305/IUCN.UK.1998.RLTS.T31187A9606349.en

14889


https://doi.org/10.5479/si.00810282.603
https://doi.org/10.5479/si.00810282.603
https://doi.org/10.2305/IUCN.UK.1998.RLTS.T31187A9606349.en
https://doi.org/10.2305/IUCN.UK.1998.RLTS.T31187A9606349.en

Extended distribution of Humboldtia bourdillonii Balan et al.

o Seed e scinahad
ST SLF SRR N
d Tl m Lxde g
S A s T e e ek
N S SRR
e frage ¥ Dwiec

Image 2. Herbarium of Humboldtia bourdillonii (MBGH Acc. No. Image 3. A & B—Ilocation of Humboldtia bourdillonii in Vagamon
6788). Hills, before and after the landslide. © Anoop P. Balan.
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Figure 2. Location of Humboldtia bourdillonii in landslide prone areas of Kerala (Map courtesy Kerala State Disaster Management Authority).
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BUCEROTIFORMES: BUCEROTIDAE)
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Most hornbills (Bucerotidae) are omnivorous, but
the proportions of different types of food in the diet
vary during the year; mostly frugivorous species include
more animal protein in their diet when nesting (Kemp
1995, 2001; Kinnaird & O’Brien 2007; Poonswad et al.
2013). Besides the larger ground-hornbills of Africa
(Bucorvidae), there are few specific records of how
vertebrate prey are handled by Bucerotidae hornbills,
particularly in Asia. This is likely to be due to dietary
studies in the breeding season (when most vertebrate
preyistaken)focusingondeliverytothefemaleandyoung
in the nest (e.g., Santhoshkumar & Balasubramanian
2014). Santhoshkumar & Balasubramanian (2014)
consider information published on the Indian Grey
Hornbill Ocyceros birostris (one of the most common
species in the Indian subcontinent) to be inadequate.
This paper presents an observation of vertebrate prey
handling in the Indian Grey Hornbill Ocyceros birostris
and compares this with other accounts for this species
and other hornbill species.

Three Indian Grey Hornbills (including an adult male
and female) were located in a large tree in the Lodhi
Gardens, New Delhi, India, at approximately 10.00h
on 30 June 2018. The hornbills were observed for

DOI: https://doi.org/10.11609/jott.5272.11.14.14891-14894

Editor: Anonymity requested.

approximately seven minutes and
photos and video were taken.

The adult male hornbill had a
Garden Lizard Calotes versicolor in
its bill by the neck with the head on
one side and rest of the body on the
other. The lizard was clearly dead OPEN ACCESS
at this stage and photographs show
the head of the lizard had been M
crushed. The male hornbill rubbed
the lizard’s head on the branch 3—4 times at intervals of
approximately 20 seconds (Image 1). After afew minutes,
the male gave the lizard to the female perched next to
the male (Image 2—4) who moved the prey in the bill
while perched together, with the male calling. Further,
the female ‘wiped’ the sides of the Garden Lizard on the
branch (Image 5), before the pair flew off out of sight. It
could not be determined if further manipulation of the
lizard took place before consumption.

Asian hornbills are generally frugivorous but turn
omnivorous in the breeding season (Poonswad et
al. 1998), and this is true for the Indian Grey Hornbill
(Santhoshkumar & Balasubramanian 2010, 2014;
Kasambe 2011). The Garden Lizard is a common lizard
in India (Das & Das 2018), and the Indian Grey Hornbill a
known predator, but the proportion (and importance) of
Garden Lizards in Indian Grey Hornbill diets during the
breeding season varies between published studies. For
example, Kasambe (2011) suggests Garden Lizards are
an important source of protein for female and nestling
Indian Grey Hornbills in the breeding season and both
male and female hornbills hunt them. Lowther (1942)
recorded Garden Lizard in their diet but Patel et al.
(1997) did not. Charde et al. (2011a) observed one
instance of a female bringing a Garden Lizard to the

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

PLATINUM

Date of publication: 26 November 2019 (online & print)

Manuscript details: #5272 | Received 25 July 2019 | Finally accepted 27 October 2019

Citation: Fitzsimons, J.A. (2019). Vertebrate prey handling in the Indian Grey Hornbill Ocyceros birostris (Aves: Bucerotiformes: Bucerotidae). Journal of Threatened

Taxa 11(14): 14891-14894. https://doi.org/10.11609/jott.5272.11.14.14891-14894

Copyright: © Fitzsimons 2019. Creative Commons Attribution 4.0 International License. JoTT allows unrestricted use, reproduction, and distribution of this article

in any medium by adequate credit to the author(s) and the source of publication.

Funding: The Nature Conservancy.

Competing interests: The author declares no competing interests.

Acknowledgements: The author was in India courtesy of a Coda Fellowship through The Nature Conservancy.

14891

NOTE


https://orcid.org/0000-0003-4277-8040
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11609/jott.5272.11.14.14891-14894
https://doi.org/10.11609/jott.5272.11.14.14891-14894

Prey handling in the Indian Grey Hornbill

nest but Charde et al. (2011b) observed many instances
of this. Santhoshkumar & Balasubramanian (2014)
found Garden Lizards constituted 0.06-0.10% of food
items in the breeding season. These differences may
represent differences in survey techniques, differences
in availability of Garden Lizards or differences in feeding
preferences between individuals or populations of Indian
Grey Hornbills. Garden Lizard and other Calotes species
are also consumed as part of the diet of congenerics, i.e.,
the Malabar Grey Hornbill Ocyceros griseus (Mudappa
2000; Paleri 2007; pers. obs. 2018) and Sri Lanka Grey
Hornbill O. gingalensis (Wijerathne & Wickramasinghe
2018).

Most dietary studies for Indian hornbills more
generally document food types being brought to the nest
(e.g., Santhoshkumar & Balasubramanian 2010, 2014;
Charde 2011a,b) and not the capture, killing or handling
of prey which mostly occurs away from the nest. An
exception is Kasambe (2011) who stated the Indian Grey
Hornbill “severely crushes and kills the Garden Lizard
before it is swallowed”.

My observations, in late June and likely at the end
of the breeding season, suggest the Garden Lizards may
be further ‘processed’, after being killed and before
consumption. This is supported by a 20-second video
by Patil (2014) which shows an Indian Grey Hornbill
undertaking very similar behaviour to my observations,
but in that instance the lizard was still alive. The hornbill
wiped the sides of the lizard on a branch but was clearly
not trying to kill it with that motion.

Descriptions of other hornbill species using tree
branches to process lizards before consumption clearly
focus on killing or incapacitating the prey. Kannan &
James (1997) noted “Larger prey [including Agamid
lizards] were thrashed against the bough [by Great
Hornbill Buceros bicornis] to incapacitate them”. Li
(2016) observed an Oriental Pied Hornbill Anthracoceros
albirostris preying on Calotes versicolor: “flicked the
animal againstabranch, perhapsto knock it unconscious”
before consuming it head first. Hong (2014) similarly
described Oriental Pied Hornbill preying on C. versicolor:
“The lizard was swiped against the branch until it was
dead”. These descriptions suggest a different, more
forceful technique to purposefully kill large lizards, and
are not consistent with the branch-rubbing behaviour
observed in my observations or the video by Patil (2014).

An explanation for the observations described in
this paper may lie in the techniques used by hornbills to
process other food types. For hornbills, most food items
are swallowed whole (Poonswad et al. 2013; Sivakumaran
2019) but Kemp (2001; repeated in Poonswad et al.
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Image 2. Male adult Indian Grey Hornbill holding Garden Lizard prior
to giving it to the female bird.

Image 3. Male adult Indian Grey Hornbill holding Garden Lizard prior
to giving it to the female bird.
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Image 4. Female adult Indian Grey Hornbill moving the Garden Lizard
through its bill.

2013) stated that “Large items ... may be broken up,
separated into edible and inedible parts, as by removing
fruit husks or insect wings, and then crushed or softened
in the bill. Certain distasteful foods, such as sticky fruits
or hairy caterpillars, or slimy items, may be wiped on a
branch or the ground before being swallowed”. Kemp
(1995) provided further details: “Others are softened
before swallowing, the hornbill passing them through
and crushing them in the bill, which is serrated in many
species, or cleaned of unwanted coverings by being
wiped back and forth over a perch or along the ground,
as in the case of hairy caterpillars, slimy toads, or juicy
fruits”.

Garden Lizards do have spines (particularly around
the neck) and elongated scales in places (Zug et al.
2006). Constant wiping of the head and both sides of the
Garden Lizard on a branch could serve to remove spines,
or make them less rigid, before the lizard is consumed
whole and head first. It may also serve to further the
‘softening” process, through breaking or dislodging
bones, prior to consumption.

This observation and those of Gadikar (2017) suggest
we still have more to learn on the ecology of Ocyceros
hornbills in India.
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Extreme weather events can have severe negative
effects on animal populations (Hennicke & Flachsbarth
2009). Events such as cyclonic storms, synonymously
known as typhoons, cyclones, or hurricanes are common
worldwide and their occurrence can have both direct and
indirect effects on bird population. Wiley & Wunderle
(1993) made an extensive review on the consequences
of such effects on birds. Birds those inhabit in open
and exposed areas are especially susceptible to severe
cyclonic effect (Cely 1991). The direct effects include
decline in population due to mortality and physical injury
(Nagarajan & Thiyagesan 1995; Wolfaardt et al. 2012),
geographic displacement (Legrand 1985; DeBenedictis
1986), destruction of breeding sites (Reville et al. 1990;
Shepherd et al. 1991), and loss of eggs and chicks (Reville
et al. 1990; Hennicke & Flachsbarth 2009; Wolfaardt et
al. 2012). Aftermath of cyclonic storms, the surviving
population also experiences indirect effects. Due to
lack of foraging site and food resource availability, the
parent birds fail to provide provisioning services to their
chicks leading to infant mortality from starvation (Feare
1976; Langham 1986). Information on the effect of
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such cyclonic storms on the birds
those inhabit and breed in riverine
habitats, however, is very scarce and
is anecdotal. In this note | report
the impact of Fani, an extremely
severe cyclonic storm, on different
waterbird species that breed on the OPEN ACCESS
sandy islands along Mahanadi River

in Odisha, eastern India. M

The Mahanadi River is the

largest river in Odisha and different stretches of it have
been identified as important waterbird congregation
sites (Nair et al. 2014; Kar & Debata 2018). During
summer season, a number of sandy islands in this
river are also used as regular breeding sites for several
waterbirds including some of the globally threatened
species (Rahmani & Nair 2012; Kar & Debata 2018; Kar
et al. 2018; Debata et al. 2019). | observed breeding
activities of Black-bellied Tern Sterna acuticauda J.E.
Gray, 1831, River Tern Sterna aurantia J.E. Gray, 1831,
Little Tern Sternula albifrons (Pallas, 1764), Indian
Skimmer Rynchops albicollis Swainson, 1838, River
Lapwing Vanellus duvaucelii Lesson, 1826, Great Thick-
knee Esacus recurvirostris Cuvier, 1829, Small Pratincole
Glareola lacteal Temminck, 1820, and Black-winged
Stilt Himantopus himantopus (Linnaeus, 1758) from
seven different islands along the Mahanadi River during
January—July 2019 (Figure 1). Among all the species,
breeding activity of Black-bellied Tern was completed
much earlier in April while for the other species it
continued beyond April. Every day | visited every nesting
site during 05.30-08.30 h to monitor the existing nests
and chicks, and record new nests. | also counted the
individuals of each species. As on 02 May 2019, there
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Figure 1. Map showing the cyclone Fani affected areas and location of the nesting sites of different sandbar-nesting birds along the Mahanadi

River in Odisha, eastern India during the year 2019.

were a total of 269 active nests and 154 chicks. The
population count, number of active nests, and chicks of
each species is given in Table 1.

On 03 May 2019, ataround 08.00h, cyclone Fani made
a landfall in Odisha. During this period, the maximum
wind speed reached up to 250km/h along with heavy
rainfall, and about 13 districts were severely affected
from it (Figure 1). As all the identified nesting sites in the
study area are situated within the affected zone (Figure
1), they also experienced the consequences. My survey
on 04 May 2019 found that Fani had major negative
impacts on the population, nesting sites, nesting success,
and chick survival (Image 1; Table 1). Overall, there was
a relative decline of 81% in population of all the species.
All the nesting sites were damaged and none of the
active nests or chicks of any species survived (Table 1).
Out of the 154 chicks of all species, | could only detect
the carcass of 12 chicks of Indian Skimmer and seven
chicks of River Tern. | could not detect any egg.

My discussion with the local people revealed that
during the cyclone, there was an increase in water

14896

level and high tide in the river, which resulted in the
submergence and flooding of the islands. The heavy rain
and rise in water level might have resulted in flooding
of the nests. Due to high tide and water current, the
eggs and chicks might have drowned in water. As the
wind speed was very strong during the time, there is
a possibility that some of the chicks and adults might
have also been blown away. Such effects from extreme
weather event have also been reported in different time
periods across India. During the late 80s several species
of birds died due hailstorms in Karera Bustard sanctuary,
Madhya Pradesh (D’Cunha & Akhtar 1987), and Jaipur
in Rajasthan (Rammanohar & Rajasekaran 1989). In
Pichavaram Mangrove forest of Tamil Nadu, mortality
of birds has been reported on several occasions due
cyclones during 1993 (Nagarajan & Thiyagesan 1995;
Thiyagesan & Nagarajan 1997). In 2013, cyclone Phailin
had major impacts on mass mortality and destruction
of nesting sites of several species of birds in Andhra
Pradesh (Anonymous 2015) and Odisha (Senapati 2015).
In 2014, the impact of hailstorms resulted in the death of
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Table 1. Impact of cyclone ‘Fani’ (Landfall date 03 May 2019) on different sandbar-nesting birds along the Mahanadi River in Odisha, eastern

India during the year 2019.

Before Fani (02.v.2019) After Fani (04.v.2019) Relative decline (%)
Species IUCN Red
(Common name) List status | Population | Active nests Chicks Population | Active nests Chicks Population | Active nests Chicks
Rynchops albicollis vu 172 40 88 65 0 0 62 100 100
(Indian Skimmer)
sterna aurantia NT 63 27 29 18 0 0 71 100 100
(River Tern)
sternula albifrons Lc 32 35 7 6 0 0 81 100 100
(Little Tern)
Vanellus duvaucelii NT 26 13 6 11 0 0 57 100 100
(River Lapwing)
Esacus recurvirostris
(Great Thick-knee) NT 8 1 2 2 0 0 75 100 100
Glareola lacteal
(Little Pratincole) LC >500 152 22 50 0 0 90 100 100
Himantopus
himantopus LC 4 1 0 1 0 - 75 100 -
(Black-winged Stilt)

VU—Vulnerable | NT—Near Threatened | LC—Least Concern.

Image 1. Effect of Fani on breeding failure of sandbar-nesting birds along the Mahanadi River in the year 2019: A—damage of the nesting site
protection fencing | B—flooding of nesting site | C—dead chick of Indian Skimmer | D—dead chick of River Tern. © Subrat Debata.

more than 50,000 birds in several areas of Maharashtra
(Narwade et al. 2014). In 2018, two cyclones, Titli and
Gaja also had similar impacts on mortality of several
hundreds of birds in Andhra Pradesh (Babu 2018) and in
Point Calimere in Tamil Nadu (Kolappan 2018).

Itis predicted that changing pattern of global climate

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14895-14898

will increase the frequency and intensity of storms
worldwide (IPCC 2007). So, possibilities of cyclonic
effects on birds are also likely to increase. Theimpact can
be detrimental and could even lead to local extirpation
of the species that represent limited population and
distribution range (Parmesan et al. 2000; Scheffer et al.
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2001). Among all the eight species of birds those breed
along the Mahanadi River, five are globally threatened.
Apart from the ongoing threats, complete failure of
breeding activity form the consequences of cyclones may
lead to rapid population depletion and local extinction
of these species in the long run.
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Ethmia lineatonotella (Moore, 1867) is a micromoth
that belongs to the family Depressariidae Meyrick, 1883,
subfamily Ethmiinae Busck, 1909. The genus Ethmia has
a cosmopolitan distribution with about 231 described
species from the Palearctic region (Sattler 1967), New
World (Powell 1973), southeastern Asia (Robinson et
al. 1994), and Australia (Nielsen et al. 1996). In the
Himalayan region, only 13 species are reported which
shows that the genus is poorly studied and the data on
the distribution and biology is lacking in the region (Kun
2004; Yen et al. 2009; Savela 2018). Table 1 shows the
species recorded from Himalayan regions along with
their range of distribution. Recent surveys in Bhutan
have recorded 825 moth species but none of the Ethmia
species were reported from Bhutan (Gielis & Wangdi
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2017). The members of the genus
are nocturnal and distributed at
low elevation and the larvae are
defoliator, skeletonizer or flower-
eater on Boraginaceae (Yen et al.
2009), while some European and
American species feed on plants OPEN ACCESS
of family Rosaceae (Powell 1973)
or family Ranunculaceae (Sattler M
1967). In the present paper, we

report the sighting of E. lineatonotella (Moore, 1867)
for the first time from Mendrelgang Village in Tsirang
District, Bhutan.

The E. lineatonotella moth was recorded during the
survey conducted at Mendrelgang Village (26.950°N
& 90.113°E), Tsirang District, Bhutan as part of the
moth documentation project initiated by the National
Biodiversity Centre (NBC), Serbithang, Bhutan on the
night of 6 May 2015, at around 20.30h. Two individuals
(Image 1 & 2) were attracted to the light trap (4 x 5
m white cloth sheet hanging facing north and south
directions) fitted with fluorescent bulbs (Irungbam et
al. 2016). The moth was photographed and collected
as voucher materials; later the specimens were curated
and identified using the keys of the species provided by
Robinson et al. (1994) and Kun (2004). The materials are
currently stored at Invertebrate Referral Centre, NBC,
Thimphu.
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First record of Ethmia lineatonotella from Bhutan

Ethmia lineatonotella (Moore, 1867) (Image 1)

Hyponomeuta lineatonotella  Moore, 1867,
Proceedings of Zoological Society London 1867: 669, pl.
33, fig. 18.

Psecadia  vitattopunctata  Matsumura, 6000,

Illustrated insects of the Japanese empire: 831.

Ethmia lineatonotella Sattler, 1967, Microlepidoptera
Palaearctica 2: 124, pl. 8, 61, 103, fig. 63; Kun & Szabdky,
2000, Acta Zoologica Academiae Scientiarum Hungaricae
46: 55, fig. 2-3, 26, 42; Yen, Wei, & Kun, 2009. Biota
Taiwanica, 17, fig. 10.

Specimens examined: BM-208, BM-209, 2 males,
05.v.2015, Bhutan, Tsirang, Mendrelgang Village,

Mendrelgang Central School, 26.950°N & 90.113°E,

Irungbam & Irungbam

1,233m, coll. J.S. Irungbam.

Diagnosis: Wingspan with 45mm. Head with filiform
antenna, scape with yellow scales, yellowish flagellum,
with brown scales distally. Maxillary palp consisting
of four segments and yellow in colour and Labial palp
yellow in colour with a black ring on medial segment.
Frons and vertex yellowish with black scales apically.
Thorax yellowish with six black spots; tegulae white
with a pair of black spots at base. Forewing longer than
abdomen, covered with black marking on yellowish
background. Basal part consists of seven spots, four
characteristic long striae; two larger spots at outer edge
of cell between veins Cu2 and M2. Hindwing with strong
costal brushes and yellow cilia; Forelegs and midlegs

© Jatishwor Singh Irungbam

Image 1. Wingspan 45mm. An adult of Ethmia lineatonotella (Moore, [1868]) recorded from Mendrelgang Village, Tsirang showing the

presence of four number of striae on the forewing.

© Jatishwor Singh Irungbam

Image 2. An adult of Ethmia lineatonotella (Moore, [1868]) recorded from Mendrelgang Village, Tsirang during light trapping on 6 May 2015.
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Table 1. The checklist of Genus Ethmia reported from the Himalayan

region.
Species Global distribution
1 Ethmia ermineella Northern India, Nepal,
(Walsingham, 1880) Myanmar, Tibet, western
China.
2 Ethmia assamensis (Butler, Bhutan, India, Nepal, China, Sri
1879) Lanka, Pakistan.
3 Ethmia lineatonotella (Moore, Bhutan, India, Myanmar,
[1868]) * Vietnam, Taiwan.
4 Ethmia trifida Kun, 2004 India, Myanmar, Thailand,
Malaysia, Borneo, Brunei,
Sabah, Brunei, Philippines,
Indonesia, Sumatra.
5 Ethmia nigroapicella India, Myanmar, Hawaii,
(Saalmiiller, 1880) Taiwan, Seychelle Islands, Kei
Island, Samoa, Madagascar.
6 Ethmia szabokyi Kun, 2001 India, Nepal.
7 Ethmia lapidella (Walsingham, India, China, Japan, Taiwan.
1880)
8 Ethmia didyma Kun, 2002 Nepal.
9 Ethmia acontias Meyrick, 1906 India, Sri Lanka.
10 Ethmia hilarella (Walker, 1863) Southern India, Sri Lanka,
Taiwan.
11 Ethmia anatiformis Kun, 2001 Nepal.
12 Ethmia crocosoma Meyrick, India, Nepal
1914
13 Ethmia pingxiangensis Liu, Northeastern India, Myanmar,
1980 Thailand.

faint yellow with clack rings; and orange coloured
abdomen. Tarsus black with light tip. Hindleg orange;
abdomen similarly orange-coloured. Unfortunately, the
genitalia had been destroyed due to a fungal infection
and so we could not examine the genitals.

Ethmia lineatonotella can be easily distinguished
from other similar species group by the presence of
four striae on the forewing (Image 1) whereas E. trifida
has three, E. palawana has only one while they are
reduced to a single dot in E. thomaswitti and is lacking
in E. galactarcha (Kun 2004). Sattler (1967) placed E.
lineatonotella in the E. assamensis species group which

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14899-14901
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consist of five species. Later, Kun (2004) transferred E.
lineatonotella to E. lineatonotella species group which
contains five species (E. lineatonotella Moore, 1867
E. galactarcha Meyrick, 1928; E. palawana Schultze,
1925; E. trifida Kun, 2004; E. thomaswitti Kun, 2004). E.
lineatonotella is distributed through India (Darjeeling,
Assam), Myanmar, Vietnam, and Taiwan (Kun & Szabdky
2000). Geilis & Wangdi (2017) who have surveyed moths
in different localities of Bhutan also have not recorded E.
lineatonotella. The present record of the species from
Mendrelgang village, Tsirang District is a new record for
Bhutan.
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Various geographical subspecies
of the Comma butterfly, Polygonia
c-album (Linnaeus, 1758) are
distributed across Europe and Asia,
reaching as far as Japan in Asia
and south to Morocco (Gogoi et al.
2015). P. c-album is a medium-sized
butterfly with wingspan of 45-50
mm and having a central silver dash
or comma underside (Evans 1932)
hence the name. It belongs to the family Nymphalidae.
There are three subspecies of Polygonia c-album,
namely, P.c. kashmira (Evans, 1932) distributed in
Kashmir, Ladakh; P.c. cognata (Moore, 1899), distributed
in northwestern Himalaya; and P.c. agnicula (Moore,
1872) distributed in Nepal-Bhutan (Kehimkar 2008),
and Arunachal Pradesh (Gogoi et al 2015). P.c. agnicula
is unique from other subspecies since it is uniformly
fulvous red above with narrower markings with no ashy
wing margins, submarginal area with red band, bordered
along its inner margin by a broken dark brown post
discal band (Evans 1932). The subspecies is considered
to be rare in contrast to other two subspecies in Indian
region (Evans 1932; Smith 1989) and uncommon locally
in Bhutan (Poel &Wangchuk 2007) but still could be rare.

P.c. agnicula was first discovered in Nepal by Maj.
Gen. G. Ramsey (Smith 1990). It is distributed from
central to western region of the country with sighting
only from five different sites including Karnali (29.386°N,
82.388%, 4,314m) (Smith 1980) Manang (28.551°N,
84.237°E, 2,746m) (Smith 1980; Poel 2012; B.R. Shrestha
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pers. obs. 2018), Rasuwa (28.206°N, 85.568°E, 1,810m)
(Poel 2017), Humla (29.966°N, 81.833°F) (M.S. Limbu
pers. comm. 2017, N. Kusi pers. obs. 2014), and Ghurchi
lek, Mugu (29.466°N, 82.136°E, 3,515m) (N. Kusi pers.
obs. 2014).

Rara National Park (RNP) (29.511°N, 82.05°E) is
the smallest national park of Nepal covering an area
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Figure 1. Observation locations of Nepal Comma Polygonium c-album agnicula during 2017-2018.

Observation Location of Nepal Comma,
Polygonium c-album agnicula at Rara National Park
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Figure 2. Observation locations of Nepal comma, Polygonia c-album agnicula in Rara National Park, Nepal.

of 106km2. The park is extended in Mugu and Jumla
districts and ranges from 2,800m to 4,039m in elevation.
RNP has pleasant warm summers and very cold winters.
The park includes 170 species of floral diversity mainly
dominated by Rhododendron arboretum, Pinus excelsa,
fir, spruce and pine. Faunal diversity of RNP includes 241
species of birds, two species of reptiles and amphibia,
and three species of fish (Bhuju et al. 2007).

We conducted the research in RNP during monsoon

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14902—-14905

(June-Sept, 2017) and post-monsoon season (Oct—Nov,
2018). The Comma Polygonia c-album species was
recorded while through trail transects of 100m length
and photographed using DSLR camera (Nikon D500). We
followed the guidebook by Smith (1989) and Evans (1927)
and consulted experts in Nepal and India to confirm our
identification. The species is characterized by F dorsum
straight, H termen not produced to the same extent,
tooth at v2 projects as far as the tornus; apex not or only
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Table 1. Observation location of Nepal Comma Polygonium c-album agnicula at Rara National Park 2017/2018.

Elevation Frequency

Date Time (h) North East (m) (no.) Remarks
1 19.x.2017 11.00 29.538 082.076 2983 1 Trail, forest, and shrub land near lake outlet.
2 22.x.2017 15.00 29.529 082.062 2977 1 Trail and forest near lake outlet.
3 14.ix.2018 09.24 29.532 82.069 2977 3 Forest trail near lake.
4 14.ix.2018 13.05 29.516 82.081 2984 1 Grassland near lake.
5 15.ix.2018 13.30 29.481 82.085 3837 2 Ridgeline, grassland, and forest.
6 15.ix.2018 14.23 29.479 82.086 3875 1 Ridgeline, grassland, and forest.
7 15.ix.2018 14.41 29.477 82.088 3947 1 Ridgeline, grassland, and forest.

Image 1. Nepal Comma Polygonium c-album agnicula 20 October 2017.

slightly truncate (Evans 1927). We captured P.c. agnicula
using insect net, handled carefully, photographed, and
released. No samples were collected.

We present seven observations of the comma
butterfly from 2017 to 2018 (Table 1). The first two
observations of P.c. agnicula were recorded by authors
(Sanej Prasad Suwal, Biraj Shrestha and Binita Pandey)
in RNP during their first visit in October 2017 (Table 1).
The agnicula species were basking on forest trail near
the western outlet of Rara Lake and the remaining five
observations were in June—Oct 2018 (Table 1). During
the first two observations it was seen feeding on nectars
of Aster sp., and Anaphali sp. while during the remaining
observations, it was seen basking on the Chuchemara
ridgeline trail, south-east of RNP where the habitat
comprised of grass lands dominated by Anaphali sp. and

14904 Journal of Threatened Taxa |
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Rhododendron forest (Image 3).

Studies on butterflies are scant in the western part
of Nepal. A list of butterflies from western region of the
country by Smith (1980) and Khanal (1999) does not
mention P.c. agnicula from RNP and adjoining areas. Our
sightings in RNP thus represents new distribution locality
of the subspecies for Nepal obtained about 54.17km
south-east from Humla, 371.18km north-west from
Rasuwa, 213.24km north-east from Manang, 35.34km
north-west from Karnali, and 7.52km north-west from
Ghurchi lek, Mugu.

The butterfly photographed (Images 1 & 2) has
more uniform fulvous above with narrower markings
in comparison with the other three subspecies. The
wing margins above are not as ashy as in the other
subspecies, and on the upperside of the hindwing there
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Image 2. Nepal Comma Polygonium c-album agnicula 19 October 2017.

are no yellow spots in the submarginal area. Instead, the
submarginal area is represented by a red band, bordered
along its inner margin by a broken dark brown postdiscal
band (Evans 1932). Along with this there are clear white
coloured comma markings on the outer side of hindwing
(Evans 1932). All the features mentioned above identify
the butterfly as Pc. agnicula.

There has been study on butterflies of RNP with a
list of 64 species (Bhandari & Gea 2007). Butterflies like
Nepal Meadow Blue Polyommatus nepalensis, Dusky
Hedge Blue Oreolyce vardhana, Eastern Blue Sapphire
Heliophorus oda, and Yellow Wood Brown Zophoessa
nicetas can be observed in the park area. The subspecies
P.c. agnicula, however, was not recorded. It appears
that the subspecies is fairly distributed from central to
western Nepal. Studies from the missing districts along
the distribution range Rasuwa to Humla will be crucial
in ascertaining the actual distribution status of this
subspecies in Nepal.
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NOTE

Gall midges are  small,
inconspicuous flies, but they may
be very important in both forest
and agro ecosystems. The body
of the adult gall midges generally
varies from 0.5-3 mm in length but
OPEN ACCESS occasionally may be as long as 8mm

or less than 0.5mm. They usually

M have long antennae. The wing veins

are reduced in number with only
three or four veins normally present. Tibial spurs are
absent. The larvae vary somewhat in their habits but
most species are either phytophagous, producing galls
on various plants, mycophagous, feeding on fungi, or
zoophagous, feeding on invertebrates, especially insects
(Skuhrava et al. 1984). While identifying the collections
of gall midges of Tamil Nadu State, we came across a gall
midge species identified as Octodiplosis bispina Sharma,
1987. Perusal of published works on the gall midges
of Tamil Nadu and the Western Ghats (Sharma 2009)
revealed that this species has not been reported from
these areas earlier and hence the present collection
forms a new distribution records (Figure 1). The adults
were dissected and mounted on microscope slides in
Canada balsam and the specimens were deposited in
the National Zoological Collection of WRC, Zoological
Survey of India, Entomology Section, Pune, India.

Material examined: Ent 10/179, 2 males, 17.i.2018,
collected at light, near Maruthamalai, Coimbatore,
Tamil Nadu, coll. D. Vasanthakumar. Ent 10/214, 2
males, 23.v.2018, collected at light, near Courtallam,
Tirunelveli District, Tamil Nadu, coll. P. Senthilkumar.

Distribution:  Aurangabad (Maharashtra), the
Andaman Islands, and Tamil Nadu (this study).
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Diagnostic  Characters: Palpi quadriarticulate.
Antenna with 2+12 segments, the flagellate antennal
segments binodose in male (Image 1A), with long apical
stems, enlargements with two whorls of long setae,
one on each enlargement, with three whorls of regular
circumfila, one on basal and two on apical enlargements;
middle whorl shortest; wing, narrow, three times as long
as broad (Image 1B); vein R, joining costa a little before
the basal % of the wing; vein Rs present, vein R5 reaching
wing margin well beyond the apex and interrupting
costa at its union, vein Cu forked. Claw, simple on all
legs, curved, empodium rudimentary. Genitalia (Image
1C), Gonocoxite, with a median bilobed obtuse lobe,
length 2.33 x its maximum thickness; gonostylus slender,
curved, gradually tapering towards the tip, ending in
tooth. Dorsal plate deeply bilobed, lobes triangular,
rounded apically, narrowed medially, aedeagus slender,
narrowed medially with a pair of strong, lateral upwardly
or downwardly directed spines beyond middle, tip
capitate (Sharma 1987).
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New distribution record of Octodiplosis bispina Vasanthakumar et al.

Image 1. Octodiplosis bispina:
A—antennae | B—wing | C—
genitalia.

© D. Vasanthakumar.
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NOTE

Coral reefs in the Gulf of
Mannar (GoM) have faced severe
disturbances from the ever
increasing human pressure which
resulted in the rapid decline of
marine biodiversity and biomass
of the coastal ecosystems over the
past few decades. Despite severe
climatic and non-climatic stresses,
scleractinian coral Acropora sp.
in GoM exhibits new recruitment of coral colonies in
recent times. The genus Acropora is commonly called
staghorn corals for the antler like colony form (Johnson
et al. 2011). Bleaching succeptibility among coral
taxa depends on the resistance capacity of corals to
subsequent bleaching episodes and broad geographic
ranges, and staghorn corals are thought to be one of
the most vulnerable species in scleractinian family
(IUCN 2009). Acropora sp. and other corals reproduce
both sexually and asexually and both are important
to restore a degraded reef area (Zayasu et al. 2018).
Acropora corals can grow fast by asexual reproduction
method called fragmentation, which leads to the swift
recovery of the degraded reef system. They contribute
significantly to the reef growth (5.23cm?/month) and
form dense colonies which supports in island formation,
coastal protection and fisheries (Bruckner 2002; Johnson
etal.2011). GoM Marine National Park has fringing type
coral reefs which are distributed in 21 offshore islands
ranging in between Rameswaram and Tuticorin (ENVIS
2015). During the 1998 coral bleaching event, shallow
water coral reefs of GoM faced a severe mortality of
75% leading to a significant reduction in the live coral
cover especially of Acropora spp. (Venkataraman 2000;
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Kumaraguru et al. 2003). Post bleaching assessment
stated that recovery was too slow and live coral coverage
increased to 36.98% during 2003—-2005 (Edward et al.
2018). Thereafter, during 2009, live coral coverage was
further increased to 42.85%. But coral bleaching in
2010 resulted in mass mortality of corals in GoM that
reduce the coral cover upto 33.20% and in 2011, coral
again started recovering and percentage of live coral
cover increased to 38.86% (Edward et al. 2012). It was
indicated that the recovery potential of a reef primarily
depends on the successful sexual reproduction followed
by coral recruitment and survival of the coral larvae
(Vermeij et al. 2009). Therefore, an occurrence of new
recruitment of corals brings back the reef to its previous
state and maintains a healthy reef ecosystem. This
study mainly describes the in situ observation on new
recruitment of staghorn corals at selected sites of the
GoM and also indicates possible resilient factors linked
to this new recruitment.
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New recruitment of staghorn corals in the Gulf of Mannar

Sadhukhan et al.

Image 1. a—Acropora colony (Size 0.5-2 cm) growing on undisturbed substratum at Hare Island | b—recruitment density (12-20 colonies/
m?) in Manoli & Manoliputti Island | c—newly recruited healthy coral colony (1.3—-15.5 cm) on Hare Island | d—growth of native algal species
Turbinaria sp. (Yellow arrow) with Acropora digitifera (red arrow) colony. © NCCR, Mandapam Field Office.

carried out several underwater surveys in Hare Island,
and Manoli & Manoliputti islands of the Mandapam
group, GoM from August 2018 to October 2018. Newly
recruited corals distributed in different sites were marked
with GPS location (Hare Island northern side: 09.206°N,
79.084°E; Hare Island southern side: 09.190°N, 79.075°E;
Manoli & Manoliputti northern side: 09.219°N, 79.134°E;
Manoli & Manoliputti southeastern side: 09.206°N,
79.140°E) and also photographed. Line intercept transect
and quadrat sampling methods (English et al. 1997) were
performed at the new recruitment sites. For detailed
assessment, a 20-meter long flexible underwater tape
was laid on selected reef areas, roughly parallel to
shoreline with three replicates at each site and covering
an area 20m x 2m (1m on each side of the transect line)
for each transect. A total of four sites were selected and
12 transects and 36 quadrats (1m x 1m) were employed
to estimate the live coral cover and recruitment density.

Recruitment of Acropora sp. was encountered at

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14908-14911

northern and southern sides of Hare Island, northern
and southeastern sides of Manoli & Manoliputti
Islands. The recruitment of different growth forms of
Acropora such as Acropora branching (ACB), Acropora
tabular (ACT), and Acropora digitate (ACD) were found
on the dead Acropora branches and coral rubbles. The
southern side of Hare Island, has several dead patches
of coral comprising Acropora rubbles, and dead colonies
of massive and submassive corals with algal growth. In
Manoli & Manoliputti, many dead patches of massive
corals were encountered and heavy sedimentation
was also observed.  Among the staghorn coral
species, Acropora formosa and Acropora hyacynthus
represented the maximum recruitment at both the
study sites. The average coral cover of Hare Island and
Manoli & Manoliputti Island was 58.4% and 51.5% of
which Acropora sp. represented live coverage of 48.1%
and 15.6%, respectively (Figure 1). The size of each
individual coral colony ranges from 0.9 to 8.2 cm.
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Figure 1. Average live coral coverage of Hare and Manoli & Manoliputti
Islands.

Tropical reefs are increasingly impacted by
multiple stressors that result in landscape loss of coral
cover primarily due to adult coral mortality, aborted
reproduction effort as well as unsuccessful recruitment
at the disturbed habitat (Connell 1997; Graham et al.
2015). Reef resilience can protect these disturbances
either by resisting change or by rapidly recovering to
their pre-disturbed state (Holbrook et al. 2018). Reefsin
GoM were challenged by intensive coral mining during
the 1980s before the Indian Ocean tsunami event, which
might have resulted in the destruction of Acropora sp.
forming rubbles in the benthic substrate. After the
Tsunami, the coral mining was completely stopped in
GoM (Edward et al. 2008). We observed many new
Acropora colonies (0.5-2 cm) on Hare Island coming up on
largely undisturbed dead corals and rubbles (Image 1a).
The percentage cover of live coral in Mandapam group
of GoM has also significantly increased from the earlier
report of 22.69% in 2016 (Edward et al. 2018) to 58.6%
in the present study (Figure 1). We don’t have a direct
observation on coral spawning and larval settlement,
but the emergence of new coral communities following
disturbances indicates a function of multiple processes
including coral recruitment, growth and survival of new
recruits. As per the earlier report, the coral spawning
of Acropora sp. mainly happened here during March
every year (Raj & Edward 2010). Earlier studies also
revealed that recruitment to reef habitats is dependent
on the ability of juveniles to find a suitable substratum
to settle and metamorphose (Graham et al. 2011). The
reef structure of Manoli & Manoliputti is mainly made
of rubbles and dead massive coral with algal growth.
But on the southeastern side of Manoliputti Island we
observed a significant density (12-20 colonies/m?)
of new recruits of Acropora formosa (Image 1b). The
northern side of the Hare Island has a major settlement
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of Acropora formosa, A.humilis and A.digitifera whose
colonies range 1.3-15.5 cm (Image 1c).

In degraded reefs, many negative driving forces
also result in the mortality of post larval settlement
of corals (Harrington et al. 2004). The major threat to
successful coral recruitment is the excessive growth
of algae on which coral planula may have settled, but
later suffered severe mortality (Vermeij et al. 2009).
In our observation, we have noticed that new recruits
have high competition against the growth of native
algal species Turbinaria sp. and Caulerpa sp. on the reef
substrate (Image 1d). An earlier study also reported that
GoM has faced heavy sedimentation ranging from 1.97
mg/cm2/day to 12.31 mg/cm2/day that was found to
be the highest during the month of August and lowest
during the month of April (Mathews & Edward 2006;
Kumar et al. 2014). Despite high sediment deposition
at the northern side and southeastern side of Manoli
& Manoliputti Island, we have observed that the new
recruitment of corals in this region is high. Staghorn
corals play an important role in reef formation but are
easily susceptible to environmental and anthropogenic
stress (Johnson et al. 2011). The density of coral recruits
is on the rise in Gulf of Mannar. The average density
of coral recruits in GoM has increased from 4.1/m? in
2003-2005 to 7.7/m? in 2011 (Edward et al. 2012). In
the present study, recruitment density was found to
be the highest on the southeastern side of Manoli &
Manoliputti Island with 12—20 colonies/m?. Observation
on the coral reproduction in GoM is rare, but studies
using the experimental set up were carried out to assess
the recruitment rate of coral spats in Krusadai Reef
complex (Raj et al. 2014; Marimuthu et al. 2018). Coral
recruitment is one of the indicators of coral reef health in
marine protected areas, and also provide a positive sign
of coral reef recovery of a degraded ecosystem (Acosta
et al. 2011). The findings reported here suggest that
increased percentage of coral cover brings a new hope
for the researcher to find out the possible driving forces
for the successful post larval settlement and survival of
new recruits, which results in better conservation and
management plan for the coral reefs of GoM Marine
National Park. Therefore, NCCR initiated long term
monitoring plan of the selected reef areas to assess the
growth and survivability of newly recruited corals and
investigate factors for reef resilience.
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NOTE

Coral diseases as one of the
most important stressor degrading
global coral reefs including those in
the Persian Gulf where there is little
information on coral diseases (Riegl
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PLATINUM et al. 2012); however, in recent
OPEN ACCESS years more known and unidentified
diseases have been recorded

@MON .
—— especially from the northern

Persian Gulf including Larak, Qeshm,
Hengam, and Hormuz Islands (Kavousi et al. 2011, 2013;
Tavakoli-Kolour et al. 2015).

Here, we report first observations of three coral
diseases including black band disease (BBD) on Acropora
(Image 1), a syndrome resembling yellow band disease
(YBD) and red band disease (RBD) on Porites colonies
(Images 2-3) from depth 5-6 m at Abu-Musa Island
(25.897°N, 55.043°E) after widespread coral bleaching
in the northern part of the Persian Gulf (Kavousi et al.
2014) in October 2012. Although BBD (see Riegl et
al. 2012; only from the southern part of the Gulf) and
YBD were already recorded from the Persian Gulf, RBD
(Image 3) is reported from the Persian Gulf for the first
time.

The YBD-like syndrome was observed on Porites
corals (Image 2), however, like YBD which is a disease
of endosymbiotic algae rather than the host coral
(Cervino et al. 2008), showing pale (not dead) tissues.
Microbiological and histological investigation is needed
to confirm the disease.

The RBD observed on Porites corals like the YBD-
like syndrome was overgrown by algae at dead part of
colonies (Images 2,3).

Unfortunately, due to banned diving and snorkeling
activities around the island, ecological assessment of
the diseases was not possible.
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Image 1. Black band disease on Acropora species.
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NOTE

The generic name
Crepidium Bl. is derived from
the Greek ‘krepidion’, which means
“little boot” referring to the saccate
base of labellum (Blume 1825;
Pridgeon et al. 2006). It is a large
OPEN ACCESS genus containing 280-292 species

distributed from tropical and

M subtropical Asia to the Pacific region

(Pridgeon et al. 2006; Govaerts et
al. 2019). Of these, four Crepidium species are known
to occur in Bhutan: C. acuminatum (D.Don) Szlach.—
listed as Malaxis acuminata (Pearce & Cribb 2002); C.
khasianum (Hook.f.) Szlach. and C. purpureum (Lindl.)
Szlach.—listed as Malaxis khasiana and M. purpurea
(Gurung 2006), and C. josephianum (Rchb.f.) Marg.
(National Biodiversity Centre 2017).

During a recent field exploration in 2019, the
first author discovered a few scattered plants of an
unidentified leafless orchid growing along with another
orchid, Anthogonium gracile Wall. ex Lindl. on moss
and soil covered rock outcrops. The observation was
made at moist oak forest (1,565m elevation) in Galing,
Shongphu Gewog, Trashigang District, eastern Bhutan.
After a careful investigation of the collected materials
(i.e., plants and flowers), it was identified as C. aphyllum
(King & Pantl.) A.N.Rao by the second author. Crepidium
aphyllum is a new record for the Bhutanese orchid flora,
and with this record the number of species under this
genus goes up to five in Bhutan. A brief description of
the plant and its biology is presented with photographs.
A voucher specimen has been deposited at National
Herbarium Center, Thimphu, Bhutan for future
reference.
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Enumeration of the species
Crepidium aphyllum (King & Pantl.) A.N. Rao
J. Orchid Soc. India. 14: 65 (2000)

Malaxis aphylla (King & Pantl.) T.Tang & FTWang in
Acta Phytotax. Sin. 1: 71 (1951).

Microstylis aphylla King & Pantl. in Ann. Roy. Bot.
Gard. (Calcutta) 8: 18, t.22 (1898).

Type: India, Sikkim, Teesta Valley, 305m, 11 July 1896,
Pantling No. 455 (K000387669) (K!).

Small leafless, probably partly-mycoheterotrophic,
terrestrial or lithophytic herb, 7-15 cm tall, bearing
flowers on the upper 1/3™ of the inflorescence. Roots
very short and very few, vermiform. Pseudobulbs or
corms, cylindric-ovate with irregular surface, erect or
slightly inclined, white, rough surfaced, 1.0-2.5 cm
long, 0.5-0.8 cm wide. Scape arising from apex of
subterranean pseudobulbs or corms, sheathed towards
the lower end with 3-5 scarious scales. Inflorescence
racemose, open flowers laxly placed, buds (unopened)
densely placed. Pedicel and ovary 1.6-2.0 mm long,
0.3mm wide, ribbed. Floral bracts lanceolate, deflexed,
acuminate, 1.0-2.0 mm long, 0.5mm wide. Flowers
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Image 1. Crepidium aphyllum (King & Pantl.) A.N. Rao from Bhutan. A—plant in its natural habitat, growing nearby another orchid, Anthogonium
gracile Wall. ex Lindl. | B—plant in its natural habitat | C— close-up of the inflorescence | D—two voucher specimens deposited at National
Herbarium Centre, Thimphu (THIM). © Kinley Rabgay.
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shield-like, facing forward, non-resupinate, coloured
uniformly in pale-yellow with dull purple towards edges,
glabrous, 3.0-5.2 mm long, 1.5-2.5 mm wide; dorsal
sepal ovate-oblong, erect, sub-obtuse, yellow tinted
with reddish-brown, glabrous, margin curved backwards
1.5-1.8 mm long, 0.5-1.0 mm wide; lateral sepals
obovate, sub-obtuse, margin entire, yellowish-green
tinted with reddish-brown, reflexed backwards, 0.8-1.2
mm long, 0.2-0.3 mm wide; petals falcate or sickle
shaped, placed close to the lateral sepals, acute, margin
entire, yellowish-green, 0.8—-0.2 mm long, 0.5mm wide;
lip ovate, acute, margin entire, no constriction between
midlobe and side lobes, concave, with a linear cavity lined
with glands on the margin, yellowish-green, 2.3-2.6 mm
long, 1.5-1.8mm wide; side lobes falcate, adpressed on
the dorsal sepal, acute, margin entire, 0.7-1.0 mm long,
0.1-0.3 mm wide; column short, quadrangular, apically
lobed with two stelidia, ca. 0.6mm long, 0.4mm wide.
Mature fruits clavate, ribbed, 0.6-0.7 mm long, 1.2-1.4
mm wide.

Flowering: June—July.

Habitat: Plants were found growing in litter on moss
covered rock outcrops in a moist deciduous Oak Quercus
griffithii forest.

Specimens examined: India, Sikkim, Teesta Valley,
305m, 11.vii.1896, Pantling No. 455 (P00404840) (P!-
isotype). Bhutan, Galing, Trashigang Forest Division,
11.viii.2019, K. Rabgay 20190711-01 (THIM).

Global conservation assessment: Crepidium
aphyllum was previously considered to be endemic to
India with distributions in Arunachal Pradesh, Sikkim
and West Bengal (King & Pantling 1898; Chowdhery
1998; Lucksom 2007; Rao 2010; Sherpa et al. 2018;
Govaerts et al. 2019) until its recent discovery in China
(Fan et al. 2012). Hence it is an addition to the orchid
flora of Bhutan. This is a very rare species, which is
evident from the fact that the only specimens existing
across the online herbaria of the world are the type and
isotypes of Pantling collected almost 123 years ago.,
There is, however, a possibility of finding a specimen of
this species at some non-online herbaria in India. There
is not even a single digital image of this species available
on google search except for the painting from King &
Pantling (1898). The current sighting of C. aphyllum
in Bhutan comprised only five mature plants. Based
on GeoCAT (Moat 2007), the extent of occurrence is
estimated as 29,310.577km? and area of occupancy as
20km?. The total number of mature individuals seen
in Bhutan was six, and the poor representation of the
image on social media also points towards its rarity. Fan
et al. (2012) already assessed this species as Critically

14916
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Endangered globally, which seemed to be incorrect due
to the occurrence of this species in at least two countries
and four locations. With this rate of encounter the
estimated number of mature individuals throughout
its distribution range including the five known current
locations cannot be more than 500. In this whole area,
there is a major threat of habitat degradation due to
forest loss. This is a partial mycoheterotrophic plant
which are very specific to its mycorrhizal symbiosis
and hence to their habitats (Jacquemyn et al. 2016).
Based on current information, previous assessment
and following IUCN Standards and Petitions Committee
(2019) guidelines, this can be assessed as Vulnerable
(VU-D2).
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Argyreia Lour., a taxonomically complex genus of the
family Convolvulaceaeis represented by 135 taxa (Staples
& Traiperm 2017) distributed in south eastern Asia,
China, and the Indian subcontinent. In India, the genus is
represented by about 40 species and is the second most
species-rich genus of Indian Convolvulaceae. The genus
has not been revised in its entirety which has resulted
in the ambiguous identifications of many taxa. Some
species are known only from their type localities and
particularly, endemic species are poorly represented
in the herbaria. So the authors have undertaken the
revisionary studies in the genus Argyreia with a critical
appraisal on an exploration and nomenclature; the
present communication is the outcome of it.

The Western Ghats of India, one of the eight hottest
hotspots of biodiversity (Myers et al. 2000), harbors
endemic and threatened biodiversity of India. An
exploration of the northern Western Ghats of India
in the year 2016-2017 resulted in the collection of
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Argyreia lawii from two localities,
viz., Bhudargad Fort and Patgaon,
Kolhapur District of Maharashtra
State. A relevant literature study
(Clarke 1883; Cooke 1908; Biju
1997) revealed that the species
was re-collected after a lapse of  QPEN ACCESS
more than 100 years. The species
was described by Clarke (1883) M
based on collections made by J.S.

Law and named the species to honour his botanical
contributions. Law collected the specimens from
populations of the species in Malabar, Konkan Province
and Bababudhan Hills of Karnataka State. After the type
collections made by Law prior to 1883, no collections
from the Konkan Province have been reported. Cooke
(1908) mentioned that he had not seen any specimen
from the Bombay Presidency in Flora of the Presidency
of Bombay. It was further written that Talbot might not
have collected it as he did not mention about locality.
Singh et al. (2001) in flora of Maharashtra State cited
the species on the authority of Talbot (1902). The digital
flora of Karnataka(http://florakarnataka.ces.iisc.ac.in,
accessed on 04 July 2018)by Sankara Rao et al. (2012)
reports the occurrence of A. lawii from Chikkamagaluru
District of Karnataka State based on the reference of
Sharma et al. (1984). But it is clearly mentioned in the
flora of Karnataka analysis that the species was not
collected by them from Chikkamagaluru District. We
searched at another type locality, Bababudhan Hills
in Chikkamagaluru District and found populations of
the species locally abundant. Therefore, the present
collections are the recollection after the type collection.
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Rediscovery of Argyreia lawii from Western Ghats

Argyreia lawii C.B. Clarke

in Hook.f., Fl. Brit. India 4:190. 1883 (Images 1-4).

Lectotype (designated by Lawand and Shimpale):
Karnataka, Bababoodan (Bababudhan) Hills s.d., Law 28
Argyreia, (K000830722 digital image!).

Description: A semi-woody 1-1.5 meters high climber
or sometimes prostrate shrub. Stem older semi-woody,
young purple, strigose-villous, hairy, terete. Leaves
simple, alternate, 7-11 x 3—-6 cm, base cordate, apex
acute, strigose on both the surfaces, secondary veins 6—7
pairs, conspicuous below; petiole 2—4 cm long, dorsally
grooved, purple in colour, hairy like stem. Inflorescence
a compact 4-9 flowered cyme; peduncle 6-12 cm long,
longer than the petiole, purple coloured, terete, hairy
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like stem. Flowers sub-sessile, bracteate. Bracts 2, 1-2 cm
long, linear-lanceolate, apex acute, bract of flower in fork
larger, lance-ovate, midvein prominent, persistent, green,
purple at margin, white hairy on both the sides. Calyx 5,
polysepalous, sepals, sub equal, 0.7-1.0 cm long, ovate,
apex acute, inner three wider than the outer two, strigose
outer, glabrous inside, outer sepal purple margined, inner
hyaline on margins. Corolla funnel form, pink-purple,
4-5 cm long x 4-5 cm wide, hairy outer on midpetaline
bands, throat purple ca. 1 cm wide, corolla lobes twisted
in bud and shortly apiculate in flower. Stamens 5,
inserted in corolla tube, unequal in length, 2.5-3.5 cm
long, filaments pink, dilated and glandular hairy at base,
anthers basifixed, pale pink. Ovary 1-3 mm in diameter

Image 1. Argyreia lawii: A—habit | B—habit closeup | C—Corolla front view | D—Corolla side view. © V.B. Shimpale.
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Image 2. Argyreia lawii: A—flowering twig | C—an inflorescence | E—bracts | F—sepals | H—reproductive parts. Argyreia elliptica: B—
flowering twig | D—an inflorescence | G—sepals | I—reproductive parts. © P.R. Lawand.

encircled by an annular disc; style-1; stigma biglobose,  Kolhapur District, Maharashtra coll. P.R. Lawand (Image

pink. Fruit a berry, ca.1cm across, yellow. 3); PRLawand50 (SUK), 10.x.2017, Patgaon, Kolhapur
Specimens examined: K000830722, K000830721  District, Maharashtra, coll. P.R. Lawand (Image 4).

(K), 00135003 (GH), 00584825 (P) digital image!, s.d., Phenology: Flowering: August—October; Fruiting:

Bababoodan Hills, Karnataka, India, coll. Law 28 Argyreia;  November—January.

PR Lawandl (SUK), 15.ix.2017, 700 m Bhudargad Fort, Habitat and Distribution: The populations of Argyreia
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Image 3. Herbarium of Argyreia lawii [# PRLawand1 (SUK)].

Table 1. Morphological comparison of Argyreia lawii and A. elliptica.

Character Argyreia lawii Argyreia elliptica

Habit Climber up to height of Huge climber up to height
1-1.5 meters of 10-12meter

Bracts '1—2 cm long, persistent 3-4 mm long, early
in flower caducous
A lax (loosely arranged),

Inflorescence .

. dichotomously branched Compactly arranged cyme
architecture cyme

lawii were encountered along forest roadsides at 700—
800 m elevation. The species grows sympatrically with A.
elliptica (Roth ex Roem. & Schult.) Choisy. A. lawii can be
readily distinguished by the presence of linear-lanceolate,
persistent bracts while in A. elliptica bracts are very early
caducous (Table 1). Till date, the species is known from
three localities from two different states, i.e., Bababudhan
Hills from Karnataka, and Bhudargad Fort and Patgaon
from Maharashtra, India.

In the two subpopulations at Bhudargad Fort and
Patgaon in Kolhapur District of Maharashtra, we could
observe 4-6 mature individuals. The populations are
frequent at Bababudhan Hills, Karnataka but the total
area may not exceed 10km?.

Lawand et al.
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Image 4. Herbarium of Argyreia lawii [(# PRLawand50 (SUK)].
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LINOSTOMA DECANDRUM (ROXB. ) WALL. EX
ENDL. (THYMELAEACEAE): AN ADDITION TO THE
FLORA OF ANDAMAN ISLANDS, INDIA

L. Rasingam ' & K. Karthigeyan?(®

Botanical Survey of India, Deccan Regional Centre, Plot no. 366/1,
Attapur, Hyderguda (P.O), Hyderabad, Telangana 500048, India.
’Botanical Survey of India, Central National Herbarium, P.O. Botanic
Garden, Howrah, West Bengal 711103, India.

Irasingam@gmail.com (corresponding author),
2karthigeyan.murthy@gmail.com

Linostoma Wall. ex Endl. is a small genus in the family
Thymelaeaceae distributed in Bangladesh, Myanmar,
northeastern India to Indo-China, Thailand, Malay
Peninsula, and Borneo (Nevling 1961). Nevling (1961)
has recognized three species of Linostoma, of which
Linostoma decandrum (Roxb.) Wall. ex Endl. is reported
from the Assam and Manipur states of northeastern
India.

While working on unidentified specimens collected
from the Andaman & Nicobar Islands deposited at PBL
and CAL, the authors came across a few specimens of
Linostoma. After critical study with relevant literature,
all the specimens were found belonging to Linostoma
decandrum. Since the species had not been reported
so far from the Andaman & Nicobar Islands (Rao 1986;
Lakshminarasimhan & Rao 1996; Mathew 1998; Pandey
& Diwakar 2008), it forms a new distribution record to
the islands’ biogeographic zone. A detailed description
for the species along with a herbarium image is provided
for easy identification.
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Taxonomic treatment

Linostoma decandrum (Roxb.)
Wall. ex Endl.,, Gen. 331. 1837;
Kurz, Forest Fl. Burma 2: 334. 1877;
Hook.f., Fl. Brit. India 5: 198. 1886;
Brandis, Indian Trees 545. 1906;
Nevling in J. Arnold Arbor. 42: 307. OPEN ACCESS
1961. Nectandra decandra Roxb.,
[Hort. Beng. 90. 1814 nom. nud.] & M
Fl. Ind. 2: 425. 1832. (Image 1).

Specimens examined: s.n. (CAL!), 19.iii.1892, Anikhet
Hill jungle, Andaman Islands, coll. Dr. King’s collector; 47
(CAL!), 23.i.1901, Andamans, Coll. Dr. Prain’s Collector;
12355 (PBL!), 23.xii.1986, Kalpong No. 10, North
Andamans, Coll. G. Chakraborty & G.S. Kindo.

Climbing shrubs, up to 15m; branchlets terete,
glabrous. Leaves simple, opposite, elliptic to oblong-
elliptic or oblong-lanceolate, 3-9.5 x 1-4.5 cm, obtuse to
acute or shortly acuminate at apex, entire along margin,
cuneate to rounded at base, coriaceous, glabrous on
both surfaces, lateral veins many, parallel. Petiole
canaliculate, 2-9 mm long, glabrous. Inflorescence
terminal, umbelliform, 2—3 flowered; peduncles 3-5 cm
long, glabrous. Bracts foliar, opposite, oblong, 3-5.5 x
1-1.8 cm, obtuse at apex, entire along margin, rounded
at base, chartaceous, white, glabrous. Flowers small,
light greenish-pink. Calyx tube fusiform, 5-7 x 2-2.5
mm, reddish without, lobes 5, linear, 6-8 x ¢. 2 mm,
greenish within, reflexed. Petals 10, white, clavate, 3-6
mm long. Stamens exserted, 15-16; filaments slender,
white; anthers yellow. Ovary stipitate, ellipsoid, c. 3mm
long, densely hairy; style filiform, 8-10 mm long; stigma
capitate. Fruits ovoid-ellipsoid, 1-1.5 x 0.5-0.9 cm,
appressed hairy; fruiting pedicels 5-6 mm long, swollen.
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Linostoma decandrum - addition to Andaman Islands flora Rasingam & Karthigeyan

Seeds ovate- triangular, c. 9 x 4 mm.

Habitat: The plants grow in moist localities in
evergreen forests.

Flowering & Fruiting: December—March.

Distribution: India: Assam, Manipur, the Andaman
Islands; Bangladesh, Myanmar, Thailand, Indo-China,
Malay Peninsula and Borneo.

References

Lakshminarasimhan, P. & P.S.N. Rao (1996). Supplementary list of
angiosperms recorded (1983-1993) from Andaman & Nicobar
Islands. Journal of Economic and Taxonomic Botany 20: 175-185.

Mathew, S.P. (1998). A supplementary report on the flora and
vegetation of Bay Islands, India. Journal of Economic and Taxonomic
Botany 22:249-272.

Nevling Jr., L. (1961). A revision of the Asiatic genus Linostoma
(Thymelaeaceae). Journal of Arnold Arboretum 42: 295-320.

Pandey, R.P. & P.G. Diwakar (2008). An integrated checklist of plants
in Andaman & Nicobar Islands, India. Journal of Economic and
Taxonomic Botany 32: 403-500.

Rao, M.K.V. (1986). A preliminary report on the angiosperms of
Andaman & Nicobar Islands. Journal of Economic and Taxonomic

Botany 8: 107-184.

Threatened Taxa

s

(el utnsa B

- - ‘Y‘._‘;

Image 1. Herbarium of Linostoma decandrum (Roxb.) Wall. ex Meisn.

14922 Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14921-14922



Journal of Threatened Taxa | www.threatenedtaxa.org | 26 November 2019 | 11(14): 14923-14926

ON THE FLORAL BIOLOGY AND POLLINATION OF
A RARE TWINING LIANA SARCOLOBUS CARINATUS
WALL. (ASCLEPIADOIDEAE: APOCYNACEAE)

IN CORINGA MANGROVE FOREST, ANDHRA
PRADESH, INDIA

A.J. Solomon Raju®

Department of Environmental Sciences, Andhra University, Waltair
Junction, Visakhapatnam, Andhra Pradesh 530003, India.
solomonraju@gmail.com

Sarcolobus is a genus of sub-family Asclepiadoideae,
family Apocynaceae according to APG IV System
Classification (2016). Rintz (1980) documented that
this genus formerly consisted of 17 described and
eight undescribed species distributed in India, Malesia,
Melanesia, and Australia. He revised the genus and listed
only four species, S. carinatus, S. retusus, S. globosus, and
S. oblongus as occurring in Australia. All four species are
restricted to coasts and areas of brackish water, on mud
in mangrove and swamp forests, and on sand and coral
beaches scrambling over strand vegetation. Later, Forster
(1991) documented that Sarcolobus is a genus of 13
species in India, Malesia including Papuasia, Melanesia,
and Australia. Three species occur in Australia and eight
species in Papuasia. ENVIS Centre on Floral Diversity
hosted by Botanical Survey of India published a status
document on Indian mangrove plant species in 2016. In
this document, S. globosus and S. carinatus are the only
species listed under the genus Sarcolobus; the former
occurs in the Sunderbans, Mahanadi, and the Nicobar
Islands while the latter occurs along the east coast in the

DOI: https://doi.org/10.11609/jott.4870.11.14.14923-14926

Editor: Analinda C. Manila-Fajardo, University of the Philippines, Laguna, Philippines.

mangrove areas of the Sunderbans,
Mahanadi, Coringa tidal forests,
and the Andaman Islands. Rintz
(1980) reported that S. carinatus is
distributed from India, Burma and
the Andaman Islands with flowering
during February to August and OPEN ACCESS
fruiting in June. He mentioned that
the characters such as the shape M
of gynostegium, the presence or
absence of double corona, the shape of twin-pollinia,
the shape of fruit and the presence or absence of a coma
on the seeds are important to distinguish Sarcolobus
from other genera of the sub-family Asclepiadoideae.
Forster (1991) also provided the characters important
to distinguish Sarcolobus from other genera within
the sub-family. These include the presence of slight
to strongly papillate style-head, the narrowly oblong
corpuscles that stand upright away from the anthers the
length of the pollinia, and the geniculate caudicles of
the pollinaria. The available information on Sarcolobus
indicates that the taxonomic details of its species need
revision to define total species accurately and provide
distinguishing characters for each identified species.
Further, none of the species of this genus have been
studied thus far for their floral biology and pollination
in any part of the world. Therefore, the present study
is the first to document floral biology and pollination
notes on S. carinatus based on field study conducted
during January—-December 2014 and January—December
2018 at Coringa Mangrove Forest (16°43'47.413”N &
82°12'54.864”E), Andhra Pradesh, India.

In the genus Sarcolobus, S. carinatus is the only
species that occurs at Coringa Mangrove Forest. Here,
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Floral biology and pollination of Sarcolobus carinatus

it grows as a semi-evergreen twining liana along the
brackish water creeks that end up after a short distance
with the land (Image 1a-c). It uses Clerodendrum
inerme, a common mangrove associate distributed
towards landward side of mangrove forest, for vertical
support. In areas where there is no supporting tree
species, it grows erect for some time, then the stems
twist and hang downwards almost touching the ground.
It is rare in occurrence. The stem is light yellow initially
and brown eventually. Leaf is petiolate, blade thick,
coriaceous, elliptical and bright to dull green (Image
1d). Pheno-events, leaf fall, leaf flushing, flowering
and fruiting occur sequentially. Leaf fall occurs during
May and leaf flushing commences immediately from
the old stems, but it is complete by July. Floral bud
initiation occurs simultaneously (Image le—g) with leaf
flushing and flowering commences in the last week
of July, reaches to peak phase during second week of
August and ceases by the end of August. Inflorescence
is a pedunculate spirally elongating raceme with 6-7
hermaphroditic flowers borne at leaf axils (Image 2a).
Calyx is represented by five inconspicuous green sepals
with ciliate margins. Corolla is represented by five
glabrous 6-10 cm long petals each with rows of brown
to purple dots on the upper surface. Corolline corona
composed of five distinct yellow pad-like segments,
positioned on the petals in one whorl, aligned with the
petals and located between the corolla and androecium;

Raju

the coronal segments are separated from the staminal
corona by a narrow cleft (Image 2d). Anthers are
attached with the pistil forming papillate and capitate
gynostegium (Image 2b, c); the style-head with five
grooves support the anthers. The anther wings are
narrow but extend back beneath the stigma to end up
abruptly at the stamen tube without curving downward.
Anthers are represented by twin sub-globose pollinia
(Image 2e), each is attached to the caudicle by its basal
end and hence held semi-erect and is away from the
style-head. Both pollinia are attached by caudicles to
the corpusculum which is a black horny structure and
quite prominent against yellow corolline and staminal
coronas. The ovary is bicarpellary syncarpous, whitish-
green and many-ovuled on axile placentation (Image 2f);
the style is one with stigma deeply 5-angled, the center
with a papillose spherical knob, and five narrow ridges
radiating from it to the apex of angles.

Rintz (1980) reported that Sarcolobus genus includes
both coronal and non-coronal species. He noted that S.
retusus and S. oblongus are non-coronal species lacking
both corolline and staminal coronas while S. carinatus
is a coronal species consisting of both corolline and
staminal coronas. He noted that corolline and staminal
coronas are either present or absent in S. globosus.
Forster (1991) reported that S. globosus and S. kaniensis
are coronal species consisting of both corolline and
staminal coronas. In S. vittatus, corolline corna is present

Image 1. Sarcolobus carinatus: a—c—habit | d—close-up view of leaves | e-g—floral bud development stages. © A.J. Solomon Raju.
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but staminal corona is absent. In S. brachystephanus,
S. hullsii, S. porcatus, S. ritae, S. secamonoides and S.
spathulatus, corolline corona is absent but staminal
corona is present. The present study substantiates the
report by Rintz (1980) that S. carinatusis a coronal species
with well-developed corolline and staminal coronas. In
S. carinatus, the stigmatic chamber in gynostegium has
nectariferous tissues which secrete nectar in minute
volume and the nectar can accumulate in the staminal
corona or at the area where the corolline corona is
connected to the gynostegium. Such a secretary pattern
is related to the specialized pollination mechanism and
it is characteristic of Asclepiadoideae (Kunze 1991,
1997; Demarco 2008). The pollinia in the flowers of S.
carinatus represent coherent masses of pollen grains
and are transferred as single units by flower-visiting
insects when the latter collect nectar. Field observations
indicated that only juvenile carpenter bees (Xylocopa
latipes and X. pubescens) visit the flowers soon after
anthesis and until evening for nectar collection during
which their legs or tongue are trapped between the
pollinia and in effect, their struggle to withdraw these
parts from the flowers result in them capturing the
pollinia. Then, they leave carrying the pollinia and

Raju

in their subsequent visit to another flower get rid of
the pollinia and deposit them on that flower effecting
pollination. It is not clear if there is any chance of the
carpenter bees losing the pollinia during flight. Field
observations also indicated that carpenter bees make
few visits and very often occasionally to the flowers of
S. carinatus; such a situation could be attributed to the
landward side location of the plants from tidal creeks,
scattered occurrence of plants, production of a few
flowers per day, which are mixed with the foliage and
flowers of host plants, occurrence of high winds during
flowering season, which influence the foraging activity
of carpenter bees.

In S. carinatus, the fertilized flowers take 3—4
months to produce mature fruits (Image 2g-0). The
fruits are of follicle type, 5-6 cm long, ellipsoid in shape
with 3 flattened ribs, keeled along the dorsal side and
terminated into a short beak. They are initially green and
brown when mature. Each fruit produces many seeds
attached to the vertical receptacle (Image 2p). Mature
seeds are dark brown, lacking coma, papery, 10-12 mm
long, broadly ovate and flattened. Fields observations
indicated that individual plants produce 2-4 fruits in
a flowering season suggesting that S. carinatus is an

Image 2. Sarcolobus carinatus: a—inflorescence with buds and flowers | b—c—gynostegium in the central portion of the flower | d—corollaine
corona and staminal corona | e—pollinia | f—ovules | g-|—fruit development stages | m—o—inside view of fruit and seed development stages
| p—developing seeds without coma | g—seedling. © A.J. Solomon Raju.
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obligate out-crosser and essentially dependent on
insect pollinators, particularly carpenter bees which
act as efficient pollinators. Further, the fruit set rate is
probably pollinator-limited but individual flowers upon
receipt of a pair of pollinia each consisting of several
pollen grains are able to produce several seeds per fruit
as compensation against low fruit set. Therefore, the
rare occurrence of S. carinatus is attributable mainly
to specialized pollination system that prevents insect
pollinators other than carpenter bees and pollinator
limitation, resources available to the plant in areas
where it occurs and edible nature of tender fruits which
are often eaten by locals.

Forster (1991) reported that Sarcolobus seeds with
a layer of seed coat and well-developed lateral margins
appear to be adapted to water dispersal but suggested
field observations to confirm the same. In this study, S.
carinatusdisperses seedsfrom matureanddry fruits upon
dehiscence into the air during November—December.
The flat, papery nature of seeds without coma appear
to be a perfect adaptation for wind dispersal. The wind-
driven seeds that fall into the tidal water subsequently
disperse by floating and settle in muddy areas where they
germinate and produce new plants from seedlings if the
soil environment is favourable (Image 2q). Therefore,
S. carinatus is both anemochorous and hydrochorous.
Despite efficient seed dispersal modes this plant species
is not able to recruit new plants due to its restricted

14926
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habitat requirement; the sites along the tidal creeks
which interface with landward zone.

In Coringa Mangrove Forest, ecotourism, fishing
activity and fuel wood collection are regular activities
and if these activities are not regulated, the mangrove
plant species that grow along brackish water creeks
interfacing with landward side are at risk. S. carinatus
is one such species that is most likely to disappear in
the near future because of its rare occurrence if proper
conservation and management measures are not
implemented by the forest department.
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