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The horned helmet Cassis cornuta (Linnaeus
1758) is the largest of all helmet shells belonging
to the family Cassidae. In India, C. cornuta is pro-
tected under the Wildlife Protection Act, 1972 (Sche-
dule-I, Part IV-B) due to its conservation importance.
Also, it is one of the most sought after tropical marine
molluscs in illegal trading. In the present study, we
have performed DNA barcoding for this species using
the mitochondrial marker gene, cytochrome c oxidase
subunit 1 (COI), and deposited the data at GenBank
(accession no. MK878541). The evolutionary history
was inferred adopting the maximum likelihood
method and Kimura 2-parameter model by encom-
passing representative organisms belonging to the
genus Cassis. As C. cornuta is in great demand among
shell collectors and is illegally traded across countries,
the DNA barcode data available in the public database
would provide an additional checkpoint in reducing
the chance of unlawful trade of this shell. Further, it
strengthens conservation management practices, par-
ticularly at the port of entries where portable DNA
barcoding facilities are in practice.

Keywords: Cassis cornuta, COI gene, DNA barcoding,
protected species.

DNA barcoding is a molecular method that enables spe-
cies identification by amplifying short DNA sequences
from a specific target gene'. It helps in species identifica-
tion, species discovery, delineation of new species and
resolving cryptic speciation. Being an important molecu-
lar technique, it critically helps wildlife trafficking con-
trol authorities (Wildlife Crime Control Burecau (WCCB)
as in India) to identify the trade prohibited/protected spe-
cies even when the specimen is not in its actual form.
Wildlife exploitation followed by ecosystem damage is a
serious concern worldwide. Abusing wildlife by market-

TAll data generated or analysed during this study are included in this
communication. The DNA sequence of COI gene from C. cornuta from
this study has been submitted to the public database, GenBank with
accession number MK878541. It can be accessed at https://www.ncbi.
nlm.nih.gov/nuccore/MK878541. The datasets generated and/or ana-
lysed during this study are available from the corresponding author on
request.

*For correspondence. (e-mail: deepak@ncscm.res.in)

2014

ing it, either whole or its parts, is one of the most lucra-
tive activities across the globe™’. Simultaneously, trade
activities in wildlife are a key threat to biodiversity’ .
According to the International Union for Conservation of
Nature (IUCN), 1141 species representing the phylum
Mollusca are being traded, and 695 of them are catego-
rized in the sport hunting/specimen collecting group of
trade and use®. One of the important species belonging to
the genus Cassis, and often involved in illegal trade is
Cassis cornuta (Linnaeus 1758) (horned helmet). C. cor-
nuta and other few molluscs are traded because of their
value as ornaments and in medicine, or as a source of
protein. Between 2008 and 2013, more than 32,000 shells
of C. cornuta valued at USD 500,000 were confiscated in
Indonesia’.

In India, C. cornuta is protected under the Wildlife
Protection Act, 1972 (Schedule-I, Part IV-B) due to its
conservation significance®. Although this species is popu-
lar in the international market and protected by law, there
is no molecular evidence or DNA barcode data validation
for its identification. In the present study, we have
performed DNA barcoding for this protected marine
organism using the mitochondrial cytochrome c oxidase
subunit I (COI) gene and also studied the evolutionary
relationship with other species under the genus Cassis.

The sample was collected from fish by catch discards
in the landing centre at Thirespuram village (8°49'34.88”"N
and 78°10°2.76”E), Thoothukudi, Tamil Nadu, India.

The total DNA was isolated using standard CTAB-
chloroform protocol based on Doyle et al.’ for animal tis-
sue samples. Briefly, about 20-25 mg of tissue from the
foot muscle was dissected, washed with sterile Milli-Q
water and preserved in 90% ethanol to prevent the DNA
from degradation. The sample was stored at —20°C for
later handling or processed immediately. The tissue sam-
ple was cut into smaller pieces and 700 ul of CTAB
extraction buffer (2% CTAB, 1.4 M NaCl, 100 mM, Tris-
Cl (pH 8), 20 mM EDTA, 2% f mercaptoethanol) and
20 ul of proteinase K (20 mg/ml) were added. Tissue
samples were vortexed briefly prior to incubation at 60°C
in a water bath for 2—-3 h. For every 30 min, the sample
was removed from the water bath and vortexed for 15 sec
for complete homogenization. The aqueous phase was ga-
thered after adding 500 pl chloroform followed by centri-
fugation for 15 min at 12,000 rpm at a set temperature of
4°C. The aqueous layer was carefully removed to another
fresh microcentrifuge tube and 1 ml of ice cold ethanol
was added to precipitate the DNA. The precipitated DNA
was pelleted down using centrifugation for 15 min at
12,000 rpm and at 4°C. The DNA pellet was washed
twice with 70% ethanol and finally, dissolved by adding
40-50 pl of sterile Milli-Q water. The DNA was diluted
to a final concentration of 75—100 ng/ul.

The COI gene was amplified in a 25 pul reaction
volume with 2.5 ul of 10x PCR buffer, 1.25 ul of dNTPs
mix (1 mM), 1.5 pl of MgCl, (25 mM), 1 pl of each primer
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Figure 1. Distribution of Cassis cornuta from East Africa to Polynesia. The distribution map was adopted from Abbott'® and

redrawn using Google Maps.

Figure 2. Shell of C. cornuta. a, Dorsal view; b, ventral view; c,
anterior apex view; d, posterior tail view. (Photo credits: Dr R. Ravi-
nesh, University of Kerala, Thiruvananthapuram, India.)

(20 uM), 1 U of Tag DNA polymerase (Sigma, USA) and
1 ul of diluted genomic DNA. The primer sequences
LC01490: 5 GGTCAACAAATCATAAAGATATTGG-3’
and HC02198: 5TAAACTTCAGGGTGACCAAAAAA-
TCA-3" were used to amplify the COI gene'’. The PCR
conditions were 5 min at 95°C as the initial denaturation
followed by 35 cycles of 1 min at 95°C, 1 min at 55°C
and 1 min at 72°C followed in turn by final extension of
10 min at 72°C. The PCR products were observed on
1.5% agarose gels, and the prominent products were se-
lected for sequencing. The PCR products were sequenced
at Eurofins Genomics, India using ABI 3730XL (Applied
Biosystems, USA), following the manufacturer’s instruc-
tions. The sequence data files were processed using
Sequence Analysis V5.3 software.
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The FASTA sequence of the COI gene for C. cornuta
was searched in the databases of NCBI (https://blast.
ncbi.nlm.nih.gov) and Barcode of Life Data (BOLD) Sys-
tems (http://www.boldsystems.org/index.php). This exer-
cise led us to recognize that there were no earlier records
for C. cornuta in the databases. Based on the classical
taxonomic details and COI gene sequences, the DNA
barcode data were submitted to GenBank through BanklIt
submission.

To understand the phylogenetic relationship of C. cor-
nuta with other organisms of this Cassidae family,
the COI gene sequences for members of genus Cassis,
Cypraecassis, Dalium, Galeodea, Qocorys, Sconsia,
Casmaria, Echinophoria, Phalium and Semicassia were
downloaded from NCBI to construct a phylogenetic tree.
In total, 23 COI sequences representing 10 genera from
the Cassidae family were aligned using MUSCLE"", prior
to phylogenetic tree construction. The evolutionary rela-
tionship was inferred using the maximum likelihood
method and Kimura 2-parameter model'?. The bootstrap
consensus tree inferred from 500 replicates was chosen to
represent the evolutionary history of the taxa analysed"’.
The evolutionary analysis was performed using MEGA X
software'.

Taxonomic position:
Phylum: Mollusca
Class: Gastropoda
Subclass: Caenogastropoda
Order: Littorinimorpha
Superfamily: Tonnoidea
Family: Cassidae
Genus: Cassis Scopoli, 1777
Species: Cassis cornuta (Linnaeus, 1758)

Distribution: Cassis cornuta (Linnaeus 1758) is the
largest and heaviest shell under the genus Cassis and has
a wide distribution from East Africa to Polynesia, including
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@ File: 0319 701 001 PCR_CC_6_LCO_1490C05.ab1 RunEnded Apr1,2019, 1040:15 Sigral GSSBASM T840 C51
Sample: 0319_701_001_PCR CC 6_L00_1430 lane: 43 Basespacng 17.35 686 bases in 10759 scans

col (710 bp)

©

> C. cornuta_col _gene
GGCTTTGTTTTTTATTTGTTTGTGATCCGGGATTTAGAA
TGGAACTGCCCTAAGTTTATTAATTCGAGCCGAATTGG
GTCAACCAGGGGCTCTTCTTGGGGATGATCAGTTATAT
AATGTTATTGTAACTGCCCATGCTTTTGTTATAATTTTC
TTTTTGGTAATGCCAATGATAATTGGTGGTTTTGGAAA
CTGATTGGTTCCTTTGATATTAGGAGCTCCAGATATAG
CATTTCCACGATTAAATAATATGAGTTTTTGATTGTTAC
CCCCTGCTTTACTATTATTACTTTCTTCTGCTGCTGTTG
AAAGGGGAGTAGGAACTGGTTGAACTGTGTATCCTCC
TTTAGCAGGTAATTTAGCTCATGCTGGGGGATCTGTAG
ATTTAGCTATTTTTTCTTTACATCTAGCTGGGGCCTCTT
CAATTTTAGGTGCTGTTAATTTCATTACAACTATTATCA
ATATACGGTGACGTGGTATGCAATTTGAGCGCCTTCCG
CTCTTTGTTTGATCTGTAAAAATTACTGCTGTATTATTG
CTTCTATCTTTGCCAGTTTTAGCTGGAGCTATTACTATA
CTTTTAACTGATCGAAACTTTAATACTGCCTTTTTTGA
CCCAGCGGGTGGAGGGGATCCTATTTTATATCAACACT
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TATTTTGATTTTTTGGTCACCATGAAGTTTAAA
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COI PCR amplification and gene sequencing. a, Representative gel photograph with amplifications of COI PCR product

(710 bp) from C. cornuta DNA. The 100 bp DNA ladder is also shown. b, Electropherogram of the COI gene displaying the quality of
DNA sequencing. ¢, The COI gene sequence of C. cornuta in FASTA format.

Madagascar and the Red Sea to eastern Polynesia (Figure
1). In Indian waters, it has been recorded in the Gulf of
Mannar and the Andamans'”.

Shell structure: The shells are normally characterized
by an ovate shape; one or more varices; a large body
whorl; well-developed parietal or columellar shield and a
small bulimoid shell nucleus (Figure 2).

Diagnostic characters: Massive shell structure, up to
350 mm length, spherical, attains large size through a
wide and flat apertural side. The body whorl with spiral
rows of large tubercles. Large calloused shield connects
columella with outer lip. Calloused ventral side is glossy
and cream or orange in colour. Dorsal side and spire are
grayish-white in colour. Large and prominent teeth, spire

2016

low, coronate with prominent axial varices at approx-
imately right angles to each other; sculpture with heavy
knobs and spiral cords'®'’. The helmet shell occurs in
colonies at depths ranging between 1 and 15 fathoms
(~27 m), where the bottom is made of sand and broken
coral rocks'®. It is active at night and buries itself partially
under the sand during inactive period. C. cornuta preys
on Acanthaster planci (crown of thorns), the thorny sea
star feeding on corals and causing large-scale destruction
to reefs.

The amplified COI PCR product of size ~710 bp from
C. cornuta mitochondrial DNA was qualitatively con-
firmed by agarose gel (Figure 3 @). The electropherogram
for the COI gene sequence was reconstructed from the
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raw sequence file (.abi) using chromatogram viewer,
Chromas V 2.6.6 application (Figure 3 b). The DNA
sequence of COI gene in FASTA format has also been
provided (Figure 3 ¢). The final processed DNA barcode
data were submitted to GenBank (accession no.
MKS878541).

Within the genus Cassis, excluding C. cornuta, the COI
DNA barcode data are available only for three species.
The sequence homology of Cassis flammea (MH581308.1),
C. madagascriensis (MH581309.1), C. fimbriata
(MH581307.1) and C. cornuta (MK878541.1) was ana-
lysed using multiple sequence alignment (Figure 4). As
the Cassidae Latreille, 1825 family includes medium-
sized to very large sea snails commonly called helmet
shells or bonnet shells, the C. cornuta relationship study
was extended with other members (outgroup) of the Cas-
sidae family. It is evident from the phylogenetic tree that
there are three major clades based on the size of the
shells. Clade 1 (Casmaria) includes medium-sized shells,
clade 2 (Semicassis, Echinophoria, Phalium) contains
medium sized to large shells, and clade 3 (Cassis,
Oocorys, Eucorys, Galeodea, Sconsia, Cypraecassis) has
mostly large-sized shells (Figure 5). The tree with the

MHS581307.1- Cassis fimbriata 5 MK878541.1- Cassis cornuta s MH581308.1- Cassis flammea : MH581309.1- Cassis madagascriensis

MH581307.1 TACTTTATATATTTTATTTGGAATATGATCAGGT TTAGTCGGAACTGCCTTAAGTTTGTT 60
MK878541.1 = ~--e-ceeeeeeeeee e eeeeceeeeeeeeeeeeseeeseseeseeseseeeee o
MH581308.1 TACTCTATATATTTTATTTGGTATATGATCAGGTCTAGTAGGGACTGCCCTGAGATTGTT 60
MH581309.1 TACTTTATATATTTTATTTGGTATATGATCAGGTCTAGTAGGGACTGCCCTAAGATTGCT 60
MH581307.1 AATTCGAGCTGAATTAGGACAACCGGGGGCTCTTCTAGGAGATGATCAATTATATAATGT 120
MK878541.1 = ~----emeemeeeeeeeceeeeeeee CTCTTCTTGGGGATGATCAGTTATATAATGT 31
MH581308.1 AATTCGAGCTGAGTTGGGTCAGCCGGGAGCTCTTTTAGGAGATGATCAATTATATAATGT 120
MH581309.1 GATTCGAGCTGAGTTAGGTCAGCCAGGAGCTCTTTTAGGGGATGATCAGTTATACAATGT 120
MH581307.1 TATTGTAACTGCTCATGCCTTTGTTATGATTTTTTTTCTAGTAATACCAATAATAATTGG 180
MK878541.1 TATTGTAACTGCCCATGCTTTTGTTATAATTTTCTTTTTGGTAATGCCAATGATAATTGG 91
MH581308.1 TATTGTAACTGCACATGCTTTTGTTATAATTTTCTTTCTGGTAATACCAATGATAATTGG 180
MH581309.1 TATTGTAACTGCACATGCTTTTGTTATAATTTTCTTTTTGGTAATGCCAATGATAATTGG 180
MH581307.1 TGGGTTTGGAAACTGGTTGGTACCTCTGATGTTAGGGGCTCCCGATATAGCATTTCCGCG 240
MK878541.1 TGGTTTTGGAAACTGATTGGTTCCTTTGATATTAGGAGCTCCAGATATAGCATTTCCACG 151
MH581308.1 TGGCTTTGGAAACTGGTTAGTACCTTTGATGCTAGGAGCTCCAGATATAGCATTTCCACG 240
MH581309.1 CGGCTTTGGAAACTGGTTAGTGCCCTTAATATTAGGGGCTCCGGATATAGCATTTCCACG 240
MH581307.1 ATTAAATAATATAAGTTTTTGATTGTTGCCCCCTGCTTTATTGCTATTGCTTTCTTCTGC 300
MK878541.1 ATTAAATAATATGAGTTTTTGATTGTTACCCCCTGCTTTACTATTATTACTTTCTTCTGC 211
MH581308.1 CTTAAATAATATAAGTTTTTGATTATTGCCCCCTGCTTTATTATTATTGCTTTCTTCCGC 300
MH581309.1 TTTAAATAATATAAGCTTTTGACTATTGCCCCCTGCTTTATTATTATTGCTTTCTTCCGC 300
MH581307.1 TGCTGTTGAGAGAGGGGTTGGGACCGGTTGAACCGTATACCCCCCATTAGCAGGTAATTT 360
MK878541.1 TGCTGTTGAAAGGGGAGTAGGAACTGGTTGAACTGTGTATCCTCCTTTAGCAGGTAATTT 271
MH581308.1 TGCTGTGGAAAGGGGTGTAGGAACTGGTTGAACAGTGTATCCTCCATTAGCTGGTAACCT 360
MH581309.1 TGCTGTGGAGAGAGGTGTAGGGACCGGTTGAACAGTGTATCCTCCGTTAGCTGGTAACCT 360
MH581307.1 AGCACATGCTGGCGGATCTGTAGATTTAGCTATTTTCTCGTTACACTTAGCAGGAGCTTC 420
MK878541.1 AGCTCATGCTGGGGGATCTGTAGATTTAGCTATTTTTTCTTTACATCTAGCTGGGGCCTC 331
MH581308.1 GGCTCACGCCGGTGGATCTGTGGATTTGGCTATTTTTTCTTTACATCTAGCAGGTGCTTC 420
MH581309.1 GGCTCACGCCGGTGGATCTGTAGATTTGGCTATTTTTTCTTTACATCTAGCAGGTGCTTC 420
eian oy S wARESERN AeANR SURSRERE B4 ASRY Syes S¥N B3
MH581307.1 ATCAATTTTAGGAGCTGTTAATTTCATTACAACTATTATTAATATACGATGACGTGGTAT 480
MK878541.1 TTCAATTTTAGGTGCTGTTAATTTCATTACAACTATTATCAATATACGGTGACGTGGTAT 391
MH581308.1 TTCAATTTTAGGTGCTGTCAACTTTATTACAACTATTATTAATATGCGATGACGTGGTAT 480
MH581309.1 TTCAATTTTAGGTGCTGTTAACTTTATTACAACTATTATTAATATGCGATGACGTGGTAT 480
MH581307.1 ACAATTTGAACGTCTTCCACTCTTTGTTTGATCTGTAAAAATTACTGCTGTATTATTACT 540
MK878541.1 GCAATTTGAGCGCCTTCCGCTCTTTGTTTGATCTGTAAAAATTACTGCTGTATTATTGCT 451
MH581308.1 ACAATTTGAGCGTCTTCCGTTATTTGTTTGATCTGTAAAAATTACGGCTGTATTATTACT 540
MH581309.1 ACAATTTGAACGTCTTCCGTTATTTGTTTGATCTGTAAAAATTACAGCTGTATTATTACT 540
realbag it bl
MH581307.1 TTTGTCTTTACCAGTTTTAGCCGGAGCTATTACTATGCTTTTAACAGATCGAAATTTTAA 600
MK878541.1 TCTATCTTTGCCAGTTTTAGCTGGAGCTATTACTATACTTTTAACTGATCGAAACTTTAA 511
MH581308.1 CTTGTCTTTACCTGTTTTAGCTGGAGCTATTACTATGCTTCTGACGGATCGAAATTTCAA 600
MH581309.1 TTTATCTTTACCTGTTTTAGCTGGGGCTATTACTATGCTTTTAACGGATCGAAACTTCAA 600
o sees 3 ARERResS By SeatSOTERR S48/ B HORETEIEION S5
MH581307.1 TACCGCTTTTTTTGATCCGGC TCCAA- 638
MK878541.1 TACTGCCTTTTTTGACCCAGCGGGTGGAGGGG! 578
MH581308.1 TACTGCTTTCTTTGACCCAGCAGGCGA. 627
MH581309.1 TACTGCTTTCTTTGACCCAGC) 658
vttt i
Figure 4. Multiple sequence alignment of COI gene sequences. The

COI gene nucleotide sequences, Cassis fimbriata, Cassis cornuta (the
present study), Cassis flammea and Cassis madagascriensis are aligned
and the conserved nucleotide positions are marked with *.
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highest log likelihood (—5986.89) is shown in Figure 5.
Initial tree was obtained by applying neighbor-joining
and BioNIJ algorithms to a matrix of pairwise distances
assessed using the maximum composite likelihood
approach, and then selecting the topology with superior
log-likelihood value.

Mollusca is the second largest phylum in the animal
kingdom. Despite their large numbers, molluscan popula-
tions are decreasing locally, regionally and globally due
to varied reasons. The shells of molluscs, particularly
marine, have always been objects of fascination for
humans'®'’. Owing to their size, diverse morphology,
eye-catching colours and decoration, molluscan shells are
treated as extremely popular souvenirs, and are either col-
lected from the wild or purchased from traders'®*’. In
overseas trade, they are merchandized as pieces of decor-
ative as well as utility items, and even as sentimental
items'**'. The trade of marine ornamental molluscs and
other marine life-forms such as corals, hard-structured/
stuffed marine vertebrates and invertebrates as curios, is
fetching a major source of revenue. The overexploitation
of molluscs due to their high commercial demand is one
of the formidable reasons driving them to an endangered

MH581308.1 Cassis flammea

MH581309.1 Cassis madagascariensis
MKS878541.1 Cassis cornuta *
MH581307.1 Cassis fimbriata
MH581349.1 Oocorys verrillii
MH581331.1 Eucorys barbouri
Clade 3
MH581318.1 Dalium solidum
MHS581336.1 Galeodea bituminata
MH581335.1 Galeodea aff. bituminata
MH581337.1 Galeodea echinophora

MH581368.1 Sconsia sp.

MH581317.1 Cypraecassis testiculus
% [ MH581316.1 Cypraecassis rufa
%
%% | MH581315.1 Cypraecassis rufa

MH581352.1 Phalium glaucum

MH581328.1 Echinophoria kurodai

MHS581329.1 Echinophoria wyvillei

Clade 2

MH581330.1 Echinophoria wyvillei

| —— MH581370.1 Semicassis bisulcata
889 E”{w‘sl.“w.l Semicassis bisulcata
w MH581371.1 Semicassis sp.

’—— KC970027.1 Casmaria sp.

Clade 1

% Kc970029.1 Casmaria erinaceus

T —

0.10

Figure 5. Evolutionary analysis using maximum likelihood method.
Phylogenetic tree using COI sequences to understand the phylogenetic
relationship of C. cornuta with other members of the genus Cassis and
outgroup members in the Cassidae family, was constructed employing
maximum likelihood method and Kimura 2-parameter model. The per-
centage of trees in which the associated taxa clustered together is seen
next to the branches. The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. The phylogenetic tree
has been constructed using MEGA X. *Represents the C. cornuta COI
gene sequence generated in this study.
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status. Many studies have documented large-scale shell
trade across the globe, especially in the Philippines®,
Brazil'’, Java’, South India*, Zanzibar'®, Hainan Island**,
Bali*® and Singapore (freshwater mollusc)®’. Other than
C. cornuta, the protected species involved in trade are
chambered nautilus (Nautilus pompilius), giant clams
(Tridacna spp.), top shell (Trochus niloticus) and mar-
bled turban (Turbo marmoratus)’. Besides their trade
value, molluscs have a crucial role in the ecosystem well-
being. They play a key role as feeders of decomposed
organisms in the terrestrial ecosystem and their faecal
matter forms organic detritus in estuaries. Therefore,
focus on conservation strategies for these ecological
engineers is of paramount importance to maintain a
healthy ecosystem. DNA barcoding has been extensively
used for chitons®®, gastropods®’ ', bivalves™** and
cephalopods®®. Using molecular techniques, the conserva-
tion management strategies would be much more rapid,
effective and beneficial to the community.

The Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES, 1973)*° is the
main international statutory regulation to control the in-
ternational trade in wild fauna and flora, to which India
has been a signatory since 1976. Being a participant
country in CITES and Convention on Biological Diversi-
ty (CBD), India has established several legal frameworks
to protect biodiversity and use the natural resources in an
ecologically sustainable manner. To the best of our know-
ledge, no DNA barcoding data have been previously
deposited for C. cornuta, a protected gastropod mollusc
species in India.

In India, under the Wildlife Protection Act, 1972, vari-
ous threatened species are protected by categorizing them
in schedules from I to VI based on their significance.
Under the Act 24 species of marine molluscs, including
C. cornuta are protected. In this study, we report DNA
barcode data for C. cornuta using COI gene. Although C.
cornuta is a most popular collection item in illegal trad-
ing, it is not yet listed under CITES; only four of the
scheduled species (Hippopus hippopus, N. pompilius,
Tridacna maxima and Tridacna squamosa) are included
in the CITES appendix II (Checklist.cites.org). Access to
the DNA barcode data of this species will aid in reducing
its unlawful trading significantly.

Conflict of interest: The authors declare that they have no
conflict of interest.
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Natural regeneration dynamics of tree
species along the altitudinal gradient in
a subtropical moist deciduous forest of
northern India
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The present study was conducted to examine the rege-
neration pattern in 72 random plots of six tropical
forest sites of Rajaji Tiger Reserve, Uttarakhand,
India. The population structure of the forest was de-
termined through density of seedlings, saplings and
trees from the sampling quadrat. Based on individual
density of seedling, sapling and adult, the regeneration
potential of the species was determined. A total of 58
tree species under 50 genera belonging to 30 families
were recorded in the forest. The overall density
ranged from 1525 to 6600 ind/ha and the total basal
area ranged from 0.577 to 46.81 m*/ha in case of trees
and saplings, whereas for seedlings, the value ranged
from 511.96 to 1221 cm’/ha. The good regeneration
pattern of tree species varied from 12.12% to 31.575%,
fair regeneration pattern from 12.12% to 31.57%,
new regeneration from 5.26% to 39.13%, poor rege-
neration from 0% to 10.52%, and no regeneration of
trees from 15.78% to 42.42%. Inadequate regenera-
tion status and population structure of tree species
like Shorea robusta, Careya arborea, Ficus auriculata
were observed which could be due to looping, scrap-
ing, grazing and trampling. Anthropogenic distur-
bances have resulted in the population decline of tree
species which may lead to many species becoming
endangered, rare and threatened. Therefore, proper
management and conservation initiatives with active
involvement of the locals must be taken to protect the
tropical forest sites of the Reserve.

Keywords: Population structure, natural regeneration,
saplings, seedlings, Tiger reserve, trees, tropical forest.

THE tropical forest biomes cover about 6 million km* of
the earth’s surface with the tropical rainforest, dry deci-
duous and savannah. About 50% of the total plant species
grow in these tropical forests'. The tropical moist deci-
duous forests are found throughout India, except in the
northwestern and western regions of the country. These
forests are more pronounced in regions which receive
rainfall in the range 100-200 cm. They are found in the
North East states of the country and in the foothills of the
Himalaya, and are succeeded by wet temperate forests
between altitudes 1000 and 2000 m. In NE India and the
hilly areas of Uttarakhand and West Bengal, these forest
mainly comprise of Tectona grandis, Shorea robusta,

*For correspondence. (e-mail: saklanibotany@gmail.com)
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