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Introduction

The world vegetation cover under natural
forests has been depleting fast and is being replaced
by secondary forests or is being denuded completely
(Whitmore, 1990). The large scale loss of primary
forests, particularly in lowland tropical areas, has
been observed at a time when knowledge on their
structure and dynamics is woefully inadequate
{(Hubell and Foster, 1992; Maguran, 2004). The
lowland rainforests are the most 'species rich
terrestrial ecosystems' in the tropics of Southeast
Asia (Whitmore, 1996). They are widely distributed
from Myanmar to the pacific islands and extend to
continental Asia from Thailand to south China and to
northeast India. The northeastern region of India,
which is a global hotspot of biodiversity, has the
tropical rainforests farthest from the equator (Myers
et al., 2000; Proctor et al., 1998). Unfortunately,
anthropogenic interference and infrastructural
developments during last few decades have seen a
major transformation of once pristine landscapes in
this region, which highlights the need to undertake
ecological studies in pristine patches in remaining
rainforest areas (IIRS, 2002; Chettri et al., 2005). A
'‘Gap analysis exercise' conducted by the WWF's
Ecoregion Based Conservation Programme (ERBC)
identified many unexplored regions of high
significance in the northeastern region of India
(Anon., 1995; Chauhan et al., 1996). The famous
Namdapha National Park in the eastern Arunachal
Pradesh also falls in this category (Deb and
Sundriyal, 2005). The park is amongst the most
diverse and largest relict patches of rainforests in the
region falling in the Indo-Burma mega-hotspot of
biodiversity that is also considered an Eastern Asiatic
Regional Centre of high diversity and Endemism
(Anon., 1995). The management of the park,
however, is constrained because of lack of
information on the structural and functional aspects
of the diverse primary forest stands. To date the park
remains unexplored except for a preliminary floristic
study (Chauhan ef al., 1996). Considering this a
detailed investigation was made to analyze its tree
species composition, diversity and population
structure in the undisturbed tropical lowland forest

communities of the Namdapha National Park with a
view that such an information would be helpful to
planners and managers for conservation of the rich
biodiversity of the area, which can act as gene pool
reservoir in the coming years.

Study Area

The Namdapha National Park (27°23° to
27°39° N and 96°15' to 9658 E) is located in the
Changlang District, Arunachal Pradesh. To the south
and east, the park is bordered by Myanmar, while the
northern side has a common boundary with the
Kamlang Wildlife Sanctuary of Lohit district in the
north. The total area of the park is 1985.245 km’,
consisting of 1807.82 km” in core zone and 177.425
km” in buffer zone. Noa Dehing is the main river of
the park. Namdapha is probably the only protected
area in the world encompassing as great variation in
altitude as 200 to 4,571 m. Biogeographically, the area
falls under the Eastern Himalayan zone of India,
which covers the Paleartic and the Indo-Malayan
realms (Rodgers and Panwar, 1988).

The study area exhibits tropical climate having
typical monsoon pattern with rainy season extending
from May to September. The period from October to
November, December to February, and March to April
represents autumn, winter and spring seasons,
respectively. The rainfall, average temperature and
relative humidity for Namdapha National Park are
presented in Fig. 1. The area receives an average
annual rainfall of 2500-3000 mm of which nearly 85%
is received during the monsoon season. At times the
rainy months prolongs up to 9 month in a year.
Occasional showers during off season are also not
uncommon in this part of the country. Humidity
remains very high throughout the year.

Geologically, the park area is of recent origin
and owes its formation to the upheaval of the
Himalaya in the Pleiocene period of the tertiary age
(Chauhan ef al., 1996). Soils are characterized by a
loamy surface layer of considerable depth and
texture, with colour wvarying from yellowish to
reddish and pH acidic. A deep layer of sandy loam,
rich in vegetative matter, supports best growth of
dipterocarp forests in the lower and gentle slopes of
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Fig. 1
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Location map of Namdapha National Park, Arunachal Pradesh, India

the area. Freshwater alluvium on flat lands along
stream banks supports leguminous trees. The soil
characteristics of the study sites are given in Table 1.

Methods

Two stands in south bank tropical wet
evergreen (Dipterocarpus) forest type (Altingia-
mixed species stand and Shorea-Dipterocarp stand)
and one in riverine semi evergreen forest (Albizia
stand) (Kaul and Haridasan, 1987) were selected for
assessing species composition, association, diversity
and tree population structure in the buffer zone area
of Namdapha National Park. In each stand 20 m wide
and 50 m long transects (0.1 ha) were laid starting 50
m inside the forest trail to avoid any outside
interference. Each transect was further sub-divided
to four 25x10 m quadrates for detailed study. The
transects were placed randomly at different locations
using grid maps to cover most of the species under
different canopy covers. A total of 12, 10 and 18
transects were studied in the Altingia-mixed species,
Shorea-Dipterocarp and Albizia stands, respectively.
The transects were laid along a gentle gradient
between 300-600 m elevation amsl. All individuals =
10 ecm dbh (diameter at breast height, i.e. 1.3 m above
ground) were enumerated as trees, marked with an
aluminum tag and their location in the plot to the
nearest meter was mapped (Sundriyal ef al., 1994,

Sundriyal and Sharma, 1996; Uma Shankar, 2001).
Voucher specimen of all species were collected and
identified at State Forest Research Institute,
Itanagar and Botanical Survey of India, Itanagar.
Individuals with buttresses or other irregularities at
breast height were measured just above the
buttresses. The species richness was simply the
number of species per unit area (Whittaker, 1975).
Tree species falling in different quadrates were added
to present a cumulative species area curve for the tree
layers in different forest stands. The dominance-
diversity curve was plotted to assess species niche
separation and partitioning of community resources
using IVI for trees (Whittaker, 1975; Kent and Coker,
1994). The data were analyzed for density and basal
area of each species (Curtis and McIntosh, 1950). The
importance value index (IVI) of each species was
computed by summing up the relative density,
relative frequency and relative dominance (Sundriyal
and Sharma, 1996). The Shannon and Wiener
diversity index (Shannon and Wiener, 1963) was
calculated following Maguran (2004).

=- pi Inpi

Where, pi is the proportion of the ith species and the
number of individuals of all the species (ni/N).

Simpson's index (Simpson, 1949) measured the
concentration of dominance (CD):
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Species-area curve showing cumulative increase in number of tree species with >10 cm dbh in
the three studied stands of Namdapha National Park, Arunachal Pradesh

CDh= 2 pi*

Where, pi is the same for the Shannon-Weiner
information function.

The dbh of all trees was measured for
interpreting population structure (Sundriyal et al.,
1994; Sundriyal and Sharma, 1996). Based on tree
diameter at breast height, individual tree species
were separated into 8 classes (10-20, 21-30,...... >150
cm). The density in each diameter class in each stand
was presented by adding seedling and saplings of
important species and all other species for each stand.

Results

Tree species richness, genera and families in forest
stands

A comparative account of the three forest
stands of the buffer zone area of Namdapha National
Park is presented in Table 1. A total of 130 species
varying in 75 genera and 44 families were recorded
from all the three stands studied. Of these, Altingia-
mixed species stand had 98 species in 54 genera and
31 families, Shorea-Dipterocarp stand comprised 54
species in 34 genera and 22 families and Albizia stand
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Diameter distribution of individuals >10 cm dbh in Altingia-mixed species stand (a) Shorea-Dipterocarp stand (b),
and Albizia stand (c).

recorded 20 species in 19 genera and 15 families
(Table 1). In Altingia-mixed species stand 11 families
were represented by more than one genus and 21 by a
single species. In Shorea-Dipterocarp stand 7 families
included more than one genus while 16 had one
genus. In Albizia stand, 3 families were represented
by more than one genus and the remaining 12 by a
single genus. Tree species rarity with greater number
of singletons at a site, which contributed significantly

to the stand diversity, seems to be an important
characteristic of the evergreen forest stands.

In Altingia-mixed species stand,
Euphorbiaceae had the maximum number of
individuals (19.54%) of dbh >10 cm, followed by
Meliaceae (9.72%) and Hamamelidaceae (8.50%)
(Table 2). Shorea-Dipterocarp stand was dominated
by the individuals belonging to Dipterocarpaceae
(18.46%), Euphorbiaceae (17.44%) and Fagaceae



996 Indian Forester [August
Fig. 5
160
1 mlj —— Altingia stand=— Shorea Dipterocarps— Albizia stand
120
=
% 100
& B0
>
g 60
= 4o} |
20
d b o ¢ TR
6 P A s i h A Y VIR REE NS SRR B0 686000 006 bbb b bbb bbbt
12 3456 789 101121314 15161718 152D 2122 23242526 272829 30 3132 313343536 373639 404142 43144546 47 484950 51525354 555657 58 5960 6162 63616566 67 68
Species sequence

Density-dominance curve for the tree layer (>10 cm dbh) of three stands
of the buffer zone of Namdapha National Park

(6.67%). Leguminosae (74.65%) was the dominant
family in the Albizia stand, followed by Verbenaceae
(8.564%) and Bombacaceae (7.49%). Including
seedlings and saplings together with mature trees
showed dominance of Lauraceae and Euphorbiaceae
in the Alfingio-mixed species stand,
Dipterocarpaceae and Euphorbiaceae in the Shorea-
Dipterocarp stand, and Leguminosae in the Albizia
stand (Table 2).

Tree species density, basal area and dominance

Overall stand tree density (dbh >10 ¢m) was
highest in the Altingia-mixed forest stand (418 trees
ha), followed by the Shorea-Dipterocarp stand (390
trees ha'), and minimum in the Albizia stand (245
trees ha') (Table 3). However, the basal area was
highest in the Shorea-Dipterocarp stand (49.7m"ha)
followed by the Altingia-mixed stand (45.5 m® ha™)
and minimum in the Albizia stand (18.3 m’ ha")
(Table 3). Altingia excelsa, Terminalia myriocarpa
and Albizia procera recorded highest basal area in the
Altingia-mixed species, Shorea-Dipierocap, and
Albizia stands, respectively (Table 1). The data
showed that the differences in mean tree density and
basal area were low between two lowland tropical
evergreen forests stands, it however varied markedly
between lowland tropical evergreen and semi-
evergreen stands.

The Altingia-mixed species stand was
dominated by Altingia excelsa (35 trees ha'),
Dipterocarpus retususs (18 trees ha') and Ostodes
paniculata (63 trees ha') (Table 1). The Shorea-
Dipterocarp stand was dominated by Dipterocarpus

retusus (40 trees ha') and Shorea assamica (36 trees
ha'). The Albizia stand was dominated by Albizia
procera (126.2 treesha™) (Table 3).

Species area curve

The tree species accumulation curve drawn for
different stands showed that the species
accumulation increased linearly with increasing area
of the sampling in lowland tropical evergreen forest
stands (Alfingia-mixed species stand and Shorea-
Dipterocarp stand) and a asymptote was not reached
in any of the two studied evergreen stands (Fig. 2).
Contrarily, the riverine semi evergreen forest stand
(Albizia stand) showed asymptotic pattern from 6000
m”area onwards.

Tree species diversity and concentration
of dominance

The Shannon-Weiner diversity index value was
highest for the Alfingia-mixed species stand (3.85),
followed by Shorea-Dipterocarp stand (3.55), and
minimum in Albizia stand (1.71) (Table 1). The
Concentration of Dominance (CD) was 0.044 in
Altingia-mixed stand, 0.042 in the Shorea-
Dipterocarp stand and 0.305 in Albizia stand, which
shows that many species shared dominance in first
two stands, but only a few in the latter stand (Table
1).

Population structure

The distribution of individuals in different dbh
classes varied with stands. In Aléingia-mixed species
stand, of the total 418 tree individuals ha" with dbh
=10 cm, 49% tree individuals were recorded in dbh



2011]

Tree diversity and population structure in a lowland tropical rainforest

Table 1

Comparative account for the three forest stands in the study area of

Namdapha National Park, Arunachal Pradesh.

Parameters Forest stands
Altingia-mixed species Shorea-Dipterocarp Albizia
Location Hornbill area Gibbonsland area Lankai area
Elevational range 300-600 350-400 350-400
Forest type South Bank Tropical South Bank Tropical Wet Riverine Semi -Evergreen
Wet Evergreen Evergreen (Dipterocarpus) Forest
(Dipterocarpus) Forest Forest
Sampled area (ha) 1.2 1.0 1.8
Biotic pressure Nil Low Moderate
Number of tree species 98 54 20
Density ha 7
Trees 418 390 245
Total basal area (m?ha) 4547 49.68 18.29
Tree species diversity 3.85 3.55 1.711
Concentration of 0.044 0.042 0.31
dominance
Species with highest basal Altingia excelsa Terminalia myriocarpa Albizia procera
area (m*ha') (17.58) (8.09) (13.0)
Dominant family Euphorbiaceae Dipterocarpaceae Leguminosae
Dominant tree species Altingia excelsa, Dipterocarpus macrocarpus, Albizia procera,
Dipterocarpus Shorea assamica, Dalbergia pinnata,
macrocarpus, Ostodes paniculata Bombax ceiba
Ostodes paniculata
Emergent species Altingia excelsa, Dipterocarpus macrocarpus, Albizia procera,
Dipterocarpus Shorea assamica Bombax cetba
macrocarpus
Dominant shrub Strobilanthus sp. Strobilanthus sp. Citrus medica
Trees with buttresses* 69 (14%) 40 (20.51%) 2 (0.45%)
Most buttressed tree Altingia excelsa (55%) Dipterocarpus macrocarpus Bombax ceiba (100%)
(20%)
Deciduous trees (%) 6 3 80
Soil:
Soil texture Sandy loam Sandy loam Loamy sand
N (%) 0.37+0.09 0.1+0.014 0.2
P (%) 0.23+0.02 0.21+0.014 0.19+0.02
C (%) 269+1 0.98+0.14 1.11+0.11

*Above 50 ¢m from ground

All the forest types forms the sub-types of tropical lowland rainforest.
The South bank tropical wet evergreen (Dipterocarpus) forest and the riverine semi evergreen forest (Kaul and Haridasan 1987)
corresponds to the Assam valley tropical wet evergreen forest (1B/C1) in the classification of Champion and Seth (1968).

Table 2

Dominant families at the three study sites in tree (>10 cm dbh) and regeneration layers (<10 em
dbh) based on their contribution to total density at three stands in Namdapha National Park, Arunachal Pradesh

Altingia-mixed species stand

Shorea-Dipterocarp stand

Albizia stand

Family dbh >10 cm dbh <10 em dbh >10 cm dbh <10 em db';; 10 db‘;; 10
Bombacaceae 0 0 0 0 7.49 5.77
Combretaceae 0.41 0.047 4.1 0 1.69 0
Dipterocarpaceae 4 .86 1.63 18.46 33.58 0 0
Euphorbiaceae 19.54 461 17.44 4.48 3.54 13.33
Fagaceae 242 1.87 6.67 10.69 0 0
Hamamelidaceae 8.6 0 1.54 0.12 0 0
Lauraceae 4.04 39.99 4.1 3.24 0.34 0.72
Leeaceae 2.23 0.14 4.62 1.12 0 0
Leguminosae 041 2.18 0 415 74.65 10.81
Magnoliaceae 5.26 1.24 3.59 0.12 0.68 0
Meliaceae 9.72 7.99 4.1 5.27 0.34 36
Myrtaceae 4.86 3.81 3.08 412 0 0
Rubiaceae 243 7.31 3.08 6.94 0 0
Verbenaceae 04 1.26 0.51 0 8.54 3.6
Unidentified 21.66 1.74 16.92 3.88 0.68 ]
Other families 13.61 25.544 11,78 22.26 2.03 62.1

..... 997
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Table 3
Tree density (ha''), basal area (m’ ha'') and importance value index (IVI) in the three studied forest
stands of Namdapha National Park, Arunachal Pradesh.
Species Altingia-mixed species Shorea-Dipterocarp stand Albizia stand
stand
Density TBA | IVI Density TBA | IVI Density TBA | IVI
1 2 3 4 5 6 7 8 9 10
Actinodaphne obovata (Nees) - - - 6.3 - - -
BL 6 0.405
Ailanthus grandis Prain - - - 2 0.676 3.19 <1* 0.01 097
Alangium chinense (Lour) - - E - - - 1.17
Harms 1 0.01
Albizia procera (Roxb.) Benth - - - - - - 126.+4.19 13.03 1553
Altingia excelsa Noronha 35+2.23 17.58 51.72 6+1.41 5432 15.1 - - -
Antidesma acuminatum Linn. 250+059 0.06 2.25 - - - - - -
Aphania rubra (Roxb.) Radlk. 2.50 0.10 234 - - - - - -
Aporosa dioica (Roxb.) Muell- 1.01 497 - - -
Arg 1 0.01 8+283 0.145
Baccaurea ramiflora Lour 6+0.80 0.14 4 26+5.74 0453 1284 - - -
Beilschmiedia assamica 1.07 - - - - - -
Meissn. 2.50+0.59 0.04
Beilschmiedia sp. 1 001 214 - - - - - -
Bischofia javanica Bl. - - - 4 1461 66 - - -
Bombax ceiba avet. Non Linn - - - - - - 18+1.21 1.21 25.05
Bridelia assamica Hk. f. 4+042 0.15 3.63 - - - - - -
Callicarpa arborea Roxb. - - 2 0172 218 2.51 017 274
Canarium strictum Roxb. 1 0.03 1.03 - - - - - -
Capparis acutifolia (Hook. f. & - - - 24 - - -
Thomson) Jacobs. 2 0.283
Castanopsis indica (Roxb.) A. 2.55 13.71 - - -
DC. 3+0.48 0.11 14+1.10 1.76
Castanopsis sp. 3 2 026 196 2 1.386 4.62 - - -
Castanopsis sp. 4 - - - 4 1826 7.33 - - -
Castanopsis tribuloides 2.28 1.87 - - -
(Smith) A. DC. 2.50+059  0.07 2 0.021
Cedrella toona Roxb. ex. Roth 2 1.05 349 - - - - - -
Chisocheton paniculatus 6.74 196 - - -
(Roxb.) Hiern. 12+2 46 0.74 2 0.066
Cinnamomum bejolghota 5.08 - - - - - -
(Buch-Ham) Sweet 5+0.48 0.72
Cinnamomum glaucescens 3.27 - - - - - -
(Nees) Meissn 250+059 052
Cinnamomum sp. 1 0.06 1.11 - - B - - -
Cordia dichotoma Forst. f. - - - - - - <1 0.01 097
Croton roxburghii Balakr. 1 0.01 1.01 - - - - - -
Dalbergtia pinnata - - - - - - 36.67
(Lour.)Prain 31+2.18 0.67
Dalbergia sericia G. Don - - - - - 24+3.21 059 2419
Dillenia indica Linn. - - - 2 0211 225 - - -
Diospyros sp. 1 0.01 1.28 - - - - - -
Dipterocarpus macrocarpus 10.3 24 26 - - -
Vesque 18+9.43 2.31 40+14.74 4.996
Duabanga grandiflora (Roxb 5 10.04 - - -
ex DC.) Walp. 2 141 6 3.571
Dysoxylum binectariferum 5.89 - - - - - -
HEk f. et. Bedd. 10+1.12 0.53
Dysoxylum procerum Hiern 16+1.11 052 B8.04 4 0.205 4.07 - - -
Dysoxylum sp. - - - 10+4.24 1193 76 - - -

Contd.....
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1 2 3 4 5 6 7 8 9 10
Ehretia acuminata R. Br. - - - - - - 1 002 136
Elaeocarpus aristatus Roxb 2.50 0.14 3.19 122 0.579 8.19 z = =
Elaeocarpus sp. 1 0.02 1.03 - - - - -
Engelhardtia spicata Leschen - - - - - - 1.43
ex Bl. Bigdr 1 0.06
Eriobotrya bengalensis Hk. f. - - - 4 0.154 3.97 - - =
Erythrina stricta Roxb. - - - - - . 2+0.79 0.16 2.71
Euonymus sp. 1 2 0.06 1.32 - - - - - -
Euonymus sp. 2 4+1.77 007 267 - - - - - -
Ficus sp. 1 1 005 1.09 - - - - -
Ficus sp. 2 250+x059 094 418 - - - - - -
Ficus sp. 3 1 0.01 1.01 - - - - - -
Glochidion lanceolarium - - - - - - 10.28
(Roxb.) Voigt 9+0.61 0.16
Gmelina arborea Roxb. - - - - . 18+2.40 0.38 15.06
Grewia disperma. Roxb. - - - - - - =il 0.01 1
Griffithianthus fuscus Merr. 250059 007 227 10+4.24 0.289 5.78 = = =
Helicia robusta Wall ex Benn - - - 4 0.127 2.6 - - -
Knema angustifolia (Roxb.) 1.23 - - - - - .
Warb. 2 0.02
Laportea pterostigma Wedd. 2.50 032 2.08 - - - - - -
Lasianthus longicauda Hk. F. 2 0.02 1.23 - - - - - -
Leea indica (Burn.f. &) Merr 9111 013  6.29 18+3.46 0239 9.04 - - =
Lindera latifolia Hk. {. 1 002 1.01 - - - - -
Lindera sp. - & - 8+1.15 0183 6.37 - : g
Linociera macrophylla Wall. 1.03 - - C c
ex. DC 1 0.02
Litsea monopetala (Roxb.) pers E - - - - - 1 0.14 189
Litsea salicifolia {Roxb. ex. 3.3 - - - - - -
Nees) Hk. f. 3 0.09
Litsea sp. - - - 2 041  2.65 - - -
Macropanax dispermus (Bl.) 1.43 - - - - - -
0. Ktze 2 0.11
Maesa indica (Roxb.) Wall - = = = = - 1 0.01 1.16
Magnolia griffithii Hook f.& 1.01 - - - - -
Thomson 1 0.01
Magnolia sp. A 1 008 1.15 - - - - - -
Magnolia sp. B - - - 6+1.41 1.071  6.33 - - -
Melia dubia Cavv. - - - . - - 1 0.12 176
Meliacecae 1 0.02 1.03 - - - - - -
Mesua ferrea Linn. 3+1.18 0.06 244 - - - - - -
Michelia oblonga Wall. ex. 3.51 2.4 - - -
Hk.f &Th. 250+0.59 097 2 0.286
Micromellum sp. 4+0.42 0.08 3.46 - - - - - -
Miliusa roxburghiana (Wall) 251 - - - - - -
Hk.f & Th. 2.50 0.09
Milletia sp. 2 0.09 21 - - - - - -
Murraya paniculata (Linn.) 1.26 - - - - -
Jack 2 0.04
Olea dentaia Wall ex DC 1 004 1.08 - - - - -
Ostodes paniculata Bl. Bigdr 63+3.68 1.63 23,55 30x7.21 0.699 13.05 - - -
Persea sp. 1 0.08 1.16 - - - -
Premna sp. 1 0.02 1.02 - B - - -
Premna sp.2 1 0.07 1.12 - - - - -
Pterospermum acerifolium - - - 1.86 - -
Willd. 2 0.017
Pterospermum lancifolium 1 0.01 1.01 - - - - -
Pterygota alata (Roxb.) R. br. 2.50 0.04 1.48 - - - - -
Quercus lamellosa Smith 1 0.01 1.01 - - - - -

Contd.....
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! 2 3 4 5 6 7 8 9 10
Quercus Semiserrata Roxb. 1 0.03 1.04 - - - - -
Quercus sp. - - B 4 0.172 2.69 - -
Saprosma ternatum Hk.f 10+0.63 0.09 6.02 12+5.66 0.132 597 - .
Saurauia cerea Griff. ex Dyer 1 0.01 1.01 - - - - -
Schima wallichii (DC) Korth 7.50x2.20 1.78 724 2 1661 517 - - -
Shorea assamica Dyer 2 0.24 1.7 32+3.06 5.718 23.66 - - -
Styrax serruletum Roxb 2.50 0.12 1.66 - - - - - =
Styrax sp. 1 0.01 1 - - - - - -
Syzygium cumini (Linn.) 6.01 3.06 - - -
Skeels 7+1.18 0.96 4 0.355
Syzygium macrocarpum 5.18 - - - - =
(Roxb.) Balak. 13+7.07 0.53
Syzygium sp. - - - 8 0.174 3.72 = = =
Talauma hodgsonii Hk.f & 10.6 3.8 2.25
Th. 17.50+1.47 1.16 6 0.472 2 0.07
Terminalia chebula Retz. - - - 2 0.806 3.45 - - -
Terminalia myriocarpa 4.55 23.81 9.64
Heurck & Muell-Arg 2 1.20 14+4.62 8.087 4+0.39 1.03
Unidentified 89+3.82 742 4253 66+x6.66  3.783 31.12 2 0.47 44
Total 418+13.62 4547 390+12.97 49.68 245+28.28 18.33

The number of unidentified species was 16 in Shorea-Dipterocarp stand
The number of unidentified species was 31 in Alfingia-mixed species stand

Values <1 are not added in the total density in the Albizia stand

class 10-20 em, 23% in 21-30 cm, 18% in 31-60 cm, and
10% in dbh class >60 cm. Similarly, in Shorea-
Dipterocarp stand, of the total of 390 tree individual
ha', 45, 21, 22 and 13% tree individual were recorded
in dbh classes 10-20 ¢m, 21-30 ¢m, 31-60 cm and >60
cm, respectively. With a total of 245 tree individuals
ha' in Albizia stand, 46, 27, 25 and 2% individuals
were recorded in dbh classes 10-30, 31-60 and >61 cm
classes, respectively. Diameter distribution of
important species in all the stands also showed
similar pattern with a dominance of lower and
medium girth classes.

Dominance-diversity curve

The dominance-diversity curves for Allingia-
mixed species stand and Shorea-Dipterocarp stand fit
the Preston's log normal situation, whereas the
dominance-diversity curve for the tree layer of
Albizia stand fit the geometric series (Fig. 3), which
corroborates the niche preemption hypothesis.

Discussion

A total of 130 tree species in 75 genera and 44
families were recorded from the three studied stands.
The structural pattern of the different stands showed
a heterogeneous distribution of trees and can be
considered as one of the highly diverse forests in the
Eastern Himalaya (Bhuyan et al., 2003). Altingia
excelsa, Ostodes paniculata, Dipterocarpus retusus,
Shorea assamica, Terminalia myriocarpa, Duabanga
grandiflora, Albizia procera, Dalbergia pinnata,
Bombax ceiba and Dalbergia sericia showed
dominance at different stands. All these species are
reported as dominating canopy elements for lowland

forest areas in northeastern region (Kaul and
Haridzsan, 1987; Proctor ef al., 1998). On riverine
areas leguminous species showed dominance and
although they are considered to be seral in nature,
their progression to climax does not take place
(Mohan and Puri, 1955). The species richness of the
studied stands are close to the floristic richness
recorded in various parts of Western Ghats (another
global hot spot of biodiversity), which varied from 17
species in 3.82 ha in Kalakad Mundanthurian Tiger
Reserve (Ganesh ef al., 1996), 92 species in 3.12 ha in
Kadamakal Reserve (Elouard ef al., 1997), 398
species in 75 ha in the entire length of hill chains of
Western Ghats (Ghate ef al., 1988), and 66-118
species from three 0.3 ha plots at Veerapuli and
Kalamalai forest reserve (Swamy et al., 2000). The
species richness for Amazonian forest is reported
>275 species ha’ (De Oliveira and Mori, 1999). For
neotropical forests it was 133-187 species ha' (Zent
and Zent, 2004). It was observed that the Shorea-
Dipterocarp stand had a much well drained soil
condition than the Altingia-mixed species stand.
Dipterocarpus retusus had shown preference to such
well drained soils along with a large variety of species
(Rajkhowa, 1961). Altingia excelsa was recorded
growing preferably in relatively flatter areas. Albizia
procera and Dalbergia species showed a clear
preference for sandy soil.

The enumerated tree species belonged to 44
families in the present study. It falls well within the
range of 16-58 families found in the tropical forests
(Swamy et al., 2000; Parthasarathy and Karthikeyan,
1997). Our values are higher than those reported by
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Proctor et al. (1998) for Haldibari area (36 families) of
Namdapha National Park. The difference in family
wise distribution may be attributed to heterogeneity
in the habitats of the Namdapha National Park.
When all individuals of tree species (seedling, sapling
and adult trees) were combined together, Lauraceae,
Dipterocarpaceae, Euphorbiaceae, Fagaceae and
Leguminosae showed their clear cut dominance,
which showed that the forest comprises the
attributes of lowland evergreen tropical rain forests
(Whitmore, 1990; Proctor et al., 1998). The high
frequencies of Euphorbiaceae, Dipterocarpaceae,
Meliaceae, Magnoliaceae, Lauraceae in this study are
in agreement with the forests of Kalimantan, Berau,
where Dipterocarpaceae and Euphorbiaceae
contributed 6-24% and 13-19%, respectively (Sist and
Saridan, 1998; Wilkie et al., 2004). Some of these
families also comprise by far the largest group of
trees. Our results are in contrary to Proctor ef al.
(1998) who showed low dominance of Euphorbiaceae
from Haldibari area in the same park. Dominance of
Dipterocarpaceae and Euphorbiaceae in the forest is
interesting that suggest a healthy recruitment of
medium to large trees of these families.

As many as 89, 45 and 17 species in three
studies stands, respectively, had fewer than 10
individuals. A large number of species were
represented with one or a few individuals only, thus
showed rarity of such species. Similar reports are
available for many tropical and rainforest areas
(Whitmore, 1990). Woody species rarity with greater
number of singletons at a site also underlines the
need to preserve such areas of forests as single large
reserve (Parthasarathy, 2001).

The tree density of Shorea-Dipterocarp and
Altingia-mixed species stand (390-418 tree ha') is
well within the range of 300-700 tree ha" of tropical
rain forests (Richards, 1996), and the total tree basal
area of 45-49 m” ha' for same stands was also within
the range recorded for tropical forests of south-east
Asia (25.2-67.4 m*ha) (Swamy et al., 2000), though it
was lesser than the forests of Silent Valley (Singh et
al. 1981). The density of stems with >10 cm dbh is
reported between 283 to 739 ha' and the basal area
between 25.2 to 57.0 m” ha' for different Southeast
Asian rainforests (Proctor ef al., 1983; Riswan, 1987;
Wyatt-Smith, 1966; Manokaran and LaFrankie,
1990). Our values fall in the medium range to those
reported above.

Analysis of IVI of a species can be used to
recognize the pattern of association of dominant
species in a community (Parthasarathy, 2001).
Altingia excelsa dominated the Altingia-mixed
species stand, while Ostodes paniculata,
Dipterocarpus macrocarpus, Talauma hodgsonit,
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Dysoxylum procerum were co-dominant species in
this stand. In Shorea-Dipterocarp stand,
Dipterocarpus macrocarpus was the most dominant
followed by Shorea assamica, Terminalia
myriocarpa, Altingia excelsa, Duabanga grandifiora,
Castanopsis tribuloides. Albizia procera with the
highest IVI was the most dominant species in the
Albizia stand located in the riverine area. The
comparative species dominance in any given stand is
a function of tree (Keel and Prance, 1979) and past
damage (Jacobs, 1987; Swamy ef al., 2000). The same
could be true for Albizia stand in this investigation as
the site observed annual floods with additional
pressure of grazing. Stand I and stand I1, however, did
not show any symptoms of biotic pressure in the areas
of sampling and therefore dominance of a few species
could be attributed to evolution and colonization of
these species in various stages of forest development.
Varied environmental conditions also result in
accumulation of diverse species in a forest stand
(Richards, 1996).

In the present study the species area curve
showed that asymptote was not reached for the
evergreen forest up to 1.7 ha, the riverine forest,
however, reached asymptote from an area of 6000 m*
onwards though a total of 1.8 ha area was sampled.
The data showed that the diversity of evergreen
forest could be much higher if we further increase the
area of sampling. The Shannon-Weiner diversity
index is generally high for tropical forests, ranging
from 0.81-4.1 for the Indian subcontinent (Singh et
al., 1981; Parthasarathy, 2001; Swamy et al., 2000;
Bhuyan et al., 2003). The diversity index values of the
present study (H=1.71 to 3.85) fall within the
reported range for above and other tropical forests. It
was recorded higher for tropical evergreen stands
than the semi-evergreen stand. However, these
values are markedly low than those reported for
young (H=5.06) and old (H=5.4) tropical forest
stands of Barro Colorado Island, Panama (Knight,
1975).

The dbh class structure for different species
occurring in different forest type showed the
dominance of middle to lower diameter classes
depicting a reverse j-shaped structure, which denotes
an evolving or expanding population (Parthasarathy,
2001). The number of species and individual
decreased with increasing diameter. Similar findings
are reported for other tropical rainforests as well
(Whitmore, 1990). Discontinuous distributions for
trees have been observed for many tropical tree
species (Itow and Mueller-Dombois, 1988).
Dominance-diversity has inverse relationship, if the
dominance increases the diversity decreases
(Maguran, 2004). The dominance-diversity curves for



1002 Indian Forester

the tree layer in the Al{ingia-mixed species and the
Shorea-Dipterocarp stand fits the Preston's log
normal distribution, whereas for Albizia stand
represents the geometric series which corroborates
the niche preemption hypothesis (Whittaker, 1975).
Namdapha comprises the maximum area
under any National Park in the north eastern region
of India. It comprises 21% of the total area of all the
protected area network of Arunanchal Pradesh state.
The park is also identified as a Tiger reserve, which
further converses of its importance. The lowland
tropical rainforests of Namdapha which occurs at the
northernmost limit of the rainforest formation that
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occurs farthest from the equator are one of the largest
relict patches of Dipterocarpus forests in entire India
that form a huge genetic reservoir of diverse species
(Proctor ef al., 1998). As these forests have features
of rainforests with diversity at par with many
similar forests in other areas, all efforts are
required to protect such stands from any kind of
anthropogenic pressure. Therefore a strong
scientific plan is desired for the long term and
sustained conservation of Namdapha National
Park, which would have larger implications not only
for the state of Arunachal Pradesh but for whole of
the northeastern region.
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SUMMARY

The tropical rainforests in the northeast India are least investigated despite of their high diversity and being located
at the northern most limit of the rainforests that occur farthest from the equator. The lowland tropical rainforests at
Namdapha National Park, Arunachal Pradesh (Eastern Himalaya) was investigated for tree species diversity, population
structure and species richness with reference to three distinet eanopy covers, viz. an Alfingia-mixed species stand, Shorea-
Dipterocarp stand, and an Albizia stand. A total of 1053 trees covering 130 species in 44 families were recorded at > 10 em
dbh, while 34526 individuals covering 104 species in 44 families were enumerated at <10 em dbh. The tree species richness
for three inventoried stands varied from 98, 54 and 20 species in > 10 cm dbh with overall density of 418, 390 and 245 trees
ha for the three stands respectively. Lauraceae, Dipterocarpaceae, Euphorbiaceae, Fagaceae and Leguminosae dominated
the flora; thus the forest exhibited typical atiributes of lowland evergreen tropical rainforests.

Keywords: Lowland Tropical Rain Forests, Namdapha National Park, Species diversity, Tree structure, Conservation, Northeast India.
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