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This study assessed the species composition, communi-
ty structure and regeneration status of hill sal forest
of Baglung district, Central Nepal after about two
decades of community management. We also com-
pared the species composition, community structure
and regeneration status of two sites of the forest hav-
ing different disturbance intensities prior to manage-
ment. The purposive sampling method was applied for
data collection, where we divided the community for-
est into five vertical transects and in each transect six
20 m x 20 m plots were established. All tree and shrub
species were recorded for each sample plot and their
height and diameter at breast height (for tree) or basal
circumference area (for shrub) were measured. The
nested quadrat method was used for assessing the rege-
neration status at three life stages, viz. seedlings, sapl-
ings and trees. Twenty-seven species belonging to 21
families were recorded, where sal was the dominant
species and Dipterocarpaceae was the dominant family.
Size-class distribution curve showed that the studied
forest was not sustainable and viable but regeneration
count depicted that it had good regeneration status
with a sufficient number of seedlings and saplings to
replace the adults after their mortality. Similarly, the
number of species, as well as the density of seedlings,
saplings and trees, were found higher in the disturbed
site than in the relatively undisturbed site of the forest.
Thus, our study indicated that there are considerable
differences between the disturbed site and relatively
undisturbed site prior to management in terms of diver-
sity, species composition, stand structure and regenera-
tion pattern.

Keywords: Diversity disturbance, importance value
index, seedling count, similarity indices, species richness.

A plant community is a composition of plant species
growing together in a particular location with a definite
association with each other'. The community composition
and structure of a forest tree are important in understand-
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ing the status of tree population, regeneration and diversity
for planning, management and conservation activities™”.
Applying phytosociological analysis as the quantitative
method is important for the assessment of community
composition and structure. However, assessment of tree
communities is usually site-specific and largely depends
on various ecological characteristics of sites such as
composition, abundance, distribution, dominance, diver-
sity and regeneration status of species which help deter-
mine the natural regeneration processes and dynamics™.
The structure and diversity of the forest ecosystem are
influenced by topography, soil, climate, geographical
location of a region®, changes in overstorey structure like
species distribution and canopy cover’, and composition®
of natural regeneration of some species.

Plant regeneration is the process of forming new indi-
viduals by means of sexual, asexual or any other kind of
reproductive mechanism to maintain and expand the
population in a community with time and space’. Regene-
ration is measured to determine whether it meets the
objectives of sustainable forest management, in particular,
whether the productive capacity and biological diversity
of the forest are maintained and preserved'®. The poten-
tial regenerative status of tree species demonstrates a
development trend of the community, species composi-
tion and stability of the forests in the future'"'*. Similar-
ly, regeneration status of a forest indicates its health and
vitality; a healthy and sustainable forest must have good
regeneration, proper age class, normal increment and
normal growing stock'’. Age-class analysis of different
tree species is the commonly used method for reproduc-
tive and regeneration analysis of a forest'*'”. The number
of individuals at different age classes (density—diameter
curve), when plotted as a graph, can give the basic trends
of regeneration of viability of the community. If the
forest has a large number of big trees and a low number
of small trees, then the plot will be J-shaped, which is an
ecologically unstable community because it does not have
the population to replace the older trees after their death
or any other disasters. But if the forest has a large number
of small-aged trees and also a sufficient population in
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higher age classes, then the plot will be inverse J-shaped,
which is considered as an ecologically stable or viable
community'®. Species having a sufficient number of seedl-
ings and saplings are considered to have poor regenera-
tion, while those with an inadequate number of seedlings
and saplings are considered to a have poor regeneration,
while complete absence of seedlings and saplings of tree
species in a forest indicates no regeneration™'*'%,

Plant regeneration mainly depends upon the ability to
initiate new seedlings, ability of the seedlings and saplings
to survive, grow and establishment, and also on the aver-
age seed output, viability of seeds, seed dormancy, seed
dispersal, vegetative growth and reproductive growth'"'”.
Regeneration of tree species and the survival and growth
of their seedlings is affected directly or indirectly by
various abiotic and biotic factors of the forest environ-
ment'®". Plants could generally grow and survive in a
limited range of environmental gradients such as tem-
perature®, light availability”® and precipitation®'. Varia-
tions in these factors play an important role in shaping
the age structure and forest regeneration at different alti-
tudes”. Several types of disturbances like logging,
landslides, gap formation, litterfall, herbivory, etc. can
affect the potential regenerative status of species in the
forest stand, both spatially and temporally”’.

Community forestry programme is the most successful
management practice in Nepal, which was formally
launched in 1978 (ref. 23). Till date, 1,813,478 ha of
national forest has been handed to 19,361 community
forestry users’ groups (CFUGs) in Nepal®*. The commu-
nity forestry programme has two important roles; the first
is conservation of biodiversity and other ecosystem
services, and the second is livelihood and capacity devel-
opment of local people through sustainable use of forest
resources. Whether or not the community forestry
programme has conserved biodiversity and greenery in
Nepal, the recent concern is whether the management
practices are ecologically sustainable or not. Selection
thinning, selective cutting, floor clearance, dead-log
removals, etc. are some ecological problems of communi-
ty forestry””. The other problems of sal forests are borer
attack, mortality, poor regeneration potential, edapho-
climatic changes and various biotic interferences®®. Die-
back is common in individuals of lower sizes and seems
to be an inherent property of the species, enabling it to
survive under unfavourable conditions such as winter
frost and moisture deficiency. In sal, the time interval be-
tween two good seed crops is 2—4 years, and synchroniza-
tion of a good seed crop with the timely arrival of
monsoon may occur once in 25-30 years'’. Thus, temper-
ature and moisture regimes of the surface soil are also the
causes of mortality of sal seedlings.

In the present study, we analyse the species composi-
tion, community structure and regeneration status of
sal-dominated community forest (CF) of Baglung district,
Central Nepal after about two decades of management.
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Further, the density, species composition and regenera-
tion status of two sites of the forest having different
disturbance intensities prior to management were also
analysed and compared. This study will provide baseline
data for understanding the impacts of disturbance on
forest composition and regeneration, formulation of con-
servation and management strategies, long-term monitor-
ing processes and also to assess the different ecological
consequences of the present and future on the forest
ecosystem.

Materials and methods
Study area

The study was conducted in Pallo Pakha CF of Jaimini
municipality-01, Kushmisera, Baglung district, western
Nepal, located between 83°3735”-83°3741”E and
28°11'107-28°11"21”N, with an altitude ranging from
850 to 1150 m asl (Figure 1). It was managed as a CF
after 2054 BS (Bikram Sambat; AD 1997). Phyto-geogra-
phically it is in the subtropical zone. The aspect of the
slope is southeast, which receives sunlight for the full day
sun radiation. Due to the rocky slope soil depth is thin in
most parts, not exceeding 30 cm. The forest area is about
10 ha and dominated with sal and associated species like
Schima wallichii (DC) Korth and Diospyros lancifolia
Roxb. The forest experienced a different level of distur-
bance prior to community management. The lower part of
the forest was subjected to high disturbance and the upper
part of the forest was relatively undisturbed prior to man-
agement. After community management, only silvicultural
practices were carried out on a rotational basis depending
upon the number of blocks in the CF — basically once in
3—4 years in a block — while other human activities were
strictly prohibited in the CF, except seasonal fodder and
firewood collection.

Sampling methodology

Vegetation sampling data were collected in October
2016. The purposive sampling method was applied for
data collection. The whole CF was divided into two parts
based on the disturbance intensity prior to management.
The lower part of the forest which was subjected to high
disturbance was referred to as the first site (hereafter site
A) and the upper part which was relatively undisturbed
prior to management was referred to as the second site
(hereafter site B). When assessing the past disturbances,
only harvesting activities (tree felling) were considered”’.
This was done by observing the density and basal area of
the remaining mature trees. Grazing, litter collection,
selective cutting, soil disturbances, selective thinning and
fodder collection were considered as the present distur-
bances.
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Figure 1.

The CF was divided into five vertical transects sepa-
rated by a distance of 100 m. In each transect, six
20 m X 20 m plots were established and the distance bet-
ween each plot was at least 50 m. Altogether 30 plots
(6 x 5 =130) were studied, 15 plots (3 X 5=15) in site A
and 15 plots (3 x5=15) in site B. All tree and shrub
species were recorded for each sample plot. Diameter at
breast height (DBH, 137 cm) was measured for each tree
species using DBH tape and the height (H > 137 cm) of
small trees (<8 m) was estimated using a reference stick
of 4 m, while the height of large trees (>8 m) was esti-
mated by a clinometer. The basal circumference of each
stem of shrub species was measured at 15 cm above the
ground surface®®. The nested quadrat method was used
for regeneration count, where saplings were counted in
5mx5m plots and seedlings in 1 mx 1 m plots*’.
Regeneration status of forests was assessed at three life
stages, viz. seedlings (<137 cm height), saplings (<5 cm
DBH and >137 cm height) and trees (=5 cm DBH)*'. The
plots having slope >45° were avoided and sampling was
done in the adjacent area. The geographic location and
slope of each plot were recorded using a global position-
ing system (GPS) and clinometer from the centre of the
plot respectively.

The plant specimens were identified with the help of
standard literatures®>** and by consulting experts. Anno-
tated Checklist of the Flowering Plants of Nepal was
used for nomenclature of specimens™.
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Data analysis

The data were analysed to calculate the frequency, density,
basal area, relative values of frequency, density, basal
area and importance value index (IVI) of only the plants
having DBH =5 cm, following the previously described
standard method®®. To assess the regeneration status of
the forest, the density of seedlings, saplings and trees was
determined separately following the standard method
described previously®®. The total number of plants of all
species recorded in all 20 m X 20 m quadrats was divided
into different size classes based on DBH of 5 cm interval.
Then, size class-diagrams of the entire study area and two
study sites, as well as of dominant tree species, i.e. sal in
the entire forest and two study sites were prepared to ana-
lyse the structural composition. The species richness was
calculated as the number of species present per sample
plot®®. Jaccard and Sorensen similarity indices were also
calculated”’. Species—area curves were drawn from the total
number of plant species found in different sample plots.

Descriptive statistics was applied to generate means for
the comparison study. The mean values of species rich-
ness were compared between two sites of the forest (sites
A and B) using #-test. Prior to this, data were tested for
normality (Shapiro—Wilk test, P > 0.05). All the analyses
were done using Microsoft Excel 2007 (Microsoft Corp,
WA, USA) and Statistical Package for Social Sciences
(SPSS) version 20 (IBM Corp., NY, USA).
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Table 1. Species recorded in the study area and two different sites (A and B) of the study area according to
disturbance level prior to management
Species in Species
Family Species Life form site A in site B
Anacardiaceae Mangifera indica T + -
Rhus javanica T + -
Betulaceae Alnus nepalensis T + -
Bombacaceae Bombax ceiba T + -
Combretaceae Terminalia alata T - +
Dipterocarpaceae Shorea robusta T + +
Ebenaceae Diospyros lancifolia T + +
Ericaceae Lyonia ovalifolia T + +
Euphorbiaceae Mallotus philippensis T + -
Phyllanthus emblica T - +
Fabaceae Dalbergia sissoo T + -
Bauhinia vahlii S + +
Bauhinia purpurea T + -
Fagaceae Castanopsis indica T + -
Lauraceae Litsea monopetala T - +
Lythraceae Woodfordia fruticosa S + -
Meliaceae Toona ciliata T + -
Moraceae Ficus benjamina T + -
Ficus lacor T - +
Ficus semicordata T - +
Myrtaceae Syzygium cumini T + -
Oleaceae Fraxinus floribunda T + +
Pinaceae Pinus roxburghii T + -
Rosaceae Pyrus pashia T + +
Sapotaceae Aesandra butryracea T - +
Theaceae Schima wallichii T + +
Ulmaceae Celtis australis T + -

Site A, Disturbed site prior to community management; Site B, Relatively undisturbed site prior to community

management; T, Tree; S, Shrub; +, Presence; —, Absence.

Table 2. Species richness (S) of the two studied sites (A and B), and Jaccard (J) and Sorensen (L) similarity indices of
the study area
Site A Site B
Variables (mean *+ SE) (mean + SE) df t P Entire study area
Species richness 5+0.32 2.73£0.32 28 5.013 0.000* -
Jaccard index - — - - - 0.259
Sorensen index — - - - - 0.412

SE, Standard error; df, Degree of freedom; #, Value obtained from #-test; P, Significance level; *Indicates significant dif-

ference.

Results

Forest structure, composition and taxonomic
diversity

Altogether, 27 plant species belonging to 24 genera and
21 families were recorded in the study area (Table 1).
Among these, 25 were tree species belonging to 23 genera
and 20 families, while only two shrub species belonging
to two genera and two families were recorded in the study
area. Similarly, in site A, 21 plant species belonging to 20
genera and 18 families were recorded, while in site B, 13
plant species belonging to 13 genera and 12 families were
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recorded (Table 1). Fabaceae and Moraceae consisted of
three species, while most others were mono-species fami-
lies (Table 1). The species richness of site A (5 +0.32)
was higher than that of site B (2.73 £ 0.32; Table 2).
Similarly, Jaccard and Sorensen similarity indices of
the study area were 0.259 and 0.412 respectively
(Table 2).

Species—area curve indicated that the species were
present in all the sampled plots in both sites. The species
present in the sample plots in both sites were on the dis-
continuous pattern, i.e. increasing and decreasing pattern
was observed (Figure 2). The number of species per plot
was higher in site A than in site B.
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Table 3. Frequency (F), relative frequency (RF), density (D), relative density (RD), basal area (BA),
relative basal area (RBA) and importance value index (IVI) of plant species in site A of the study area
Species F(%) RF (%) D (plantsha’) RD (%) BA (%) RBA (%) IVI
Shorea robusta 100 22.39 804 70.00 13.32 29.77 122.17
Schima wallichii 60 13.44 100 8.71 4.41 9.86 32.00
Diospyros lancifolia 33.33 7.46 41.66 3.63 2.62 5.86 16.95
Lyonia ovalifolia 26.67 5.97 26.26 2.29 2.3 5.14 13.40
Syzygium cumini 33.33 7.46 13.33 1.16 1.85 4.14 12.76
Pyrus pashia 20 4.48 15 1.31 1.92 4.29 10.08
Dalbergia sissoo 20 4.48 10 0.87 1.63 3.64 8.99
Pinus roxburghii 13.33 2.98 21.66 1.89 1.82 4.07 8.94
Castanopsis indica 13.33 2.98 15 1.31 1.8 4.02 8.31
Mangifera indica 20 4.48 8.33 0.73 1.23 2.75 7.95
Toona ciliata 13.33 2.98 10 0.87 1.56 3.49 7.34
Alnus nepalensis 6.66 1.49 16.66 1.45 1.82 4.07 7.01
Rhus javanica 13.33 2.98 13.33 1.16 1.24 2.77 6.92
Mallotus philippensis 6.66 1.49 10 0.87 1.86 4.16 6.52
Bauhinia purpurea 13.33 2.98 11.66 1.02 1.06 2.37 6.37
Woodfordia fruticosa 13.33 2.98 11.66 1.02 0.96 2.15 6.15
Fraxinus floribunda 13.33 2.98 6.66 0.58 0.68 1.52 5.08
Bauhinia vahlii 6.66 1.49 6.66 0.58 0.98 2.19 4.26
Bombax ceiba 6.66 1.49 3.33 0.29 0.8 1.79 3.57
Ficus benjamina 6.66 1.49 1.66 0.14 0.65 1.45 3.09
Celtis australis 6.66 1.49 1.66 0.14 0.23 0.51 2.15
Total 445.94 100 1148.52 100 44.74 100 300
Table 4. Frequency, relative frequency, density, relative density, basal area, relative basal area and
importance value index of plant species in site B of the study area
Species F(%) RF (%) D (plantsha’) RD (%) BA (%) RBA (%) IVI
Shorea robusta 100 27.78 516 62.12 19.22 40.85 130.75
Schima wallichii 66.66 18.52 178 21.43 9.45 20.09 60.03
Diospyros lancifolia 46.66 12.96 41.66 5.02 4.17 8.86 26.84
Lyonia ovalifolia 20 5.56 36.66 4.41 3.1 6.59 16.56
Ficus semicordata 26.66 7.41 16.66 2.01 2.2 4.68 14.09
Pyrus pashia 13.33 3.70 11.66 1.40 2.8 5.95 11.06
Terminalia alata 20 5.56 8.33 1.00 1.2 2.55 9.11
Litsea monopetala 20 5.56 3.33 0.40 0.86 1.83 7.79
Aesandra butryracea 13.33 3.70 3.33 0.40 1.22 2.59 6.70
Phyllanthus emblica 13.33 3.70 5 0.60 0.92 1.96 6.26
Bauhinia vahlii 6.66 1.85 6.66 0.80 0.82 1.74 4.39
Ficus lacor 6.66 1.85 1.66 0.20 0.84 1.79 3.84
Fraxinus floribunda 6.66 1.85 1.66 0.20 0.25 0.53 2.58
Total 359.95 100 830.61 100 47.05 100 300

Community structure

Among the plant species recorded in site A, sal had the
highest IVI (122.2) and Celtis australis L. had the lowest
IVI (2.2; Table 3). The other plant species having high
IVI in site A were S. wallichii (32), D. lancifolia (17),
Lyonia ovalifolia (Wall.) Drude (13.4), Syzygium cumini
(L.) Skeels (12.8) and Pyrus pashia Buch.-Ham. ex D.
Don (10.1) (Table 3). Similarly, among the plant species
recorded in site B, those having the highest and lowest
IVI were sal (130.8) and Fraxinus floribunda Wall. (2.6)
respectively (Table 4). The other plant species having
high IVI in site B were S. wallichii (60.03), D. lancifolia
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(26.8), L. ovalifolia (16.6), Ficus semicordata Buch.-
Ham. ex Sm. (14.1) and P. pashia (11.1) (Table 4).

The total density in site A was 1148.5 plantsha ',
which was higher than the total density in site B (830.6
plants ha'). However, the total basal area in site A
(44.74 m* ha ") was similar to that in site B (47.05 m* ha ")
(Tables 3 and 4).

Dipterocarpaceae had the highest IVI (122.17), fol-
lowed by Theaceae (32), Fabaceae (19.62) and Ebenaceae
(6.95) in site A, while Ulmaceae had the lowest IVI
(2.15) in site A (Table 5). Similarly, in site B, Diptero-
carpaceac had the highest IVI (130.75), followed by
Theaceae (60.03), Ebenaceae (26.84) and Moraceae
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Table 5. Frequency, relative frequency, density, relative density, basal area, relative basal area and
importance value index of families of plant species in site A of the study area
Family F (%) RF (%) D (plantsha’) RD (%) BA (%) RBA (%) VI
Dipterocarpaceae 100 22.39 804 70 13.32 29.77 122.17
Theaceae 60 13.44 100 8.71 4.41 9.86 32
Fabaceae 39.33 8.95 28.32 2.47 3.67 8.2 19.62
Ebenaceae 33.33 7.46 41.66 3.63 2.62 5.86 16.95
Anacardiaceae 33.33 7.46 21.66 1.89 2.47 5.52 14.87
Ericaceae 26.67 5.97 26.26 2.29 2.3 5.14 13.4
Myrtaceae 33.33 7.46 13.33 1.16 1.85 4.14 12.76
Rosaceae 20 4.48 15 1.31 1.92 4.29 10.08
Pinaceae 13.33 2.98 21.66 1.89 1.82 4.07 8.94
Fagaceae 13.33 2.98 15 1.31 1.8 4.02 8.31
Meliaceae 13.33 2.98 10 0.87 1.56 3.49 7.34
Betulaceae 6.66 1.49 16.66 1.45 1.82 4.07 7.01
Euphorbiaceae 6.66 1.49 10 0.87 1.86 4.16 6.52
Lythraceae 13.33 2.98 11.66 1.02 0.96 2.15 6.15
Oleaceae 13.33 2.98 6.66 0.58 0.68 1.52 5.08
Bombacaceae 6.66 1.49 3.33 0.29 0.8 1.79 3.57
Moraceae 6.66 1.49 1.66 0.14 0.65 1.45 3.09
Ulmaceae 6.66 1.49 1.66 0.14 0.23 0.51 2.15
Total 445.94 100 1148.52 100 4474 100 300

—W—Site A —A—Site B |

Number of plant species
S = N W kA L0 N O

1 2 3 45 6 7 8 9
Number of plots

10 11 12 13 14 15

Figure 2. Species—area curve in the two forest sites A and B.

(17.93), while Oleaceac (2.58) had the lowest IVI
(Table 6).

Regeneration status of forest

The total number of seedlings, saplings and trees of all
species in the study area was 12,589, 2643 and 1979
individuals ha' respectively (Figure 3 a). Similarly, the
total number of seedlings (6853 individuals ha™'), sapl-
ings (1481 individuals ha') and trees (1148 individuals
ha') in site A was higher than the total number of seedI-
ings (5736 individuals ha™'), saplings (1162 individuals
ha™') and trees (831 individuals ha™') in site B (Figure
3 a). The total number of sal seedlings, saplings and trees
in the study area was 8352, 1876 and 1320 individuals
ha ' respectively (Figure 3 b). Likewise, the total number
of sal seedlings (4384 individuals ha™), saplings (1043
individuals ha™') and trees (804 individuals ha') in site A
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was higher than the total number of sal seedlings (3968
individuals ha™"), saplings (833 individuals ha™') and trees
(516 individuals ha') in site B (Figure 3 b).

The DBH size-class distribution diagram of all the
tree species showed an interrupted curve, with the highest
peak in DBH size classes 15-20 and 20-25 cm for the
entire study area, site A and site B; this is due to the
greater number of individuals in the DBH size classes
15-20 and 20-25 cm than other size classes (Figure 4 a).
The DBH size-class distribution diagram for sal trees
was an inverse J-shaped curve, except for the study site
B, where an almost linear pattern was obtained (Figure
4b). The inverse J-shaped curve is due to the gradual
decrease in the number of individuals with increasing
DBH class.

Discussion

The number of species recorded in the present study (27)
was found to be lower than that reported from Nep-
al****¥_ India**** and Bangladesh®’. The present study
found a higher number of species than that reported in the
tropical semi-evergreen forests of Manipur, India** and
Siwalik sal forest of central Himalaya'’. However, spe-
cies richness in the present study was similar to that
reported from dipterocarp forests of Bangladesh®, sal
forest of western Nepal'®, dry sal forest of West Bengal,
India*, tropical sal forest of Nepal'” and tropical semi-
evergreen forests of North East, India*. The variations in
biogeography, habitat, climate, soil, geographical loca-
tion and disturbance cause great changes in tree species
diversity in different locations®*’. Therefore, the varia-
tion of species richness in the present study compared to
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Table 6. Frequency, relative frequency, density, relative density, basal area, relative basal area and
importance value index of families of plant species in site B of the study area
Family F (%) RF (%) D (plantsha’) RD (%) BA (%) RBA (%) IVI
Dipterocarpaceae 100 27.78 516 62.12 19.22 40.85  130.75
Theaceae 66.66 18.52 178 21.43 9.45 20.09 60.03
Ebenaceae 46.66 12.96 41.66 5.02 4.17 8.86 26.84
Moraceae 33.32 9.26 18.32 2.21 3.04 6.47 17.93
Ericaceae 20 5.56 36.66 4.41 3.1 6.59 16.56
Rosaceae 13.33 3.7 11.66 1.4 2.8 5.95 11.06
Combretaceae 20 5.56 8.33 1 1.2 2.55 9.11
Lauraceae 20 5.56 3.33 0.4 0.86 1.83 7.79
Sapotaceae 13.33 3.7 3.33 0.4 1.22 2.59 6.7
Euphorbiaceae 13.33 3.7 0.6 0.92 1.96 6.26
Fabaceae 6.66 1.85 6.66 0.8 0.82 1.74 4.39
Oleaceae 6.66 1.85 1.66 0.2 0.25 0.53 2.58
Total 359.95 100 830.61 100 47.05 100 300
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Figure 3.

a, Total number of seedlings, saplings and trees of all species in the entire study area, site A

and site B. b, Total number of sal seedlings, saplings and trees in the entire study area, site A and site B.

the studies mentioned above may be due to the differences
in the above-mentioned factors between them.

The present study showed a higher number of species
diversity in disturbed site, i.e. site A than in relatively
undisturbed site, i.e. site B. Further, site A had a higher
number of species per plot than site B. Thus, we may
infer that disturbance supports species diversity in the
sal-dominated forest. For example, disturbances like
grazing help in seed dispersal from surrounding habitats
and the open area facilitates to establish them. Also, spe-
cies richness may increase with mild disturbance™.
Likewise, greater species diversity in the disturbed site
may be due to the three-dimensional light-capture
mechanisms as the disturbed sites get more light because
they have better three-dimensional space-filling cano-
pies*®. The other reason may be the plantation of species
like P. roxburghii, D. sissoo, F. semicordata, etc. after
management. The species richness was high in the low
disturbed sal forest than the highly disturbed sal forest in
Nepal*® and Bangladesh®’, which supports our results.

Similarity index was used to find similarity and diver-
sity of species in the region. Similarity index showed that
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both sites were different in terms of species composition
and had high beta diversity. Jaccard and Sorenson indices
of the old growth and secondary growth forest were
different™. The 15-year-old forests had Jaccard index
0.19 (19%) and Sorenson index 0.32 (32%), while forests
of more than 200 years had Jaccard index 0.30 (30%) and
Sorenson index 0.46 (46%). The sacred groves of Mani-
pur, North East India had Jaccard index 0.35 (35%)’,
while sal forest of Rupandehi, Nepal had Jaccard index
0.43 (43%)—0.73.3 (73.3 %)"*. This shows that the simi-
larity indices of the present study are within the range of
previously mentioned studies.

The IVI of any species indicates the dominance of the
species in a mixed population®. Among the total species
encountered, the highly dominant species was sal which
was followed by S. wallichii and D. lancifolia in both
the study sites of the forest, while the remaining species
were infrequent and sparsely distributed. Generally, sal is
the dominant tree in the forests where it occurs*!, and the
dominance of sal depends on age, available resources,
associate species, disturbance regime and successional
changes’'. The dominance of these species may be due to
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Figure 4. Size-class distribution: (a) density of all tree species in the entire study area and two sites and

(b) sal density in the entire study area and two study sites.

the excellent dispersal capacities of their seeds, pollen
grains, etc.'®, their good power of regeneration and greater
ecological amplitude®®. The dominance of a species
results due to species preference, management activities,
overutilization and removal of other species from a mixed
forest stand®®. The dominant species are important from
both biodiversity conservation and commercial point of
view, while the infrequent and sparsely distributed spe-
cies need proper protection and conservation. Among the
families, Dipterocarpaceac was dominant followed by
Theaceae in both the sites of the studied forest. Ulmaceae
and Oleaceae were the rarest families in sites A and B
respectively, in terms of species composition. The
dominance of any family may be due to the excellent
dispersal capacity of its seeds, pollen grains, etc. by
wind, water, birds, mammals, bats and humans'®.

The total tree density in the disturbed site prior to man-
agement (site A) was higher than the low disturbed site
prior to management (site B). Our result diverts from that
obtained by a previous study from Bangladesh, where it
was found that low disturbed sites have a high density
and basal area than the highly disturbed sites”’. Species
composition and degree of disturbance may be the cause
for variation in density between the two sites (A and B)
of the forests™. Variation of tree density may also be
affected by natural calamities, anthropogenic activities
and soil properties®. A basal area of 44.7 and 47.1 m’
ha' in sites A and B respectively, of the present studied
forest is within the range (19.6-63.9 m® ha™') as observed
from Nepal, Bangladesh and India*'7273% 40424343 " Qimj.
larly, sites A and B had a density of 1148.5 and 830.6
plants ha' respectively, which is within the range recorded
by previous studies**'**>.

Tree distribution across different girth classes revealed
how well the growing forest is utilizing functional and
structural resources™. In this study, interrupted size-class
distribution curve having higher tree density in interme-
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diate diameter classes was obtained for all other species
except for sal species in site A and the entire forest. Thus,
according to the distribution curve, the present studied
forest cannot be considered as a sustainable and viable
type of forest. A similar result was obtained in the dipte-
rocarp forests of Bangladesh®. The size-class distribu-
tions that divert from the inverse J-shaped curve indicate
human disturbances®®, such as those observed in the
present study. The lower tree density in lower diameter
classes and higher diameter classes compared to inter-
mediate diameter class can be due to selective felling of
lower girth class plants in the disturbed site, while in the
undisturbed stand it can be due to low tree mortality and
lower tree removal rate across the intermediate diameter
classes. The increase in species number, density and fre-
quency of the herbaceous community due to disturbances
causes reduction of tree seedling establishment growth,
which ultimately leads to reduction of trees with lower
girth class™.

The total number of seedlings, saplings and trees of all
species and the total number of sal seedlings, saplings
and trees were higher in site A than site B of the studied
forest. This situation can be correlated with the degree of
disturbance prior to management, as site A is relatively
disturbed compared to site B. The disturbance intensity in
site A may have caused opening of the canopy, which
may have facilitated regeneration and growth of understo-
rey seedlings and saplings, as sal is a light-demanding
species and complete overhead light is needed in most
cases from the earliest stages of its development®®. How-
ever, the lesser number of saplings or seedlings even in
the relatively undisturbed forest site could be either due
to competition among the intra-species to grow, or due to
the dense canopy cover resulting in lack of light for
regeneration. The regeneration status of the present
studied forest was within the range of various previous
studies'"'*!7% Similarly, regeneration status of sal was
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also within the range of previous studies'""*'”***° From
the regeneration count, we conclude that the forest under
study has good regeneration status with a sufficient num-
ber of seedlings and saplings to replace the adults after
their mortality.

Conclusion and recommendations

Twenty-seven species belonging to 21 families were rec-
orded in the presently studied CF. The disturbed site (site
A) had more number of species than the relatively undis-
turbed site (site B) of the forest. Sal was the dominant
species followed by S. wallichii and D. lancifolia, while
other species were infrequent and rarely distributed.
Dipterocarpaceac was the dominant family in terms of
distribution, while Fabaceae and Moraceae were the
species-rich families consisting of three species each. The
size-class distribution curve shows that the forest as well
as both the studied sites cannot be considered sustainable
and viable as the curve diverts from the inverse J-shaped.
Contrary to this, regeneration count depicts that the forest
as well as both the studied sites have good regeneration
status with a sufficient number of seedlings and saplings
to replace the adults after their mortality, which is consi-
dered to be viable population regeneration pattern. How-
ever, the density of seedlings, saplings and trees was
found higher in the disturbed site than the relatively
undisturbed site of the forest. Thus, the study indicates
that there are considerable differences between the dis-
turbed and relatively undisturbed site prior to management
of the sal-dominated CF in terms of diversity, composition,
stand structure and regeneration pattern. We conclude that
such disturbance supports the number of species and rege-
neration of plants in the sal-dominated forest.

The dominant species are important in terms of biodi-
versity conservation and commercial point of view, while
the infrequent and sparsely distributed species need spe-
cial priority for proper protection, conservation and rege-
neration. This study may serve as a baseline for assessing
the state of species richness, diversity and regeneration
status at different disturbance intensities in Nepal. More-
over, tree species density, distribution, population struc-
ture and regeneration analysed in this study may be
useful to conservation researchers and scientists, and also
to forest managers for effective forest conservation. The
conservation and protection of the presently studied for-
est are crucial not only for conservation of its existing
resources and biodiversity, but also for the restoration of
degraded resources and meeting the basic needs of the
local population.
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