




























































































































































































































































































































































































































































































157 Jasminum nervosum Lour. Oleaceae 1 1 0.4
158 Lasianthus lucidus Blume Rubiaceae 1 1 04
159 Lycopodiella cernua (L.) Pic. Serm. Lycopodiaceae 1 1 0.4
160 Lyonia ovalifolia (Wall.) Drude Ericaceae 1 1 0.4
161 Morinda angustifolia Roxb. Rubiaceae 1 1 04
162 Mucuna bracteata DC. Fabaceae 1 1 0.4
163 Piper attenuatum Buch.-Ham. ex Miq. Piperaceae 1 1 0.4
164 Piper falconeri C.DC. Piperaceae 1 1 0.4
165 Psychotria symplocifolia Kurz Rubiaceae 1 1 04
166 Rubus hexagynus Roxb. Rosaceae 1 1 04
167 Salomonia cantoniensis Lour. Polygalaceae ] 1 0.4
168 Smilax orthoptera A.DC, Smilacaceae 1 1 04
169 Strobilanthes furcatus Biswas Acanthaceae 1 1 04
170 Symplocos glomerata King ex C.B. Clarke Symplocaceae 1 1 0.4
171 Symplocos sumuntia Buch.-Ham. ex D. Don Symplocaceae 1 1 04
172 Toddalia asiatica (1..) Lam. Rutaceae | | 0.4

Grand Total 1287 200

The density was 2145 individuals/100 m? (Table 4.35). The Shannon’s diversity index
was 2.116, evenness index was 0.947, dominance index was 0.010 and species richness

index was 54.991 (Table 4.35).

Table 4.35. Phytosociological attributes and diversity indices in herb layer of the Khasi
subtropical oak-dominated forest in Meghalaya.

SI. No. Attribute Value
1. Number of species 172
2. Number of genera 146
3. Number of families 76
4.  Density (100 m?) 2145
5. Shannon’s diversity index 2.116
6. Evenness index 0.947
7. Dominance index 0.010
8. Species richness index 54.991

Asteraceae and Poaceae were the most dominant family with 10 species each followed by
Rubiaceae (9 species). In terms of genera, Asteraceae, Poaceae and Rubiaceae were
equally dominant with 9 genera each (Table 4.36). Poaceae was most dominant in terms
of number of individuals (197 individuals) followed by Melastomataceae (81 individuals)
and Gentianaceae (68 individuals) (Table 4.36).
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Table 4.36. The number of families, genera, species and individuals recorded in herb

layer of the Khasi subtropical oak-dominated forest in Meghalaya.

Family No.of No.of No.of Family No.of No.of No.of
genera  species ind genera  species ind
Acanthaceae 2 5 31 Menispermaceae 1 1 2
Adiantaceae 1 1 4 Myricaceae 1 1 8
Adoxaceae 1 1 3 Myrtaceae 1 1 2
Anacardiaceae 1 1 3 Nepenthaceae 1 1 4
Annonaceae 1 1 7 Oleaceae 2 2 11
Araceae 2 4 23 Orchidaceae 2 2 6
Araliaceae 2 2 11 Orobanchaceae 1 1 2
Asparagaceae 2 2 7 Pentaphylacaceae 1 1 20
Asteraceae 9 10 48 Phyllanthaceae 2 2 11
Balsaminaceae 1 1 3 Pinaceae 1 1 2
Begoniaceae 1 2 11 Piperaceae 1 2 2
Buxaceae 1 1 2 Poaceae 9 10 197
Celastraceae 1 1 2 Polygalaceae 2 2 6
Chloranthaceae 1 1 9 Polygonaceae 1 1 5
Clusiaceae 1 1 9 Polypodiaceae 3 3 15
Cyperaceae 1 3 39 Primulaceae 3 4 12
Dennstaedtiaceae 4 4 38 Proteaceae 1 1 6
Dioscoreaceae 1 1 2 Pteridaceae 1 1 11
Dipteridaceae 1 1 6 Ranunculaceae 1 1 3
Droseraceae 1 1 6 Rhamnaceae 1 1 1
Dryopteridaceae 2 3 23 Rosaceae 4 6 29
Ericaceae 5 5 26 Rubiaceae 9 9 58
Eriocaulaceae 1 1 44 Rutaceae 1 1 1
Euphorbiaceae 2 2 11 Salicaceae 1 1 2
Fabaceae 5 5 13 Saururaceae 1 1 3
Fagaceae 1 1 1 Schizaeaceae 1 1 4
Gentianaceae 4 4 68 Selaginellaceae 1 2 56
Gleicheniaceae 2 3 44 Smilacaceae 1 3 21
Hypericaceae 1 1 7 Symplocaceae 1 4 9
Hypoxidaceae 1 1 Taxaceae 1 1 2
Lamiaceae 4 5 39 Theaceae 1 1 4
Lauraceae 4 S 22 Thelypteridaceae 1 1 2
Linaceae 1 1 1 Thymelaeaceae 1 1 4
Lomariopsidaceae 1 1 20 Urticaceae 1 1 2
Lycopodiaceae 3 3 22 Verbenaceae 1 1 24
Malvaceae 1 1 4 Violaceae 1 1 13
Melanthiaceae 1 1 11 Vitaceae 3 3 7
Melastomataceae S 6 81 Zingiberaceae 1 2 17
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The dominance-diversity curve for herb layer of Khasi subtropical oak-dominated forest
(Fig. 4.12) followed a log-normal distribution with a mixed dominance of Selaginella
monosperma, Eragrostiella leioptera, Tripterospermum fasciculatum, Eriocaulon

cristatum and Sonerila maculata.

Selaginella monosperma
0.8
L\/v Eragrostiella leioptera

Tripeterospermum fasciculatum

Log;o of IVI

0 S0 100 150 200

Species sequence
Fig. 4.12. The dominance-diversity curve based on Logio of IVI for herb layer of Khasi

subtropical oak-dominated forest in Meghalaya.

133



4.4.13. Similarity among six forest types

The Serensen’s similarity indices between any two forest types varied from 13.41 to

58.08% for woody layer (Table 4.37) and from 5.71 to 39.62% for herb layer (Table

4.38).

Table 4.37. Serensen’s similarity index (%) for woody layer.

Forest types TEG TMMD KHSP KISP KSMB KSOD
Tropical evergreen (TEG) 1 27.96 2997 2588 37.89 33.74
Tropical moist mixed-deciduous (TMMD) 1 3028 1833 1341 15.63
Khasi hill sal-pine (KHSP) 1 4229  33.15 33.91
Khasi-Jaintia subtropical pine (KJSP) 1 47.30 49.34
Khasi subtropical mixed-broadleaved (KSMB) 1 58.08
Khasi subtropical oak-dominated (KSOD) 1
Table 4.38. Sorensen’s similarity index (%) for herb layer.

Forest types TEG TMMD KHSP KISP KSMB KSOD
Tropical evergreen (TEG) 1 11.76 1026  8.58 10.66 11.86
Tropical moist mixed-deciduous (TMMD) 1 1231 5.78 9.17 5.7
Khasi hill sal-pine (KHSP) 1 27.19 2941 17.42
Khasi-Jaintia subtropical pine (KJSP) 1 39.62 33.09
Khasi subtropical mixed-broadleaved (KSMB) 1 35.80

Khasi subtropical oak-dominated (KSOD)

The Khasi subtropical mixed-broadleaved and Khasi subtropical oak-dominated forest

showed maximum similarity (58.08%) in woody layer (Table 4.37), whereas Khasi-

Jaintia subtropical pine forest and Khasi subtropical mixed broad-leaved forest showed

maximum similarity (39.62%) in herb layer (Table 4.38). The six forest types were

clustered according to Bray-Curtis method using similarity index matrix separately for

the woody layer (Fig. 4.13) and for herb layer (Fig. 4.14).
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Fig. 4.13. A cluster analysis of woody layer of six forest types using Bray-Curtis method.
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Fig. 4.14. A cluster analysis of herb layer of six forest types using Bray-Curtis method
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4.4.14. Discussion

The floristic survey of six forest types (tropical evergreen, tropical moist mixed-
deciduous, Khasi hill sal-pine, Khasi-Jaintia subtropical pine, Khasi subtropical miied-
broadleaved and Khasi subtropical oak-dominated forests) of Meghalaya revealed that a
total of 35,168 individual stems >10 cm gbh were recorded in 44.38 ha sampled area
through 101 transects. The phytoso;:iological analysis of woody layer as well as herb
layer of six forest types yielded 931 species of vascular plants from 563 genera and 153
identified families. The names of the families for 19 species were undetermined. Out of
931 species, 510 species belonged to trees (502 angiosperms, 6 gymnosperms and 2
species of tree fern) and 421 species belonged to herbs including climber and creeper

(372 angiosperms and 49 pterydophytes).

The ecological conditions such as wide variation in rainfall, temperature, topography as
well as soil conditions, seems to be the major factor contributing to the floristic richness
of Meghalaya. Several primitive families such as Annonaceae, Ranunculaceae,
Hamamelidaceae, Piperaceae, Menispermaceae, Lauraceae and Myricaceae (Takhtajan
1969) were well represented among six forest types. Thus the forest of Meghalaya seems
to be rich in primitive families. Due to occurrence of such a large number of primitive
flowering plants, Takhtajan (1969) considered northeast region as the ‘cradle of ancient

angiosperms’.

A number of authors from time to time have studied the flora of the State. Myrthong
(1980) studied the monocot flora of Meghalaya and reported the presence of 736
monocotyledonous plants from this region which belonged to 298 genera and 35 families.
Kumar (1984) reported 683 flowering plants in Balpakram Wildlife Sanctuary from 453
genera and 130 families whereas Prabhu (2004) recorded a total of 710 species (678
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éngiosperms, 03 gymnosperms and 29 pteridophytes) belonging to 465 genera and 140
families in different forest ecosystem of Nokrek Biosphere Reserve. In a floristic survey
of Meghalaya, Haridasan and Rao (1985-1987) have described 1151 dicotyledonous
forest plants from 119 families. Tiwari ef al. (1998) conducted study in 79 sacred groves

of Meghalaya and reported 514 species including endemic, rare and endangered plants.

In comparison to the above findings, the present study is characterized by 931 vascular
plant species from 563 genera and 153 families. Of these species, approximately 94%
species (874 species) belong to angiosperms followed by Pteridophytes (51 species) and
Gymnosperms (6 species). The major concentration of angiosperms in the flora of the
State has also been reported by many earlier workers (Balakrishnan 1981-1983,
Haridasan and Rao 1985-1987, Kanjilal et al. 1934-1940, Khan et al. 1997). Dominance
of flowering plants, number of families and presence of congeneric species contribute

high species richness and diversity among six forest types in the State.

The maximum number of species (233 species) was recorded from Khasi subtropical
mixed-broadleaved forest whereas tropical moist mixed-deciduous forest was
characterised by the least number of species (95 species) despite the fact that all the
sampling were done in 2 protected areas of Meghalaya namely Balpakram National Park
and Siju Wildlife Sanctuary. This may be due to less sampling (2.5 ha) done in this
forest. In case of herb layer, Khasi-Jaintia subtropical pine forest showed the highest
number of species (239 species) which might be because of more sampling and open

canopy of this forest, which favours high species richness.

The dominance-diversity curve for woody layer as well as herb layer of all forest types
showed log-normal distribution, except woody layer of Khasi-Jaintia subtropical pine

forest. The log normal distribution of these forest types is characteristics of complex,
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species rich community (Magurran 1988) indicating more equitable sharing of resources
within the communities. The dominance-diversity curve for Khasi-Jaintia subtropical
pine forest showed broken-stick model, depicting low equitability and high dominance.
Clearly, pine is the most dominanted species in this forest commanding a very high

proportion of total importance value.

The comparison of different phytosociological attributes in the present study with other
studies is difficult because of different sampling protocols such as DBH/GBH class,
sampled area and methodology adopted by different workers. The different
phytosociological attributes like species richness, basal area (m” ha™'), density (ha) and
diversity indices (Shannon’s, Pielou’s, Simpson’s) from the present study are comparable
with the other studies of Meghalaya such as Jamir 2000, Upadhaya et al. 2003, Prabhu
2004, Mishra et al. 2004, Mishra et al. 2005, Kumar er al. 2006, Tripathi & Tripathi
(2010) and Tripathi er al. (2010) (Table 4.39). The species richness recorded in the
present study (95 to 233 species) is higher than those reported by earlier workers from
Meghalaya (Table 4.39). The Shannon’s diversity index in the present study was lower
than the other studies as it was calculated by logio value, despite of In value, where it

comes approximately double of log)o value.

Composition of large tree, medium tree, small tree, shrub, woody climber and scandent
shrub as well as herb species including climber and creeper resulted in high heterogeneity

among the forest types.

Tropical evergreen, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
dominated forest represent a highly heterogeneous and diversified community coupled
with low Simpson’s dominance index and high evenness index (Table 4.39) and also

shared mixed dominance of a number of species in top canopy, subcanopy and
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understorey. The single species dominance, i.e. Pinus kesiya, in top canopy of Khasi-
Jaintia subtropical pine forest corresponded with very low evenness (0.462) and high

dominance (0.355) of this forest type.

Based on presence-absence data, the similarity indices are commonly used in ecology for
comparing two or more communities with respect to the species overlap. All the six
forest types showed differences as well as similarity in their species composition. Khasi
subtropical mixed-broadleaved and Khasi subtropical oak dominated forest showed 58%
similarity in species composition of woody layer. This may be due to similar climatic
conditions and also aititude, which was not showing much difference in sampling plots.
Champion and Seth (1968) classified both of these forests under Khasi subtropical wet
hill forest (8B/C2). Tropical moist mixed-deciduous and Khasi subtropical mixed-
broadleaved forest showed the least similarity in species composition, because of much
variation in altitude as all the sampling of tropical moist mixed-deciduous forest was
done in very low altitude of Garo Hills. Khasi hill sal pine forest exhibited Shorea
robusta - Schima wallichii - Pinus kesiya, dominated community as these species
together cover approximately 42% of total IVI of this forest. These forests also show

their similarity with tropical moist mixed-deciduous forest in species composition.

According to Champion and Seth (1968), the climax vegetation of Meghalaya is
characterized by Khasi subtropical broadleaved wet hill forest. The sacred groves
represent most relic vegetation of Meghalaya, where Fagaceae members are most
dominant among other species (Haridasan and Rao 1985). Though, Pinus kesiya topped
with IVI in Khasi subtropical oak-dominated forest but overall family Fagacecae
contributed maximum IVI to this forest. The occurrence of different species of oak viz;
Quercus spp., Castanopsis spp. and Lithocarpus spp. in Khasi subtropical oak-dominated
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forest and broad-leaved species such as Schima wallichii, Syzygium tetragonum,
Engelhardtia spicata, Helicia nilagirica in Khasi subtropical mixed-broadleaved forest
form the climax vegetation in the State. The increasing population pressure is also
intensifying the age old practices of shifting cultivation, which is the main livelihood of

the people.

The dominance of Pinus kesiya was also observed in Khasi subtropical mixed-
broadieaved forest, where it was at second position. The dominance of Pinus kesiya in
Khasi subtropical oak-dominated as well as Khasi subtropical mixed-broadleaved forest
indicates increasing intensity of disturbances, which allow Pinus kesiya to invade both of

these natural forests of Meghalaya.

Altitude, latitude and longitude are the most important topographical factors affecting
species distribution (Zhao ef al. 2005). The altitudinal gradient is the key factor forming
various mountain habitats (Xu ef al. 2011). Callicarpa arborea, Engelhardtia spicata,
Litsea monopetala, Macaranga denticulata, Schima wallichii and Syzygium tetragonum
were found in all six forest types, which shows that these species have capacity to occur
in a wide variety of climatic conditions ranging from very low (26 m) to very high

altitude (1820 m).

The higher frequency of occurrences of one or more than one tree influences the species
diversity (Huang et al. 2003). Schima wallichii showed highest occurrence (74 transects)

followed by Pinus kesiya (62 transects) and Engelhardtia spicata (52 transects).

In nature, only few species are distributed in regular manner and most of the species are
clumped or randomly distributed (Greig-Smith 1983). All species among six forest types
exhibited clumped to highly clumped dispersion. Patchy distribution of species may be

due to spatially heterogeneous environmental conditions like, topography (Hubbell and
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Foster 1983). In comparison to common species, rare species are less aggregated and
most of the randomly distributed species are rare (He et al. 1997). No species among six
forest types showed regular dispersion. Regular dispersion is very rarely observed which

may be due to intraspecific competition at a local scale (He et al. 1997).

The tropical evergreen forest was characterised by highest density (973.5 individuals/ha),
basal area (27.34 m’/ha) and Shannon’s diversity (1.983). The highest tree density ha' of
this forest is probably due to the presence of large number of stems in lower girth class
(10-<30 to 30-<50 cm). The tree species richness (184 species) in tropical evergreen
forest recorded in this study was much greater than other tropical evergreen forest of
northeastern region of India (16-54 species; Bhuyan et al. 2003, 94 species; Nath et al.
2005) as well as other tropical evergreen forest of Western Ghats, India (122 species;

Parthasarathy 1999, 68 species; Giriraj et al. 2008).

The tree density of the present investigation was ranging from 598.4 stem ha™ in tropical
moist mixed-deciduous forest to 973.5 stem ha™' in tropical evergreen forest with an
overall mean value of 818.8 stem ha™'. It can be comparable to the value reported by
Parthasarathy and Karthikeyan (1997) in Thirumanikkuzhi, Western Ghats (974 stem ha’
1Y, Kadavul and Parthasarathy (1999) in Shervaryan and Kalrayan hills of Eastern Ghats
(640 to 986 stem ha™'), Parthasarathy (1999) in Kalakad forest, Western Ghats (575 to
855 stem ha™'), Reddy ef al. (2008) in tropical dry-deciduous forest of Andhra Pradesh
(674 to 796 stem ha'), and Rasingam and Parthasarathy (2009a) in Andaman Islands

(488 to 935 stem ha™).

The species richness (123 species) and stand density (882.5 stem ha™) of Khasi hill sal-
pine forest was greater than other sal forest of the country, as reported by Pandey and

Shukla (1999) in Gorakhpur (29 species, 451 stem ha'), Uma Shankar (2001) in
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Mahananda Wildlife Sanctuary, West Bengal (87 species, 484 stem ha™'), Majumdar e al.

(2012) in Tripura (105 species, 464.77 stem ha™).

The basal area in the present study ranged from 14.31 to 27.34 m* ha™ with an overall
mean value of 18.86 m? ha™', which is comparable with the study of Parthasarathy and
Karthikeyan (1997) in Western Ghats, India (15.44 to 29.48 m” ha™), Reddy et al. (2008)
in Eastern Ghats, India (8.55 to 26.89 m” ha™). The highest basal area (27.34 m? ha") in
the present study was found in tropical evergreen forest, which was ivn the range of rain
forest of Malaysia (24.2 m® ha™'; Poore 1968), Brazilian amazon (27.6 to 32.0 m* ha™;

Campbell et al. 1986) and Costa-Rica (27.8 m? ha™'; Lieberman ef al. 1985).

Overall for all 6 forest types, out of 91 family in woody layer, Lauraceae and Rubiaceae
were the most speciose families with 34 species each followed by Fabaceae (27 species),
Moraceae (27 species), Phyllanthaceae (21 species) and Euphorbiaceae (16 species), but
when we include Phyllanthaceae together with Euphorbiaceae, it became most speciose
family (37 species), as these two families were taken together by earlier workers. In a
study of sal forest of Mahananda Wildlife Sanctuary of West Bengal, Uma Shankar
(2001) reported that Euphorbiaceae was the most speciose family followed by Lauraceae.
Kadavul and Parthasarathy (1999) also reported the dominance of Moraceae and
Rubiaceae in semievergreen forests of Shemarayan hills of Eastern Ghats. Chittibabu and
Parthasarathy (2000) found Moraceae, Lauraceae and Rubiaceae as the most dominant
family in Kolli hills, Western Ghats. Upadhaya et al. (2003) also reported the dominance
of Lauraceae, Moraceae and Rubiaceae in subtropical broadleaved forests of Meghalaya.
Among 92 families in the herb layer, Asteraceae (38 species) was the most dominant

family followed by Poaceae (31 species), Lamiaceae (25 species), Fabaceae & Rubiaceae
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(22 species each) and Acanthaceae (15 species) apparantly due to number of ground

species are characterized by these families.

In all six forest types the most dominant species were characterized by the high value of
IVI. The low IVIs suggest that most of the species in the forest are rare (Pascal and
Pellissier 1996). In woody layer, approximately 58% in tropical evergréen, 41% in
tropical moist mixed-deciduous, 67% in Khasi hill sal-pine, 82% in Khasi-Jaintia
subtropical pine, 70% in Khasi subtropical mixed-broadleaved and 73% in Khasi
subtropical oak-dominated forest were rare as they exhibited an Importance Value of 1 or
less. This is a general trend in most tropical forest in India where the species richness is
mostly due to the rare species (Sukumar et al. 1992, Parthasarathy and Karthikeyen 1997,
Pandey and Shukla 2003, Murali et al. 1996, Uma Shankar 2001, Ayyappan and

Parthasarathy 2004, Nath ez al. 2005, Deb and Sundriyal 2011, Majumdar et al. 2012).
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Table 4.39. A comparison of the phytosociological attributes of the six forest types of this study with other studied carried out in Meghalaya (H’;

Shannon’s diversity index, E’; Pielou’s evenness index, D’; Simpsons dominance index).

Study area Forest types GBH/DBH :r:r:gll;% s;igif;s Den/ha (m%/‘?xa) HI‘)xvemz' mdlce]; Reference

Meghalaya Tropical evergreen >10 GBH 2.45 184 973.5 2734 1983 0.876 0.018 Present study
Meghalaya Tropical moist mixed-deciduous >10 GBH 2.5 95 598.4 16.56 1.665 0.842 0.036 Present study
Meghalaya Khasi hill sal-pine =10 GBH 52 123 882.5 15.65 1.493 0.714 0.075 Present study
Meghalaya Khasi-Jaintia subtropical pine >10 GBH 18.8 156 6924 2178 1012 0.462 0355 Presentstudy
Meghalaya Khasi subtropical mixed-broadleaved >10 GBH 6.85 233 862 1752 193 0.815 0.024 Present study
Meghalaya Khasi subtropical oak dominated 210 GBH 8.6 225 904.1 14.31 1.9 0.808 0.022 Present study

Sacred grove, Jaintia hills  Subtropical humid >5 DBH 0.8 135 1070 - 3.7 091 0.019 Jamir (2000)

Sacred grove, Jaintia hills  Subtropical broad-leaved >5 DBH 0.5 82 1476 5746  3.42 0.53 0.067 Upadhayaetal (2003)
Sacred grove, Jaintia hills __ Subtropical broad-leaved >5 DBH 0.5 80 938 71.44 355 056 0.052 Upadhaya et al. (2003)
Nokrek BR Montane forest >5 GBH 0.2 88 2595 49.95 380 0.85 0.04 Prabhu (2004)

Nokrek BR Lowland forest >5 GBH 0.2 89 1555 3825 410 091 0.02 Prabhu(2004)

Nokrek BR Riverain forest >5 GBH 0.2 86 1180 2815 419 094 0.02 Prabhu (2004)

Swer sacred grove Undisturbed >15 CBH 15 168 2103 26.9 22 0.4 0.1  Mishra et al. (2004)
Swer sacred grove Moderately disturbed >15 CBH 15 192 1268 18.6 2.3 0.4 0.2  Mishra et al. (2004)
Swer sacred grove Highly disturbed >15 CBH 10 132 852 7.1 2.0 0.4 0.2 Mishra et al. (2004)
Mawnai sacred grove Subtropical humid >15 GBH 0.5 133 1256 42.8 4.5 —  0.014 Mishra et al. (2005)
Garo Hills Primary forest >30 GBH 21 162 - - 427 - - Kumar et al. (2006)
Garo Hills Secondary forest >30 GBH 10 132 - - 3.78 - -~ Kumar et al.(2006)
Garo Hills Sal forest >30 GBH 4 87 - - 247 - ~ Kumar et al. (2006)
Meghalaya Subtropical Evergreen >15 DBH 1 76 1023 333 4.2 - 0.02  Tripathi & Tripathi (2010)
Meghalaya Subtropical Semi-evergreen >15 DBH 1 77 838 49.5 4.21 - 0.02  Tripathi & Tripathi (2010)
Meghalaya Subtropical Pine >15 DBH 0.3 26 1050 37.4 2.19 - 0.06  Tripathi & Tripathi (2010)
Laitryngew (EKH) Subtropical humid 25 DBH 1 49 1280 35.12  3.21 - 0.07 Tripathi et al. (2010)
Laitryngew (EKH) Subtropical humid >5 DBH 2 53 1290 33.89 33 - 0.06 Tripathi ef al. (2010)
Laitryngew (EKH) Subtropical humid >5 DBH 5 58 1203 40.63 3.16 - 0.08 Tripathi et al. (2010)
Laitryngew (EKH) Subtropical humid >5 DBH >5 64 1620 45.11 3.57 = 0.05  Tripathi et al. 2010
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CHAPTER V

QUANTIFICATION OF POPULATION OF IMPORTANT SPECIES
OF EACH FOREST TYPE

5.1. Introduction

Girth class distribution is very commonly used in ecology to illustrate the population
structure as well as regeneration status of the forests. The successful establishment of a
community depends on its regeneration efficacy under varied environmental conditions.
Many authors have quantified regeneration status of tree species based on age and
diameter structure of their population (Saxena and Singh 1984, Khan et al. 1987, Bhuyan
et al. 2003). The height structure of the forests generally simplifies the stratum of canopy
layer such as top canopy, subcanopy and understorey. The girth class as well as height
class distribution of individuals provide complete scenarios of the forests. The population
structure in several ecological studies had been characterised by number or percentage of
individuals in different girth/diameter classes as well as height classes (Murali et al.
1996, Uma Shankar 2001, Pandey and Shukla 2003, Ghosh 2007, Reddy et al. 2008,
Nongrum 2012, Swer 2013, Kumar 2013).

A large number of authors had studied the population structure of forests as well as
populations of important plants in Meghalaya (Rao et al. 1990, Barik 1992, Jamir 2000,
Upadhaya et al. 2003, 2004, Mishra et al. 2004, 2005, Prabhu 2004, Tripathi et al. 2010,

Tripathi and Reynald 2010). Most of these studies are limited to subtropical forest only.

The present chapter presents results of the girth-class (population) structure and height-

class structure of six major forest types described in Chapter IV. In addition, the girth-
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class (population) structure and height-class structure of the major species in each of

these forest types are analyzed.
5.2. Methodology

The girth class distributions of individuals of six major forest types of Meghalaya were
plotted in nine 20 cm wide girth classes (10-<30, 30-<50, 50-<70, 70-<90, 90-<110, 110-
<130, 130-<150, 150-<170, >170). The height class distribution of major forest types was

plotted in five 5 m wide height classes (<5, 5-<10, 10-<15, 15-<20, >20).

The regeneration behaviour of forest as well as important species of each forest types was
assessed based on girth measurement. All stems in the forests which had girth >10 cm to
<30 cm over the bark at breast height (1.37 m) were considered as saplings and >30 cm
were considered as adults (Uma Shankar 2001). The state of regeneration was deduced in

each forest type as follows:

a) Good regeneration, if seedlings > saplings > adults

b) Fair regeneration, if seediings > saplings < adults

c) Poor regeneration, if a species survive only at sapling stage, but no seedlings
(saplings may be >, < or = adults)

d) No regeneration, if a species is present only in adult form

e) New regeneration, if the species has no adults but only seedlings or saplings

The larger number of stems in >10 cm to <30 class indicates high regeneration, whereas
the small number of stems in this class suggests low regeneration. The individuals less
than 10 cm girth (seedlings) were not measured and hence the state of regeneration was

based only on saplings and adult categories.
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Selection of economically and ecologically important species

Among each forest types, top three tree species which have highest IVI values were
selected for population structure. A girth class distribution (density-diameter distribution)
as well as height class distribution was prepared for tﬁese species. The state of
regeneration were assessed based on data on the individuals >10 cm to <30 cm gbh. The
girth class distribution of stems of dominant species were plotted in 20 cm wide interval
for nine girth classes (10-<30, 30-<50, 50-<70, 70-<90, 90-<110, 110-<130, 130-<150,
150-<170 and >170 cm) and height class distribution were plotted in 5 m wide interval

for five height classes (<5, 5-<10, 10-<15, 15-<20 and >20 m).

5.3. Results
5.3.1. Girth class distribution

The number of individuals recorded in different girth classes of six forest types, namely,
tropical evergreen, tropical moist mixed-deciduous, Khasi hill sal-pine, Khasi-Jaintia
subtropical pine, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
dominated forest are given in Table 5.1. A plot of this data showed a reverse J-shaped
curve, i.e., with increasing girth size, the numbers of individuals decreased in all forest
types (Fig. 5.1 a, b, ¢, d, e, f). The lower gbh class A (10-<30 cm) was most prominent in

most of the cases which shows that these forests have good regeneration potential.
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Table 5.1. Number of individuals in different girth classes (cm) for six forest types.

Forest types 10-<30 30-<50 50-<70 70-<90 90-<110 110-<130 130-<150 150-<170 =170 Total

) TEG 1240 463 242 178 99 50 54 21 38 2385
% of total 52.0 19.4 10.1 7.5 4.2 2.1 23 0.9 1.6 100
1) TMMD 563 477 203 119 49 19 31 3 32 1496
% of total 37.6 319 13.6 8.0 33 1.3 2.1 0.2 2.1 100
i) KHSP 2077 1251 703 331 136 55 22 5 9 4589
% of total 453 27.3 15.3 7.2 30 1.2 0.5 0.1 0.2 100
V) KISP 2946 3119 2946 2511 1005 291 118 40 42 13018
% of total 22.6 24.0 22.6 19.3 7.7 22 0.9 0.3 0.3 100
V) KSMB 3547 1233 434 1320 169 74 50 22 56 5905
% of total 60.07  20.88 7.35 5.42 2.86 1.25 0.85 0.37 0.95 100
VI) KSOD 4260 1827 896 476 174 62 43 13 24 7715
% of total 54.8 23.5 11.5 6.1 22 0.8 0.6 0.2 0.3 100

The number of individuals for lowest size class (10-<30 cm) contributed approximately
52% in tropical evergreen forest, 37.6% in tropical moist mixed-deciduous forest, 45.3%
in Khasi hill sal-pine forest, 22.6% in Khasi-Jaintia subtropical pine forest, 60.1% in
Khasi subtropical mixed-broadleaved forest and 54.8% in Khasi subtropical oak-
dominated forest. The Khasi-Jaintia subtropical pine forest showed almost equal
dominance of number of individuals for gbh class A to D (10-<30 to 70-<90). This was
due to single species dominance of this forest i.e. Pinus kesiya. The higher gbh class
(110-<130, 130-<150, 150-<170 and >170 cm) were characterised by a very less numbet

of individuals in each forest type (Fig. 5.1 a, b, ¢, d, e, ).
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Fig. 5.1. Population structure of six forest types in different girth classes (A; 10-<30, B;
30-<50, C; 50-<70, D; 70-<90, E; 90-<110, F; 110-<130, G; 130-<150, H; 150-<170, I;
>170).

5.3.2. Height class distribution

The number of individuals recorded in different height classes of six forest types, namely,
tropical evergreen, tropical moist mixed-deciduous, Khasi hill sal-pine, Khasi-Jaintia
subtropical pine, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
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dominated forest are given in Table 5.2. A plot of this data showed varied patterns for

different forest types (Fig. 5.2 a, b, ¢, d, e, f).

Table 5.2. Number of individuals in different height classes (m) for six forest types.

Forest types <5 5-<10 10-<15 15-<20 >20 Total
I TEG 1004 629 472 184 96 2385
% of total 42.1 264 19.8 1.1 4.0 100
II) TMMD 324 650 378 79 65 1496
% of total 21.7 43.4 25.3 5.3 43 100
1II) KHSP 1423 1625 1054 459 28 4589
% of total 31.0 354 23.0 10.0 0.6 100
V) KJSP 2335 3432 3632 3024 595 13018
% of total 17.9 264 279 23.2 4.6 100
V) KSMB 2606 1969 781 389 160 5905
% of total 44.1 333 13.2 6.6 27 100
VI) KSOD 3037 3003 1406 289 40 7775
% of total 39.06 38.62 18.08 3.72 0.51 100

The tropical evergreen, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
dominated forest showed a successive decline of number of individuals from lower to
next higher class (Fig. 5.2 a, e and f). The tropical moist mixed deciduous forest and
Khasi hill sal-pine forest showed highest number of individuals for 5-<10 m (Fig. 5.2 b,
c). In case of Khasi-Jaintia subtropical pine forest, the height class distribution of
individuals showed a peak in 10-<15 m (Fig. 5.2d). Only few individuals in each forest
types were characterized by >20 m height, viz., 4% in tropical evergreen forest, 4.3% in
tropical moist mixed-deciduous forest, 0.6% in Khasi hill sal-pine forest, 4.6% in Khasi-
Jaintia subtropical pine forest, 2.7% in Khasi subtropical mixed-broadieaved forest and

0.5% in Khasi subtropical oak-dominated forest.
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Fig. 5.2. Height structure of six forest types in different height classes (A; <5, B; 5-<10,
C; 10-<15, D; 15-<20, E; >20).

5.4. Population structure of economically and ecologically important plant speciés

The economically and ecologically important species were identified from among the
dominant tree species recoded in different forest types. The size of populations of these

tree species was determined based on the phytosociological data from the transect
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inventory. Recently, the importance of population structure of vmany economically and
ecologically plants had been seen through various study in Meghalayé such as
Cinnamomum tamala (Ghosh 2007), llex khasiana (Upadhaya et al. 2009), Parkia
roxburghii (Nongrum 2012), Taxus wallichiana (Swer 2013) and 16 species in lower

Assam region of India (Kumar 2013).
5.5. Population structure of important species of tropical evergreen forest

The tropical evergreen forest showed a mixed dominance of a number of species in top
canopy, subcanopy and under canopy. Out of 184 species, the top three important plant
species selected on the basis of IVI in this forest were Schima wallichii, Macropanax
undulatus and Cinnamomum tamala with an importance value of 18.7, 16.0 and 11.0,

respectively (Table 4.1 in Chapter [V). These species together cover 15.2% of total IVI.

The population structure of S. wallichii (35.7%) and C. tamala (29.5%) was characterised
by the highest number of individuals in gbh class 10-<30 cm, whereas M. undulatus
showed highest number of individuals in gbh class 50-<70 cm (28.5%). S. wallichii
showed lowest number of individuals in size class 30-<50 cm. M. undulatus showed an
increasing trend of number of individuals from lower gbh class 10-<30 to 50-<70 ¢cm and
successive decline afterwards. In case of C. tamala showed reverse J-shaped curve. The
higher gbh class (150-<170 and >170 cm) were absent in M. undulatus and C. tamala. S.
wallichii had highest number of individuals in <5 m height class whereas M. undulatus
and C. tamala showed a peak in 10-<15 m (Fig. 5.2d, e, f). Approximately, 68.8%
individuals of M. undulatus were in 10-<15 m height. The number of individuals for >20

m were absent in M. undulatus and C. tamala but were 16.3% for S. Wallichii.
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Fig. 5.3. Population structure of three important plant species in tropical evergreen forest
in different girth classes (A; 10-<30, B; 30-<50, C; 50-<70, D; 70-<90, E; 90-<110, F:
110-<130, G; 130-<150, H; 150-<170, I; >170) and height classes (A; <5, B; 5-<10, C;
10-<15, D; 15-<20, E; >20).
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5.6. Population structure of important species of tropical moist mixed-deciduous
forest

The tropical moist mixed deciduous forest showed a mix dominance of a number of
species in top canopy, subcanopy and under canopy. Out of 65 species, the top three
important plant species selected on the basis of IVI in this forest were Microcos
paniculata, Schima wallichii, and Dillenia indica with an importance value of 28.2, 24.2
and 20.6, respectively (Table 4.7 in Chapter IV). These species together cover 24.3% of

total IVI.

The three species exhibited different density-diameter patterns. M. paniculata was
characterised by highest number of individuals in gbh class 30-<50 cm (42.6%), S.
wallichii in 90-<110 cm (25.8%) and D. indica in highest gbh class i.e. >170 cm (31.4%)
(Fig. 5.4 a, b, c). In case of M. paniculata, gbh class 90-<110 cm to > 170 cm and in S.
wallichii 150-<170 cm were absent. Three classes were absent in D. indica, i.e., 30-<50,
90-<110 and 110-<130 cm. The state of regeneration (10-<30 ¢cm) was maximum in M.
paniculata (30.1%) followed by D. indica (17.1%). Very few individuals (1.5%) were

showing regeneration in S. wallichii.

M. paniculata had highest number of individuals in 5-<10 m height class (53.6%)
whereas S. wallichii (33.3%) and D. indica (37.1%) showed a peak in >20 m (Fig. 5.4 d,
e, f). With increasing tree height, the numbers of individuals also increased in case of S.

wallichii and D. indica.
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Fig. 5.4. Population structure of three important plant species in tropical moist mixed-
deciduous forest in different girth classes (A; 10-<30, B; 30-<50, C; 50-<70, D; 70-<90,
E; 90-<110, F; 110-<130, G; 130-<150, H; 150-<170, I; >170) and height classes (A; <5,
B; 5-<10, C; 10-<15, D; 15-<20, E; >20).
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5.7. Population structure of important species of Khasi hill sal-pine forest

The Khasi hill sal-pine forest showed a mix dominance of a number of species in top
canopy. Out of 123 species, the top three important plant species selected on the basis of
IVI in this forest were Shorea robusta, Schima wallichii, and Pinus kesiya with an
importance value of 55.7, 47.2 and 22.5, respectively (Table 4.13 in Chapter V). These

species together cover 41.8% of total IVI of this forest.

The population structure of S. robusta and S. wallichii showed a reverse J-shaped curve.
P. kesiya represented increasing number of individuals with increasing girth classes upto
70-<90 cm and reverse trend seen after that (Fig. 5.5 a, b, c). S. robusta were
characterised by highest number of individuals in gbh class 10-<30 cm (37.0%), S.
wallichii in 30-<50 cm (29.4%) and P. kesiya in 70-<90 cm gbh class (36.5%). In case of
S. robusta, gbh class > 170 cm were absent. Two classes were absent in P. kesiya i.e.
150-<170 and > 170 cm. The state of regeneration (10-<30 cm) were maximum in S.
robusta (55.7%) followed by S. wallichii (28.7%). Very few numbers of individuals

(1.5%) were showing regenerating stage in P. kesiya.

The height class distribution of S. robusta, S. wallichii and P. kesiya were showing
different trends. S. robusta had highest number of individuals in 5-<10 m height class
(31.7%), whereas S. wallichii (38.1%) and P. kesiya (45.9%) showed a peak in 10-<15 m
(Fig. 5.5 d, e, f). The numbers of individuals for >20 m height were very less in all three

species.
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Fig. 5.5. Population structure of three important plant species in Khasi hill sal-pine forest
in different girth classes (A; 10-<30, B; 30-<50, C; 50-<70, D; 70-<90, E; 90-<110, F;
110-<130, G; 130-<150, H; 150-<170, I; >170) and height classes (A; <5, B; 5-<10, C;
10-<15, D; 15-<20, E; >20).
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5.8. Population structure of important species of Khasi-Jaintia subtropical pine

forest

The Khasi-Jaintia subtropical pine forest showed a single species dominance in top
canopy. Out of 156 species, Pinus kesiya topped with more than 50% of total IVI (176.9),
followed by Schima wallichii (20.1) and Myrica nagi (6.6) (Table 4.19 in Chapter IV).

These selected species together cover 67.9% of total IVI.

The density-diameter distribution of P. kesiya and S. wallichii showed a similar trend,
i.e., increasing number of individuals with increasing girth classes upto 50-<70 cm and
decreasing afterwards. M. nagi showed decreasing number of individuals with increasing
girth classes (Fig. 5.6 a, b, c¢). P. kesiya (26.1%) and S. wallichii (26.7%) contributed
highest number of individuals in gbh class 50-<70 cm. In case of M. nagi, gbh class >
170 cm were absent. The state of regeneration (10-<30 cm) was maximum in M. nagi

(48.5%) followed by S. wallichii (21%) and P. kesiya (12.9%).

The height class distributions for P. kesiya, S. wallichii and M. nagi were showing
different trends. S. robusta had highest number of individuals in 10-<15 m height class
(32.4%), whereas S. wallichii (28.4%) and M. nagi (51.5%) showed a peak in 5-<10 m

(Fig. 5.6 d, e, f). In case of M. nagi, height class 15-<20 and >20 m were absent.
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Fig. 5.6. Population structure of three important plant species in Khasi-Jaintia subtropical
pine forest in different girth classes (A; 10-<30, B; 30-<50, C; 50-<70, D; 70-<90, E; 90-
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<10, C; 10<15, D; 15-<20, E; >20).* indicates value divided by 20.
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5.9. Population structure of important species of Khasi subtropical mixed-

broadleaved forest

The Khasi subtropical mixed-broadleaved forest showed a mix dominance of a number of
species in top canopy, sub canopy and under canopy. Out of 233 species, the top three
important plant species selected on the basis of IVI in this forest were Schima wallichii,
Pinus kesiya and Syzygium tetragonum with an importance value of 27.9, 16.9 and 13.3

respectively (Table 4.25 in Chapter IV). These species together cover 19.4% of total IVI.

The population structure of S. wallichii and S. tetragonum showed more or less a reverse
J-shaped curve. P. kesiya showed increasing number of individuals with increasing girth
classes up to 70-<90 cm and reverse trend seen after that (Fig. 5.7 a, b, c¢). The lowest
size class 10-<30 cm (regenerating class) contributed maximum in S. wallichii (38.9%)
and S. tetragonum (53.1%). P. kesiya had highest number of individuals in 70-<90 cm
gbh class (31.2%) and very less number of individuals (5.4%) in lowest size class (10-

<30cm). In case of S. tetragonum, gbh class 150-<170 cm were absent.

The height class distributions for all three species were showing different trends. S.
wallichii had highest number of individuals in 5-<10 m height class (37.1%) whereas P.
kesiya showed a peak in 15-<20 m (56.1%) (Fig. 5.7 d, e). With increasing tree height
classes, numbers of individual for S. fetragonum were decreased (Fig. 5.7 f). The lowest
height class (<5 m) contributed maximum (40.4%) in S. fetragonum. The numbers of

individuals for >20 m height were very less in all three species.
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Fig. 5.7. Population structure of three important plant species in Khasi subtropical mixed
broadleaved forest in different girth classes (A; 10-<30, B; 30-<50, C; 50-<70, D; 70-
<90, E; 90-<110, F; 110-<130, G; 130-<150, H; 150-<170, I; >170) and height classes
(A; <5, B; 5<10, C; 10-<15, D; 15-<20, E; >20).
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5.10. Population structure of important species of Khasi subtropical oak-dominated

forest

The Khasi subtropical oak-dominated forest showed a mix dominance of a number of
species in top canopy, sub canopy and under canopy. Out of 225 species, Pinus kesiya
topped with IVI (15.4), but overall oak family (Fagaceae) contributed maximum IVI
(56.9) with occurrence of 13 species, viz; Castanopsis purpurella, Lithocarpus
fenestratus, Castanopsis tribuloides, Lithocarpus dealbatus, Castanopsis armata,
Quercus lineata, Lithocarpus elegans, Quercus semiserrata, Castanopsis lanceaefolia,
Quercus griffithii, Quercus glauca, Quercus serrata and Castanopsis indica. On the basis
of IVI, the top three species selected in this forest were: Pinus kesiya, Castanopsis
purpurella and Lithocarpus fenestratus with an importance value of 15.4, 13.5 and 13.1

respectively (Table 4.31 in Chapter IV). These species together cover 14% of total IVI.

All three species exhibited different density-diameter pattern. P. kesiya showed
increasing number of individuals with increasing girth classes up to 70-<90 cm and
decreasing after that. C. purpurella represented decreasing number of individuals from
gbh class 30-<50 cm to 110-<130 cm. L. fenestratus showed more or less reverse J-
shaped curve. (Fig. 5.8 a, b, c¢). The lowest size class 10-<30 cm (regenerating class)
contributed maximum in L. fenestratus (56.7%) followed by C. purpurella (14.7%) and
P. kesiya (10.7%). P. kesiya had highest number of individuals in 70-<90 cm gbh class
(33.9%) and C. purpurella in 30-<50 cm gbh class. L. fenestratus showed highest number
of individuals (56.7%) in lowest size class (10-<30cm). In case of P. kesiya, gbh class
150-<170 and >170 cm were absent. Three highest gbh classes (130-<150, 150-<170 and

>170 cm) were absent in C: Purpurella and L. fenestratus.
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Fig. 5.8. Population structure of three important plant species in Khasi subtropical oak-
dominated forest in different girth classes (A; 10-<30, B; 30-<50, C; 50-<70, D; 70-<90,
E; 90-<110, F; 110-<130, G; 130-<150, H; 150-<170, I; >170) and height classes (A; <5,
B; 5-<10, C; 10-<15, D; 15-<20, E; >20).

163



The height class distribution for P. kesiya (45%) and C. purpurella (52.4%) were
showing more or less similar trends, with highest number of individuals in 10-<15 m
height class whereas Lithocarpus fenestratus showed peak in 5-<10 m height (53.2%)
(Fig. 5.8 d, e, f). The numbers of individuals for >20 m height were very less in P. kesiya

and L. fenestratus, whereas it was absent in C. purpurella.

5.11. Discussion

All six forest types in the present study followed reverse J-shaped distribution, i.e., with
increasing girth class, the number of individuals decreased. Such trends have been
reported by Poore (1968) in Malaysia, Kadavul and Parthasarathy (1999) in tropical
semi-evergreen forests in Eastern Ghats, India, Upadhaya er al. (2004) in subtropical
forest of Meghalaya, Padalia et al. (2004) and Tripathi er al. (2004) in the forests of
Andaman Islands, Reddy er al. (2008) in tropical dry-deciduous forest of Andhra
Pradesh, and Majumdar er al. (2012) in moist-deciduous forest in Tripura. The
preponderance of individuals in lower gbh class shows that these forests have a good
potential of regeneration. The number of individuals for regenerating class (10-<30 cm)
contributed approximately 52% in tropical evergreen forest, 37.6% in tropical moist
mixed-deciduous forest, 45.3% in Khasi hill sal-pine forest, 22.6% in Kbhasi-Jaintia
subtropical pine forest, 60.1% in Khasi subtropical mixed-broadleaved forest and 54.8%
in Khasi subtropical oak-dominated forest.

The distribution of girth classes for six forest types was showing similar pattern, with
exception of the dominance of lowest to medium size class (10-<30 to 70-<90 cm) in
Khasi-Jaintia subtropical pine forest, which contributed approximately 90% of total
individuals. This forest shows a relatively mature stand than other forests due to

dominance of a large tree, i.e., Pinus kesiya. The number of individuals for higher gbh
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class in all forest types is very less, this is because of good proportion of small tree, shrub

and woody climber species in the forests, as these species do not attain much girth.

The height class distribution of forest types showed that the tropical evergreen, Khasi
subtropical mixed-broadleaved and Khasi subtropical oak-dominated forest have highest
number of individuals in <5 m class. The dominance of <5 m height class has also been
reported by Reddy ez al. (2008) in tropical dry-deciduous forest of Andhra Pradesh. The
tropical moist mixed-deciduous forest and Khasi hill sal-pine forest show highest number
of individuals for 5-<10 m, whereas Khasi-Jaintia subtropical pine forest showed a peak
in 10-<15 m. Only a few individuals were characterised by >20 m height; 4% in tropical
evergreen forest, 4.3% in tropical moist mixed-deciduous forest, 0.6% in Khasi hill sal-
pine forest, 4.6% in Khasi-Jaintia subtropical pine forest, 2.7% in Khasi subtropical.

mixed-broadleaved forest and 0.5% in Khasi subtropical oak-dominated forest.

The population structure of dominant species in each forest type revealed that Schima
wallichii was one among the top three species in most of the forests except Khasi
subtropical oak dominated forest. The girth class distribution of Schima wallichii showed
decreasing number of individuals with increasing girth classes in all forest types except

tropical moist mixed-deciduous forest, which shows regeneration ability of the species.

The size class distribution for Cinnamomum tamala, Myrica nagi, Syzygium tetragonum,
Shorea robusta and Lithocarpus fenestratus followed more or less similar pattern, where
the number of individuals decreased with increasing girth classes. All these species
showed higher level of regeneration as maximum number of individuals in these species

were present in regenerating class (10-<30 cm).
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Pinus kesiya was one of the most dominant tree scpecies ‘found throughout Shillong
plateau. Out of six forest types, it was dominating in four forest types, i.e. Khasi hill sal-
pine, Khasi-Jaintia subtropical pine, Khasi subtropical mixed-broadleaved and Khasi
subtropical oak-dominated forest. The size class distribution showed almost bell-shaped
curve with maximum number of individuals in medium size class (70-<90 cm) and
successive decline after and before this class. The Microcos paniculata rarely attains a
very large girth and this may be a possible reason for absence of higher size class in this
species. Being a large to medium tree, the absence of higher gbh class in Schima
wallichii, Castanopsis purpurella and Lithocarpus fenestratus were observed. This may
be due to the reason that the larger girth of these species is preferred for charcoal making
as well as household timber by the local people.

In conclusion, the number of individuals in all six forest types showed preponderance of
lower girth classes which represents good regeneration, but at the same time absence or
very less number of individuals in higher gbh class also suggest the occurrence of past

disturbances in these forests.
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CHAPTER VI

DISTURBANCE-BASED CLASSIFICATION OF
VEGETATION



CHAPTER V1

DISTURBANCE-BASED CLASSIFICATION OF VEGETATION

6.1. Introduction

The anthropogenic disturbances in forest ecosystems are the most severe ecological
problems recognized world-wide. Every year, more than 10 million ha of tropical forests
in developing countries are cleared or converted to other land use (Tole 1998) and a large
part is disturbed and fragmented due to human activities (Giambelluca et al. 2003, Van
Laake and Sanchez-Azofeifa 2004). Disturbances are responsible for change in floristic
composition, biodiversity and population structure of forests (Addo-Fordjour ez al. 2009).
Meghalaya, an important landscape of northeastern region of India, experiences a high
level of anthropogenic disturbances, which varies from one forest type to another. The
agriculture, which is practiced in less than 10% of the land, provides livelihood to about
80% people in rural Meghalaya (Tiwari and Kumar 2008). The large forest area (88.15%)
in the State is under ‘unclassified’ category (FSI 2011). The unclassified area is owned
by traditional community institutions, clans, private individuals, village councils, and
district councils (Tripathi et al. 2005) where the local people have rights to use the
different forests resources (Tiwari ef al. 2010).

The people of Meghalaya are largely dependent on forests for their livelihoods leading to
varied disturbances. Besides timber species, a number of non-timber forest products
(NTFPs) including cane, bayleaf, tree bean, bamboos, broomgrass, mushrooms, orchids,
commercially important grass species, oil yielding trees, honey, wax, medicinal and wild
edible plants are extracted from the forests in large quantities (Tripathi et al. 2005, Ghosh
2007, Nogrum 2012). The recurrent fire in the dry season also adversely affects the

forests. Shifting agriculture, logging, mining and other human activities have been
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responsible for fragmentation, destruction and degradation of the forests in the State
(IIRS 2002, Tripathi er al. 2005, Lele and Joshi 2009). The indigenous shifting
cultivation (locally called ‘jhum’) has long been practiced in all parts of Meghalaya,
causing structural as well as compositional change in the forest types of the region and
ultimately modifies the natural landscape (Ramakrishnan 1992, Roy and Tomar 2001,
Kerkhoff and Sharma 2006).

Anthropogenic disturbances ultimately result in biodiversity loss in Meghalaya. Many
species of timber, medicinal plants, endemic plants and economically and ecologically
important plants are being depleted for firewood, NTFP collection, horticulture
development, mining (coal, limestone and other minerals), timber, jhum cultivation and
other purposes (Uma Shankar ef al. 1993a, Tripathi et al. 1996, Sarma 2005, Tripathi et
al. 2005, Tiwari and Kumar 2008)). Hence, forests are degraded to different degrees and
degraded habitats such as marginal lands and grasslands are expanding (Uma Shankar
1991) and resulting in loss of biomass stocks and opening of nutrient cycling (Pandey et
al. 1993, Uma Shankar et al. 1993b).

Satellite remote sensing has played a key role in generating information about forest
cover, vegetation types and land use and land cover changes (Botkin e al. 1984, IIRS
2002, Jha et al. 2005, Lele and Joshi 2009). Remote sensing coupled with GIS
(Geographical Information System) and GPS (Global Positioning System) techniques is
useful in mapping different types of bioresources. Using this technique, current scenario
of forest cover, deforestation rate and loss in forest cover have been estimated in many
tropical regions (Mayaux et al. 2005, Lele and Joshi 2009). In the present study, a
disturbance-based classification of the landscape of Meghalaya was done to delineate the

area of anthropogenic disturbance with varying degree. The objective of this exercise is
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to quantify the magnitude of principal disturbances and to identify the areas (forest types)
in which they operate using a disturbance index. This is expected to aid immensely the

forest conservators in framing suitable policy for preserving biodiversity in Meghalaya.

6.2. Methods

6.2.1. Field data collection

The observations on geographical parameters of the sampling sites were taken on
topography, altitude and aspect using altimeter, compass and GPS. The anthropogenic
disturbance factors operating in each sampling location were recorded. These were listed
in following categories; fire, grazing, forage removal, fuelwood collection, lopping,
thatch collection, soil removal, litter collection, root collection and NTFPs collection.
The intensity of each factor was scaled in three classes: 1, if it is absent or very little; 2, if
it is occasional and 3, if it is recurrent (Table 6.1). During the field visit different types of
GCPs (Ground Control Points) collected in different land use types which are not covered
in forests sampling viz. coal and limestone mining, tea gardens, jhum, agriculture, areca
plantation, orange orchards, etc. to classifying the final current disturbance based map of
Meghalaya.

Table 6.1. Different types of disturbance classes operating in the study and their
weightage score.

Disturbance Absent/very little Occasional Recurrent
Fire 1 2 3
Grazing 1 2 3
Forage removal 1 2 3
Fuelwood collection 1 2 3
Lopping 1 2 3
Thatch collection 1 2 3
Soil removal 1 2 3
Litter collection i 2 3
Root collection 1 2 3
NTFP collection 1 2 3
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Apart from field survey, visual image interpretation in all these disturbances, urban and
rural settlements, jhum, large scale coal mining areas, rubber and tea plantation, road,
settlements and distance from village/town were also taken into consideration in each
sampled grid separately, for preparing the final output disturbance classes map of

Meghalaya.
6.2.2. Image acquisition, processing and geometric correction

The orthorectified remote sensed imageries of IRS LISS III (Indian Remote Sensing,
Linear Imaging Self Scanning III) of the year of 2009 were downloaded from NRSC-
Bhuvan (National Remote Sensing Center-Bhuvan, Hyderabad) (http://bhuvan-
noeda.nrsc.gov.in/download/download/download.php) website.. The images were
downloaded as separate bands, and then stacked in ERDAS Imagine 8.5 to give the
multispectral image. Apart from this IRS satellite data, Survey of India (SOI) toposheets
of 1:250,000 scale was used as a base line map for the Area of Interest (AOI) i.e.
Meghalaya, ERDAS Imagine 8.5 for image processing, classification and analysis and
Arc GIS 9.2 for generation of map and other raster and vector analysis. Different
imageries of IRS LISS IIl images were registered geometrically using rectified
topographical map of SOI of 1:50,000 scale. The common uniformly GCPs were marked
with root mean square of one pixel and image was resampled at nearest neighbor
algorithms. After that the study area (Area of Interest) extracted from georeferenced

image by boundary data provided by SOI.
6.2.3. Disturbance based classification of Vegetation

For mapping the vegetations type classification of Meghalaya, a supervised classification

algorithm was used. This has been frequently used in image classification. In supervised
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http://bhuvan-
http://noeda.nrsc.gov.in/download/download/download.php

classification, the area of known identity was used to classify pixels of unknown area and
training sites is closely controlled by analyst. The spectral behavior of training sites gives
information of the classes of vegetation cover such as tropical evergreen, tropical moist
mixed-deciduous* (including Khasi hill sal-pine), Khasi-Jaintia subtropical pine, Khasi
subtropical mixed-broadleaved, Khasi subtropical oak-dominated forests as well as water,
Jjhum/agriculture and others classes in remote sensed imageries. The selection of training
sites and classification of different classes of vegetation types of the study area using

ERDAS Imagine 8.5 software under the process of Maximum likelihood classifier.

[*Note: Here, in the vegetations type map of Meghalaya, Tropical moist-mixed
deciduous and Khasi hill sal-pine forests merged together, because its gives

approximately similar spectral signature.]

The disturbance class map of Meghalaya was generated by classifying the image into
following classes i.e., Very low, Low, Medium, High and Very high using supervised
classification in ERDAS 8.5. Here the training sites were based on three important
features, 1; GCPs formulated and generated by various disturbance score based on field
forests inventories, discussed in Table 6.1, 2; The GCPs collected during the field visits
in different areas i.e., another anthropogenic disturbance which are not included in forest

inventories and 3; visual image interpretation of imageries.
6.2.4. Disturbance Index

The disturbance index (Rao ef al. 1990) was calculated using following formula based on

number of cut stems in different vegetation classes of Meghalaya.

Number of cut stems
Total stems including cut stems

x 100

Disturbance Index (DI) =
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6.3. Results
6.3.1. Forest types map of Meghalaya

The six forest types of Meghalaya covered approximately 65% of total geographical area
of the State (Table 6.2, Fig. 6.1). Tropical moist mixed-deciduous forest including Khasi
hill sal-pine forest covered the maximum geographical area (26%). In terms of vegetation
class, jhum covered approximately 26.5% of total geographical area of the region (Table

6.2, Fig. 6.1).

Table 6.2. The classification of area (%) covered by different forest types and other land

use classes in Meghalaya.

Vegetation Class Area (km?) Area (%)
Tropical evergreen 3001.1 13.4
Tropical moist mixed-deciduous

(i:::ll)u:nrgn Khasi h?ll sa(i-pi:e)u 58255 26.0
Khasi-Jaintia subtropical pine 1645.6 7.3
Khasi subtropical mixed-broadleaved 2023.6 9.0
Khasi subtropical oak-dominated 2013.0 9.0
Agriculture/ jhum 5947.2 26.5
Urban 1408.6 6.3
Water 17.3 : 0.1
Sand/barren 5473 2.4
Total 22,429 100
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Kilometer

I Tropical Evergreen (TEG) : Riiis

- Tropical Moist Mixed-deciduous (included KHSP) ] sand/arren
B Khasi Subtropical Mixed-Broadleaved (KSMB) B vrban
I Khasi-Jaintia Subtropical Pine (KJSP) B Vater
[ Khasi Subtropical Oak-Dominated (KSOD)

Fig. 6.1. A map of different forest types in Meghalaya based on supervised classification
of IRS LISS III image for 2009. *The Khasi hill sal-pine forest is merged with tropical

moist mixed-deciduous.

6.3.2. Disturbance class map of Meghalaya

The disturbance class map of Meghalaya suggests that approximately 60% of total
geographical area of the State showed medium to very high disturbance (Fig. 6.2). The
East Khasi Hills as well as Jaintia Hills districts of the State were characterized by highly
threatened areas due to large pressure of urbanization, jhum and coal and limestone
mining. Almost all types of threats such as fire, forage removal, fuelwood collection,
grazing, lopping, NTFPs collection, soil removal, thatch, litter and root collection were

found in these areas.
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B Verylow
B Low B very High

Medium B Water

Fig. 6.2. A disturbance class map of Meghalaya based on supervised classification of

images of LISS III 2009.

The area covered in disturbance classes is given in Table 6.3. Almost 16.9% geographical
area is affected by very high disturbance and 45% area is experiences medium to high

disturbance. The area under very low and low categories amounts to about 38% only.

Table 6.3. Area covered by different disturbance index classes in Meghalaya.

Class Area (km’) Area (%)
Very low 2786.5 12.4
Low 5823 25.8
Medium 5070.3 22.6
High 4991.8 22.3
Very High 3781.6 16.9
Water 16.5 0.1
Total 22,429 100
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The Khasi-Jaintia subtropical pine forest showed highest disturbance index (3.42)
followed by tropical moist-mixed deciduous forest including Khasi hill sal pine forest

(2.45) (Table 6.4).

Table 6.4. Disturbance Index for individual forest types in Meghalaya.

Forest types No. of cut stems ~ Total stems including cut stems Disturbance Index
TEG 23 2408 0.96
TMMD (+KHSP) 153 6238 2.45
KJSP 461 13479 3.42
KSMB 87 5992 1.45
KSOD 144 7919 1.82
All Forest 868 36036 2.41

6.4. Discussion

The six forest types in the present investigation covered approximately 65% of total
geographical area of the State. Based on interpretation of remote sensed imageries, the
total forest cover in the State is 17,275 km?, which is 77.02% of the State’s geographical
area (FSI 2011). Tropical moist mixed-deciduous including Khasi hill sal-pine forest
covered maximum geographical area of the State. According to recent Forest Survey of
India Report 2011 (FSI 2011), tropical moist deciduous forest covers a large geographical

area in the State.

The tribes of Meghalaya are largely dependent on forests for their livelihood. The natural
forests of Meghalaya are main source of economically and ecologically important plants.
The people of Meghalaya use to collect various non-timber forest products and medicinal
and aromatic plants such as bay leaf (Cinnamomum tamala), tree bean (Parkia
roxburghii), Taxus wallichiana, broomgrass, wild pepper, bamboo, nuts and tubers from

the forests (Tiwari and Kumar 2008, Ghosh 2007, Swer 2013). The jhum cultivation
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has long been practiced in all parts of Meghalaya, causing structural as well as
compositional change in the forest types of the region and ultimately modifies the natural
landscape, which results in poor species composition (Mishra and Ramakrishnan 1984,
Ramakrishnan 1992, Roy and Tomar 2001, IIRS 2002). The agriculture along with jhum
covered approximately 5,947.2 km? area, which is 26.5% of total geographical area of the
State. The Forest Survey of India report 2011 (FSI 2011), clearly mentioned that the
decrease in forest cover in the State is due to shortening of shifting cultivation cycle and
biotic pressure. The large scale deforestation in the form of jhum, coal and limestone
mining and for urbanization are major factors responsible for disturbances in these areas,
which is adversely changing the forest vegetation of Meghalaya. There is a loss of 49 km®
forest cover in the State during 2009 to 2011 primarily due to shifting cultivation (FSI

2011). This loss is quite high in case of a small State like Meghalaya.

All six forest types of the State showed different intensities of disturbances. During the
field survey, it was examined that Khasi-Jaintia subtropical pine and Khasi hill sal-pine
forests were found to have highest degree of anthropogenic disturbances such as fire,
shifting cultivation, fuelwood and timber collection, lopping, grazing which ultimately
degraded these forests. This may be due to easy access, as these forésts belong to
Shillong plateau, which are close to human population. The logging of Pinus kesiya for
timber is largely responsible for higher disturbance index (3.42) in Khasi-Jaintia
subtropical pine forest. The tropical evergreen forest showed the least anthropogenic
disturbances, probably due to more distance from the population. The Nokrek and
Balpakram National Park and Siju Wildlife Sanctuary showed negligible disturbance, as

these are well protected areas of Meghalaya.
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Anthropogenic disturbances in different districts of Meghalaya are operating at different
scale, which is easily observed from disturbance class map of Meghalaya (Fig. 6.2).
Among the districts, East Khasi Hills and Jaintia hills are characterized by very high
disturbance due to urbanization, continuance of jhum cycle and coal mining, which may
cause permanent loss of many ecologically and economically plants from the State. The
extensive coal mining in Jaintia hills district has resulted into degraded lands, which
creates unfavourable habitat for plant growth (Uma Shankar e al. 1993, Sarma 2005).
The species like, Diospyros undulata, Nymphaea pygmaea, Sageretia hamosa are
considered extinct and Luvunga scandens are believed to be locally extinct (Khan ef al.
1997). Therefore, the areas, which are more prone to disturbances, should be prioritized

for biodiversity conservation.

The present investigation confirms the disturbances which are going on near the
boundary of PAs and thick forests areas including sacred groves and RFs (Reserve
Forests) of Meghalaya which are home of various endangered and endemic flora and
fauna. The present trend of deforestation and anthropogenic activities shall reach
alarming leves leading to further losses of vegetation cover of Meghalaya. Present issues
also suggested that the urgent need of monitoring the change in vegetation cover, landuse
and current status of all forests in PAs of Meghalaya to make the challenge for effective
management and implications of refined conservation strategies at high spatial and

temporal scale.
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CHAPTER VII
GENERAL DISCUSSION

Tropical forests represent the most biologically diverse terrestrial ecosystem and harbor
more than 50% of known plant species (Mayaux et al. 2005) in just 7% of the land area
and vary in species richness from site to site and within plant communities (Okuda ez al.
1997). Due to high species richness and concentration of endemic species the north-
eastern region of India are considered as two important biodiversity hotspots of India,
i.., Indo-Burma and Himalaya. These forests are disappearing at alarming rates

worldwide (Laurance 1999).

Meghalaya, the state of north-eastern region of India is very rich in floral and faunal
diversity. The rich diversity of plants in Meghalaya is generally ranging from tropical to
subtropical hill forests and encompasses Asiatic and Indian Peninsular component (IIRS
2002). Varied ecological conditions such as rainfall, temperature, altitude as well as soil
conditions allow abundant growth of tropical and subtropical angiospermic flora in the
State. The state of Meghalaya, like other parts of the region is undergoing rapid
transformation due to deforestation (Kushwaha and Hazarika 2004, Tripathi et al. 2005,
IIRS 2002, Lele and Joshi 2009, Sarma and Barik 2010, Tripathi et al. 2010),
urbanization (IIRS 2002, Lele and Joshi 2009), jAum (Ramakrishnan 1992, IIRS 2002)
and extraction of forest products (Ghosh 2007, Nogrum 2012, Swer 2013). Due to these
activities, natural forests are getting fragmented (Srivastava et al. 2002, Jha et al. 2005,

Tripathi et al. 2010).

The present study on phytosociological analysis of six forest types, viz., tropical

evergreen, tropical moist mixed-deciduous, Khasi hill sal-pine, Khasi-Jaintia subtropical
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pine, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-dominated forests
revealed that the state of Meghalaya is very rich in floristic diversity. The altitudinal
variation of sampled transects was very high ranging from 26 m to 1820 m.
Approximately 44 ha area was sampled for inventory of woody species >10 cm gbh,
including 35,168 stems of 510 species belonging to 297 genus and 91 identified families

in woody layer and 421 species belonging to 286 genus and 92 families in herb layer.

A total of 931 species of vascular plants (510 woody species and 421 ground species)
from 563 genera and 153 identified families were recorded in 44.38 ha area of sampling
plots through 101 transects. Of 931 species, 874 species of angiosperms, 6 species of
gymnosperms and 51 species of pteridophytes including two tree fern i.e. Cyathea
gigantea and C. khasiana were occurred. Composition of large tree,. medium tree, small
tree, shrub, woody climber and scandent shrub as well as herb species including climber

and creeper resulted in high heterogeneity among the forest types.

In woody layer, the small tree contributed major proportion of species richness (38.8%)
followed by medium tree (24.7%), large tree (22%), shrub (9.8%), scandent shrub (2.9%)
and woody climber (1.8%), respectively.

The floristic diversity also suggests that the flowering plants contribute 94% (874
species) of total vascular plants in the State. Khan et al. also reported that out of total
3,331 species of vascular plants in Meghalaya, about 94% (3128 plant species) belong to
flowering plants. The highest concentration of angiosperms in Meghalaya were also
reported by a number of authors like Balakrishnan (1981-83), Kumar (1984), Haridasan

and Rao (1985-87), Kanjilal ef al. (1934-40), Tripathi (2002) and Prabhu (2004).

The maximum number of species (233 species) recorded from Khasi subtropical mixed-

broadleaved forest whereas tropical moist mixed-deciduous forest characterised by least
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number of species (95 species), despite the fact that all the sampling were done in 2
protected areas of Meghalaya namely Balpakram National Park and Siju Wildlife

Sanctuary. This may be due to less sampling (2.5 ha) done in this forest.

All the six forest types were characterised by a number of families, genera and species.
The flora of the state is also unique in terms of primitive families such as Annonaceae,
Ranunculaceae, Hamamelidaceae, Piperaceae, Menispermaceae, Lauraceae and
Myricaceae (Takhtajan 1969) and insectivorous family, viz., Nepenthaceae, Droseraceae.
The siX species of gymnosperms occurred, including two IUCN red listed species
Podocarpus nerrifolius and Taxus wallichiana. The Taxus wallichiana is highly
demanding species for taxol, which is extracted from the leaves and used in cancer
treatment; some population of species occurred in mid altitude of Meghalaya (Swer
'2013). Apart from this, some new populations of important and threatened species, viz.,
Adinandra griffithii, Streblus ilicifolius, Sycopsis griffithiana, Wightia speciossima, llex
khasiana, llex venulosa, Nepenthes khasiana, Parkia timoriana and Hydnocarpus kurzii
were located in the State. Some of these species like Adinandra griffithii and Streblus
ilicifolius were probably collected after a long time period.

All the six forest types, except Khasi-Jaintia subtropical pine forest showed high
equitability and low dominance, with a stable community. The dominance-diversity curve
for woody layer as well as herb layer of all forest types showed a log normal distribution,
except woody layer of Khasi-Jaintia subtropical pine forest. The log normal distribution
of these forests is characteristics of a complex and species rich community (Magurran
1988) and indicating more equitable sharing of resources within the community. The
dominance-diversity curve for Khasi- Jaintia subtropical pine forest showed broken-stick
model, depicting low equitability and high dominance.
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Champion and Seth (1968) classified Khasi subtropice_ll mixed-broadleaved and Khasi
subtropical oak dominated forest into Khasi subtropical broadleaved wet hill forest
(8B/C2). Based on presence-absence data, similarity indices are commonly used in
ecology for comparing two or more community with respect to their species overlap. The
similar climatic conditions such as soil and rainfall and also altitude in Khasi subtropical
mixed-broadleaved and Khasi subtropical oak dominated forest resulted in 58% similarity
in species composition of woody layer. Khasi hill sal pine forest exhibited Shorea
robusta - Schima wallichii - Pinus kesiya, dominated community as these species

together cover approximately 42% of total IVI of this forest.

According to Champion and Seth (1968), the climax vegetation of Meghalaya is
characterized by subtropical broadleaved wet hill forest. Though, Pinus kesiya topped
with IVI in Khasi subtropical oak-dominated forest but overall Fagaceae, which is
characteristics family of relic vegetation of Meghalaya, contributed maximum IVI to this
forest. The occurrence of different species of oak, viz., Quercus spp., Castanopsis spp.
and Lithocarpus spp. in Khasi subtropical oak-dominated forest and broad-leaved species
such as Schima wallichii, Syzygium tetragonum, Engelhardtia spicata, Helicia nilagirica

in Khasi subtropical mixed-broadleaved forest form the climax vegetation in the State.

In nature, only few species show regular distribution, while most species are clumped or
appear to be randomly distributed (Greig-Smith 1983). All species among six forest types
exhibited clumped to highly clumped dispersion. Patchy distribution of some species may
be due to spatially heterogeneous environmental conditions like topography (Hubbell and
Foster 1983). In comparison to common species, rare species are less aggregated and
most of the randomly distributed species are rare (He er al. 1997, Kumar 2013). No

species among six forest types showed regular dispersion. Regular dispersion is very
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rarely observed due to intraspecific competition at a local scale (He et al. 1997, Kumar

2013).

In all six forest types the most dominant species were characterized by high value of IVIL.
The low I'VIs suggest that most of the species in the forest are rare (Pascal and Pellissier
1996). Approximately 58% in tropical evergreen, 41% in tropical moist mixed-
deciduous, 67% in Khasi hill sal-pine, 82% in Khasi-Jaintia subtropical pine, 70% in
Khasi subtropical mixed-bvooadieaved and 73% in Khasi subtropical oak-dominated
forest were rare as they exhibited an Importance Value of 1 or less. This is a general trend
in most tropical forests in India where the species richness is mostly due to the rare
species (Sukumar et al. 1992, Parthasarathy and Karthikeyen 1997, Pandey and Shukla
1999, Murali et al. 1996, Uma Shankar 2001, Sagar et al. 2003, Ayyappan and

Parthasarathy 2004, Nath ez al. 2005, Deb and Sundriyal 2011).

Overall for all 6 forest types, out of 91 family in woody layer, Lauraceae and Rubiaceae
was most speciose family with 34 species each followed by Fabaceae (27 species),
Moraceae (27 species), Phyllanthaceae (21 species) and Euphorbiaceae (16 species), but
when we include Phyllanthaceae together with Euphorbiaceae, it became the most
speciose family (37 species), as these two families were taken together by earlier
workers. Among 92 families in the herb layer, Asteraceae (38 species) was the most
dominant family followed by Poaceae (31 species), Lamiaceae (25 species), Fabaceae &
Rubiaceae (22 species each) and Acanthaceae (15 species) apparantly due to number of

ground species are characterized by these families.

The population structure of six forests and dominated tree species in each forest type
were examined at the level of girth size and height-class distribution. The regeneration

behaviour of forest as well as dominant tree species of each forest types was assessed
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based on girth measurements. All stems in the forests which had girth >10 cm to <30 cm
over the bark at breast height (1.37 m) were considered as saplings and >30 cm were

considered as adults (Uma Shankar 2001).

All six forest types in the present study followed reverse J-shaped distribution, i.e., with
increasing girth class, the number of individuals decreased. Such trends have been
reported by Poore (1968) in Malaysia, Kadavul and Parthasarathy (1999) in tropical
semi-evergreen forests in Eastern Ghats, India, Upadhaya et al. (2004) in subtropical
forest of Meghalaya, Padalia er al. (2004) and Tripathi et al. (2004) in the forests of
Andaman Islands, Reddy er al. (2008) in tropical dry-deciduous forest of Andhra
Pradesh, and Majumdar er al. (2012) in moist-deciduous forest in Tripura. The
preponderance of individuals in lower gbh class showed that these forests have a good
potential of regeneration. The number of individuals for regenerating class (10-<30 cm)
contributed approximately 52% in tropical evergreen forest, 37.6% in tropical moist
mixed-deciduous forest, 45.3% in Khasi hill sal-pine forest, 22.6% in Khasi-Jaintia
subtropical pine forest, 60.1% in Khasi subtropical mixed-broadleaved forest and 54.8%
in Khasi subtropical oak-dominated forest.

The distribution of girth classes for six forest types was showing similar pattern, with
exception of the dominance of lowest to medium size class (10-<30 to 70-<90 c¢m) in
Khasi-Jaintia subtropical pine forest, which contributed approximately 90% of total
individuals. This forest shows a relatively mature stand than other forests due to
dominance of a large tree, i.e., Pinus kesiya. The number of individuals for higher gbh
class in all forest types is very less, this is because of good proportion of small tree, shrub

and woody climber species in the forests, as these species do not attain much girth.
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Tﬁe population structure of dominant species in each forest type revealed that Schima
wallichii was one among the top three species in most of the forests except Khasi
subtropical oak dominated forest. The girth class distribution of Schima wallichii showed
decreasing number of individuals with increasing girth classes in all forest types except
tropical moist mixed-deciduous forest, which shows good regeneration ability of this

species.

The size class distribution for Cinnamomum tamala, Myrica nagi, Syzygium tetragonum,
Shorea robusta and Lithocarpus fenestratus followed more or less similar pattern, where
the number of individuals decreased with increasing girth classes. All these species
showed higher level of regeneration as maximum number of individuals in these species

were present in regenerating class (10-<30 cm).

Pinus kesiya was one of the most dominant tree species found throughout Shillong
plateau. Out of six forest types, it was dominating in four forest types, i.e. Khasi hill sal-
pine, Khasi-Jaintia subtropical pine, Khasi subtropical mixed-broadleaved and Khasi
subtropical oak-dominated forest. The size class distribution showed almost bell-shaped
curve with maximum number of individuals in medium size class (70-<90 cm) and
successive decline after and before this class. The Microcos paniculata rarely attains a
very large girth and this may be a possible reason for absence of higher size class in this
species. Being a large to medium tree, the absence of higher gbh class in Schima
wallichii, Castanopsis purpurella and Lithocarpus fenestratus were observed. This may
be due to the reason that the larger girth of these species is preferred for charcoal making
as well as household timber by the local people.

In conclusion, the number of individuals in all six forest types showed preponderance of

lower girth classes which represents good regeneration, but at the same time absence or
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very less number of individuals in higher gbh class also suggest the occurrence of past
disturbances in these forests.

The disturbance based vegetation classification and disturbance class map of Meghalaya,
were prepared using a supervised classification algorithm. A Disturbance Index in
different forest types was calculated. The six forest types of in the present investigations
covered approximately 65% of total geographical area of the State. Based on
interpretation of remote sensed imageries, the total forest cover in the State is 17,275
km?, which is 77.02% of the State’s geographical area (FSI 2011). Tropical moist mixed-
deciduous including Khasi hill sal-pine forest covered maximum geographical area of the
State.

All six forest types of the State showed different intensities of disturbances. During the
field survey, it was examined that Khasi-Jaintia subtropical pine and Khasi hill sal-pine
forest were found to be highest degree of anthropogenic disturbances such as fire, shifting
cultivation, fuelwood and timber collection, lopping, grazing which ultimately degrading
these forests. This may be due to easy access, as these forests belong to Shillong plateau,
which are close to human population. The logging of Pinus kesiya for timber is largely
responsible for higher disturbance index (3.42) in Khasi-Jaintia subtropical pine forest.
The tropical evergreen forest showed the least anthropogenic disturbance which might be
due to less sampling, and also far distance from the population. The Nokrek and
Balpakram National Park and Siju Wildlife Sanctuary showed negligible disturbance as

these are well protected areas.

Anthropogenic disturbances in different districts of Meghalaya are operating at different
scale, which is easily observed from disturbance class map of Meghalaya. Among the
districts, East Khasi Hills and Jaintia hills are characterized by very high disturbances due
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to urbanization, continuance of jhum and coal and limestone mining, which may cause
permanent loss of many ecologically and economically plants from the State. The
extensive coal mining in Jaintia hills district has resulted into degraded lands which
creates unfavourable habitat for plant growth. Therefore, the areas; which are more prone

to disturbances, should be prioritized for biodiversity conservation.

In Meghalaya, the anthropogenic activities are gaining momentum with increasing
population of local people and also due to influx from outside. The unprecedented
demographic change has created an imbalance in forest and resource utilization which
include increased tapping of forest resources, depletion of water sources and enhanced
levels of pollution. The good regeneration potential of the six forest types studied here is
a good hope for conservation of resources if the policies are properly planned and
effrectively implemented with a focus on sustainable utilization of forest resources and

conservation of biodiversity in Meghalaya.
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SUMMARY



SUMMARY

Meghalaya, the state of northeastern region of India is very rich in floral and faunal
diversity. The varied ecological conditions such as rainfall, temperature, altitude as well
as soil conditions allow abundant growth of tropical and subtropical angiospermic flora in
the State. The state of Meghalaya, like other parts of this region is undergoing rapid land
use transformation due to deforestation (IIRS 2002, Lele and Joshi 2009, Sarma and
Barik 2010, Tripathi et al. 2010), urbanization (Lele and Joshi 2009), jhum
(Ramakrishnan 1992) and extraction of forest products. Due to these activities, natural

forests are getting fragmented (Jha et al. 2005, Tripathi et al. 2010).

The phytosociological assessment in six forest types, viz., tropical -evergreen (TEG),
tropical moist mixed-deciduous (TMMD), Khasi hill sal-pine (KHSP), Khasi-Jaintia
subtropical pine (KJSP), Khasi subtropical mixed-broadleaved (KSMB) and Khasi
subtropical oak-dominated (KSOD) was carried out in Meghalaya. The study was aimed
at a fine-scale quantitative assessment of the plant diversity, floristic composition,
population structuré and disturbance-based classification of forests of Meghalaya with
following objectives:

e To determine species diversity, floristic composition and phytosociological structure

in major forest types of Meghalaya,
o To quantify populations of economically and ecologically important plant species,

and,

e To classify the forest types based on current levels of disturbance
The major forest types in Meghalaya were sampled following grid-based inventory by
laying a transect of 5 to 10 m width and up to 500 m length (Murali ef al. 1996, Uma

Shankar 2001). All individuals (stems) >10 cm girth at breast height (1.37 m above the
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ground level) were enumerated. The grids with prominent vegetation types were sampled
depending on the similarity of terrain, accessibility, insurgency and other geographical
and socio-political factors. The data from transects were analyzed following standard
ecological methods (Misra 1968, Mueller-Dombois and Ellenberg 1974, Curtis and
Mclntosh 1950, 1951, Simpson 1949, Shannon and Wiener 1963, Whitford 1948, Rao et
al. 1990, Sukumar et al. 1992, Uma Shankar 2001). The state of regeneration of sampled
tree species was assessed based on the data on the individuals >10 cm to <30 cm gbh. To
describe the population structure, the girth class and height class distributions of forest as
well as dominant species of each forest type were plotted in 20 cm wide nine girth classes
(10-<30, 30-<50, 50-<70, 70-<90, 90-<110, 110-<130, 130-<150, 150-<170, >170) and 5

m wide five height classes (<5, 5-<10, 10-<15, 15-<20, >20).

The orthorectified remote sensed imageries of IRS LISS III (Indian Remote Sensing
Linear Imaging Self Scanning III) of the year of 2009 were downloaded from NRSC-
Bhuvan (National Remote Sensing Center-Bhuvan, Hyderabad) (http://bhuvan-
noeda.nrsc.gov.in/download/download/download.php) website. The images were
downloaded as separate bands, and then stacked in ERDAS Imagine 8.5 to give the
multispectral image. Meghalaya is richly endowed with the forest resources. Based on
interpretation of satellite data, the total forest cover in the State is 17,275 km?, which is

77.02% of the State’s geographical area (FSI 2011).

The floristic survey of six major forest types of the State revealed that a total of 35,168
individual stems >10 cm gbh were recorded in 44.38 ha sampled area through 101
transects. The phytosociological analysis of woody layer as well as herb layer of six

forest types yielded 931 species from 563 genera and 153 identified families.
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The maximum number of woody species (233 species) were recorded from Khasi
subtropical mixed-broadleaved forest followed by Khasi subtropical oak-dominated (225
species), tropical evergreen (184 species), Khasi-Jaintia subtropical pine (156 species),
Khasi hill sal-pine (123 species) and tropical moist mixed-deciduous forest (95 species),
respectively. Lauraceae (34 species), Rubiaceac (34 species), Fabaceae (27 species),
Moraceae (27 species), Phyllanthaceae (21 species) and Euphorbiaceae (16 species) in

woody layer were the most dominant families recorded in six forest types.

In herb layer, Khasi-Jaintia subtropical pine forest was characterized by maximum
number of species (239 species), whereas least number of species were found in tropical
moist mixed-deciduous forest (38 species). Asteraceae (38 species), Poaceae (31 species),
Lamiaceae (25 species), Fabaceag & Rubiaceae (22 species each) and Acanthaceae (15

species) in herb layer were the most dominant families recorded in six forest types.

In all six forest types, the most dominant species were characterized by a high value of
IVIL. Approximately 58% species in tropical evergreen, 41% in tropical moist mixed-
deciduous, 67% in Khasi hill sal-pine, 82% in Khasi-Jaintia subtropical pine, 70% in
Khasi subtropical mixed -bvoadleaved and 73% in Khasi subtropical oak-dominated
forest were rare as they exhibited an Importance Value of 1 or less. This is a general trend

in most tropical forest in India where most species richness is due to the rare species.

The dominance-diversity curvé for woody layer as well as herb layer of all forest types
showed log-normal distribution, except woody layer of Khasi-Jaintia subtropical pine
forest, indicating more equitable sharing of resources within the community. The
dominance-diversity curve for Khasi-Jaintia subtropical pine forest showed broken stick

model, depicting low equitability and high dominance.
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The similarity, based on presence-absence data of six forest types, indicated that Khasi
subtropical mixed-broadleaved and Khasi subtropical oak dominated forest resulted more
than 50% of similarity in species composition of woody layer, whereas Khasi-Jaintia
subtropical pine and Khasi subtropical mixed-broadleaved forest resulted maximum
similarity (39.62%) in herb layer. Khasi hill sal pine forest exhibited Shorea robusta -
Schima wallichii - Pinus kesiya, dominated community as these species together cover

approximately 42% of total IVL.

The occurrence of different species of oak, viz., Quercus spp., Castanopsis spp. and
Lithocarpus spp. in Khasi subtropical oak-dominated forest and broad-leaved species
such as Schima wallichii, Syzygium tetragonum, Engelhardtia spicata, Helicia nilagirica

in Khasi subtropical mixed-broadleaved forest form the climax vegetation in the State.

The altitudinal variation in sampled transects was high (26 to 1820 m). The altitudinal
gradient is the key factor forming various mountain habitats. Callicarpa arborea,
Engelhardtia spicata, Litsea monopetala, Macaranga denticulata, Schima wallichii and
Syzygium tetragonum were found in all six forest types, which shows that these species

can occur from very low (26 m) to very high altitude (1820 m).

All species among six forest types exhibited clumped to highly clumped dispersion.
Patchy distribution of species may be due to spatially heterogeneous environmental
conditions such as topography (Hubbell and Foster 1983). No species among six forest

types showed regular or random dispersion.

The tree density of the present study was ranging from 598.4 stem ha™' in tropical moist
mixed-deciduous forest to 973.5 stem ha™ in tropical evergreen forest with a mean value

of 818.8 stem ha', whereas basal area ranged from 14.31 to 27.34 m* ha™ with mean
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value of 18.86 m* ha™. The tropical evergreen forest was characterised by the highest

density (973.5 individuals/ha), basal area (27.34 m*/ha) and Shannon’s diversity (1.983).

The population structure of six forest types in the present study followed reverse J-shaped
distribution, i.e., with increasing girth classes, the number of individuals decrease.
Tropical evergreen, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
dominated forest showed highest number of individuals in <5 m height class whereas
tropical moist mixed-deciduous as well as Khasi hill sal-pine forest showed highest
number of individuals in 5-<10 m and Khasi-Jaintia subtropical pine forest showed a

peak in 10-<15 m height.

Tropical evergreen, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
dominated forest represents a highly heterogeneous and diversified community coupled
with low Simpson’s dominance index and high evenness index and also shared mixed

dominance of a number of species in top canopy, subcanopy and understorey.

Schima wallichii, Cinnamomum tamala, Myrica nagi, Syzygium tetragonum, Shorea
robusta and Lithocarpus fenestratus showed higher level of regeneration as maximum
number of individuals of these species were present in regenerating class (10-<30 cm).
Pinus kesiya was one of the most dominant trees recorded in Khasi hill sal-pine, Khasi-
Jaintia subtropical pine, Khasi subtropical mixed-broadleaved and Khasi subtropical oak-
dominated forest. The size class distribution of Pinus kesiya, in these forest represented
almost bell shaped curve with maximum number of individuals in medium class (70-<90
cm) and successive decline after and before this class. The height class distribution of

dominant species showed different patterns in each forest types of the State.
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Based on Remote sensed satellite data using Geographic Information System, six forest
types of Meghalaya covered approximately 65% of total geographical area of the State.
Tropical moist mixed-deciduous including Khasi hill sal-pine forest covered maximum
geographical area of the State. In terms of vegetation class, JhAum alongwith agriculture
covered approximately 26.5% of total geographical area of the region.

The disturbance class map of Meghalaya revealed that approximately 60% of total
geographical area of the State showed medium to very high disturbance. The East Khasi
Hills as well as Jaintia Hills districts of the State were characterized by highly threatened
areas due to large pressure of urbanization, jAum and coal and limestone mining. Khasi-
Jaintia subtropical pine forest showed highest disturbance index (3.42) followed by

tropical moist-mixed deciduous forest including Khasi hill sal pine forest (2.45).
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