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ABSTRACT
Diversity, biomass and carbon (C) stock (above- and below-ground) of woody species (>5 cm dbh) were studied
in 15 Community Reserves (CRs) of Meghalaya, Northeast India. A total of 287 species belonging to 72 families
and 165 genera were enumerated from 7.5 ha sampled area. The number of individuals ranged from 888 to 1582
ha-1 with a mean density of 1182.4±57.76 individuals ha-1. The basal area ranged from 22.27 to 59.22 m2 ha-1

with a mean value of 41.60±3.23 m2 ha-1 in the studied sites. The total biomass and C stock ranged from 147.57
to 343.25 Mg ha-1 and 69.95 to 162.7 Mg C ha-1, respectively. The contribution of AGB and BGB to the total
biomass and C stock was 79-82% and 18-21%, respectively.  The variation in species richness, density, basal
area, biomass, and carbon stock observed in the studied CRs can be attributed to their past land use and management
history. The present study highlights that these CRs possess a high potential to act as carbon sinks, indicating
that creating more CRs in the state could prove highly beneficial. Such an approach would not only help to
preserve the region’s rich biodiversity but also aid in sequester the atmospheric carbon dioxide.
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INTRODUCTION

The primary driver of global warming and climate
change is the increased concentration of carbon
dioxide (CO

2
) in the atmosphere (Anonymous 2014).

Prior to the industrial era, the concentration of
atmospheric CO

2
 was about 280 ppm (Prentice et al.

2001), but it escalated considerably with the dawn
of the industrial revolution to over 420.13 ppm
(Anonymous 2021, Boetcher et al. 2023). With the
current rate of increase, the projected CO

2

concentration is predicted to reach 800 ppm by 2100
(Anonymous 2022, Singh 2017). Such an increase
in CO

2 
concentration would have a significant

repercussion on global warming and climate change.
Therefore, there is a pressing need for mitigation of
global warming through C sinks, whereby the excess
atmospheric CO

2 
can be captured (Pragasan 2015).

Forest ecosystems play an important role in global
C cycle regulation (Mir et al. 2021). They are
considered as the most productive terrestrial
ecosystems and act as one of the major carbon sinks
on earth (Nabuurs et al. 2007). Forests account for

about 80% of the earth’s total plant biomass
(Kindermann et al. 2008) and stores more carbon in
their biomass and soils than that present in the
atmosphere (Pan et al. 2011). However, forests are
highly threatened by anthropogenic activities (Htun
et al. 2011). Poverty, population pressure, agricultural
expansion/intensification and infrastructural
development are the major causes of deforestation
and loss of biodiversity (Bargali et al. 2022, Bisht et
al. 2023) which causes an increase in CO

2
 in the

atmosphere. In recent years, carbon emissions from
deforestation have been on the rise accounting for
20% of global carbon emissions (Anonymous 2007),
second only to that produced by fossil fuel
combustion (Campbell et al. 2008). As a result, the
loss of forest cover not only endangers biodiversity
but also contributes to climate change (Shivanna
2022). Therefore, proper management along with the
maintenance of C pool becomes important from the
context of arresting further environmental
degradation (Karki et al. 2022, Pandey et al. 2023).
An effective measure to combat the loss of
biodiversity and mitigate climate change is to protect
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natural habitats. Protected areas, apart from their role
in biodiversity conservation also secure ecosystem
services (Deguignet et al. 2017, Xu et al. 2017, Wang
et al. 2022). Thus, strengthening of the current
protected area and designation of new protected areas
could deliver multiple benefits (Campbell et al.
2008). Though designated with the objective of
conserving biodiversity, protected areas also fulfill
an important role in maintaining terrestrial C stocks
(Campbell et al. 2008). Throughout the world,
protected areas cover 12.2% of the land surface and
contain over 312 GtC or 15.2% of the global
terrestrial C stock (Campbell et al. 2008). The C
stored in protected area network are effective sink
of global C among the terrestrial ecosystems (Tian
et al. 2023).

In India, legally protected areas include National
Parks, Wildlife Sanctuaries, and Biosphere Reserves.
In addition to these, the Wildlife (Protection)
Amendment Act of 2002 introduced a new category
of protected area that falls under IUCN Category VI
called the Community Reserves (CRs). At present,
there are 220 CRs covering an area of 1446.28 km2,
and accounts to about 0.04% of the total geographical
area of the country (Anonymous 2023b). The CRs
are set up on biodiversity abundant lands that are
privately- or community-owned, and are managed
by the individual(s)/communities in possession of
the area (Anonymous 2010). They may also serve as
buffer zones to National Parks and Sanctuaries or
corridors between protected areas. Unlike other
categories of protected area, CRs recognizes the role
of local communities in the protection of natural
resources including threatened species (Anonymous
2017). Out of the 220 CRs present in India,
Meghalaya a small state in north-east India has a
total of 74 CRs covering an area of 62.93 km2

(Anonymous 2023b). This expansion of protected
areas by designating community-owned forests as
CRs would help not only in conserving biodiversity
but also in providing several ecosystem services.

A number of studies have been carried out to
understand the floristic diversity of the protected
areas in the state of Meghalaya (Kumar et al. 2006,
Baishya et al. 2009, Prabhu et al. 2010, Thapa et al.
2011, Singh and Borthakur 2015, Upadhaya et al.
2015, Parkash 2021). However, only a few studies
had estimated the biomass and C stock of the

protected areas (Baishya et al. 2009, Upadhaya et
al. 2015) with little or no emphasis on CRs.
Therefore, there is a need to estimate the C stock of
forest ecosystems of the region that would help to
evaluate the role of CRs in addressing climate change
at the local and regional level and also provide
baseline data for further studies. Hence, the present
study was carried out to (i) assess the woody species
diversity (ii) estimate the contribution of above
ground biomass (AGB) and below ground biomass
(BGB) to forest C stock and (iii) evaluate the
distribution pattern of biomass and C stock in
different age groups of the individuals in the CRs of
Meghalaya.

MATERIALS AND METHODS

Site description
A total of 15 CRs spread across six districts of
Meghalaya were selected (Fig. 1). The size of the
CRs ranged from 7 ha to 311.44 ha and their status
varied in terms of ownership and past management
practices operated prior to its recognition as CR’s
(Table 1). Of the 15 CRs studied, eight were
conserved as sacred groves, two clan forests, one
private forest and four village forests. Based on
floristic composition and altitude, nine CRs (CR1-
CR9) falls under subtropical and the remaining six
CRs (CR10-CR15) represents tropical vegetation
(Champion and Seth 1968).

The climate of the study area is monsoonal and is
influenced by southwest and northeast winds. The
northern part of Khasi hills being located at lower
elevation experiences high temperature (29oC)
relative to the climate of the central and eastern
Meghalaya (Khasi and Jaintia Hills) where the
temperature is lower (24oC). The average rainfall
ranges from 2689-4000 mm with the wet season
extending from May to October, and the dry season
extends from November to March.

Vegetation sampling
In each of the selected CRs, quantitative plant
diversity assessment was carried out following
transect method. A belt transect of 250 x 20m (0.50
ha) was laid in each CRs. The transect was further
divided into quadrats of 10 x 10m, and all individuals
having a diameter of >5 cm at breast height were
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Figure 1. Map of Meghalaya indicating the CRs (CR1" Khloo Blai Sein Raij Tuber CR, CR2" Ka Khloo
Thangbru Umsymphu CR, CR3" Ka Khloo Pohblai Mooshutia CR, CR4" Khloo Blai Chyrmang Sein
Raij Kongwasan Chyrmang Kmai CR, CR5" Ka Khloo Langdoh Kur Pyrtuh CR, CR6" Khloo Blai Ka
Raij U Langdoh Ionglang CR, CR7" Lawbah CR, CR8"Ryngibah CR, CR9" Kpoh Eijah CR, CR10"
Miewsyiar CR, CR11" Umsum Pitcher Plant CR, CR12" Nongsangu CR, CR13" Raid Nongbri CR,
CR14" Lum Jusong CR, CR15" Raid Nonglyngdoh /Pdah Kyndeng CR).

measured using a meter tape. In case of multiple
stems, dbh of each stem was measured and converted
to a single dbh by taking the square root of the sum
of all squared stem. Plant species were identified
with the help of available literature (Kanjilal et al.
1934-1940, Balakrishnan 1981-1983, Haridasan and
Rao 1985-1987, Upadhaya et al. 2021). The Herbaria
at Botanical Survey of India, Eastern Regional
Circle, Shillong was consulted for correct
identification of the specimens. The nomenclature
of the plant species follows the online database i.e.,
Plants of the World Online (Anonymous 2023a).

Data analysis
The community parameters such as frequency,
density, basal area, and importance value index (IVI)
were calculated following Misra (1968) and Mueller-
Dombois and Ellenberg (1974). Various diversity
indices such as Shannon-Wiener index of diversity,

Simpson’s dominance index and Pielou’s evenness
index were computed to analyze species diversity
and dominance in the community following
Magurran (1988).

The biomass and C stock were estimated by non-
destructive sampling method. For broadleaved
species, the above-ground biomass (AGB) was
estimated from the diameter value (D) using
allometric equation developed by Chambers et al.
(2001) as shown below:

ABG = exp {-0.37+0.333ln(D)+0.933ln(D2)-0.122ln*D3)}

For lianas, the AGB was computed using the
allometric equation developed by Schnitzer et al.
(2006):

ABG = exp{-1.484+2.65ln(D)}

The belowground biomass (BGB) for broadleaved
species and lianas was estimated from the respective
AGB values, following the equation developed by
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Table 1. Site characteristics of the studied CRs in Meghalaya

Community Reserve Altitude Area Year of notification Status of the CRs
name and vegetation zone (m asl) (ha) before recognition

Subtropical
Khloo Blai Sein Raij Tuber CR 1379 89.43 No.FOR.17/2013/134, Dt.10.7.2013 Sacred grove
Ka Khloo Thangbru Umsymphu CR 1305 19.6 No.FOR.17/2013/Pt/44, Dt.4.3.2014 Village reserve forest
Ka Khloo Pohblai Mooshutia CR 1257 33.5 No.FOR.17/2013/Pt/45, Dt.4.3.2014 Sacred grove
Khloo Blai Chyrmang Sein Raij 1381 7 No.FOR.17/2013/135, Dt.10.7.2013 Sacred grove
Kongwasan Chyrmang Kmai CR
Ka Khloo Langdoh Kur Pyrtuh CR 1454 15.4 No.FOR.17/2013/Pt/46, Dt.4.3.2014 Sacred grove
Khloo Blai Ka Raij U Langdoh 1129 15.12 No.FOR.17/2013/Pt/144, Dt.07.03.2016 Sacred grove
Ionglang CR
Lawbah CR 937 311.44 No.FOR.17/2013/209, Dt.05.9.2016 Village forest
Ryngibah CR 1620 96.91 No.FOR.17/2013/214, Dt.29.11.2016 Village forest
Kpoh Eijah CR 1607 17 No.FOR.17/2013/Pt/117, Dt. 04.12.2014 Clan forest

Tropical
Miewsyiar CR 755 87 No.FOR.17/2013/Pt/118, Dt.04.12.2014 Clan forest
Umsum Pitcher Plant CR 900 40 No.FOR.17/2013/Pt/119, Dt.04.12.2014 Private forest
Nongsangu CR 807 100 No.FOR.17/2013/181, Dt.10.3.2014 Village reserve forest
Raid Nongbri CR 750 70 No.FOR.17/2013/182, Dt.10.3.2014 Sacred grove
Lum Jusong CR 924 130.46 No.FOR.17/2013/210, Dt.05.9.2016 Sacred grove
Raid Nonglyngdoh /Pdah Kyndeng CR 440 75 No.FOR.17/2013/185, Dt.10.3.2014 Sacred grove

Cairns et al. (1997):

BGB=exp{-1.059+0.884ln(AGB)+0.284}

For Pinus kesiya, the AGB and BGB were
determined separately following the equations
developed by Baishya and Barik (2011) as shown
below:
Log(ABG)=1.3503+(-3.4145)logD+4.8678(log(D)2+(-1.352)(log(D)3

Log(BGB)=-9.8635+17.8955logD+(-8.9558)log(D2)+1.4511log(D3)

The total tree biomass of each CR was then calculated
by summing up the AGB and BGB of all the species
and the C stock was derived as 47.4% of the total
biomass (Martin and Thomas 2011, Thomas and
Martin 2012).

To assess the contribution of different age groups
to density, basal area, biomass and C stock, all
individuals were classified into two categories, viz.,
juveniles (>5 cm to 30 cm dbh) and adults (>31 cm
dbh).

RESULTS

Species diversity
A total of 287 woody species (>5 cm dbh) were re-
corded from 15 CRs. They include 235 trees, 41
shrubs and 11 lianas distributed among 72 families
and 165 genera. The highest number of species was

recorded in CR2 (Thangbru CR) and CR12
(Nongsangu CR) with a total of 78 species each,
while the lowest number of species was observed in
CR9 (Kpoh Eijah CR) with 35 species. The various
community attributes of the studied CRs are given
in Table 2.

Shannon-Wiener’s diversity index (H´) ranged
from 2.48 to 3.94, with the highest value in CR3
(Mooshutia CR) and the lowest in CR9 (Kpoh Eijah
CR). On the other hand, Simpson’s dominance in-
dex (D) showed a reverse trend to that of Shannon-
Wiener’s diversity index (H’) with values ranging
from 0.03 to 0.12. Pielou’s evenness index (J) ranged
between 0.70 and 0.91 in the studied CRs (Table 2).

In terms of family richness, Lauraceae was the
dominant family with 29 species followed by
Rubiaceae (17 species), Moraceae and Fabaceae (14
species each), Phyllanthaceae and Fagaceae (12 spe-
cies each), Anacardiaceae (11 species), Araliaceae,
Malvaceae, Myrtaceae and Rosaceae (9 species
each), Euphorbiaceae (8), Clusiaceae,
Elaeocarpaceae, Lamiaceae, Primulaceae and
Theaceae (6 each), Pentaphylacaceae, Rutaceae and
Symplocaceae (5 each), Ericaceae, Magnoliaceae,
Oleaceae and Urticaceae (4 each), Apocynaceae,
Aquifoliaceae, Celastraceae, Meliaceae, Salicaceae
and Sapindaceae (3 each). There were 14 families
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Table 2. Community attributes and diversity indices of woody species (>5 cm dbh) in CRs of Meghalaya

Community No. of No. of No. of Density Basal area Shannon Simpson’s Pielou’s
Reserves species genera families (ind ha-1) (m2 ha-1) index (H´) index (D) index (J)

CR1 70 56 40 1084 43.49 3.56 0.05 0.84
CR2 78 57 39 944 27.38 3.89 0.03 0.89
CR3 74 57 40 1084 36.23 3.94 0.03 0.91
CR4 64 50 33 1060 45.29 3.59 0.04 0.86
CR5 47 38 32 898 54.34 3.24 0.06 0.84
CR6 77 68 42 1112 59.22 3.43 0.07 0.81
CR7 52 44 32 1426 43.91 3.32 0.05 0.84
CR8 61 52 35 1138 22.27 3.47 0.05 0.84
CR9 35 31 24 1208 43.21 2.48 0.12 0.70
CR10 65 51 31 1582 24.54 3.56 0.04 0.85
CR11 45 41 28 1140 23.04 2.92 0.08 0.77
CR12 78 61 31 1464 44.01 3.67 0.06 0.84
CR13 63 55 33 1158 54.80 3.49 0.04 0.84
CR14 48 43 23 1548 43.45 2.89 0.11 0.75
CR15 54 48 27 888 40.17 3.37 0.05 0.85

that were bispecific and the remaining 27 families
were monospecific. The top 15 dominant families
accounted for 60% of the total woody species (Fig.
2). Among the genera, Ficus was the most dominant
with 13 species, followed by Litsea (9 species),
Syzygium (8), Glochidion (7), Elaeocarpus and
Machilus (6 each), Castanopsis, Cinnamomum,
Garcinia and Symplocos (5 each), Heptapleurum,
Magnolia, Prunus, Quercus and Wendlandia (4
each), and, Albizia, Casearia, Eurya, Ilex, Lindera,
Lithocarpus, Psychotria and Toxicodendron (3 each).
Of the remaining, 28 genera were represented by two
species each and 118 genera were monospecific.

Density and basal area
The density of woody species varied across the CRs
and ranged from 888 individuals ha-1 (CR15) to 1582
individuals ha-1 (CR10) with a mean density of
1182.4±57.76 individuals ha-1 (Table 2). Out of 287
woody species, 15 species contributed 36% to the
total density and the rest (172 species) accounted
for 64% of the total density in these CRs (Table 3).
The dominant species in terms of density contribu-
tion includes Schima wallichii (8.46%), Castanopsis
tribuloides (4.38%), Lithocarpus dealbatus (2.83%),
Sarcosperma griffithii (2.81%) and Castanopsis
purpurella (2.77%) (Table 3).

The value of basal area ranged from 22.27 (CR8)

to 59.22 m2 ha-1 (CR6) with a mean value of
40.36±3.01 m2 ha-1 in the studied CRs (Table 2). The
top 15 species contributed to 51.5 % of the total basal
area, whereas, rest of the species accounted for 48.5%
of the total basal area (Table 3). Across the CRs,
Schima wallichii was the most dominant contribu-
tor to basal area (10.68%) followed by Castanopsis
tribuloides (6.48%), Machilus odoratissimus
(5.71%), Castanopsis purpurella (5.41%) and
Engelhardia spicata (3.28%) (Table 3).

Biomass and carbon stock
The AGB of woody species in the studied CRs ranged
from 117.6 (CR8) to 280.7 Mg ha-1 (CR 6) with a
mean value of 220.5±13.4 Mg ha-1 (Table 4). Simi-
larly, the BGB ranged from 29.9 to 62.49 Mg ha-1

with a mean of 47.1±2.7 Mg ha-1. The above-ground
biomass carbon (AGBC) ranged from 55.8 to 133.1
Mg C ha-1 (Mean = 95±6.3 Mg C ha-1) and below-
ground biomass carbon (BGBC) ranged from 14.2
to 29.6 Mg C ha-1 (Mean = 22.3±1.3 Mg C ha-1). To-
tal tree biomass (AGB+BGB) and carbon stock
(AGBC+BGBC) was lowest in CR8 (147.6 and 69.6
Mg C ha-1) while the highest value was observed in
CR6 (343.25 and 162.70 Mg C ha-1) (Table 4). AGB
and AGBC accounted about 79-82% while BGB and
BGBC contributed to 18-21% (Table 4) of the total
biomass and carbon stock.
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Figure 2. Dominant families of woody species (>5 cm dbh) in terms of species and genera

Table 3. Dominant 15 species and their contribution to density, basal area and above ground biomass in
terms of percentage (%) in the studied CRs of Meghalaya

Species Name Density Basal area Aboveground
(%) (%) biomass (%)

Schima wallichii Choisy 8.46 10.68 10.81
Castanopsis tribuloides (Sm.) A.DC. 4.38 6.48 6.44
Machilus odoratissimus Nees 1.97 5.71 5.20
Castanopsis purpurella (Miq.) N.P.Balakr. 2.77 5.41 5.21
Engelhardia spicata Lechen ex Blume 2.14 3.28 3.16
Lithocarpus dealbatus (Hook.f. & Thomson ex Miq.) Rehder 2.83 3.11 3.12
Sarcosperma griffithii Hook.f. ex C.B.Clarke 2.81 2.54 2.56
Exbucklandia populnea (R.Br. ex Griff.) R.W.Br. 1.45 2.49 2.41
Lithocarpus elegans (Blume) Hatus. ex Soepadmo 1.64 1.91 1.86
Machilus parviflora Meisn. 1.27 1.89 1.84
Quercus glauca Thunb. 1.23 1.71 1.69
Quercus serrata Murray 1.16 1.69 1.66
Knema angustifolia (Roxb.) Warb. 1.38 1.62 1.62
Pinus kesiya Royle ex Gordon 0.58 1.56 0.41
Careya arborea Roxb. 1.48 1.47 1.51

Total 35.55 51.54 49.50
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Among the 287 woody species enumerated in all
CRs, the dominant 15 species accounted for 49.5%
of the total ABG and C stocks in these CRs (Table
3). Species-wise, Schima wallichii accumulated the
greatest biomass and C stocks (10.81%) followed
by Castanopsis tribuloides (6.44%), C. purpurella
(5.21%), Machilus odoratissimus (5.2%) and
Engelhardia spicata (3.16%) (Table 3).

Age structure
In all the CRs, there was a higher proportion of
juvenile individuals (80-98%), whereas the adult
individuals made up to 2-20 % of the total density
(Fig. 3). However, in different age groups, the adult
individuals accounted for 55-78% of the total basal
area in eight CRs (CR1, CR2, CR3, CR4, CR5, CR6,
CR13 and CR15), while 22-45% was contributed by
the juvenile population. Conversely, in seven CRs
(CR7, CR8, CR9, CR10, CR11, CR12 and CR14)
the contribution to basal area by the juvenile
individuals were greater (52-87%) than those of adult
individuals (13-48%) (Fig. 3).

Similarly, the mean percentage contribution of
adult individuals to the total AGB and AGBC was
60±2.9 in eight CRs (CR1, CR2, CR3, CR4, CR5,
CR6, CR13 and CR15). In contrast, the juvenile

individuals had a mean percentage value of 70±4.2
in the remaining seven CRs. Overall, the AGB of
adult individuals in the study area ranged from 15.9
to 194.3 Mg ha-1 (mean = 99.3±14.3 Mg ha-1), while
AGB of juvenile individuals ranged from 63.5 to
161.1 Mg ha-1 (mean =101.2±6.7 Mg ha-1). The
AGBC of adult individuals ranged from 7.5 to 92.1
Mg C ha-1 (mean = 47.1±6.8), while AGBC of
juvenile individuals ranged from 30.1 to 76.4 Mg C
ha-1 (mean = 48.0±3.2 Mg C ha-1) (Fig. 3).

DISCUSSION

The effectiveness of any protected area for
conservation of biodiversity depends on the degree
of protection and adoption of various management
strategies (Cazalis et al. 2020). The present study
showed variation in species richness, density, basal
area, biomass and C stock across the studied CRs.
Such variation may be attributed to a number of
factors such as land use history and anthropogenic
disturbances in the past and geographical proximity
to human habitation (Echeverría et al. 2007). Forest
that had the status of sacred groves or reserved village
forests prior to its recognition as CRs showed high
species richness due to low human disturbances as

Figure 3: Percentage contribution of juvenile and adult woody species to density (a), basal area (b), AGB
(c) and AGBC (d) in the studied CRs of Meghalaya
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compared to village forests, private and clan forests.
This finding is similar to that observed by earlier
workers from the state of Meghalaya (Mir and
Upadhaya 2017, Mir et al. 2021).

The density of woody species (888-1582
individuals ha-1) recorded in the present study are
comparable with the range (894-1637 individuals ha-

1) reported from various forests of the state
(Upadhaya et al. 2004, Baishya et al. 2009, Mishra
and Jeeva 2012, Upadhaya 2015, Chaudhury and
Upadhaya 2016, Gogoi et al. 2020). In all the CRs,
the density of juvenile individuals was higher (80-
98%) as compared to the adult individuals (2-20%).
This finding is consistent with that of tropical dry
forests of Eastern Ghats (Naveenkumar et al. 2017),
tropical deciduous forest of Central India (Dar et al.
2022) and tropical semi-evergreen forest (Thapa et
al. 2011) and subtropical forests (Mir et al. 2021) of
northeast India.

The range of basal area (22.27 and 59.22 m2 ha-1)
observed in the present study is similar to those reported
from subtropical humid forests (36-71 m2 ha-1) of Khasi
Hills, Meghalaya (Upadhaya et al. 2004), tropical wet
evergreen forest (28-81 m2 ha-1) of Kodayar, Western
Ghats (Sundarapandian and Swamy 2000), subtropical
forests (34.9-50.5 m2 ha-1) of Nepal (Paudel and Sah
2015), tropical evergreen and semi-evergreen forests

(40.5-74.05 m2 ha-1) of Assam (Nandy and Das 2013)
and subtropical and temperate forest (33.42-51.58
m2 ha-1) of Central Himalaya (Joshi et al. 2021a).
The CRs that were protected earlier in the form of
sacred groves showed greater basal area due to strict
prohibition on tree cutting and forest product
extraction. This led to higher basal cover in these
forests (Upadhaya et al. 2003). The adult individuals
contributed to higher proportion of total basal area
in CR1, CR2, CR3, CR4, CR5, CR6, CR13 and
CR15, is a characteristic feature of old growth forest.
On the other hand, CR7, CR8, CR9, CR10, CR11,
CR12 and CR14 had higher basal area in the juvenile
category. This suggests that these CRs experienced
human disturbances in the past and now represent a
regenerating forest.

The AGB values (117.6-280.76 Mg ha-1) observed
in the present study is within the range (32-577 Mg
ha-1) reported from various forests of northeast India
and the Himalayas (Baishya et al. 2009, Baishya and
Barik 2011, Thokchom and Yadava 2013, Upadhaya
et al. 2015, Chaudhury and Upadhaya 2016, Gogoi
et al. 2020, Joshi et al. 2021b, Mir et al. 2021). The
contributions of AGB (79-82%) and BGB (18-21%)
obtained in the study are consistent with that reported
for other forests of India (Chhabra et al. 2002, Dar
and Sundarapandian 2015). Similarly, the total C

Table 4. Above ground biomass (AGB), below ground biomass (BGB) and C stock of woody species in the
studied CRs of Meghalaya

Community AGB BGB Total biomass AGBC BGBC Total biomass
Reserves (Mg ha-1) (Mg ha-1) (Mg ha-1) (Mg C ha-1) (Mg C ha-1) carbon (Mg C ha-1)

CR1 213.97 49.88 263.85 101.42 23.64 125.06
CR2 139.56 32.76 172.32 66.15 15.53 81.68
CR3 182.80 43.31 226.10 86.65 20.53 107.17
CR4 244.91 55.44 300.35 116.09 26.28 142.37
CR5 251.18 54.22 305.40 119.06 25.70 144.76
CR6 280.76 62.49 343.25 133.08 29.62 162.70
CR7 224.56 54.63 279.18 106.44 25.89 132.33
CR8 117.63 29.94 147.57 55.76 14.19 69.95
CR9 205.94 48.47 254.40 97.61 22.97 120.59
CR10 134.23 35.55 169.78 63.62 16.85 80.47
CR11 121.98 31.07 153.05 57.82 14.73 72.55
CR12 207.90 49.77 257.67 98.54 23.59 122.13
CR13 263.45 59.27 322.72 124.88 28.09 152.97
CR14 221.09 53.93 275.02 104.80 25.56 130.36
CR15 197.82 45.68 243.50 93.77 21.65 115.42
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Figure 4: Relationship between AGB (a), BGB (b), total biomass (c) and total biomass carbon (d) with
basal area (BA) in the studied CRs

stock values observed in the present study (71.89-
162.70 Mg C ha-1) are close to the range (108-274
Mg C ha-1) reported from various forest types of
northeast India (Upadhaya et al. 2015, Chaudhury
and Upadhaya 2016, Deb et al. 2021, Mir et al. 2021)
and the Himalayas (Joshi et al. 2021b). The values
showed inclination towards the upper range of 16-
140.4 Mg C ha-1 recorded from other forests of the
region (Bora et al. 2013, Gogoi et al. 2020, Deb et
al. 2021, Mir et al. 2021).

Species diversity and other community
characteristics have a profound effect on biomass
and C stock in the studied CRs. Among the
community parameters, basal area was found to have
a significant influence on biomass and C stock as
evident by a significant positive correlation (Fig. 4).
This finding corroborates to that observed in tropical
dry deciduous forest of Central India (Raha et al.
2020) and subtropical forests of northeast India
(Gogoi et al. 2020, Mir et al. 2021). Thus, basal area
can provide a general indication of tree biomass and
C stock. C stock in tree biomass increases with the
stand age and with the number of larger trees
(Vanninen et al. 1996; Zhang et al. 2011). The
contribution of large individuals to higher C stock is

similar to the findings reported from other forests of
the region (Baishya et al. 2009, Upadhaya et al. 2015)
as well as other tropical forests (Brown and Lugo
1992, Clark and Clark 1994). Conversely, the high
contribution of juvenile category to AGB and AGBC
in certain CRs indicates their future potential to
accumulate large quantities of atmospheric CO

2
 if

left undisturbed (Mir et al. 2021).

CONCLUSIONS

This study highlights the significance of Community
Reserves for biodiversity conservation and long term
ecological maintenance. The variation in community
characteristics across the CRs in terms of species
richness, density, basal area, biomass, and C stock,
is influenced by land use history, anthropogenic
disturbances, and proximity to human habitation.
Sites that were maintained as sacred forests prior to
its recognition as CRs showed higher species
richness and basal area due to low human
disturbances. The present study showed a significant
positive correlation between basal area and biomass/
C stock. Thus, basal area can be used as a proxy for
estimation of tree biomass and C storage in forest
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ecosystem. The preponderance of juvenile
individuals in all CRs indicates their future potential
to sequester atmospheric CO

2
. This study may serve

as a baseline data for studies related to C stocks in
protected areas, particularly the Community
Reserves of India. The establishment of more CRs
at local and regional level would not only aid in the
abatement of deforestation and conserving
biodiversity but also in reducing carbon emissions.
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