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ABSTRACT

Sacred groves are pristine forest patches thatlefteuntouched for centuries in the name of loagitids, beliefs
and taboos. They play an important role in constovaof biodiversity as they are abode of many emdeand
threatened species. Tree species diversity, streicind their regeneration status was investigatedhe eight
sacred groves of Mercara, Central Western Ghatdotal of 170 tree species belonging to 110 genard 49
families were recorded from them. Higher speciekrress was observed in the sacred groves which igger in
size and moderately disturbed. Though, a good nuwibeee density, seedling and sapling density basal area
were observed in all the eight sacred groves, amrisely proportional relation was observed betweegree of
disturbances and tree density, seedling densiglirgadensity and basal area. Lesser similarityvmstn adult and
regenerating tree species and greater number otispewith no regeneration status and reappearingtust
indicated a possible change in the tree speciesposition of these sacred groves in the near futittence it
becomes crucial that efforts should be taken irustanable manner to protect these pristine fopestiches for
future generations.
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INTRODUCTION

Prehistorically, social and cultural beliefs asatail with nature and its conservation has beemtagrial part of
human population. Unique and significant examplewth nature is the existence of sacred grovessitine world.
They are the patches of native vegetation traditlgrprotected by local communities with the beltbht local
deities reside in them and any human activity i®too. They reflect the value system evolved aresgwed
through long years by the ancient communities. Taey the priceless treasures of great ecologid¢alodical,
cultural and historical values. They are considessdan asylum for many endemic, threatened, vubierand
endangered species. The prevalence of some ofritieally Endangered tree species of the Westerat&buch as,
Syzygiumtravancoricumand Vateria indicain some of the small groves of Siddapur Taluk,atétKannda,
Karanataka [1]; occurrence of threatened speciéiseisacred groves of Manipur State of India [AthsasBombax
ceiba, Anaphalis contorta, Bonnaya brachiata, Starie discolor and Blumea hieracifoliawhich fall under the
rare and vulnerable categoriédnus nepalensis, Schima wallichindPasania polystachyathreatened species, and
Aphanamixis polystachyaan endangered species; and presencgeafecarpus kathalekanesisthe Kaans of
Shimoga, Karnataka [17] - are the indications thay are the rich repository of nature’s uniquedbiersity and
product of socio-ecological philosophy our ancest@ve been cherishing since olden days.
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Arboreal species are the major component of argsfocommunity and hence study of their diversitycture and
regeneration status gives immense insight intaytsamics and successful management. An obviousobapprto

conserve plant biodiversity is to map distributibpatterns and look for concentrations of diversihd endemism
[3]. Studies on floristic composition and structuneforests are instrumental in the sustainabitifyforests [4].

Further, management of forest requires understgnafirits compaosition, the effects of past impaatstioe present
status and the present relationship of the forat surrounding land uses [3]. However, a feweerattts have
made in Kodagu district towards biodiversity sunad landscape study, plenty of sacred groves hamained
unexplored. In view of this, the present invedimawas undertaken to assess the tree speciessitiyestructure
and regeneration status in view of degree of distuce in the selected sacred groves of Mercararaléiestern

Ghats.

MATERIALS AND METHODS

Study area
The study was undertaken in the eight sacred groviekercara Taluq, Kodagu District, Karnataka, in@rigure 1).

Kodagu is one of the highly wooded Western Ghatgores of Karnataka with 80% of the land area urtdes
cover. The altitude ranges between 850 and 174&bave MSL. The mean temperature varies from °1€.2
(winter) to 28.8 C (summer). The mean annual rainfall is 2,725.5, meeceived mainly from south-western
monsoon concentrated during the months of Juneeptegber. As the study area receives heavy raiafall the
soils are of lateritic type. It is mainly compos#dsemi-evergreen to evergreen forests [5].

KODAGU DISTRICT W—l—E

SOMWARPET

+

MERCARA

KARNATAKA % sG1

STATE

SG2
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Figure 1: Map of study area, Mercara, Central Westen Ghats

Kodagu district has 1,214 sacred groves coveringa@a of 2,550 ha. Mercara Taluk has 306 sacredegro
covering an area of 534.23 ha. Considering the murabd density, diversity of deities and commusijtend forms
of worship and management, Kodagu can be calletsplod of sacred groves’ in the world [6]. A prelimary
reconnaissance survey was carried out in the foegjes to identify the sacred groves, their dizegtion and
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degree of disturbance. Based on this, eight segn@eks (SG1 to SG8) (Figure 1) were selected feaildel study
(Table 1). Of the eight sacred groves studied,ptemvorship was observed in SG5, SG7 and SG8, wskere
remaining groves still enjoy nature worship. Thétide in the groves are worshipped once a yeahénntonth of
March/April.

Table 1: Geographical details of eight sacred groge Mercara, Central Western Ghats

Study sites | Residing Deity| Area in acreg Location |IBvation
SG1 Sree Poda 6.88 N12° 28.286' E75° 41.604"' il 41
SG2 Ayyappa 8.23 N12° 22.979' E75° 31.589' 907 m
SG3 Ayyappa 8.24 N12° 23.425' E75° 45.7]12' 962 m
SG4 Ayyappa 10.42 N12°16.108' E75° 38.582' 913 m
SG5 Ayyappa 14.77 N12° 21.854' E75° 35.3p3' 918 m
SG6 Ayyappa 21.62 N12°19.598' E75° 48.3p6" 930 m
SG7 Ayyappa 49.16 N12° 31.193' E75° 42.280' 1008{m
SG8 Subraya 59.34 N12° 21.959' E75° 32.643' 1046 m

Data collection and analysis

Field exploration was undertaken to record the $pecies composition of the sacred groves. Quadf&8 m x 20
m dimension were laid randomly to enumerate theuredtees covering 5% of total area. Stems haviBgl GSirth

at Breast Level — 1.34 m height)30 cm were counted as adults/trees. Identificatibepecies was made using
authentic floras [5, 7, 8, 9, 10, 11] and vouchgecimens have been deposited in Biodiversity Camasien
Laboratory, DOS in Environmental Science, Universif Mysore, Mysore, India. Regeneration studiegewe
carried out by laying down plots of 2 m x 2 m siamdomly. In each plot, all tree specie80 cm GBH were
considered as regenerates and enumerated sepanstedgedlings<{ 40 cm height) and saplings 40 cm height
and<30 cm GBH). Regeneration status of each tree sp&as evaluated considering the number of seedéinds
saplings based on [12], with modifications:

1. Good regeneration, if seedlings > saplings > apults

2. Fair regeneration, if seedlings > or < saplings = adults;

3. Poor regeneration, if the species survives onlgagling stage or only seedlings stage (seedlindssaplings
may be less or more or equal to adults);

4. No regeneration, if a species is present only irtddrm;

5. Reappearing, if the species has no adults butsaddlings or saplings.

Floristic diversity was measured using Simpson ¥ndé Diversity [13] and Shannon and Wiener's Indeix
Diversity [14]. Importance Value Index (IVI) of dadree species was determined [15] calculatingueegy,
density and basal area. Sorenson’s similarity inf#q was used to assess the similarity betweert ahd
regenerating tree species.

Degree of disturbance was assessed in terms ofadamgters such as cut stumps, grazing, fire, weedsls,
footpath, domestic animal dung, wild animal dungllection of firewood, canopy opening, encroachment
conversion, sanskritization and impacts of pilggnactivities. Four levels of disturbance were giteneach
parameter namely absent (0), low (1), medium (2) leigh (3). For each sacred grove, the degreestfiiance is
expressed in-terms of all the fourteen parametergeacentage of Combined Disturbance Index (CDI).[CDI
values were compared with basal area, number afespdree density, seedling density and saplingitie of each
sacred grove for possible correlation.

RESULTS AND DISCUSSION

Tree species diversity and richness

A total of 170 tree species belonging to 110 gersard 49 families were recorded from eight sacrexeg. A
highest number of 93 tree species from SG8 anddbmember of 25 tree species from SG2 was recqfTile 2).

Of the 49 families recorded, maximum species weoenflLauraceae (17), followed by Euphorbaceae (14),
Moraceae (13) and Myrtaceae (10). Twenty threelfasmivere represented by single species.
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Table 2: Diversity, basal area, densities and indés of tree species recorded from the eight sacretbges of Mercara, Central Western
Ghats

Study sites/ . Basal Tree Seedling Density| Sapling Density/ | Shannon’s | Simpson’s
gra;:\ig Taxa | Genus | Family Area/ha | Density /ha /100 m2 100 m2 index index

SG1 46 40 25 62.72 591.66 354.54 361.36 3.156 0.94
SG2 25 24 19 57.71 750 3125 493.75 2.643 0.88
SG3 47 40 26 100.42 508.33 222.91 1058.33 2.148 4 0.7

SG4 47 38 26 77.29 512.5 519.79 507.29 2.756 0.88
SG5 54 47 29 52.33 566.66 504.16 380.55 3.27p 0.94
SG6 77 64 35 73.41 379.54 235.79 604.54 2.934 0.8P
SG7 87 60 33 42.92 460 137.02 385.12 2.99 0.88
SG8 93 70 37 49.38 605 319.15 353.24 3.46¢ 0.938

On an average, Shannon’s diversity index was 2n@llSimpson’s evenness index was 0.88. The higladses for
Shannon’s index and Simpson’s index were score8®§ (3.46) and SG1 (0.94) respectively, wherea§ &34
and 0.74) scored the lowest value for both theciesli

A good number of tree species were recorded insthdied sacred groves of Mercara, Central Westdratss
Species richness ranged from 25 to 93 tree spaci®sg the sacred groves. As the total area of dagneves
increased species richness also increased, headartie variation between the species richnessgbit sacred
groves.

Shannon’s and Simpson’s indices have also showmidas trend. Diversity and evenness showed aneiasing
tendency with increased areas of the studies sagredes. Similar values were recorded for Shannamd
Simpson’s indices from various researchers actos$\estern Ghats. A Shannon index value of 3.11re@srded
for the Kaan forests of Shimoga, Karnataka; 4.04Mgristica swamps of Uttara Kannada, Karnatak@&04for
Charmady reserve forests, Karnataka; 2.46 for Swkrgsts of Southern Kerala; 3.2 for Chandoli NagioPark,
Maharastra. A Simpson’s index value of 0.75 wasnméed for Swamp forests of Southern Kerala; 0.90 fo
Charmady reserve forests, Karnataka; 0.93 for Ngesswamps of Uttara Kannada, Karnataka [17, 2820, 21].
Species richness of any community is a functiorseferity, variability and predictability of the éranment in
which it develops [22]. Therefore, diversity teriddsncrease as the environment becomes more favieusad more
predictable [23]. The present study areas, beipgraof one of the biodiversity hotspots in the Mcand having
enjoyed hundreds of year’s protection from the llguople in the name of different local deitiesgajer species
richness and diversity become obvious.

GBH class distribution
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Figure 2: Percentage distribution of four GBH classs in the sacred groves of Mercara, Central Wester@hats
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Table 3: Tree species with top ten 1VI values andeir regeneration status in the eight sacred grovesf Mercara, Central Western Ghats (IVI=Importance index value; RS=Regeneration

status)
Slno Botanical name SG2 SG8 SG4 SG7 SG3 SG1 SG5 SG6
VI RS VI RS VI RS VI RS VI RS VI RS VI RS VI RS
1 Glochidion ellipticurmwight - - - - - - - - - - - - . _ 7.39 | Poor
2 Stereospermum cola(®illw.) - - - - - - - N B B - B R R 8.08 | Poor
3 Palaquium ellipticun(Dalz.) - - - - - B - - R R R R R R 8.93 Fair
4 Dimocarpus longarour. 49.92 | Fair | 51.24 | Good | 56.59 | Good | 69.17 | Good - - 40.14 | Fair | 31.53 | Good | 11.48 | Fair
5 Schleichera oleoséLour.) Oken - - - - B B B - - - R - R 14.94 | Good
6 Herpullia arborea(Blanco) Radlk. - - - - - - - R R R R R N N 16.90 | Poor
7 Caanrium strictunRoxb. - - - - 28.63 | Fair - - 39.36 | None - - 18.10 | None | 20.34 | Good
8 Holigarna grahamii(Wight) Kurz. - - - - - B - - R R N N N N 2729 | Fair
9 Aphananthe cuspidai@l.) Planch. - - - - - - - - R R R R R R 4191 | Fair
10 Caryota urend.. 18.81 | Poor - - 12.49 | Fair - - - - - - 11.42 | Fair | 48.28 | Fair
11 Dysoxylum malabaricurBedd. ex Heirn - - - - N B N - B R R N 11.05 | Poor N N
12 Nothopegia racemos@alz.) Ramam - - 11.65 | Good - - 24.54 | Good - - - - 11.89 | Good - -
13 Litsea floribunda(Bl.) Gamble - - 14.80 | Fair - - 12.04 | Poor | 10.79 | Fair - - 12.25 | Fair - -
14 Excoecaria crenulatdVight - - 16.70 | Fair 9.10 Fair - - - - - - 14.15 | Poor - -
15 Tabernaemontana heyneaiéall. 19.81 | None - - - - - - - - - - 16.02 | Poor - -
16 Litsea oleoidegMeissn.) Hook. f. - - - - - - - - - - - - 16.52 | Good - -
17 Vernonia arboreaHam. - - - - 14.31 | Good - - - - - - 17.71 | Fair - -
18 Olea dioicaRoxb. - - 11.72 | Fair - - - - - - 8.75 Poor - - - -
19 Antidesma montanuBlume. - - - - 14.12 | Fair - - 11.92 | None | 10.01 | Poor - - - -
20 Mangifera indical. - - 10.57 | Fair - - - - - - 14.15 | Good - - - -
21 Mimusops elendi. - - - - - - - - - - 15.16 | None - - - -
22 Euonymous indicusleyne ex Wall. - - - - 27.97 | Poor - - 12.82 | None | 16.00 | Poor - - - -
23 Memecylon malabaricurfC.B Clarke) Cogn. - - - - - - - - - - 16.35 | Good - - - -
24 Chrysophyllum roxburghiG.Don - - - - - - - - 20.40 | None | 18.90 | Poor - - - -
25 Artocarpus heterophyllusam. 22.7 Poor | 7.65 Fair - - - - 20.56 | Poor | 23.24 | None - - - -
26 | Myristica dactyloidesGaertn - - - - - - 16.22 | Fair | 90.19 | Poor | 28.99 | Poor - - - -
27 Artocarpus hirsutusam. - - - - - - - - 7.94 | None - - - - N N
28 Garcinia gummi-guttdL.) Robs. - - - - - - - - 11.10 | Poor - - - - - N
29 Holigarna nigraBourd. - - - - - - 7.62 Poor | 12.09 | Good - - - - N N
30 Xanthophyllum arnottianunvt. - - - - 9.56 | Poor - - - - - - R R R R
31 Margaritaria indica (Dalz.) A. Shaw - - - - 11.79 | None - - - - - - - - - -
32 Homalium zeylanicurGardner) Benth - - - - 28.08 | None - - - - - - - - - -
33 Elaeocarpus tuberculatuoxb. - - - - - - 6.95 Poor - - - - - N - -
34 Archidendron monadelphufRoxb.) Nielson - - - - - - 9.54 Fair - - - - - R R R
35 Persea macranthNees) Kosterm - - - - - - 10.88 | Poor - - - - - B N -
36 Syzygium laeturfHam.) Gandhi - - - - - - 15.87 | Good - - - - - R R R
37 Mesua ferred.. - - - - - - 17.37 | None - - - - - N - N
38 Actinodaphne malabaricBalak. - - 6.90 Fair - - - - R R R R R R R N
39 Elaceocarpus serratuls. - - 9.10 Poor - - - R R R R R N B N N
40 Olea paniculatawall. - - 11.47 | None - - - R R R R R R R R N
41 Syzigium mundagafBourd.) 11.89 | None - B B B - - - R R R R R R R
42 Cinnamomum malabatrufBurm.f.) Blume 15.43 | None - - - - - - - R - R N R N R
43 Chionanthus malabaricéWall. ex G.Don) Bedd.| 15.45 | Poor - - - - - - - - R R R R R R
44 Elaeocarpus variabiliZmartzy. 20.05 | Poor - - - - - - R R R R N R N N
45 Antidesma menasMig. ex Tul. 21.52 | Fair - - - - - - - R - R R R R R
46 Syzigium cuminfL.) Skeels 23.19 | None - - - - - - - R R R R R R N
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Density, basal area and VI values

Among the sacred groves, basal area ranged fro8®48.100.42 fiha area. Highest and lowest basal area were
recorded from SG3 (100.42%ha) and SG7 (460 ha) respectively. Tree density per hectare vagieatly among

the study sites; recording the highest value foR $150 stems/ha) and lowest for SG6 (379.54 steajisReverse J-
shaped curves were recorded for four GBH classtiims of density (Figure 2) except for SG3.

Dimocarpus longarshowed highest basal area and density in SG1, B@75G8 with a value of 14.83?rfrom
83.33 stems/ha, 12.85’miith 133.75 stems/ha and 11.12 with 127.5 stems/ha respectively. In SGgzygium
cuminihave shown the highest basal area of 10.ZBawith 12.5 stems/ha whi@imocarpus longamecorded the
highest density (212.5 stems/ha) with a basal af®37 nf/ha. Myristica dactyloideshowed a highest basal area
and density in SG3 with a value of 31.4¥/ma with 250 stems/ha. In SG8chleichera oleosahowed the highest
density (141.66 stems and 15.6 basal area per hactare) whitemalium zeylanicunshowed the highest basal
area (19.2 mwith 8.33 stems/halCanarium strictumhas shown a highest value for basal area of 7%36ith 8.33
stems/ha in SG5 arfldimocarpus longarshowed highest density of 83.33 stems/ha withsalberea of 5.66 ffha.

In SG6,Aphananthe cuspidataad highest basal area (17.65with 31.81 stems/ha) ar@aryota urensad highest
density (104.54 stems/ha with 7.47 of basal area).

Dimocarpus longarscored highest IVI values in the six sacred gradMehe eight sacred groves studied (Table 3).
In the remaining two grove§jyristica dactyloideSG3) andCaryota urengSG6) have shown highest IVI values.
A large difference between the first and seconddsty IVl values among the tree species was obsernvet2,
SG3, SG4, SG7 and SG8.

In SG1, Dimocarpus carpusscored highest VI value (40.14) followed Myyristica dactyloides(28.99) and
Artocarpus heterophyllug23.24). In SG2, highest IVI value was recordeddonocarpus longar{49.92) followed
by Syzygium cumin{23.19) andArtocarpus heterophyllu§22.77). Myristica dactyloides(90.19) recorded the
highest IVI value in SG3 followed b@anarium strictum(39.36) andArtocarpus heterophyllu€0.56). In SG4, IVI
value ofDimocarpus longarwas 56.59 followed bZanarium strictum(28.63) andHomalium zeylanicun28.08).
Dimocarpus longar{31.53) scored highest IVI value in SG5 followed®anarium strictum(18.10) andvernonia
arborea(17.71). The IVI value oDimocarpus longarnn SG6 was 48.28 followed byphananthe cuspidat@1.91)
and Holigarna grahamii (27.29). In SG7, IVI value obimocarpus longarwas 69.17 followed byothopegia
racemosa(24.54) andMesua ferrea(17.37). SG8 showed a highest VI value f@imocarpus longan(51.24)
followed byExocoecaria crenulatl6.70) and.itsea floribunda(14.80).

Results of the present study revealed that de(®n9.54-750 individuals/ha) and basal area (42@242 m2 basal
area /ha) were well within the reported range afotess workers. Raet al, [24] reported a density of 999 stems/ha
and 31.7 rhof basal area/ha for sacred forests of Chittomgha Pradesh; Gunagaal, [17] reported 387 stems
per ha and 23.62 7ha in the Kaan forests of Shimoga; Muthukurearal, [25] reported a range of 384-566
stems/ha of area and 46.3 to 99 7 basal area for Valparai, Annamalai hills, TaNadu.

All seven sacred groves showed reverse J-shapea dar four GBH classes except SG3. The tendency of
decreasing density with increasing GBH resultinguireverse J-shaped curve is a typical charagtedastropical
forests and an indication of sustainable regermratbimilar curves have been reported for evergfeessts of
Annamalai hills, Western Ghats [25], dry decidudasests of Chittoor, Andhra Pradesh [24] and Swared
grove, Meghalaya [26].

Of the eight sacred groveBjmocarpus longarwas found to show the highest basal area in SG¥, &d SG8
among the other tree species. This species alsshioag the highest density in SG1, SG2, SG5, S@7S88. The
highest IVI values were shown IBimocarpus longarin the six sacred groves except SG3 and SG6. fRignily
lesser timber and non-timber forest uses of théxigs could be attributed to its dominance in thetsedy areas.

Regeneration status

Distribution of four regeneration classes amongeight sacred groves varied greatly (Figure 3). S&32, SG4
and SG8 showed a reverse J-shaped curve for teaeegjion classes. In SG5, 66.51% of total regéeemmas of
Class | regenerates and percentage of Class Iheegges were less than Class Il and IV. In casg@3, SG6 and
SG7, an almost J-shaped curve was observed. Safensiomilarity between the mature tree species and
regenerating tree species in each sacred grovecaleslated. SG3 showed the lowest similarity (3%)&vhile
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SG5 recorded the highest similarity (65%). Similaviithin the other groves was recorded as: SGL.5B%, SG2 -
55.55%, SG4 - 62.68%, SG6 - 55.04%, SG7 - 51.9684588 - 54.54%.

Among the eight sacred groves, on an average, % ®&3tree species showed regeneration, 30.6% showed
regeneration and 31.45 % were considered as redppes the mature individuals were absent in trapged area
(Figure 4). The average seedling and sapling demasitong the study sites were found to be 325.78nemtes
/100nt and 518.02 regenerates /1G0espectively.
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Figure 3: Distribution of regeneration classes amanthe eight sacred groves, Mercara, Central Wester@hats
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Figure 4: Percentage of regeneration status of tregpecies among the eight sacred groves, Mercara,r®@l Western Ghats

In SG1, only four speciedflicrotropis stocksiiMangifera indica Schleichera oleosandMemecylon malabaricum
showed good regeneratiolothopegia racemosalitsea floribundaand Dimocarpus longanshowed a fair
regeneration (6.38%) while 25.53% of species shopear regeneration. No regeneration was observeti4in
species and 14 species reappearing in the areabeaverecorded. AlthougHyristica dactyloidescored second
highest IVI value, poor regeneration was observidout any saplings found in the ardatocarpus heterophyllus
having third highest IVI value, showed no regerieratThe seedling density was found to be 354.%#merates
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/100m2 and sapling density was found to be 36leg@nerates /100mHighest seedling and sapling density was
recorded byDimocarpus longarwith a value of 68.18 seedlings /100and 81.81 sapling /10GmMemecylon
malabaricumhad second highest seedling (86.36/18(and sapling (18.18/100)ndensity.

In SG2, no species showed good regeneration. 11&3$b6ecies had fair regeneration and 26.92% ofiepéhad
poor regeneration. A highest of 42.31% of specas o regeneration and 19.23% species were recormgdn
regenerating stage. Seedling and sapling densite wecorded to be 312.75 regenerates /foamd 493.75
regenerates /100mrespectively.Dimocarpus longarrecorded highest seedling (234.37 regenerates)sapling
(321.87 regenerates) densities per 1D0OMemecylon malabaricumecorded the second highest seedling and
sapling density with a value of 62.5 regeneratéditf and 90.62 regenerates /100mspectively.

In SG3, onlyHoligarna nigra showed good regenerationitsea floribundaand Eudia lunu-ankendahowed fair
regeneration. 14.89% of species had poor regenarafitotal of 26 species were found only in seegliind sapling
stage. Eleven species had no regeneration. ThGagharium strictunrecorded second highest VI values, it had no
saplings or seedlings in the ar&eedling and sapling density were recorded to e922regenerates/ 106rand
1058.33 regenerates/ 100nespectively. Highest seedling and sapling dengity recorded bpimocarpus longan
with a value of 120.83 seedlings/ 100and 404.16 sapling /106mThe second highest seedling and sapling
densrit?y was recorded iBoniothalamus cardiopetalusith a value of 10.41 seedlings /100emd 214.58 saplings
/100nft.

A total of 44.67% of species found in SG4 showedeneration, of which 25.53% had fair regeneration,
Dimocarpus longanand Vernonia arboreashowed good regeneration. Eleven species had geneeation and
fifteen species were reappearing in the area. Beedensity was 519.79 regenerates /10@md sapling density
was 507.29 regenerates /100mighest seedling and sapling density was recoljeBimocarpus longarwith a
value of 447.91 seedlings/ 100rand 265.62 saplings/ 108mVernonia arborearecorded the second highest
seedling and sapling density with a value of 338&dlings /100fmand 22.9 saplings /106m

Dimocarpus longanNothapegia racemosa.itsea oleoidesand Schleichera oleosahowed good regeneration in
SG5, followed by nine species showing fair regetiema Eleven species showed poor regeneration.333.8f
species were found without any regenerates an@®%8d&f species found only in regenerating stagedi8eeand
sapling density were recorded to be 504.16 regeesra00rn and 380.55 regenerates/ 160mspectively. Highest
seedling and sapling density was showrDiiyocarpus longamwith a value of 176.38 seedlings/ 100amd 204.86
sapling/ 1(I)%)n71 Nothopegia racemosshowed the second highest density of seedlings 725100rf) and saplings
(12.5 /200m).

In SG6,Canarium strictumElaeocarpus tuberculatug&xocoecaria crenulatandSchleichera oleosahowed good
regeneration. Fair and poor regeneration was obdan/20.25% and 12.65 % of the total species cismdy. 19%
of species did not show any regeneration whileQ4%. of species had no matured individuals in thelist area.
The seedling density was 235.79 regenerates /A@uh sapling density was 604.54/16G0ffhe highest density
was recorded bgchleichera oleosaith a value of 113.63 seedlings /100and 164.2 saplings /108nfollowed
by Dimocarpus longanvith a value of 8.52 regenerates /16Gand 118.75 regenerates /1G0wspectively.

Of the 87 species recorded in SG7, 23 species badkgeneration. Howevebimocarpus longanNothapegia
racemosaandSyzygium laeturshowed good regeneration followed by 13.79% otigseshowing fair regeneration
and 27.58% of species with poor regeneration st&@fishe total species, 28.73% were found to bepearing in
the sacred grove. The seedling and sapling demsifye found to be 137.02 regenerates /10@md 385.12
regenerates /100mespectivelyDimocarpus longarshowed highest density with regard to seedlings5@100m)
and saplings (89.55/108)n Second highest density of seedlings (13.92/#)Gmd saplings (43.35 /108mwas
shown bySyzygium laetum

Among the eight sacred groves, SG8 showed highezseptage of no regeneration (42.71%). Only fowcEs
showed good regeneration. Poor regeneration wasnadis in 14.58% of species while 19.79% of speviegse
found to be reappearing. Seedling density was Bl9egenerates /100mand sapling density was 353.24
regenerates /100min this sacred grove. Highest seedling and sapliegsity was shown bRimocarpus longan
with a value of 198.70 seedlings/ 100and 131.16 saplings/ 106nNothopegia racemosshowed second highest
seedling (78.57 regenerates /1GPand sapling (21.75 regenerates /18)0tensity.
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In a wider sense, the term regeneration appliesltiife stages of the plant beginning with flowegiand ending
with formation of adult trees, passing through #tages of fruits, seeds, seedlings, saplings ames d@7].
Therefore, in a forest, the population structureath life stages, viz., adult trees, flower, frsited, seedling,
sapling, and pole determine the structure of matee= populations of the future. The forest commiesidepend on
adequate regeneration of tree species to be heaittlysustainable. A population structure charazdriby the
presence of sufficient number of seedlings, saplirgnd young trees implies satisfactory regeneratiehavior,
while inadequate number of seedlings and saplifigsee species in a forest indicates poor regeioer§28]. The
regeneration behavior of different species is attar&zed by their population structure, which imtdepends upon
the presence of adequate number of seedlingsngapland mature trees. The whole process is depeondethe
internal community process and exogenic disturb&nitcro-environment and characteristics of locahapy are
important for the germination and survival of séagh and sprouts [29]. Environmental factors sasHire, light,
grazing, canopy density, soil moisture, soil nutise and anthropogenic activities also affect thecess of
regeneration [30].

Chauhanet al, [31] opined that the species composition of $tsedepends on the regeneration of species
composing the forest in space and time. As theedegf disturbance increase, the abundance and sitiopoof
regenerating species change. In the present stwdyall regeneration was observed to be healthjven sacred
groves except SG3, SG6 and SG7. In these threedsgmoves, number of class-I regenerates foune tedser than
other three classes. Grazing, logging, presenceudf roads and collection of firewood could be thason for this.
Chauharet al. [32] opined that the regeneration of a speciessdwt account for its adult density: meaning tliere
no linear relationship between seedling density ashdt density of a species. Joeesl.,[33] opined that seedling
layer in various forests differs in compositionrfraheir respective overstories. Similar resultsenavserved for the
present study areas where the similarity betweerathult and regenerating tree species compositioed greatly
among the sacred groves.

Regeneration status of each tree species in tlkedtsacred groves showed an overview of possibie dpecies
composition in the near future. Invariably, treee@ps with no regeneration status and reappeatatgsswere
higher than to regenerating status. Na&tial.,[34] reported that overall maximum percentagepafcses showed no
regeneration followed by fair, good and poor regetien for sacred and protected landscapes of Garhw
Himalaya, India. In the sacred grove of Manipurajer number of tree species had good and fainesggon
followed by reappearing species and a very fewispeshowed no regeneration [35]. Gunagal., [17] reported
better regeneration status in the kaan forestshifn&a, Central Western Ghats. Present study sesdhce
indicate the possible changes in the floristic cosijion of these sacred groves in the coming future

Considerably high density was observed for seeslli@®5.73/100 ) and saplings (518.02 /108rm the study
areas. Chauhaet al., [31] recorded 158.7 seedlings and 496.0 sapliegsectare respectively in Terai-Bhabhar of
Sohagibarwa Wildlife Sanctuary, India. Pokhrigalal.,[36] reported a seedling density of 3.70 to 7 0ht and

a sapling density of 23.29 to 34.96/108 im the watersheds of Garhwal Himalaya. Nagtiml.,[34] reported the
seedling density ranged from 11.36 to 18.74 segsiiD0 ni and sapling density from 8.84 to 15.2 saplings/tf0
in the sacred groves of Garhwal Himalaya, sugggstiat lesser canopy opening and minimum gap oreatuld
have resulted in the reduced seedling and saplemgity in the area. Nagamtst al, [37] opined that canopy
openness influences the survival rate of seedliBgsaiahet al., [38] reported that more medicinally important
plant species were found regenerating among distuslacred groves than either in conserved sacme@goor in
reserve forests. But, the greater regenerate gediosind in the present study could be owed to clodracteristics,
higher rainfall, very less anthropogenic activiteasd protection from the local people, as there m@agositive
relation was observed between canopy opennessgedarate density.

In the present study, it was observed tBatnocarpus longarhad the highest number of regenerates in allttiays
sites. Although the adult individuals of this spexiwere not observed in SG3, seedling and sapkngity was
highest in it.

Degree of disturbance

Of the eight sacred groves, encroachment and csioveinto coffee plantation was observed in SG12,S853 and
SG6. Sanskritization i.e., construction of concretmples replacing age-old nature worshipping waseoved in
SG5, SG7 and SG8. Grazing, presence of footpatltaliettion of firewood were common in almost &k tsacred
groves.
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Combined disturbance index values among the stitdy gsaried greatly. The lowest value of 9.52% &4Sand
highest value 0f 40.47% at SG6 were recorded. Amrrsely proportional relationship was observed ketwCDI
values and values of basal area, tree densitylisgetensity and sapling density while, numberpdces increased
as the degree of disturbance increased (Figuraes Bl

During the study, it was observed that in manyh# sacred groves, anthropogenic activities sucfirasood
collection, grazing and soil removal are prohibited considered as a taboo till today. With thesipgstime and
younger generation, these beliefs are wearingiaffa result, these untouched forest fragmentstaiekéng and the
sanctity is becoming diluted. It was observed #sathe area of sacred groves increased, humaitiastivere also
increased. However, as the degree of disturbarmredned, species richness was also found to beasexa. It has
been argued that species richness and diversitgase from undisturbed study area to disturbed [dre25, 39,
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40]. Mishraet al.,[26] have emphasized that the activities of huntHten do more to accelerate species loss than
the operations of internal biological processeswelger, an improved diversity at a moderate distucbahas also
been reported. For example, forest grazing promaggdneration of tree seedlings in conifer foredten grazing
intensity was not too high [41]. Apart from specigshness, all the parameters such as basal assadensity,
seedling density and sapling density were fountgetdecreasing as the disturbance level increased.

CONCLUSION

During the study, considerably, a high speciesngsls, density and basal area were recorded in slaesed groves.
A greater seedling and sapling densities were gbdein all the study areas. Distribution of regaien classes
indicated a healthy and sustainable regeneratianveier, evaluation of regeneration status of eaeh $pecies
revealed that only 37.93% of tree species werenerg¢ing and 30.6% of species were without anylseedand
saplings. An average of 31.45% of species was espm to these groves. As the degree of distudbarmeased,
basal area, tree density, seedling and saplingtienaere found to be decreased and species sshmas found to
be increasing. Similarity between the adult ancenegating tree species ranged between 35% to 68Kating a
sure change in the tree species composition oftkasred groves in the coming years. All theselteegwint
towards the loss of originality of these pristimeeist patches. Hence it becomes necessary to @eateness and
support the local beliefs so that the joint manag@nof these groves addresses the conservationseffificiently.
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