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1 . Introduction 

Ac cord ing to the FAO, 2015 , trop i cal for est cov ers 44% of the 
Earth's land sur face and sus tained the great est wealth of bi o log i cal 
and ge netic di ver sity with more than half of the World's species pop u - 
la tion ( Hubbell and Foster, 1983 ; May and Stumpf, 2000 ; Keenan et 
al., 2015 ) thriv ing un der these for est which is spread world wide. An 
es ti mated 0.8 – 2% of these forests dis ap peared per year ( Sagar et al., 
2003 ), greatly af fect ing the bio di ver sity in this re gions caus ing a se ri - 
ous en vi ron men tal and eco nomic prob lem all over the world ( Hare et 
al., 1997 ). Floris tic com po si tion, species di ver sity, soil fer til ity and 
for est re gen er a tion char ac ter is tics are the pa ra me ters of ten con sid ered 
for as sess ment of for est struc ture ( Hitimana et al., 2004 ; 
Khumbongmayum et al., 2006 ). These as sess ments are nec es sary for 
col lect ing in for ma tion on the re gional bio geo graph i cal pat terns and 
struc ture ( Gordon and Newton, 2006 ; Naidu et al., 2018 ) which is 
cru cial for im ple ment ing a proper man age r ial sys tem to pro tect en - 
dan gered and threat ened species, thus work ing to wards con ser va tion 
of bio di ver sity. In re cent years, small sized per ma nent plots (1 – 2  ha) 
have been es tab lished to doc u ment their struc ture, com po si tion and 
di ver sity ( Philips and Gentry, 1994 ; Strasberg, 1996 ; Parthasarathy, 
2001 ). These quan ti ta tive as sess ments mainly of floris tic in ven tory 
and di ver sity are es sen tial for un der stand ing the pre sent bio di ver sity 
sta tus and they pro vide in dis pen si ble in for ma tion for sus tain able de - 
vel op ment strate gies ( Ayyappan and Parthasarathy, 1999 ; Jayakumar 
et al., 2011 ). In the In dian sub - continent, many re searchers have done 
an ex ten sive work over the years and their com piled data on the plant 
di ver sity in ven to ries are avail able from the dif fer ent trop i cal for est 
across the coun try ( Jayakumar et al., 2009 ; Krishnamurthy et al., 
2010 ; Pragasan and Parthasarathy, 2010 ; Reddy et al., 2011 ; Sahu et 
al., 2012 ; Sathish et al., 2013 ; Anbarashan and Parthasarathy, 2013 ; 
Premavani et al., 2014 ; Gopalakrishna et al., 2015 ; Sathya and 
Jayakumar, 2017 ). 

The North east ern part of the coun try falls un der the Indo - Burma 
hotspot ( Mittermeier et al., 2005 ) but only a few part of the States 
have been ex plored and stud ied. Data on the tree di ver sity and com - 

po si tion of for est from the North east re gion (In dia) are avail able for 
these states - Arunachal Pradesh ( Behera et al., 2002 ; Bhuyan et al., 
2003 ), As sam ( Borah and Garkoti, 2011 ; Dutta and Devi, 2013 ; Sarkar 
and Devi, 2014 ), Ma nipur ( Devi and Yadava, 2006 ; Vashum and 
Jayakumar, 2016 ); Megha laya ( Upadhaya et al., 2003 ; Mishra et al., 
2004 ), Mi zo ram ( Lalfakawma et al., 2009 ; Sahoo and Rocky, 2015 ; 
Devi et al., 2018 ), Sikkim ( Sundriyal and Sharma, 1996 ) and Tripura 
( Majumdar et al., 2012 ). With the grow ing aware ness and need for 
con ser va tion, quan tifi ca tion of tree species dis tri b u tion and abun - 
dance is vi tal and North east In dia when com pared to the rest of the 
coun try is un der - studied. One ma jor fac tor and hur dle for en thu si ast 
re searchers could be the topog ra phy of the area it self, which are of ten 
not eas ily ac ces si ble, as most of the states in this part of the coun try 
have a hilly ter rain re sult ing in a cost and time in ten sive study. This 
ob jec tive was for mu lated with the need for con tribut ing to the grow - 
ing floris tic data base and to un der stand the for est struc ture based on 
the tree di ver sity which can be an as set in con ser va tion and man age - 
ment of the Pala Wet land Re serve For est, Mi zo ram, In dia. 

1. 1 . Study area 

Mi zo ram is one of the eight States of the North - Eastern part of In - 
dia and has two ma jor rivers - the Tlawng River and the Chhim tu ipui 
River. Due to its steep and hilly topog ra phy, there are many stream - 
lets and small Lakes in the gorges of the hilly ar eas, the largest of 
which is the Pala Tipo (‘Tipo’ mean ing Lake in the re gional Mara lan - 
guage), also known as Palak dil (‘dil’ mean ing Lake in Lushai) in the 
re mote cor ner of Siaha Dis trict, a re gion in hab ited by the Mara Tribe. 
Hereon, the Lake will be re ferred to as Pala Tipo. 

The Pala Tipo lies be tween 22°10′ 44” - 22°13′05″ N and 
92°52′50” - 92°55′30” E and it is lo cated in a re mote cor ner in the 
South ern part of the State in Siaha Dis trict. The size of the lake is 
roughly about 1.35  km 2 with an av er age depth of about 20  m. The 
lake and its sur round ing for est are of fi cially part of the Pala Wet land 
Re serve For est, which cov ers an es ti mated 18.5 km 2 . It is a nat ural 
lake and is be lieved to be a tec tonic lake due to its un usual set ting, al - 
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though no study has val i dated this hy poth e sis. A semi - evergreen for - 
est with patches of bam boo brakes cov ered the hilly gra di ents sur - 
round ing the Lake, prompt ing the Gov ern ment of Mi zo ram to pro tect 
this area and even tu ally de clared a Wet land Re serve in 1998 by the 
Gov ern ment of In dia (For est De part ment re port, Siaha un pub lished). 

The study area is un der the di rect in flu ence of the South - West 
mon soon caus ing heavy Curtis and McIntosh, 1950; Forest Report, 
rain fall from May to Sep tem ber and the av er age rain fall is es ti mated 
to be 2540  mm per an num. Win ter in this re gion is dry with tem per a - 
ture vary ing from 24  °C to 4  °C. Sum mer is short with tem per a ture be - 
tween 19  °C to 34  °C and is ac com pa nied or fol lowed by mon soon 
which is harsh, of ten caus ing land slides. The soil is mostly of deep, 
dark brown to yel low ish brown, strongly acidic, clay loam sur face and 
clay sub - surface soils. The soil on the banks of the lake is grey ish peat 
with high wa ter con tent (For est De part ment re port, MADC, Siaha). 

2 . Materials and methods 

2. 1 . Data collection 

A quadrat tech nique was cho sen for the floris tic study of trees in 
the area, wherein we laid a 20  ×  20  m quadrat ran domly all over the 
re serve for est ( Fig. 1 ). All trees within the quadrat, with ≥30  cm GBH 
(Girth at Breast Height) were mea sured at 1.3  m from the ground 
( Fig. 2 ). The lo cal/ botan i cal names of the trees mea sured and their as - 
signed plot num ber along with their co - ordinates were recorded for 
each plot. The co - ordinates for each plot were recorded us ing a Trim - 
ble Juno 3B GPS (Global Po si tion ing Sys tem). Voucher spec i mens 

mainly flow ers, fruits, leaves and twigs were also col lected dur ing the 
said flow er ing sea son for a pe riod of 1 year which in cludes 4 sea sons. 

2. 2 . Data analysis 

Struc tural com po si tion of the for est was de ter mined by cat e go riz - 
ing the tree species into dif fer ent di am e ter classes start ing from 30 - 
60  cm to <501  cm. Data col lected from the plot study was used to 
cal cu late the var i ous quan ti ta tive in dices - frequencies, den sity, basal 
area and their IVI in dex was de ter mined by the sum of rel a tive fre - 
quency, rel a tive den sity and rel a tive dom i nance ( Curtis and McIntosh, 
1950 ). Di ver sity in dices were cal cu lated us ing the Shan non - Wiener in - 
dex (H') and Simp son dom i nant in dex ( Magurran, 2004 ) as given be - 
low: 

Shan non - Wiener's in dex (H') 

H'  =  - ∑ pi ln pi 

where, pi  =  pro por tion (n/ N) of in di vid u als of one par tic u lar species 
found (n) di vided by to tal num ber of in di vid u als found (N). 

Simp son's in dex for dom i nance (1 - D) 

D  =  ∑ ( pi ) 2 

where, D  =  Simp son's in dex. The range of the D is from 0 to 1, where 
0 rep re sents in fi nite di ver sity and 1 means no di ver sity. Sim ply put, 
the greater the value of D, the lower the dom i nance/ even ness as 
Simp son's in dex takes into ac count both rich ness and even ness of a 
species. 

Fig. 1 . De mar ca tion of the pala wet land re serve for est, Mi zo ram. 
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Fig. 2 . Plot study car ried out in side the Pala Wet land Re serve For est, Mi zo ram 
A,B - Quadrat study; C - For est area; D - Voucher spec i men of Xe ros per mum noron hi anum . 

3 . Results and discussions 

3. 1 . Tree diversity and stand structure 

From the 47 ran dom plots made, a to tal of 995 tree in di vid u als be - 
long ing to 65 species of 57 gen era and 31 fam i lies were recorded 
from the Pala Wet land Re serve For est ( Table 1 ). 

The di ver sity of plant species is mostly in flu enced by an tho pogenic 
and nat ural dis tur bances ( Rasingam and Parthasarathy, 2009 ), and 
the di ver sity level of a for est site de pends on the tree species rich ness 
and min i mum di am e ter class of a de fined study site ( Wattenberg and 
Breckle, 1995 ). The num ber of tree species (65) recorded in our study 
site when com pared with the floris tic study done in other semi - 
evergreen for est in In dia ( Table 2 ), is closely as so ci ated to the in ner - 
line undis turbed for est re serve re ported from As sam by Borah and 
Garkoti (2011) with 69 species. This record is higher than those re - 
ported from the for est of Ma nipur. 

( Devi and Yadava, 2006 ; Vashum and Jayakumar, 2016 ), Mi zo ram 
( Lalfakawma et al., 2009 ) and South In dia ( Kadavul and 
Parthasarathy, 1999 ), but it is con trast ingly lower than those re ported 
from the undis turbed Barak Re serve for est, As sam ( Borah and Garkoti, 
2011 ), Kho la hat Re serve For est ( Borah et al., 2015 ) and Swer Sa cred 
grooves, Megha laya ( Mishra et al., 2004 ). Ac cord ing to Putman 
(1994) , di ver sity of species is highly in clined to the ad van tages and li - 

Table 1 
Sum mary of the veg e ta tion com po si tion of the Pala Wet land Re serve, Mi zo - 
ram. 

VARIABLES WETLAND FOREST 

No. of plots surveyed 47 
Area surveyed (hectares) 1.8 
Total number of individuals 995 
Density (no. ha −1 ) 552.8 
Total number of Species 65 
Total number of genus 57 
Total number of family 31 
Total Basal area (m 2 ) 107.17 
Basal area (m 2 /ha) 59.54 
Shannon - Weiner index (H′) 3.73 
Simpson's index 0.04 

a bil ity of the en vi ron ment. The fa vor able cli matic con di tions and the 
shel ter ing of these forests from ex ces sive an thro pogenic in tru sions 
over time could be one of the fac tors in flu enc ing the species rich ness 
of these re serve forests ( Upadhaya et al., 2003 ). 

3. 2 . Tree density and basal area 

From the 995 tree in di vid u als recorded, the stand den sity was es ti - 
mated at 552.8  ha - 1 which is equiv a lent to the den sity re ported from 
the semi - evergreen for est of As sam ( Borah et al., 2015 ), the wet ever - 
green for est of Arunachal Pradesh ( Nath et al., 2005 ) and the moist 
de cid u ous for est in Tripura ( Majumdar et al., 2012 ), all within the 
range of 336.25 – 610  ha −1 . The basal area for our pre sent study area 
was cal cu lated at 59.54  m 2 /ha which is closer to the 55.3  m 2 /ha re - 
ported from Lit tle An daman Is land ( Rasingam and Parthasarathy, 
2009 ) but lower than that re ported from Gib bon Wildlife Sanc tu ary 
with 90.29  m 2 /ha ( Borah et al., 2015 ). This re sult is con sis tent with 
that re ported from the Popa Moun tain Park in Myan mar ( Htun et al., 
2011 ), where the basal area recorded are dis tinctly lower than the 
stand den si ties recorded, im ply ing the im ma ture state of veg e ta tion 
ow ing to past dis tur bances. 

The di am e ter dis tri b u tion of trees is of ten used to rep re sent a for - 
est pop u la tion struc ture and the types of curves elu ci dated will be 
used for in ter pret ing the veg e ta tion char ac ter is tics ( Rao et al., 1990 ). 
The di am e ter classes are cat e go rized based on the basal area recorded 
and the con tri bu tion of in di vid u als in the dif fer ent classes are shown 
in Fig. 3 . The sec ond girth class (61 – 90  cm) has the high est num ber of 
in di vid u als, sur pass ing the low est girth class (30 – 60  cm) which is 
mainly rep re sented by smaller trees. The well rep re sen ta tion of 
medium to larger tree in di vid u als (61 – 90  cm) with but tresses could 
be at trib uted to the fa vor able grow ing con di tion pro vided by the ad ja - 
cent Pala Tipo and pos si bly the re sult of an ef fec tive man age r ial con - 
ser va tion by the For est De part ment. As for the low con tri bu tion of 
small trees, slow re gen er a tion rates, an thro pogenic ac tiv i ties and sam - 
pling du ra tion which is post win ter for this study must be con sid ered, 
al though fur ther stud ies are needed to iden tify the causal fac tors. 
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Table 2 
Veg e ta tion pa ra me ters from the semi - evergreen forests in dif fer ent parts of In dia. 

REGION PLOT 
SIZE (ha) 

SPECIES 
RICHNESS 

DENSITY 
(number/ha) 

BASAL AREA 
(m 2 /ha) 

SHANNON - WIENER 
INDEX 

SIMPSON 
DOMINANCE 
INDEX 

REFERENCES 

Pala wetland reserve forest, Mizoram 1.8 65 552.8 59.54 3.73 0.04 Present study 
Innerline undisturbed reserve, Assam 1.0 69 846 36.88 1.69 0.027 Borah and Garkoti 

(2011) 
Barak reserve forest, Assam 1.0 91 1110 42.12 1.77 0.024 Borah and Garkoti 

(2011) 
Gibbon Wildlife Sanctuary, Assam 0.1 71 286.92 90.29 1.22 0.085 Borah et al. (2015) 
Kholahat reserve forest, Assam 0.1 108 416.25 62.49 0.16 0.043 Borah et al. (2015) 
Forest near Indo - Myanmar border, Manipur – 17 685 – 820 18.9 – 19.58 0.1094 – Devi and Yadava 

(2006) 
Hollongapar Gibbon Wildlife Sanctuary, 

Assam 
1.0 75 750 58 3.55 – Sarkar and Devi (2014) 

Swer Sacred grove, Meghalaya 0.15 168 27.6  ±  2.9 26.9  ±  6 1.7 2.2 0.1 Mishra et al. (2004) 
Little Andaman Island, India 1.0 83 935 55.3 3.6 0.05 Rashingam and 

Parthsarathy (2009) 
Zobawk Undisturbed forest, Mizoram 1.0 32 – – 3.1461 – Lalfakawma et al. 

(2009) 
Kamjong Sub - division primary forest, 

Manipur 
3.0 45 – 48 1084 – 3150 33.65 – 63.99 2.76 – 3.09 0.9 – 0.93 Vashum and 

Jayakumar (2016) 
Sanyasimalai reserve forest of Shervarayan 

hills (SM4), South India 
1.0 50 986 44.26 2.37 0.143 Kadavul and 

Parthasarathy (1999) 
Sathyamangalam Tiger Reserve, Tamil Nadu 2,0 90 779 21.6 3.48 0.94 Sathya and Jayakumar 

(2017) 

Fig. 3 . Dis tri b u tion of basal area and num ber of in di vid u als in the dif fer ent girth classes. 

3. 3 . Diversity and dominance 

Bio di ver sity in dices are scales gen er ated to com pare the di ver sity 
and abun dances of dif fer ent species in dif fer ent habi tats and the 
higher the value, the greater the species rich ness ( Naidu and Kumar, 
2016 ). The Shan non - Weiner in dex from our study (3.73) is par al lel to 
those re ported from the Sa cred Grooves ( Upadhaya et al., 2003 ) and 
the ever green for est of Megha laya (Tyn song and Ti wari, 2011) both 
within the ranges of 3.42 – 3.87 in di cat ing the high di ver sity of the for - 
est ( Table 3 ). These ranges are higher than those semi - evergreen for - 
est recorded (1.16 – 3.6) in dif fer ent parts of In dia. 

The Simp son Dom i nance in dex for our study was 0.04 which falls 
un der the re ported 0.02 – 0.067 from the trop i cal for est of North east 
In dia. 

3. 4 . Abundance, rarity and frequency 

The species with max i mum abun dance was recorded for Xe ros per - 
mum noron hi anum with an es ti mated 5.4 in di vid ual per plot, fol lowed 

by Lit sea laeta (2.5), Ar to car pus lakoocha (2.4), Kn ima lin i fo lia (2.4), 
Mesua fer rae (2.1), Dipte ro car pus turbina tus (2) and Chiso cheton cumin - 
gianus (2). And the species recorded with the min i mum abun dance of 
1 are Beilschmiedia longi fo lia, Can tanop sis ar mata, Carya, Celtis 
tetranda, Der ris ro busta, Garcinia spi cata, Gmelina ar borea, Mad huca in - 
dica, Mal lo tus al bus, Pro tium ser ra tum, Sapin dus muko rossi, Stre blus as - 
per, Toona cil i ata and Wal sura ro busta. 

Sapin dus muko rossi and Garcinia spi cata are the two rare iden ti fied 
species with just 2 in di vid u als each recorded from the 47 plots cov er - 
ing 1.8  ha of the Pala Wet land Re serve For est. 

Xe ros per mum noron hi anum was recorded to be the most dom i nant 
species with 214 in di vid u als, fol lowed by Mesua fer rae and Dysoxy lym 
mal abar icum with 59 and 37 in di vid ual counts re spec tively. Fam ily - 
wise, Meli aceae has the most num ber of species that in cludes Dysoxy - 
lum ex cel sum, Dysoxy lum binec tar iferum, Dysoxy lum mal abar icum, 
Chiso cheton cumin gianus, Chukra sia tab u laris, Toona cil i ata and Wal sura 
ro busta cul mi nat ing a to tal of 88 in di vid u als. The dom i nance of few 
tree species may be the re sult of poor drainage or past veg e ta tion 
dam ages ( Parthasarathy and Karthikeyan, 1997 ). The dis rup tion of 
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Table 3 
Veg e ta tion pa ra me ters from the trop i cal for est of the North east ern parts of In dia. 

FOREST TYPE REGION PLOT 
SIZE 
(ha) 

SPECIES 
RICHNESS 

DENSITY 
(number/ha 

BASAL 
AREA 
(m 2 /ha) 

SHANNON - 
WIENER 
INDEX 

SIMPSON 
DOMINANCE 
INDEX 

REFERENCES 

Wet evergreen forest Namdapha National Park, 
Arunachal Pradesh 

2.4 50 610 98.58 1.458 0.049 Nath et al., 2005 

Sub - tropical broad leaved 
forest 

Ialong and Raliang Sacred 
Grooves, Jaintia Hills, 
Meghalaya 

1.0 123 938 – 1476 57.46 – 71.44 3.42 – 3.55 0.052 – 0.067 Upadhaya et al., 2003 

Wet evergreen Forest Deomali forest Division, 
Arunachal Pradesh 

0.5 47 5452 104.60 2.02 0.06 Bhuyan et al., 2003 

Moist deciduous forest and 
moist mixed deciduous 
forest 

Primary Forest from Tripura 17 82 – 105 336.25 – 464.77 11.47 – 26.21 2.75 – 3.12 0.08 – 1.13 Majumdar et al. (2012) 

Tropical evergreen forest Pynursla and Siatbakon natural 
forest, Meghalaya 

1 117 1972 – 2100 52.26 – 68.05 3.74 – 3.87 0.02 – 0.04 Tynsong and Tiwari, 
2011 Tynsong and 
Tiwari, 2011 

for est suc ces sion processes by an thro pogenic ac tiv i ties may also fa vor 
some species to thrive while se lec tively re mov ing oth ers ( Htun et al., 
2011 ). Xe ros per mum species are wide spread in South - east Asia es pe - 
cially over the trop i cal rain for est re gions of Malaysia ( Davies et al., 
2003 ), Thai land, Suma tra ( Yoneda et al., 2009 ), Viet nam ( Millet and 
Truong, 2011 ), Myan mar ( Boonsuk and Chantaranothai, 2018 ) and 
Cam bo dia ( Theilade et al., 2011 ). In In dia, the species of X. noron hi - 
anum, also recorded as X. glabra tum in some stud ies was recorded 
from the states of Megha laya ( Jamir and Pandey, 2003 ; Mylliemngap 
et al., 2016 ), As sam ( Deb and Sundriyal, 2007 ; Barbhuiya, 2014 ) and 
Mi zo ram ( Nohro et al., 2019 ). Lo cally it is called Zima and based on 
the sizes of the fruit they are called Zima rahpa and Zima saihpa, al - 
though both are of the same species when cross - examined with the 
herbar i ums avail able on the Kew herbar ium cat a logue on line. Based 
on pre - existing lit er a tures on the plants of Mi zo ram, this par tic u lar 
species has only been re ported from the Pala wet land re serve ( Nohro 
et al., 2019 ) which is sit u ated in the south ern part of the State. The 
topog ra phy and veg e ta tion of the study area which is dom i nated by 
Xe ros per mum and Dipte ro car pus among oth ers, is some what sim i lar to 
those for est re ported from parts of South - east Asia where these two 
species seemed to thrive well to gether ( Okuda et al., 1997 ; Chua et 
al., 2000 ; Millet and Truong, 2011 ; Kar et al., 2018 ). The tiny fruits of 
X. noron hi anum are tra di tion ally used to cure se vere stom ach pains 
and its med i c i nal po ten tials are also be ing stud ied ( Jean et al., 2009 ). 

The top ten dom i nant species along with their enu mer ated basal 
area and IVI in dex is shown in Table 4 . 

4 . Conclusions 

The Pala wet land re serve for est is di verse in terms of species rich - 
ness, di ver sity, and struc ture. We have recorded 65 species of 57 fam - 
i lies and 31 gen era based on the plot study, cov er ing 1.8  ha of the 
study area. The to tal basal area (m 2 /ha) of the 995 tree in di vid u als 
was es ti mated at 59.54 (m 2 /ha) and the Shan non and Simp son in dex 

Table 4 
Top ten dom i nant species in the Pala Wet land Re serve, Mi zo ram, In dia. 

SPECIES NUMBER OF INDIVIDUAL BA IVI 

Xerosperma noronhianum Blume 214 32.69 58.66 
Mesua ferrae L 59 4.32 14.4 
Dysoxylym malabaricum Blume 37 1.77 9.17 
Knema linifolia (Roxb). Warb 33 1.7 7.12 
Dipterocarpus turbinatus C. F. Gaertner 36 2.1 8.43 
Neolamarckia  cadamba  (Roxb.) Bosser 20 0.67 4.69 
Pterospermum lancifolium Roxb. 20 1.27 5.89 
Bombax  ceiba  L. 19 1.63 5.65 
Lagerstroemia parviflora  Roxb. 19 1.64 5.02 
Mimusops elengi L. 19 1.72 5.57 

were 3.73 and 0.04 re spec tively. This study en tails the first record of 
X. noron hi anum from the State of Mi zo ram and it is also the most 
dom i nant species with 214 in di vid u als and the least dom i nant species 
are Sapin dus muko rossi and Garcinia spi cata with just 2 tree in di vid u als 
each from the 47 plots laid out. 

The study shows a nor mal for est growth struc ture ex cept for the 
low con tri bu tion of smaller girth class trees which could be due to 
var i ous fac tors such as an thro pogenic ac tiv i ties and slow re gen er a tion 
rate of tree species. A fur ther study is needed to iden tify the causal 
fac tor in or der to main tain and con serve the wet land for est. 
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