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Abstract

An investigation of the riparian vegetation along the Sherichhu River, lower montane area of Eastern Bhutan was
conducted from April to December 2015 to explore the plant communities in terms of species composition. A total number of
18 plots were placed within the remnant patches of the vegetation on either side of the river. In total, 172 species of vascular
plant has been recorded. The cluster analysis suggested four types of plant communities in the study area viz., the Mallotus-
Desmodium-Rhus shrubland and the Syzygium venosum woodland communities, which are located in V-shaped valleys and
the Albizia-Flueggea woodland and Quercus glauca woodland communities located in U-shaped valleys. In broad-spectrum,
the topographic features and environmental variables i.e. litter accumulation and flooding condition might also have some
impact on the species composition of the plant communities of this vegetation.

Keywords: Sherichhu River, Bhutan, riparian vegetation, species composition, litter thickness

Songklanakarin J. Sci. Technol.
39 (3), 303-316, May - Jun. 2017

1. Introduction

Bhutan is positioned within the fledgling mountain
range of the Eastern Himalayas with an area of 38,394 km2.
The country is gifted with rich natural resources and plant
diversity. About 72.5% of physiological area in Bhutan is
covered  by  forest  including  shrubs  with  an  altitudinal
gradient  from  150  to  7,500  meters  above  sea  level  (masl)
(Roder et al., 2002). Forests in Bhutan are classified into three
broad and distinct eco-floristic zones; alpine forests (above
4,000 masl), temperate forests (2,000-4,000 masl), and sub-
tropical forests (500-2,000 masl) (Oshawa et al., 1987). The
broad-leaved  forest  is  the  most  widespread  forest  type,
accounting for 62% of forested area, which are very rich in

species of both sub-tropical and temperate genera (Roder &
Frei, 2013). In any case, only few studies are concerned about
the vegetation accounting mainly on the temperate and alpine
region along the altitudinal gradient of Bhutan (Grieson &
Long, 1983; Hara, 1991; Jamtsho, 2015; Ohsawa et al., 1987;
Sargent, 1985; Wangchk et al., 2014; Wangda & Ohsawa,
2006).

With the landscape of Bhutan being characterized by
rugged mountains separated by river valleys, several types of
riparian vegetation are present along the valleys of different
areas from the subtropical ones through to the temperate ones,
then up to an exclusively alpine region. This riparian vegeta-
tion has accommodated various numbers of plants as well as
wildlife. Moreover, many of ancient routes of trade and com-
munication in this region of the Himalayan areas were here
as one could recognize only by archeological relics e.g. old
pagodas  (the  “Chorten”  in  Dzongkha),  which  were  often
found along streams in remote areas of Bhutan. In any case,
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there is a lack of sufficient literature as many researchers did
not pay consideration on such types of vegetation.

The present study was conducted in order to describe
the  vegetation  composition,  plant  communities  of  the  un-
explored riparian vegetation of the lower montane areas of
eastern Bhutan Himalaya as an important basic database to
support not only the sustainable use of the plant resources
of the Himalaya in future, but also to provide a fundamental
information  of  this  rare  habitat  of  the  Himalayan  areas  in
general.

2. Methods

2.1 Study area

The  study  was  conducted  along  the  “Sherichhu
River” (27°15’-27°21’ N, 91°24’-91°24’ E), located in Mongar
district, Eastern Bhutan (Figure 1). The forest along the
Sherichhu River was selected as being representative for the
present study due to its variability including non-disturbed
versus disturbed situation as well as its most easily acces-
sible and least risky among all rivers surveyed in eastern
Bhutan. The upper half of the study area is positioned in the
Bomdeling Wild Life Sanctuary, which ranges from the lower
broadleaved forests to the alpine ecosystem, while the lower
half of the river is not included in the protected area, there-
fore, some anthropogenic influences from animal grazing and
looping occurred occasionally. The study area is ca. 15 km in
length, ranging from 540 to 1,450 masl. The climate of the area
is humid subtropical monsoon with a mean temperature of
20°C. The annual rainfall is 1,200-1,500 mm with the heaviest
rainfall in July (National Statistics Bureau, 2014).

2.2 Landscape and study plots

The  landscape  of  the  surrounding  vegetation  was
characterized by sharp ridges, high hills, and narrow valley,
where meandering river had created narrow flood plains and
levees at different locations. There was prominent deposition
of the silt, pebbles, cobbles, and huge rocks of varying size
along either side of the river having riparian vegetation. The
topography  has  supported  different  plant  habitats,  viz.,
woodland, shrubland, open ground and transitional vegeta-
tion between aquatic and terrestrial habitats. Eighteen study
plots (size 15 m x 25 m) were designated in accordance with
the Braun-Branquet approach (Kent & Coker, 1994) within
the remnant patches of the vegetation on either side of the
river, which was assumed as representative of riparian plant
community. Patches were distinct in floristic composition and
physical appearances from the surrounding vegetation. Plots
were laid on the accessible locations of the vegetation along
the river (Figure 1C). However, study sites were assigned to
cover all landscape types found along the river, which would
then characterize the fast flowing river of these lower montane
areas of the Himalaya. For example, plots 1-8 are located along
either  site  of  the  Sherichhu  River  where  in  sharp  valleys

without any curves or sedimentation plain, “V-shape” valleys
in the present study, whereas plots 11-18 (plots 13-18 fall
within the BWS) are located in valleys with small basins/
plains where the river may have twisted and therefore marked
a curve where sedimentation occurred, “U-shaped Valley” in
the present study. In such valley type old depositional plains
were achieved by the river (Figure 2). In addition, plots 9-10
were laid on the river bank in a connective part of the river
from a “V-shaped” to a “U-shaped” valley (Figure 2). Loca-
tions of the plots were limited to places right at the edge of
the river bank up to 50 m in a perpendicular line to the edge
of the river bank and being laid subjectively (Kent & Coker,
1994) in selected places along the length of the Sherichhu
River where relics of natural vegetation occurred.

2.3 Data collection

Plant  surveys  as  well  as  the  collection  of  selected
environmental parameter, i.e. altitude, slope, aspect, and litter
thickness, were carried out from April to December 2015 to
ensure full coverage of the flowering season. Altitude was
measured  using  global  positioning  system,  aspect  was
measured using Suntos compass, slope was measured using
Suntos clinometer, and litter thickness was determined by

Figure 1. A:  Map  of  Bhutan  with  Mongar  district.  B:  Map  of
Mongar district showing Sherichhu River. C; Sherichhu
River and study plots.
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ruler (Zhang et al., 2006, 2013). The altitude, slope, and litter
thickness were in reading values, while the aspect measure-
ment was classified from 1 to 8:1 (0°-45°), 2 (46°-90°), 3 (91°-
135°), 4 (136°-180°), 5 (181°-225°), 6 (226°-270°), 7 (271°-315°),
and 8 (316°-360°) (Zhang et al., 2013). All individual plants in
each  plot  were  recorded  as  well  as  the  ones  occurring
adjacent to the plots in order to obtain the complete checklist
of  the  plant  diversity  along  the  river.  Plant  specimens
collected were identified using available taxonomic literature.
The  voucher  specimens  were  deposited  at  the  National
Herbarium in Serbithang, Thimphu district, Bhutan.

2.4 Data analysis

In order to distinguish the plant communities, cluster
analysis using average linkage method was applied. Sørensen
similarity coefficient was calculated in order to find the simi-
larities among those selected plots. The canonical correspon-
dence analysis (CCA) ordination was done to achieve the
species composition as well as any effect of environmental
variables  (altitude,  litter,  aspect,  and  slope)  to  the  species
composition. However, the less common found species were
not included in the CCA analysis to minimize their effect on
the data (Oksanen, 2015). The correlation and regression were
executed to analyze relationship of environmental variables
to the species richness. The floristic richness was determined
by the direct computation of the number of species, genera,
and families recorded. The analysis was performed by using
software R Version 3.0.0. (R Development Core Team, 2013).

3. Results

3.1 Species richness

A total of 172 vascular plants species belonging to
149 genera and 71 families were recorded (Table 1). Among
them,  162  species  are  angiosperms  (134  Eudicots  and  26
Monocots) and 10 species are monilophytes belonging to 9
families and 9 genera. The most diverse family in the present
study was Fabaceae (18 species), followed by Rubiaceae (10
species), Malvaceae and Cyperaceae (8 species each), and
Orchidaceae (6 species), respectively. Tree species contri-
buted 19.41% of the overall plant species in this gallery forest,
while the shrub, herb, liana and fern had contributed 31.18%,
37.05%, 7.05%, and 5.29%, respectively.

3.2 Plant communities and their species composition

The cluster analysis and the Sørensen similarity co-
efficient  recognized  four  different  plant  communities  that
characterized the riparian vegetation along Sherichhu River of
Eastern Bhutan Himalaya (Figure 3). Considering the Sørensen
similarity, the highest similarity was recognized between plot
17 and 18 (76%), while the lowest one could be seen between
plot 4 and 17, 5, and 17 (11% each) (Table 2). Generally, there
are two different main riparian plant community types along
this Sherichhu River (one of those represented by plot 1 to 9
and  the  other  represented  by  plot  10-18),  which  could  be
according to the topography features (U and V shaped valley;
Figure 2 and 4). Four plant community types were recognized
along the Sherichhu River, one of which is woodland, while
the  others  are  shrubland.  These  plant  communities  were
named after the dominant plant species as follows:

1) Mallotus-Desmodium-Rhus shrubland (Plot 1-5
and 6): This community is situated along a river that flows
through V- shape valleys. The valley is with the distinct levees
on both sides of the river composed of the pebbles, cobbles
and  boulders,  where  deposition  of  degraded  litter/silt/soil
has taken place and it has supported growth of plant species
forming the riparian plant community. This plant community
type is dominated by the shrubby and/or small tree species
i.e. Mallotus philippensis (Lam.). Müll.Arg, Litsea glutinosa
(Lour.) C.B.Rob. and Rhus paniculata Wall. ex G. Don with
more/less open canopy (Figure 3 and 4B).

2) Syzygium  venosum  woodland  (Plot  7-9):  This
plant community is also situated in the V-shaped valley with
various  patches  of  alluvial  plains  formed  on  either  side  of
the river. Sites of such communities were characterized by
pebbles, cobbles, boulders, and the emergent rocks, espe-
cially, distinct in winter when the water level decreases. These
patches of small alluvial plains on either side of the river had
accommodated plant communities that were characterized by
an  “asymmetric”  canopy  size  and  often  with  a  diagonally
leaning trunk towards the river (Figure 3). This is dominated
by Syzygium venosum DC., Duabanga grandiflora (DC.)

Figure 2. Cross  section  of  the  Sherichhu  River  valley  showing
various topographic features (A and B: U-shaped valley;
C and D: V- shaped valley; E: Intermediate form between
U- and V-shaped valley).



T. Jamtsho & K. Sridith / Songklanakarin J. Sci. Technol. 39 (3), 303-316, 2017306
Ta

bl
e 1

.
Li

st
 o

f a
ll 

pl
an

t s
pe

ci
es

 re
co

rd
ed

 in
 th

e r
ip

ar
ia

n 
fo

re
st

 a
lo

ng
 th

e s
tu

dy
 si

te
.

St
ud

y 
pl

ot
s

   
 F

am
ily

   
   

   
   

   
   

 S
ci

en
tif

ic
  n

am
e

A
bb

.1
Li

fe
 fo

rm
Vo

uc
he

r
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18

M
on

ilo
ph

yt
es

Eq
ui

se
ta

ce
ae

Eq
ui

se
tu

m
 h

ye
m

al
e 

L.
eq

u.
hy

e
F

x
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

x
T.

Ja
m

18
8

O
ph

io
gl

os
sa

ce
ae

O
ph

io
gl

os
si

um
 s

p.
op

h.
sp

F
x

x
T.

Ja
m

18
4

A
na

ca
rd

ia
ce

ae
Rh

us
 p

an
ic

ul
at

a 
W

al
l. 

ex
 G

. D
on

rh
u.

pa
n

S
x

x
x

x
x

x
x

x
x

x
x

x
x

T.
Ja

m
18

1
A

sp
ar

ag
ac

ea
e

As
pa

ra
gu

s 
ra

ce
m

os
us

 W
ill

d.
as

p.
ra

c
S

x
x

x
x

x
x

x
T:

Ja
m

37
5

A
st

er
ac

ea
e

Ac
m

el
la

 u
lig

in
os

a 
C

as
s.

ac
m

.u
li

H
x

x
x

x
T.

Ja
m

18
3

A
st

er
ac

ea
e

Bi
de

ns
 b

ip
in

na
ta

 B
ai

ll.
bi

d.
bi

p
H

x
x

x
x

x
x

x
T.

Ja
m

19
3

A
st

er
ac

ea
e

In
ul

a 
ca

pp
a 

(B
uc

h.
-H

am
. e

x 
D

.D
on

) D
C

.
in

u.
ca

p
S

x
x

x
x

T.
Ja

m
18

0
C

ar
yo

ph
yl

la
ce

ae
Sa

gi
na

 ja
po

ni
ca

 (S
w

. e
x 

St
eu

d.
) O

hw
i

sa
g.

ja
p

H
x

T.
Ja

m
25

3
Eu

ph
or

bi
ac

ea
e

Eu
ph

or
bi

a 
hi

rta
 L

.
eu

p.
hi

t
H

x
x

x
x

x
x

x
T.

Ja
m

17
3

Fa
ba

ce
ae

Ab
ru

s 
pr

ec
at

or
iu

s 
L.

ab
r.p

re
H

x
x

x
T.

Ja
m

11
2

Fa
ba

ce
ae

C
ro

ta
la

ria
 ca

ly
ci

na
 S

ch
ra

nk
cr

o.
ca

l
H

x
x

x
x

x
x

T.
Ja

m
32

0
Fa

ba
ce

ae
D

es
m

od
iu

m
 c

on
fe

rtu
m

 D
C

.
de

s.c
on

S
x

x
x

x
x

T.
Ja

m
37

9
Fa

ba
ce

ae
D

es
m

od
iu

m
 e

le
ga

ns
  D

C
.

de
s.e

le
S

x
x

x
x

x
x

x
x

T.
Ja

m
04

3
Fa

ba
ce

ae
Fl

em
in

gi
a 

m
ac

ro
ph

yl
la

 (W
ill

d.
) P

ra
in

fle
.m

ac
S

x
x

x
x

x
x

x
x

x
x

x
x

T.
Ja

m
38

0
Ly

th
ra

ce
ae

W
oo

df
or

di
a 

fru
tic

os
a 

(L
.) 

K
ur

z
w

oo
.fr

u
S

x
x

x
x

T.
Ja

m
04

2
M

or
ac

ea
e

Fi
cu

s 
sq

ua
m

os
a 

R
ox

b.
fic

.sq
u

S
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

x
x

T.
Ja

m
04

7
Eu

ph
or

bi
ac

ea
e

M
al

lo
tu

s 
ph

ili
pp

en
sis

 (
La

m
.).

M
ül

l.A
rg

.
m

al
.p

hi
T

x
x

x
x

x
x

x
x

x
x

x
T.

Ja
m

04
6

Fa
ba

ce
ae

Al
bi

zia
 le

bb
ec

k 
(L

.) 
B

en
th

.
al

b.
le

b
T

x
x

x
T.

Ja
m

03
8

Fa
ba

ce
ae

C
ro

ta
la

ria
 s

es
sil

ifl
or

a 
L.

cr
o.

se
s

H
x

x
x

x
T.

Ja
m

31
7

Fa
ba

ce
ae

In
di

go
fe

ra
 c

as
sio

id
es

 R
ot

tle
r e

x 
D

C
.

in
d.

ca
ss

S
x

T.
Ja

m
04

7
Fl

ac
ou

rti
ac

ea
e

Fl
ac

ou
rti

a 
ja

ng
om

as
 R

ae
us

ch
.

fla
.ja

n
S

x
x

x
x

T.
Ja

m
04

0
La

m
iac

ea
e

H
ol

m
sk

io
ld

ia
 s

an
gu

in
ea

 R
et

z.
ho

l.s
an

S
x

x
T.

Ja
m

15
6

M
al

va
ce

ae
Si

da
 c

or
da

ta
 (B

ur
m

.f.
) B

or
ss

.W
aa

lk
.

sid
.c

or
H

x
x

x
T.

Ja
m

35
1

M
en

isp
er

m
ac

ea
e

C
iss

am
pe

lo
s 

pa
re

ira
 L

.
ci

ss
.p

ar
L

x
x

x
x

x
T.

Ja
m

11
7

M
or

ac
ea

e
Fi

cu
s s

em
ic

or
da

ta
 B

uc
h.

-H
am

.  
ex

 S
m

.
fic

.se
m

T
x

x
x

T.
Ja

m
16

8
Sa

lic
ac

ea
e

Fl
ac

ou
rti

a 
ja

ng
om

as
 (L

ou
r.)

 R
ae

us
ch

.
fla

.ja
n

S
x

x
x

x
T.

Ja
m

04
0

Sa
nt

ala
ce

ae
O

sy
ris

 la
nc

eo
la

ta
 H

oc
hs

t. 
&

 S
te

ud
.

os
y.

la
n

S
x

x
x

x
T.

Ja
m

04
9

C
an

na
ba

ce
ae

Tr
em

a 
po

lit
or

ia
 (P

la
nc

h.
) B

lu
m

e
tr

e.
po

l
S

x
T.

Ja
m

12
0

V
ita

ce
ae

Am
pe

lo
ci

ss
us

 d
iv

ar
ic

at
a

am
p.

di
v

L
x

x
x

x
x

x
x

x
T.

Ja
m

24
8

(W
al

l. 
ex

M
. A

.L
aw

so
n)

 P
la

nc
h.

C
yp

er
ac

ea
e

Er
io

ph
or

um
 c

om
os

um
 (

W
al

l.)
N

ee
s

er
i.c

om
H

x
x

T.
Ja

m
32

4
A

ca
nt

ha
ce

ae
Ba

rle
ria

 c
ris

ta
ta

 L
.

ba
r.c

ri
H

x
T:

Ja
m

35
5

A
po

cy
na

ce
ae

W
rig

ht
ia

 a
rb

or
ea

 (
D

en
ns

t.)
 M

ab
b.

w
ri.

ad
b

T
x

x
x

x
T.

Ja
m

15
7

Sa
lic

ac
ea

e
C

as
ea

ria
 g

lo
m

er
at

a 
R

ox
b.

ca
s.g

lo
S

x
x

x
x

x
x

T.
Ja

m
06

7
Ph

yl
la

nt
ha

ce
ae

G
lo

ch
id

io
n 

ve
lu

tin
um

 W
ig

ht
gl

o.
ve

l
T

x
x

x
T.

Ja
m

11
1

Po
ac

ea
e

Po
go

na
th

er
um

 p
an

ic
eu

m
 (L

am
.) 

H
ac

k.
po

g.
pa

n
H

x
x

x
x

x
x

x
x

T.
Ja

m
03

7



307T. Jamtsho & K. Sridith / Songklanakarin J. Sci. Technol. 39 (3), 303-316, 2017
Ta

bl
e 1

.
C

on
tin

ue
d

St
ud

y 
pl

ot
s

   
 F

am
ily

   
   

   
   

   
   

 S
ci

en
tif

ic
  n

am
e

A
bb

.1
Li

fe
 fo

rm
Vo

uc
he

r
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18

A
po

cy
na

ce
ae

C
ry

pt
ol

ep
is 

bu
ch

an
an

ii 
R

oe
m

. &
 S

ch
ul

t.
cr

y.
bu

c
S

x
x

x
T.

Ja
m

05
2

M
al

va
ce

ae
U

re
na

 lo
ba

ta
 L

ur
e.

lo
b

H
x

x
x

x
T.

Ja
m

16
5

C
yp

er
ac

ea
e

El
eu

sin
e 

in
di

ca
 (L

.) 
G

ae
rtn

.
el

e.
in

d
H

x
x

x
x

x
x

x
x

T.
Ja

m
29

4
Po

ac
ea

e
Ar

un
di

ne
lla

 p
um

ila
ar

u.
pu

m
H

x
x

x
x

x
x

x
T.

Ja
m

24
3

(H
oc

hs
t. 

ex
 A

. R
ic

h.
) S

te
ud

.
Fa

ba
ce

ae
Al

bi
zia

 lu
ci

di
or

 (S
te

ud
.) 

I.C
. N

ie
lse

n
al

b.
lu

c
T

x
x

x
x

x
T.

Ja
m

09
2

Lo
ra

nt
ha

ce
ae

Sc
ur

ru
la

 p
ul

ve
ru

le
nt

a 
(W

al
l.)

G.
 D

on
sc

u.
pu

l
E

x
x

x
T.

Ja
m

34
9

M
al

va
ce

ae
G

re
wi

a 
ve

nu
sta

 F
re

se
n.

gr
e.

ve
n

T
x

T.
Ja

m
04

1
Ph

yl
la

nt
ha

ce
ae

Br
id

el
ia

 re
tu

sa
 (L

.) 
A

. J
us

s.
br

i.r
et

T
x

T.
Ja

m
32

6
R

ub
iac

ea
e

Ix
or

a 
un

du
la

ta
 R

ox
b.

ix
o.

un
d

T
x

T.
Ja

m
15

8
Sa

po
ta

ce
ae

D
ip

lo
kn

em
a 

bu
ty

ra
ce

a 
(R

ox
b.

) H
.J.

La
m

di
p.

bu
t

T
x

x
T.

Ja
m

16
1

Po
ac

ea
e

D
ig

ita
ria

 c
ili

ar
is 

(R
et

z.
) 

K
oe

le
r

di
g.

ci
l

H
x

x
x

x
T.

Ja
m

29
5

Lo
m

ar
io

ps
id

ac
ea

e
N

ep
hr

ol
ep

is 
co

rd
ifo

lia
 (L

.) 
C

. P
re

sl
ne

p.
co

rd
F

x
x

x
x

x
x

x
x

T.
Ja

m
27

7
Er

ic
ac

ea
e

Vi
bu

rn
um

 s
p.

vi
b.

sp
S

x
T.

Ja
m

13
4

M
al

va
ce

ae
K

yd
ia

 ca
ly

ci
na

 R
ox

b.
ky

d.
ca

l
T

x
x

T.
Ja

m
36

3
M

el
as

to
m

at
ac

ea
e

M
el

as
to

m
a 

no
rm

al
e 

D
.D

on
m

el
.n

or
S

x
x

x
x

T.
Ja

m
05

7
Ph

yl
la

nt
ha

ce
ae

Fl
ue

gg
ea

 v
iro

sa
 (R

ox
b.

 e
x 

W
ill

d.
) V

oi
gt

flu
.v

ir
S

x
x

x
x

x
x

T.
Ja

m
12

6
B

ig
no

ni
ac

ea
e

O
ro

xy
lu

m
 in

di
cu

m
 (L

.) 
B

en
th

. e
x 

K
ur

z
or

y.
in

d
T

x
T.

Ja
m

38
3

Eu
ph

or
bi

ac
ea

e
Sa

pi
um

 in
sig

ne
 (R

oy
le

) B
en

th
. &

 H
oo

k.
f.

sa
p.

in
s

T
x

x
x

x
x

x
x

x
x

T.
Ja

m
07

5
Li

nd
er

ni
ac

ea
e

To
re

ni
a 

vi
ol

ac
ea

 (A
za

ol
a 

ex
 B

la
nc

o)
 P

en
ne

ll
to

r.v
io

H
x

x
x

T.
Ja

m
28

8
C

yp
er

ac
ea

e
C

yp
er

us
 c

om
pr

es
su

s 
L.

cy
p.

co
m

H
x

x
x

x
T.

Ja
m

22
0

C
yp

er
ac

ea
e

C
yp

er
us

 o
do

ra
tu

s 
L.

cy
p.

od
o

H
x

x
x

T.
Ja

m
29

1
C

yp
er

ac
ea

e
Fi

m
br

ist
yl

is 
lit

to
ra

lis
 G

au
di

ch
.

fim
.li

t
H

x
x

x
x

x
T.

Ja
m

29
2

C
om

br
et

ac
ea

e
Te

rm
in

al
ia

 m
yr

io
ca

rp
a 

Va
n 

H
eu

rc
k

te
r.m

yr
T

x
x

T.
Ja

m
35

9
&

 M
ül

l. 
A

rg
.

El
ae

ag
na

ce
ae

El
ae

ag
nu

s p
ar

vi
fo

lia
 W

al
l.

el
a.

pa
r

S
x

x
T.

Ja
m

06
5

Fa
ba

ce
ae

Ba
uh

in
ia

 p
ur

pu
re

a 
L.

ba
u.

pu
r

T
x

x
x

x
x

x
x

x
x

T.
Ja

m
24

9
Fa

ba
ce

ae
Bu

te
a 

bu
te

ifo
rm

is 
(V

oi
gt

) G
rie

rs
on

bu
t.b

ut
S

x
x

x
x

T.
Ja

m
25

4
Ly

th
ra

ce
ae

D
ua

ba
ng

a 
gr

an
di

flo
ra

 (D
C

.) 
W

al
p.

du
a.

gr
a

T
x

x
T.

Ja
m

05
3

M
el

as
to

m
at

ac
ea

e
O

xy
sp

or
a 

pa
ni

cu
la

ta
 (D

. D
on

) D
C

ox
y.

pa
n

S
x

T.
Ja

m
23

4
M

yr
ta

ea
e

Sy
zy

gi
um

 v
en

os
um

 D
C

.
sy

z.
ve

n
T

x
x

x
x

x
x

x
T.

Ja
m

11
4

Sa
ur

ur
ac

ea
e

H
ou

ttu
yn

ia
 co

rd
at

a 
Th

un
b.

ho
u.

co
r

H
x

x
T.

Ja
m

23
8

C
yp

er
ac

ea
e

C
yp

er
us

 c
yp

er
oi

de
s 

(L
.) 

K
un

tz
e.

cy
p.

cy
p

H
x

x
x

T.
Ja

m
21

8
V

ita
ce

ae
Te

tra
sti

gm
a 

ru
m

ic
isp

er
m

um
te

t.r
um

L
x

x
x

x
T.

Ja
m

15
0

(M
.A

. L
aw

so
n)

 P
la

nc
h.

A
ca

nt
ha

ce
ae

Ju
sti

ci
a 

ad
ha

to
da

 L
.

ju
s.a

dh
S

x
x

x
T.

Ja
m

10
7

A
pi

ac
ea

e
H

yd
ro

co
ty

le
 h

im
al

ai
ca

 P
.K

.M
uk

h.
hy

d.
hi

m
H

x
x

T.
Ja

m
29

6
M

al
va

ce
ae

Si
da

 a
cu

ta
 B

ur
m

. f
.

sid
.a

cu
H

x
x

T.
Ja

m
18

7



T. Jamtsho & K. Sridith / Songklanakarin J. Sci. Technol. 39 (3), 303-316, 2017308
Ta

bl
e 1

.
C

on
tin

ue
d

St
ud

y 
pl

ot
s

   
 F

am
ily

   
   

   
   

   
   

 S
ci

en
tif

ic
  n

am
e

A
bb

.1
Li

fe
 fo

rm
Vo

uc
he

r
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18

Ph
yl

la
nt

ha
ce

ae
Br

id
el

ia
 s

ik
ki

m
en

sis
 G

eh
rm

.
br

i.s
ik

T
x

x
x

x
T.

Ja
m

35
2

Po
ly

go
na

ce
ae

Pe
rs

ic
ar

ia
 n

ep
al

en
si

s 
(M

ei
sn

.) 
M

iy
ab

e
pe

r.n
ep

H
x

x
x

x
x

x
x

x
T.

Ja
m

12
4

R
ut

ac
ea

e
C

itr
us

 m
ed

ic
a 

L.
ci

t.m
ed

S
x

x
x

x
T.

Ja
m

06
8

C
yp

er
ac

ea
e

C
yp

er
us

 ro
tu

nd
us

 L
.

cy
p.

ro
t

H
x

x
T.

Ja
m

29
0

C
yp

er
ac

ea
e

Se
ta

ria
 p

um
ila

 (P
oi

r.)
 R

oe
m

. &
 S

ch
ul

t.
se

t.p
um

H
x

T.
Ja

m
29

3
Po

ac
ea

e
Im

pe
ra

ta
 c

yl
in

dr
ic

a 
(L

.) 
P.

 B
ea

uv
.

im
p.

cy
l

H
x

T.
Ja

m
36

1
C

or
na

ce
ae

Al
an

gi
um

 a
lp

in
um

 (C
.B

.C
la

rk
e)

al
a.

al
p

T
x

x
T.

Ja
m

05
0

W
.W

.S
m

. &
 C

av
e

B
ig

no
ni

ac
ea

e
Ra

de
rm

ac
he

ra
 si

ni
ca

 H
em

sl.
ra

d.
sin

T
x

x
T.

Ja
m

06
6

C
ae

sa
lp

in
ia

ce
ae

C
ae

sa
lp

in
ia

 d
ec

ap
et

al
a 

(R
ot

h)
 A

lst
on

ca
e.d

ec
S

x
T.

Ja
m

06
2

C
on

vo
lv

ul
ac

ea
e

Ip
om

oe
a 

pu
rp

ur
ea

 (L
.) 

R
ot

h
ip

o.
pu

r
L

x
x

x
T.

Ja
m

35
4

Fa
ba

ce
ae

Al
bi

zia
 o

do
ra

tis
sim

a 
(L

.f.
) B

en
th

.
al

b.
od

o
T

x
T.

Ja
m

16
6

Fa
ba

ce
ae

Pt
er

ol
ob

iu
m

 h
ex

ap
et

al
um

 (R
ot

h)
pt

e.
he

x
H

x
x

T.
Ja

m
07

6
Sa

nt
ap

au
 &

 W
ag

h
Pr

im
ul

ac
ea

e
M

ae
sa

 c
hi

sia
 D

.D
on

m
ae

.c
hi

S
x

x
x

x
T.

Ja
m

o7
0

R
ha

m
na

ce
ae

Zi
zip

hu
s 

in
cu

rv
a 

R
ox

b.
zi

z.
in

c
T

x
x

x
x

x
x

x
T.

Ja
m

13
5

R
ub

iac
ea

e
Pa

ve
tta

 in
di

ca
 L

.
pa

v.
in

d
T

x
x

T.
Ja

m
20

1
C

an
na

ba
ce

ae
C

el
tis

 te
tra

nd
ra

 R
ox

b.
ce

l.t
et

T
x

x
x

x
T.

Ja
m

14
3

A
sp

le
ni

ac
ea

e
As

pl
en

iu
m

 a
us

tra
la

sic
um

 (J
. S

m
.) 

H
oo

k.
as

p.
au

s
F

x
x

x
x

T.
Ja

m
10

4
D

av
al

lia
ce

ae
D

av
al

lia
 c

an
ar

ie
ns

is 
(L

.) 
Sm

.
da

v.c
an

F
x

x
x

x
x

x
T.

Jm
a1

06
Po

ly
po

di
ac

ea
e

Po
ly

po
di

um
 c

am
br

ic
um

 L
.

po
l.c

am
F

x
x

x
x

x
T.

Ja
m

27
6

A
na

ca
rd

ia
ce

ae
Rh

us
 c

hi
ne

ns
is 

M
ill

.
rh

u.
ch

i
T

x
x

T.
Ja

m
33

9
C

ap
pa

ra
ce

ae
C

ap
pa

ris
 a

cu
tif

ol
ia

 S
w

ee
t

ca
p.

ac
u

S
x

T.
Ja

m
06

1
Fa

ga
ce

ae
Q

ue
rc

us
 g

la
uc

a 
Th

un
b.

qu
e.g

la
T

x
x

x
x

x
x

T.
Ja

m
05

6
G

es
ne

ria
ce

ae
Ly

sio
no

tu
s 

se
rr

at
us

 D
.D

on
ly

s.
se

r
H

x
x

x
x

x
T.

Ja
m

28
3

M
al

va
ce

ae
Pt

er
os

pe
rm

um
 a

ce
rif

ol
iu

m
 (

L.
)W

ill
d.

pt
e.

ac
e

T
x

T.
Ja

m
13

1
M

el
ia

ce
ae

To
on

a 
ci

lia
ta

 M
. R

oe
m

.
to

o.
ci

l
T

x
T.

Ja
m

03
9

O
le

ac
ea

e
Ja

sm
in

um
 la

ur
ifo

liu
m

 R
ox

b.
 e

x 
H

or
ne

m
.

ja
s.l

au
S

x
x

x
x

x
x

x
T.

Ja
m

14
1

Pi
pe

ra
ce

ae
Pi

pe
r b

oe
hm

er
iif

ol
iu

m
 (M

iq
.) 

W
al

l. 
ex

 C
. D

C
.

pi
p.

bo
e

H
x

x
x

x
x

T.
Ja

m
08

0
Pi

pe
ra

ce
ae

Pe
pe

ro
m

ia
 te

tra
ph

yl
la

 (
G.

Fo
rs

t.)
 H

oo
k.

 &
 A

rn
.

pe
p.

te
t

H
x

x
x

x
x

T.
Ja

m
14

4
R

ub
iac

ea
e

G
al

iu
m

 e
le

ga
ns

 W
al

l. 
ex

 R
ox

b.
ga

l.e
le

H
x

x
x

x
T.

Ja
m

31
2

R
ub

iac
ea

e
O

ph
io

rr
hi

za
 fa

sc
ic

ul
at

a 
D

. D
on

op
h.

fa
s

H
x

x
x

T.
Ja

m
22

4
R

ub
iac

ea
e

C
at

un
ar

eg
am

 lo
ng

isp
in

a 
(R

ox
b.

 E
x 

Li
nk

)
ra

n.
sp

i
S

x
x

x
T.

Ja
m

10
8

Ti
rv

en
g.

So
la

na
ce

ae
So

la
nu

m
 e

ria
nt

hu
m

 D
. D

on
slo

.e
ri

S
x

T.
Ja

m
05

8
So

la
na

ce
ae

So
la

nu
m

 v
ia

ru
m

 D
un

al
slo

.v
ia

H
x

x
T.

Ja
m

22
7

U
rti

ca
ce

ae
Pi

le
a 

um
br

os
a 

B
lu

m
e

pi
l.u

m
b

H
x

x
x

x
x

T.
Ja

m
26

7
C

os
ta

ce
ae

C
os

tu
s 

la
ce

ru
s 

G
ag

ne
p.

co
s.l

ac
H

x
T.

Ja
m

26
4



309T. Jamtsho & K. Sridith / Songklanakarin J. Sci. Technol. 39 (3), 303-316, 2017
Ta

bl
e 1

.
C

on
tin

ue
d

St
ud

y 
pl

ot
s

   
 F

am
ily

   
   

   
   

   
   

 S
ci

en
tif

ic
  n

am
e

A
bb

.1
Li

fe
 fo

rm
Vo

uc
he

r
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18

D
io

sc
or

ea
ce

ae
D

io
sc

or
ea

 h
am

ilt
on

ii 
H

oo
k.

 f.
di

o.
ha

m
L

x
x

T.
Ja

m
30

5
O

rc
hi

da
ce

ae
Rh

yn
ch

os
ty

lis
 re

tu
sa

 (L
.)B

lu
m

e
rh

y.
re

t
H

x
T.

Ja
m

12
9

O
rc

hi
da

ce
ae

Sc
ho

en
or

ch
is 

ge
m

m
at

a 
(L

in
dl

.) 
J.J

. S
m

.
sc

h.
ge

m
H

x
x

x
x

x
x

x
T.

Ja
m

13
0

A
di

an
ta

ea
e

Ad
ia

nt
um

 lu
nu

la
tu

m
 B

ur
m

.f.
ad

i.l
un

F
x

x
x

x
T.

Ja
m

31
3

Po
ly

po
di

ac
ea

e
Pl

eo
pe

lti
s 

m
ac

ro
ca

rp
a 

(B
or

y 
ex

 W
ill

d.
) K

au
lf.

pl
e.

m
ac

F
x

x
x

x
x

T.
Ja

m
27

4
A

ca
nt

ha
ce

ae
St

ro
bi

la
nt

he
s 

fle
xi

ca
ul

is 
H

ay
at

a
st

r.f
le

H
x

x
T.

Ja
m

33
5

Fa
ba

ce
ae

D
al

be
rg

ia
 se

ric
ea

 B
oj

er
ca

l.s
er

T
x

x
T.

Ja
m

04
5

G
es

ne
ria

ce
ae

C
hi

rit
a 

bi
fo

lia
 D

.D
on

.
ch

i.b
if

H
x

x
x

x
T.

Ja
m

22
3

La
m

iac
ea

e
C

le
ro

de
nd

ru
m

 c
ol

eb
ro

ok
ia

nu
m

 W
al

p.
cl

e.
co

l
S

x
T.

Ja
m

32
5

M
al

va
ce

ae
G

re
wi

a 
se

pi
ar

ia
 R

ox
b.

 &
 G

.D
on

gr
e.

se
p

T
x

x
x

T.
Ja

m
30

6
R

ub
iac

ea
e

Lu
cu

lia
 g

ra
tis

sim
a 

(W
al

l.)
 S

w
ee

t
lu

c.
gr

a
S

x
T.

Ja
m

35
8

R
ut

ac
ea

e
Za

nt
ho

xy
lu

m
 a

rm
at

um
 D

C
.

za
n.

ar
m

S
x

x
x

x
T.

Ja
m

23
3

A
ra

ce
ae

Re
m

us
at

ia
 v

iv
ip

ar
a 

(R
ox

b.
) 

Sc
ho

tt
re

m
.v

iv
H

x
x

x
x

x
T.

Ja
m

27
1

B
ur

m
an

ni
ac

ea
e

Bu
rm

an
ni

a 
liu

ki
ue

ns
is 

H
ay

at
a

bu
r.l

iu
H

x
x

T.
Ja

m
31

6
C

om
m

eli
na

ce
ae

C
om

m
el

in
a 

pa
lu

do
sa

 B
lu

m
e

co
m

.p
al

H
x

x
x

x
T.

Ja
m

22
9

O
rc

hi
da

ce
ae

O
be

ro
ni

a 
ac

au
lis

 H
oo

k.
ob

e.
ac

a
H

x
x

x
T.

Ja
m

29
9

A
sp

ar
ag

ac
ea

e
O

ph
io

po
go

n 
ja

po
ni

cu
s 

(T
hu

nb
.) 

K
er

 G
aw

l.
op

h.
ja

p
H

x
x

x
x

T.
Ja

m
28

1
Er

ic
ac

ea
e

Va
cc

in
iu

m
  v

ac
ci

ni
ac

eu
m

 (R
ox

b.
) S

le
um

er
va

c.
va

c
S

x
x

x
x

T.
Ja

m
09

6
Eu

ph
or

bi
ac

ea
e

M
ac

ar
an

ga
 d

en
tic

ul
at

a 
(B

lu
m

e)
 M

ül
l.A

rg
.

m
ac

.d
en

T
x

T.
Ja

m
21

0
Fa

ba
ce

ae
D

es
m

od
iu

m
 la

xu
m

 D
C

de
s.l

ax
S

x
x

x
x

x
T.

Ja
m

30
7

Fa
ba

ce
ae

Te
ph

ro
sia

 c
an

di
da

 D
C

.
te

p.
ca

n
T

x
T.

Ja
m

34
0

Ju
gl

an
da

ce
ae

En
ge

lh
ar

di
a 

sp
ic

at
a 

B
lu

m
e

en
g.

sp
i

T
x

T.
Ja

m
07

2
A

ca
nt

ha
ce

ae
str

ob
iln

th
es

 s
p.

st
r.s

p
H

x
x

x
x

x
T.

Ja
m

37
2

A
ct

in
id

ia
ce

Sa
ur

au
ia

 ro
xb

ur
gh

ii 
W

al
l.

sa
u.

ro
x

S
x

x
T.

Ja
m

05
9

A
po

cy
na

ce
ae

M
at

el
ea

 c
ar

ol
in

en
sis

 (J
ac

q.
) W

oo
ds

on
m

at
.c

ar
H

x
x

x
x

T.
Ja

m
23

0
C

el
as

tra
ce

ae
M

ay
te

nu
s 

ho
ok

er
i L

oe
s.

m
ay

.h
oo

S
x

T.
Ja

m
13

2
C

on
vo

lv
ul

ac
ea

e
D

in
et

us
 r

ac
em

os
a 

(W
al

l.)
 S

w
ee

t
di

n.
ra

c
H

x
x

T.
Ja

m
36

4
C

on
vo

lv
ul

ac
ea

e
Ip

om
oe

a 
gr

an
di

fo
lia

 (D
am

m
er

) O
’D

on
el

l
ip

o.
gr

a
L

x
x

T.
Ja

m
30

9
Fa

ba
ce

ae
M

ill
et

tia
 p

ac
hy

ca
rp

a 
B

en
th

.
m

il.
pa

c
H

x
x

T.
Ja

m
08

1
M

el
as

to
m

at
ac

ea
e

O
sb

ec
ki

a 
ne

pa
le

ns
is 

H
oo

k.
f.

os
b.

ne
p

S
x

T.
Ja

m
31

9
M

or
ac

ea
e

M
or

us
 a

us
tra

lis
 P

oi
r.

m
or

.a
us

S
x

T.
Ja

m
14

2
Zi

ng
ib

er
ac

ea
e

H
ed

yc
hi

um
 co

cc
in

eu
m

  B
uc

h.
-H

am
. e

x 
Sm

.
he

d.
co

c
H

x
x

x
x

T.
Ja

m
28

4
C

om
m

eli
na

ce
ae

C
ya

no
tis

 v
ag

a 
(L

ou
r.)

 S
ch

ul
t. 

&
 S

ch
ul

t. 
f.

cy
a.

va
g

H
x

x
x

T.
Ja

m
27

2
O

rc
hi

da
ce

ae
Er

ia
  p

ul
ch

el
la

 L
in

dl
.

er
i.p

ul
H

x
T.

Ja
m

24
0

A
sp

le
ni

ac
ea

e
As

pl
en

iu
m

 p
te

ro
pu

s 
K

au
lf.

as
p.

pt
e

F
x

x
T.

Ja
m

31
0

A
ct

in
id

ia
ce

a
Sa

ur
au

ia
 n

ap
au

le
ns

is 
D

C
.

sa
u.

na
p

S
x

x
T.

Ja
m

20
3

A
ra

lia
ce

ae
Sc

he
ffl

er
a 

el
lip

tic
a 

(B
lu

m
e)

 H
ar

m
s

sc
h.

el
l

E
x

x
x

T.
Ja

m
38

1
A

sp
ar

ag
ac

ea
e

Tu
pi

str
a 

nu
ta

ns
 W

al
l. 

ex
 L

in
dl

.
tu

p.
nu

t
H

x
x

x
T.

Ja
m

10
5



T. Jamtsho & K. Sridith / Songklanakarin J. Sci. Technol. 39 (3), 303-316, 2017310
Ta

bl
e 1

.
C

on
tin

ue
d

St
ud

y 
pl

ot
s

   
 F

am
ily

   
   

   
   

   
   

 S
ci

en
tif

ic
  n

am
e

A
bb

.1
Li

fe
 fo

rm
Vo

uc
he

r
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18

Eu
ph

or
bi

ac
ea

e
O

sto
de

s p
an

ic
ul

at
a 

B
lu

m
e

os
t.p

an
T

x
T.

Ja
m

05
1

G
es

ne
ria

ce
ae

Ae
sc

hy
na

nt
hu

s 
pa

rv
ifl

or
us

 (D
. D

on
) S

pr
en

g.
ae

s.p
ar

H
x

x
x

T.
Ja

m
23

1
M

al
va

ce
ae

St
er

cu
lia

 h
am

ilt
on

ii 
(K

un
tz

e)
 A

de
lb

.
st

e.
ha

m
T

x
x

T.
Ja

m
34

1
Li

nd
er

ni
ac

ea
e

Li
nd

er
ni

a 
an

tip
od

a 
(L

.) 
A

lst
on

lin
.a

nt
H

x
T.

Ja
m

29
8

A
ra

ce
ae

Rh
ap

hi
do

ph
or

a 
gr

an
di

s S
ch

ot
t

rh
a.

gr
a

H
x

x
x

T.
Ja

m
10

3
O

rc
hi

da
ce

ae
C

al
an

th
e 

tri
pl

ic
at

a 
(W

ill
em

et
) A

m
es

ca
l.t

ri
H

x
x

x
T.

Ja
m

09
1

Po
ly

po
di

ac
ea

e
M

ic
ro

so
ru

m
 m

us
ifo

liu
m

 (
B

lu
m

e)
 C

op
el

.
m

ic
.m

us
F

x
T.

Ja
m

27
5

B
al

an
op

ho
ra

ce
ae

Ba
la

no
ph

or
a 

di
oi

ca
 R

.B
r. 

ex
 R

oy
le

ba
l.d

io
H

x
T.

Ja
m

37
8

Fa
ba

ce
ae

En
ta

da
 rh

ee
di

i S
pr

en
g.

en
t.r

he
L

x
x

T.
Ja

m
13

3
R

ub
iac

ea
e

C
ha

ss
al

ia
 c

ur
vi

flo
ra

 (
W

al
l.)

 T
hw

ai
te

s
ch

a.c
ur

H
x

x
T.

Ja
m

21
9

R
ub

iac
ea

e
Ix

or
a 

sp
.

ix
o.

sp
T

x
T.

Ja
m

13
6

R
ub

iac
ea

e
W

en
dl

an
di

a 
gr

an
di

s C
ow

an
w

en
.g

ra
T

x
T.

Ja
m

13
7

Th
ea

ce
ae

Sc
hi

m
a 

wa
lli

ch
ii 

(D
C

.) 
K

or
th

.
sc

h.
w

al
T

x
x

T.
Ja

m
14

0
La

ur
ac

ea
e

Li
nd

er
a 

bo
ot

an
ic

a 
M

ei
sn

.
lin

.b
oo

T
x

x
T.

Ja
m

03
6

O
rc

hi
da

ce
ae

M
al

ax
is 

jo
se

ph
ia

na
 (

R
ch

b.
f.)

 K
.M

.M
at

th
ew

m
al

.jo
s

H
x

T.
Ja

m
28

5

N
ot

e;
 A

bb
. =

 a
bb

re
vi

at
io

n 
of

 s
pe

ci
es

 n
am

e,
 T

= 
tre

e,
 S

 =
 s

hr
ub

, H
 =

 h
er

b,
 L

 =
 li

an
a,

 F
 =

 fe
rn

,  
x 

= 
pr

es
en

ce
s 

of
 s

pe
ci

es

Walp. and Terminalia myriocarpa Van Heurck & Müll. Arg.
(Figure 3 and 4).

3) The Albizia-Flueggea woodland (Plot 10, 14 and
15): This community is situated within the U-shaped valleys
along the river bed with more or less open canopy vegetation.
In  general,  the  river  bank,  where  such  community  was
situated, is composed of degraded litter as well as pebbles
and cobbles. The river floor is mostly composed of boulders
and gravels that scraped each other, thereby depositing more
sand and  silt  along  the  river.  This  community  is  dominated
by Albizia lucidior (Steud.) I.C. Nielsen and Flueggea virosa
(Roxb. ex Willd.) Voigt.

4) The  Quercus  glauca  woodland  (Plot  11-13  and
16-18): The Quercus glauca woodland community is also
situated in the U-shaped valleys along the riverbanks of the
upper most part, where the river has displayed a turbulent
flow initially, followed by a laminar flow. The river bank is
commonly occupied by big boulders and the varying size of
emergent rocks, which have not been flooded even during the
rainy season when water levels rose to the maximum level,
thereby creating a space for deposition of sand, silt, degraded
liter  as  well  as  pebbles.  In  addition,  the  water  spray  from
turbulent flow of the river had created a mist that had fumi-
gated the place with moisture. The so-called “Quercus Wood-
land” community in this area is dominated by the Quercus
glauca  Thunb.  and  associated  with  Lindera  bootanica
Meisn.; Bauhinia purpurea L. and Schima wallichii (DC.)
Korth (Figure 3 and 4A).

4. Discussion and Conclusions

4.1 Floristic composition

A total of 172 species were recorded in the present
study. This reflected a plant diversity of the riparian vegeta-
tion along the river and also the flooded banks of the Sherichhu
River, which represents a river of the lower montane in the
Eastern Himalayan area (Table. 2). The most diverse family
in the present study were Fabaceae (18 species), followed by
Rubiaceae (10 species), Malvaceae (8 species), Cyperaceae
(8 species), and Orchidaceae (6 species), respectively.

Species  of  the  plants  recorded  from  the  Sherichhu
River could be categorized according to their position relative
to the bank of the river due to different water levels as well as
their adaptation to stand against different degrees of water
current.  However,  it  has  to  be  noted  that  no  submergent
aquatic plant species has been recorded in the present study.
This might be due to the fact that the water velocity of the
river in the study area is strong all the year round. Therefore,
the bottom of the river is composed mostly of rolling pebbles
and  coarse  sand.  This  situation  could  be  burdensome  for
establishment of any submergent plant species. In spite of
that, many plant species performing rheophyte characteris-
tics have been recorded along the river banks, which were
sometimes  flooded  (van  Steenis,  1981).  Considering  plant
species  (terrestrial  plants  only  and  not  included  lianas;
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climber as well as epiphytes) that occurred along the river
banks,  and  which  perform  “rheophyte”  characteristics
following three classes might be separated due to the degree
of tolerance to running water of the fast-flowing river:

1) Rheophytes: This is a group of plants, which adapts
in order to accommodate the velocity of the water current,
especially, in the flood season when the level of water is high
and they, therefore, have to stand not only the submerge

Figure 3. Cluster analysis dendrogram based on species composition (scale indicates the similarity percentage among the study plots).

Figure 4. Schematic cross section vegetation profile of the riparian vegetation along the Sherichhu River within the study areas:
A; U shaped and B; V shaped valley.

conditions in the flood season when the water level in the
river rises, but also its strong current velocity for a period of
time. In the present study, these species were recorded only in
areas where the water rose up and flooded in late spring/early
summer. Therefore, this habitat becomes aquatic with strong
velocity current and is not found anywhere else. Such plant
species  have  some  common  rheophyte  characters  (van
Steenis,  1981)  of  decumbent  or  creeping  habit  with  long
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linear and/or linear-lanceolate leaf that flow along the strong
water current and not against it. Moreover, their root system
and/or  the  rhizome  are  net-like  structures  that  penetrate
under the coarse sand/pebbles along the flooded river banks
or suspending on the river rocks firmly. These plant species
were recorded for the whole selected study areas along the
river  (Table  1).  They  are  mostly  herbs  and  shrubs,  e.g.
Monilophyte  herbs:  Equisetum  hyemale  and Nephrolepis
cordifolia.  Monocot  herbs:  Fimbristylis  littoralis,
Eleusine  indica,  Pseudechinolaena  polypostachya,  and
Pogonatherum paniceum. Shrubs: Eudicots; Rhus panicu-
lata, Flemingia macrophylla, Desmodium elegans, Ficus
squamosa and Rumex nepalensis (Table 1).

In addition, some tree/shrubby tree elements could be
seen along the edge of the river bank. With a tree or shrubby
tree habit their root systems might have been adapted to stand
the strong velocity current of the fast-flowing stream as these
are  rheophytes  as  well;  such  species  could  be  seen  from
plots  1-10  where  the  river  is  small  and  fast-flowing  in  a
“V-shaped”  valley  but  not  in  a  “U-shaped”  valleys,  e.g.
Wrightia arborea, Aralia foliolosa, Duabanga grandiflora,
and others (Table 1).

2) Flood tolerant species: These are plants species
that occur on periodically inundated places caused by the
mass of water that flow down, due to melting snow from high
mountain peaks. This caused inundating conditions in small
plain areas within the “U-shaped” valleys. These inundate
conditions for a period of time in a year by the river led to
sedimentation, thus creating the small alluvial plain. Plants
that occurred in such areas have to stand not only the inun-
dating conditions, but also the strong velocity of the water
current that runs down as well. There are many plant species

which could be recognized in plot 11-18 (Table 1) that lay
along the river bank in the “U-shaped” valley of the river.
In any case, such elements could be detected in plots 9-10
which are laid in a connective part of the river from a “V-
shaped” to a “U-shaped” valley (Figure 2; 4A and 4B; Table
1). Such elements act as a marking of the edge of the highest
level  of  the  river:  Tree  elements:  Mallotus  philippensis,
Muraya koenigii, Syzygium venosum, etc.; Shrub elements:
Solanum viarum, Caesalpinia decapetala, etc. Otherwise,
species composition of the plants in the small flooded areas
have  been  recorded  in  plots  11-18  and  dominated  by  tree
elements  (Table  1),  e.g.  Quercus  glauca.  Radermachera
sinica, Grewia sepiaria, and shrub elements (Table 1), e.g.
Saurauia  roxburghii,  Saurauia  napaulensis;  Matelea
carolinensis, Vaccinium vacciniaceum, Citrus medica, etc.

3) Terrestrial herbaceous plant elements: Terrestrial
elements in this aspect are those plant species that occur only
a  short  period  of  time  only  in  the  dry  season,  mostly  in
summer or late summer. They are either annual or perennial
herbs. For the latter, only underground parts would be left in
the flooded season, when there is mass flow of water in early
spring  after  the  melting  of  snow  in  high  mountain  peaks.
Many  herbs,  especially,  the  annual  ones  would  come  up.
However, the herbaceous composition along the river bank
in  the  area  of  “V-shaped”  and  “U-shaped”  valleys  were
different. This might be due to influences of environmental
factors, especially, light (more open in the “V-shaped” valley)
and litter (more litter accumulation in the “U-shaped valley)
(Figure  4).  Herbaceous  plant  compositions  in  these  two
distinct topographic types of the river are, therefore, different
(Table 1): i.e. for the “V-shaped” valley, e.g. Baleria cristata,
Inula  cappa,  Bidens  bipinata,  Crotalaria  sessiliflora,

Table 2. Similarities and dissimilarities between plots using Sorensen coefficient index.

Study Plot P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18

Dissimilarities

P1 0.46 0.46 0.38 0.48 0.52 0.55 0.54 0.66 0.81 0.75 0.77 0.72 0.82 0.69 0.75 0.86 0.79
P2 0.54 0.40 0.36 0.56 0.44 0.59 0.70 0.80 0.76 0.79 0.79 0.79 0.83 0.84 0.85 0.87 0.83
P3 0.54 0.60 0.46 0.54 0.48 0.61 0.69 0.81 0.80 0.77 0.77 0.71 0.81 0.82 0.76 0.81 0.79
P4 0.62 0.64 0.54 0.35 0.31 0.60 0.62 0.75 0.73 0.76 0.79 0.79 0.81 0.75 0.79 0.89 0.81
P5 0.52 0.45 0.47 0.65 0.43 0.48 0.54 0.68 0.75 0.79 0.84 0.71 0.86 0.71 0.76 0.89 0.85
P6 0.48 0.56 0.53 0.69 0.57 0.49 0.57 0.70 0.71 0.80 0.75 0.65 0.75 0.73 0.75 0.79 0.74
P7 0.45 0.41 0.39 0.40 0.52 0.51 0.38 0.39 0.65 0.74 0.79 0.65 0.76 0.71 0.71 0.80 0.75
P8 0.46 0.30 0.31 0.38 0.46 0.43 0.62 0.33 0.73 0.70 0.79 0.64 0.77 0.72 0.72 0.78 0.79
P9 0.34 0.20 0.19 0.25 0.32 0.30 0.61 0.67 0.69 0.62 0.76 0.66 0.76 0.68 0.67 0.79 0.77

P10 0.19 0.24 0.20 0.27 0.25 0.29 0.35 0.27 0.31 0.67 0.77 0.69 0.63 0.54 0.74 0.86 0.79
P11 0.25 0.21 0.23 0.25 0.21 0.20 0.26 0.30 0.38 0.33 0.47 0.47 0.73 0.69 0.62 0.54 0.56
P12 0.23 0.21 0.23 0.21 0.16 0.25 0.21 0.21 0.24 0.23 0.53 0.48 0.69 0.73 0.52 0.51 0.55
P13 0.28 0.21 0.29 0.21 0.29 0.35 0.35 0.36 0.34 0.32 0.53 0.52 0.64 0.65 0.52 0.43 0.45
P14 0.18 0.17 0.19 0.19 0.14 0.25 0.24 0.23 0.24 0.37 0.27 0.31 0.36 0.53 0.59 0.72 0.72
P15 0.31 0.16 0.18 0.25 0.29 0.27 0.29 0.28 0.32 0.46 0.31 0.27 0.35 0.48 0.58 0.78 0.75
P16 0.25 0.15 0.24 0.21 0.24 0.25 0.29 0.28 0.33 0.26 0.38 0.48 0.48 0.41 0.42 0.34 0.44
P17 0.14 0.13 0.19 0.11 0.11 0.21 0.20 0.22 0.21 0.14 0.46 0.49 0.57 0.28 0.23 0.66 0.24
P18 0.21 0.17 0.21 0.19 0.15 0.26 0.25 0.22 0.23 0.21 0.44 0.45 0.55 0.28 0.25 0.56 0.76

Similarities
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Desmodium laxum, etc. Concerning the “U-shaped” valley,
the  herbaceous  community  that  has  been  recorded  is
composed  mostly of  shade and litter preferring species, e.g.
Bidens  pilosa,  Euphorbia  hirta,  Chassalia  curviflora,
Ophiorhiza  fasiculata,  Galium  elegans,  etc.  In  any  case,
perennial herbs mostly belong to the monilophytes as seen
along  the  river  banks  when  the  water  levels  of  the  rivers
decreased  in  mid-summer.  However,  the  weather  was  not
really dry as moist habitat plants species were recorded, e.g.
Adiantum  lanulatum,  Asplenium  pteropus,  Nephrolepis
cordifolia, etc.

4.2 Plant communities, structure versus landscape of the
Sherichhu River valley

Considering the four plant communities according to
the  species  composition  revealed  by  the  cluster  analysis
(Figure 3) as well as the similarities and dissimilarities between
plots  using  Sørensen  coefficient  index  i.e.  the  Mallotus-
Desmodium-Rhus shrubland (plot 1-6; Table 1); the Syzygium
venosum woodland (plots 7-9; Table 1); the Albizia-Flueggea
woodland (plot 10, 14, and 15; Table 1), and the Quercus
glauca woodland (plot 11-13, and 16-18; Table 1), together
with  the  valley-landscape  of  the  Sherichhu  River  could
suggest  that  the  Syzygium  venosum  woodland  and  the
Mallotus-Desmodium-Rhus shrubland occurred along the
river in the so-called “V-shaped” valley (Figure 2C, D, E and
4B). It has indicated that all plots of both plant community
types have a close relationship and, therefore, belong to a
given type of plant community. This plant community type
occurred along the river where no sedimentation/accumula-
tion  of  soil  had  taken  place  as  the  river  is  running  in  the
defile between two steep sides of the gorge in the “V-shaped”
valley as there is no flat plain for alluvial sedimentation to
occur.  The  river  could  come  up  to  a  certain  level  in  early
spring/rainy season to late summer due to a large amount of
water from melting snow at the high peaks of the Himalaya or
from regular rain in the rainy season (June-August). There-
fore, the most common elements along this fast running part
of the river are those rheophytes, which stand the strong ve-
locity of the water current (see also the former topic). In any
case, in the upper part of the “V-shaped” valley there are some
parts of the strands where the defile would gradually extend
and there are big boulders and space enough for tree species
to  establish.  Therefore,  the  Mallotus-Desmodium-Rhus
shrubland has been substituted gradually by the Syzygium
venosum woodland. On the other hand, regarding the upper
areas of the river, the valley here is wider in the so-called
“U-shaped” valley with some plain in the defile as this is the
character  of  lower  Himalayan  areas.  The  flooded  plains,
mostly seen inside of river curves are nevertheless enough to
let alluvial sedimentation to occur. Therefore, in such places,
different types of plant communities were established, i.e.
Quercus glauca woodland and the Albizia-Flueggea wood-
land (Figure 2A, B, E; 3 and 4A). It is to be noticed that both
types of plant communities are woodland as they developed

on these small alluvial flood-plains that, in general, are rich
with nutrients.

The cluster analysis as well as Sørensen similarities
coefficient index also implied that the Quercus glauca wood-
land is more related to the two types of plant community in
the “V-shaped” valley than the Albizia-Flueggea woodland,
which is separated from each other. Due to the fact that both
types of plant community occurred in the same physical envi-
ronment type of the “U-shaped” valley as well as the fact that
this Albizia-Flueggea woodland occurred within the range
of the Quercus glauca woodland randomly (plots 10, 14-15
of the former within the range of the plots 11-16 of the latter),
it might be suggested that the plant elements in the Albizia-
Flueggea woodland might be those pioneer species in the
secondary state condition. The Quercus glauca woodland
has been disturbed by many means of anthropogenic influ-
ences such as agriculture as the habitat is supposed to be
appropriate among the difficult access mountainous areas
for  human  settlement.  Owing  to  the  cluster  analysis  and
Sørensen  similarities  coefficient  index,  it  also  pointed  out
close  similarity  of  the  Albizia-Flueggea  woodland  to  the
Quercus  glauca  woodland,  however,  with  less  diversity
(Figure 3 and 4A; Table 2).

4.3 Environmental impact on the species composition

The canonical correspondence analysis (CCA) analy-
sis (Figure 5) suggested that some selected environmental
variables (altitudes, aspect, slope, and litter thickness) had
an impact on the vegetation composition. Variables showed
40% of the total variation in the species composition data can
be  explained  by  four  canonical  axes.  Eigenvalues  for  four
constrained axes of CCA were 0.5234, 0.1746, 0.1054, and
0.0959, that revealed 52%, 17%, 10%, and 9% variation on
the axes CCA1, CCA2, CCA3, and CCA4, respectively (P<
0.001).

Among the four environmental factors, the altitude
had performed 51.28% of the total variation in the species
composition data that can be explained by canonical axis I
(P<0.001) (Figure 5), indicating that altitude is an influential
factor for the community composition. Though the altitude
itself might not have a direct impact, however, it may have
indirect impacts on the humidity (higher altitude with less
humidity) as well as the temperature or other factors. As illus-
trated by Thapa et al. (2016) the Quercus dominated plant
community located in the lower montane vegetation is unique
in terms of species composition and structure. The Quercus
glauca woodland community in the riparian vegetation is
also characteristic more than other communities. Some given
species  in  this  study,  e.g.  Chirita  bifolia,  Aeschynanthus
parviflorus, Persicaria nepalensis and Schoenorchis gem-
mata were associated with Quercus glauca at higher altitudes
(Figure 5). Likewise, such species, e.g. Osyris lanceolata;
Euphorbia hirta, Desmodium elegans, Abrus precatorius,
and others are recognized as components of lower altitude
plant communities (Mallotus-Desmodium and Rhus dominated
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shrublands). The regression analysis also supported the CCA
results, i.e. the number of species (species richness) is found
to be increased along the altitude range of the current study
site (Figure 6).

Moreover, the litter thickness was a determining factor
for the plant species composition as well. It explained 32% of
the total variation in a species composition data set, which
could be explained by the canonical axis I (P<0.003) (Figure
5). The regression analysis also indicated that the species
richness was positively correlated with the litter thickness
(R² = 0.43, P<0.003) (Figure 6). This could be due to the rate of

decomposition of the litter was faster as the environment was
moist owing to the regular foggy spray from the fast flowing
river as well as the shade condition of the dense vegetation
canopy. This might help in the increasing the thermal ampli-
tude in the soil, hence, promoted the microbiological activity,
thereby performing as a driving factor of nutrient production
for plants and seedling as suggested by Koller et al. (2013).
Supplementary reasons could be that the emergence of the
seedling  might  not  depend  on  the  litter  thickness  or  less
compact  litter  would  have  no  impact  on  their  emergence,
e.g., Tetrastigma rumicispermum, Ophiopogon japonicas,

Figure 5. Canonical correspondence analysis ordination of species composition and environmental variables in the riparian vegetation of
Sherichhu River. Along the elevation gradient (left to right), altitude and litter depth increase gradually. Distributions of species
on  the  ordination  map  is  related  to  environmental  gradient  and  litter  thickness.  Species  such  as  Chirita  bifolia  D.  Don.;
Aeschynanthus parviflorus (D. Don) Spreng.; Desmodium laxum DC and Schoenorchis gemmata (Lindl.) J.J. Sm. are elements
of the plant communities accommodated within U-shaped valley while the species such as Abrus precatorius L.; Asparagus
racemosus Willd.; Litsea glutinosa (Lour.) C.B.Rob.; Cissampelos pareira L. and Osyris lanceolata Hochst. & Steud. are
elements of the communities situated in V-shaped valley (full names and authors of each species are given in Table 1).

Figure 6.  Relationship between; a: altitude and species richness; b: litter depth and species richness.
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Adiantum lunulatum, etc., positively correlated with the litter
thickness, whereas species, such as Bidens pilosa; Albizia
lucidior  and  Persicaria  hydropiper  etc.,  were  negatively
correlated with the litter thickness, showing their adaptability
in the variable nutrients (Figure 5). It could be suggested that
the litter accumulation plays a significant role in the species
composition and community determination along the riparian
vegetation in the Sherichhu River base. This is supported by
a former study on the riparian vegetation (Loydi et al., 2014).
However,  more  investigations  are  needed  to  find  further
effects of the altitude and litter thickness on other variables.

Riparian vegetation is not only important in terms of
its high biodiversity, but also due to the fact that it helps in
protection of both banks of the river. Various human activities
have altered and modified the riparian vegetation along the
river  in  this  area  of  the  Himalayan  range.  Unless  the
remaining  riparian  vegetation  are  systematically  studied
beforehand  and  protected  by  laws,  the  natural  riparian
vegetation might gradually wipe out in the future.
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