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Abstract

The study presents an analysis of bryophyte species diversity and distribution along the Pasaphu-
Mochhu river in Trashigang district. For this study, the river was stratified into three different zones on
which a systematic random sampling was carried out. A total of 156 plots with dimension of 1 m x 1 m
were studied with plot-to-plot distance of 50 m x 10 m. The study documented 28 bryophyte species,
comprising 19 moss species, 8 liverworts, and 1 hornwort. The highest diversity was observed in the
lower part of river (H'=3.317). Brachythecium sp. was found to be the most dominant species with an
important index value (IVI) of 34.40. There was a significant difference in diversity between the strata.
Bryophyte species diversity fluctuated with increasing altitude (p=0.94) and no significant relationship
between canopy closure and bryophyte coverage was observed (p=0.61). In terms of substrate, bryophyte
species were predominantly distributed on silt and rock. Specifically, mosses were mainly found on rock
substrates, liverworts on silt, and hornworts exclusively on silt substrate. Mosses were present across a
range of canopy closures, while liverworts and hornworts were located in areas with partial to dense can-
opy coverage. The study underscores the need for more comprehensive investigations to fully understand
the effect of changing environments on the conservation of bryophyte habitats and species, thus safe-
guarding them from degradation. Extensive degradation of habitat could threaten and lead to the disap-
pearance of sensitive species and thus more comprehensive study is recommended.
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Introduction divided into three classes inclusive of Hepati-
copsida  (Liverwort),  Anthocerotopsida
(Hornworts) and Bryopsida (Mosses). They

exhibit wide range of diversity in-terms of

Bryophytes are non-vascular and non-

flowering micro group of plants that thrives in
reproductive strategies and physical charac-

teristics (Bowden et al., 2006). With 25,000
species, bryophytes constitute the second-
largest group of land plants after flowering

wide range of micro habitat across the world
including moist environment such as forest,
stream, river, rock, silt and trunk substrate. It is

plants. Bryophytes, the earliest land plants,
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rocks, forest floors, and tree trunks
(Gunathilaka, 2019).
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These plants lack leaves and stems, and in-
stead, they have leaf and stem-like structures
referred to as phylloids and axes, respectively.
Rather than roots, bryophytes use rhizoids to
carry out root functions. Their cells can effi-
ciently absorb moisture from the ground or di-
rectly from the atmosphere. Consequently, bry-
ophytes thrive in damp soils. These plants are
typically quite small, ranging from a few milli-
meters to several centimeters in size. The
smallest bryophyte is Zoopsis sp. (5 mm),
while Dawsonia sp. (50-70 cm) stands as the
largest bryophyte (Juyal, 2015).

Bhutan falls within the eastern Himalayan
biodiversity hotspot, where climatic conditions
are conducive in supporting a wide variety of
bryophytes, although the region remains rela-
tively unexplored (Dorji, 2021). The National
Biodiversity Centre (NBC) has noted the pres-
ence of many non-vascular plant species, such
as sphagnum mosses, liverworts, and horn-
worts, but no comprehensive inventory of this
plant group has been conducted (NBC, 2014).

Past studies have indicated that ectohydric
and pleucarpous bryophytes serve as good indi-
cators of environmental pollution and are
known as hoard of remedies as it can contains
medicinal properties (Chandra et al., 2017).
With these known importance, more intensive
study is required to gain a better understanding
of their distribution patterns, community struc-
ture, and responses to ecological factors along
environmental gradients (Jiang et al., 2018).
The lack of intensive study and documentation
of bryophytes over the globe and particularly in
Bhutan, has impeded their identification, utili-
zation, and the assessment of potential conser-
vation threats. Nevertheless, it is not too late to
collect, document, and characterize these
plants, studying their ecological significance
(Molder et al., 2015). With this in mind, the
primary focus of this study is to determine the
diversity and distribution of bryophytes along
an altitudinal gradient across various microhab-
itats. As Pasaphu-Mochhu River passes
through different altitudinal range with diverse
micro-habitat including grazed area, virgin for-

est and degraded area due to anthropogenic
activities with varied canopy closure it proves
to be a diverse site for research. This research
aims to study the diversity and distribution in
different microhabitat along Pasaphu-Mochhu
River, thus laying a fundamental baseline for
future studies on bryophytes in Bhutan.

Methods and Materials

Study area

The study was conducted along the Pasaphu-
Mochhu river in Kangpara Gewog under the
Trashigang district. The selection of this study
site was based on the presence of different mi-
crohabitats as Pasaphu-Mochhu river passes
through different environment, which are ex-
pected to contribute to variations in the diversi-
ty, distribution of bryophytes and it was select-
ed due to accessibility and representativeness
of broader habitat. Notably, this research is the
first of its kind in our country, and the choice
of the study area was made without any poten-
tial bias. Often, potential research areas in re-
mote locations are overlooked by researchers,
but this study area was selected to explore the
diversity and distribution of bryophytes in a
remote region. The area is situated at an alti-
tude of 1400 to 1600 masl and is characterized
by a cool broad-leaved forest. It receives a
mean annual rainfall of 1200 mm (Dzongkhag
Administration, 2018).

Materials

The sampling involved manual collection,
which included hand-picking, and a knife was
used when samples were firmly attached to the
substrate. For the sample identification, a mag-
nifying lens with 10-20x magnification and a
scale were used. The coordinates and elevation
of the study plots were recorded using a GPS
device. To reduce moisture content in the sam-
ples, tissue paper was used. The collected sam-
ples were then carefully placed into paper en-
velopes for preservation. A data collection
sheet was used to assign a unique sample ID
and document the specific microhabitat where
the samples were found.
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N set at 10 m and 50 m, as illustrated
+ in Figure 2 (adapted from Vasquez
et al., 2019).
After laying all plots systemati-
| cally over the three strata of river
=2 = (ArcGIS 10.8), total number of plots
to be studied along the entire river
length was calculated using Solvin’s
;_'-99"::9[ Kangpara 2 formula and was be verified using
[ sampie piots 30% sampling thumb rule:
[ Pasaphu
Kangpara 2.2%.5 9 135 S ilomatars n = %
/’ﬁ — Nﬂl: € Equation 1
ﬂl'ﬁ a2 E A
| n= Number of samples
. __H,.——\E\'*mﬁ_\' _| N= Total number of populations
Ble . —~ T— [&| e= error margin
m'“‘h»\ \ b g The total number of sample/
\‘-\__\t"‘ \x_\ N . numbers of plot from each stratum
Legend ~ U D was then obtained through propor-
Sample plots N o T tionate calculation to the stratum's
River ~ ~
[ Pasaphu 000mos_o12 o1 13?*-«\____\\‘_ T . population size using the formula
5 — — o — ———&| provided below:

Figurel. The location of study site

Sampling design

The river was stratified into three parts com-
prehensives of headwater, middle river and
lower reaches to study the distribution of bryo-
phytes in different micro-habitat based on the
level grazing, anthropogenic disturbances and
silt deposition. To ensure a comprehensive
assessment, a buffer zone extending 50 m
from the river's edge, following Parker (2018),
was established on both sides, as bryophytes
within the vicinity of river remains moist due
the incessant moisture from river. Generally
floristic habitat sampling is deployed in terms
of bryophytic research to cover an area as
thoroughly as possible as diversity and distri-
bution can be altered by potential microhabitat
(Glime, 2017). Within this buffer zone, a sys-
tematic grid were laid out. The grid consisted
of individual plots, each measuring 50 cm x 50
cm. The distance between adjacent plots was

No.of plots in each stratum
_ Required sample mmber (Eq. 1 ans) ¢ No.of plot n each strata

Total number of plots in all stratum

Equation 2
After calculating the proportionate number
of samples in each strata of river in association
to the required sample size of entire river
length, the sample plot was laid randomly and
data collection over that plots was conducted.
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Data collection

Scientific gathering is necessary for various
purposes, such as specimen identification and
taxonomic research in herbarium collections.
While larger species were typically identified
in the field using a 10-20x hand lens, smaller
species were identified based on microscopic
characteristics. Therefore, reference collec-
tions of specimens are crucial in bryology
studies, but it's important to follow proper col-
lection and processing procedures to generate
viable specimens for research.

In sample plots, bryophytes within a single
small patch was counted as one patch, and if
there are two patches in a sample plot, it was
recorded as 2 bryophyte patches (including
mosses, liverworts, and hornworts). This ap-
proach aids in calculating species dominance
to determine the important index value (IVI).
The coverage/ dominance of each patch was
recorded in the form of percentage to calculate
dominance ratio (DR). Concurrently, the fre-
quency of each species across the entire study
area was documented to calculate relative fre-
quency (RF). IVI was then calculated by sum-
ming up dominance ratio and relative frequen-
cy.
IVI=DR%+RF%

Bryophyte inhibits a number of different
substrates such as tree, dead wood, rock and

Equation 3

ground forest. Different species tend to occupy
and utilize different portion of resource contin-
uum. The competitive exclusion principle pre-
dicts that species avoid competition by occu-
pying different niches, creating a spatial pat-
tern that represents habitat partitioning corre-
sponding to habitat heterogeneity. The sub-
strates in this paper comprises mainly of four
division inclusive of rock, silt, tree trunk (live)
and fallen log (dead) (Vasquez et al., 2019) as
these substrates were found prominent in the
study area and provides smallest landscape
unit. The silt deposited by the bank of river
with dead log, trunk of a tree and rock pro-
vides diverse habitat for bryophytes to thrive.

The distribution pattern was thus assessed
based on the type of substrate (rock, log, trunk,

and tree) on which the bryophytes grow along

Packing

Buck and Thiers (1996) argue that among
plant species, bryophytes are the easiest to col-
lect. They can often be gathered by hand since
they lack roots. However, some species that
are firmly attached to their substrate may re-
quire scraping with a knife to obtain all the
plant parts necessary for identification. When
collecting bryophytes, it is beneficial to search
for sporophytes, as they are useful for identifi-
cation purposes.

These bryophytes were collected with ap-
proximately 1-3 cm of the substrate since this
can often provide diagnostic information
(Whitehouse, 1966; Porley, 2008). Individual
species within a collection were packed sepa-
rately. An A4 sheet of paper was folded into a
standard envelope measuring 10-12 x 14 cm
(Figure 3).

In cases where specimens are quite wet,
such as with Sphagnum, it's advisable to gen-
tly press them to remove most of the water
before packing them into double or triple-
thickness packages. When transporting and
storing ground-dwelling species, it's often bet-
ter to store them in rigid containers to prevent
a mixture of soil particles and plant fragments.
Collecting specimens for scientific purposes is
typically highly selective and seldom endan-
gers the survival of the species. For robust spe-
cies, gathering enough to fill a 12 x 8 cm pack-
age should generally be adequate.

Data labeling and drying

The information recorded were similar to that
of other plants, encompassing habitat details
(such as the type of tree or rock the species is
found on), the characteristics of the surround-
ing environment such as canopy closure, sub-
strate and specific location information, in-
cluding GPS coordinates. It was important to
note that many bryophyte species exhibit high
clonality, with a single protonema capable of
producing multiple gametophytes after the
germination of a single spore.
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Figure 3. Standard envelopes with procedure on packing the bryophytes with prototype.

The collected specimens were promptly dried
to prevent fungal damage. Typically, the pack-
ets were allowed to air-dry. Once dried, the
bryophyte samples were carefully mounted
onto A3-sized paper using water-soluble glue

Identification

Firstly mosses, liverwort and hornwort were
identified at division level by careful observa-
tion in the arrangement of leaves, presence of
thallose and horn-like structure respectively.
Bigger and familiar species were identified in
field level using 10x (Loupe-2) hand lens and
mosses and liverwort identification field guide
from Britain and Ireland. Clear photographs of
unidentified species were taken using HD
zoom camera app available in android phone-

and then packed with codename (Liverwort-
1, 2, Mosses-1, 2 & Hornwort-1, 2. and so
on). Photographs were uploaded in relevant
social media group such as Bryophytes of
Bhutan, British Bryological Society, Bryo-
phytes of Ireland and Cumbria Bryophytes
by giving the details of locality, habitat, ele-
vation and substrate type. The unidentified
package of bryophytes were identified using
binocular microscope after wetting and
mounting the specimen under the guidance
of Dr. Karma Wangchuk of Sherubtse Col-
lege. The field photographs (gametophyte,
sporophyte) and lab photographs
(operculum, calyptra, capsule, phyllids, and

peristome) were send to expert for confirma-
tion of the specimen. Some of the specimens
identified is shown in Figure 4.

Leafy liverwort: Loph-
ocolea bidendata

Capsule (Operculum &
peristome) of Porella sp.

Figure 4. Identification of some specimens.

Thallose liverwort: Wis-
nerella denudata

Phyllid of Bryum sp.

Hornwort: A nthoceros sp.

Observing under
binocular micro-
scope
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Data analysis

Ecological indices, in-
cluding Margelef's rich-
ness, Shannon diversity,
and Pielou's
were calculated using Mi-
crosoft Excel 2013. A
correlation test was per-
formed to investigate the
relationship between spe-

evenness,

cies count and elevation
(Monika et al., 2021). Re-
gression analysis was car-
ried out to assess the im-
pact of canopy closure on
bryophyte coverage. For
data visualization, ggplot
was employed to create
correlation plots, while
scatter plots were generat-
ed for regression analysis
and violin plot to depict
the coverage distribution
of mosses, liverworts, and
hornworts based on cano-
py closure percentages
using R version 4.13.
Shannon diversity,
Pielou's evenness, Marge-
lef's similarity index, and
Sorensen's similarity in-
dex were used to analyze
the distribution of bryo-
phytic species across vari-

Table 1. Diversity of mosses, liverwort and hornwort in the study

area
Species Family Dominance ratio
Pogonatum sp. (P.Beauv) Polytrichaceae 4.33
Plagiomnium sp. (T. J. Koponen) Mniaceae 12.66
Brachythecium sp. (Schimp)  Brachytheciaceae 17.93
Calyptothecium sp. Pterobryaceae 1.69
Thuidium sp. (Bruch & Schimp) Thuidaceae 10.49
Racophilum sp. (P.Beauv) Racophilaceae 0.33
Leucobryum sp. (Hampe) Leucobryaceae 1.35
Meteoriopsis squarrosa (Hook.) .
M. Fleisch Meteoriaceae 7.1
Bryaceae Bryaceae 4.39
Aerobrydium filamentosum .
Met 2.53
(Hook. Ex Harv) cleoriaceac
Campylopus sp. (Brid,. 1819)  Leucobryaceae 1.5
Fissidens sp. (Hedw) Fissidentaceae 2.87
Pterobryopsis sp. Pterobryaceae 5.24
Papillaria sp. Meteoriaceae 0.38
Hypnum sp. (Hedw) Hypnaceae 2.19
Atrichum sp. P. Beauv. Polytrichaceae 1.69
Philonotis sp. (Brid) Bartramiaceae 1.18
Bryum sp. (Hedw) Bryaceae 1.35
Mnium sp. (Hedw) Mniaceae 2.19
C hal ] L.) Un-
onocephalum conicum (L.) Un Conocephalaceae 1.52
derw.
Dumortiera hirsuta (Sw.) Nees. Dumortieraceae 3.55
Porella sp. (Linnaeus, 1753) Porellaceae 3.55
Plagiochasma appendiculatum .
Lehm. & Lindenb. Aytoniaceae 1.52
Lophocolea sp. (Dumort) Lophocoleaceae 3.05
Wisnerella denud.ata (Mitt.) Wisnerellaceac 135
Stephani.
Frullania sp. (Raddi) Frullaniaceae 1.69
Lophocolea bidendata (L.) Du-
ophocolea bidendata (L.) Du Lophocoleaceae 2.36
mort.
Anthoceros sp. (Linnaeus) Anthocerotaceae 1.16

ous substrates using Mi-
crosoft Excel version 2013. Data visualization
was used to understand and highlight the trend
i.e., pie charts to illustrate the percentage dis-
tribution of mosses, liverworts, and hornworts
using Microsoft Excel version 2013.

Results and Discussion

Species diversity

A total 28 species of bryophyte under 20 dif-
ferent families were recorded along the Pasa-
phu-Mochhu river basin. The different bryo-

phytic species were observed along the entire
6 km study area that comprises of three differ-
ent stratums. The bryophyte species were un-
der the families Polytrichaceae, Mniaceae,
Brachytheciaceae, Pterobryaceae, Thuidaceae,
Racophilaceae, Leucobryaceae, Meteoriaceae,
Fissidentaceae, Hypnaceae, Bartramiaceae,
Conocephalaceae, Dumortieraceae, Porellace-
ae, Aytoniaceae, Lophocoleaceae, Wisnerel-
laceae, Frullaniaceae and Anthocerotaceae.
From the total of 20 different families, the
highest number of bryophyte species was in
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Meteoriaceae family (10.71%, n=3), followed
by Polytrichaceae Mniaceae, Bryaceae, Ptero-
bryaceae, Leucobryaceae, Lophocoleaceae
with (7.14%, n=2), and each followed by
Brachytheciaceae, Thuidaceae, Bartramiaceae,
Racophilaceae, Fissidentaceae, Hypnaceae,
Conocephalaceae, Dumortieraceae, Porellace-
ae, Aytoniaceae, Wisnerellaceae, Frullani-
aceae, Anthocerophyta (3.57%, n=1) each
(Table 1, 2 &3).

Table 2. Important Value Index of bryophytes

calculated using frequency and dominance
only, as it is impossible to get the basal area
and individual count of bryophytic species
(Fajri and Romaidi, 2019). The IVI of the 28
species in 156 plots showed that the most
dominant species was Brachythecium sp. with
an IVI value of 34.408 (Table 4). The highest
IVI (34.408) is largely associated to higher
values of frequency and dominance relative to
other species in the area sampled. There were
2 species (Racophilum sp. and Papillaria sp.)

with the lowest IVI value of 1.6907

Species RF% DR% IVI i
Pogonatum sp. 3.61 433 7.95 due to low frequency and domi-
Plagiomnium sp. 16.28 12.66 28.95  mnance. The high IVI of Brachythe-
Brachythecium sp. 16.74 17.66 34.4 cium sp. and other species maybe
Ca%l)tqctlﬁecmm Sp- 1}'21 1166363 231'4176 due to the ability of those species to
RacZ;D }IZZZ’;]; p 135 0.33 1.69 grow in varied substrate in all three
Leucobryum sp. 1.35 1.33 2.69 strata of river i.e., silt, rock, log and
Meteoriopsis squarrosa 6.33 7 13.33 trunk. Bra-chy the?zum. SP- SP ?Cles
B 571 433 704 are terrestrial, epiphytic and litho-
Aerobry d%?ajj‘?]eamen fo- ’ ' ' phytic plants that are distributed
sum 1.35 2.5 3.85 around the world (Barton, 1905).
Campylopus sp. 0.45 1.5 1.95 The low IVI of Racophilum sp. and
Fissidens sp. 3.61 2.83 6.45 Papillaria sp. maybe due to the in-
Conocephalum conicum 2.71 1.5 4.21 firmity of those species to grow in
Anthoceros sp. 3.16 1.16 433  varied species and are mostly con-
Dumortiera hirsuta 2.26 3.5 5.76 fined to rock and trunk substrate in
PZef (;)]: elf)a ?;s jg; 53.156 gg; the study area. Papillaria sp. Ac-
Plagioch;j; nf 4 ap]l; én- ’ ‘ ' cording to Streimann (2012,) the
diculatum 0.45 L5 1.95 growth of Papillaria sp. is restricted
Papillaria sp. 1.35 0.33 1.69 to trunk and log with drier habitat
Igi’ﬁ’;llfl"; il; 11~ 385 %ég 3451% with adequate canopy coverage.
Philonotis sp. 0.9 1.16 2.07 Shannon diversity index, Pielou’s
Lophocolea sp. 2.71 3 5.71 evenness and Margalef’s
Wisnerella denudata 0.45 1.33 1.78 richeness
Frullania sp. 0.9 1.66 2.57 o ) ,
Bryum sp. 26 133 359 Shannon diversity index, Pielou’s
Mnium sp. 1.8 2.16 3.97 evenness and Margalef’s richness
Lophocolea bidendata 2.26 2.33 4.59 was calculated for three strata of
Total 100 100 200 river inclusive of lower reaches,

Important Value Index

The Important Value Index (IVI) is a com-
mon ecological assessment technique used
to depict the importance of the species in the
ecology. IVI helps prioritize conservation of
least dominant species since it is associated
with dominance of the species. The IVI is

middle river and head water. It was mainly
calculated to examine the diversity and the
distribution of species in the sampled area.
The highest diversity (3.317), richness (8.854)
and evenness (0.995) were recorded in lower
reaches indicating maximum and even distri-
bution of species. The lowest diversity (2.63),

BJNRD (2024), 11(1): 1-13



richness (6.652) and evenness (0.789) (Figure
5) was observed in head water, which could be
due to unfavorable site and micro-habitat for
the propagation of bryophytes.

N

sampled area with the relative frequency of
16.28. Papillaria sp. and Racophilum sp. was
the least dominate species with dominance
ratio of 0.3 and Campylopus sp., Plagiochas-
ma appendiculatum and Wis-
nerella denudata was the least
encountered species with rela-
tive frequency of 0.45 (Figure
6). The least dominance of
Papillaria sp. and Racophi-
lum sp. could be due to the
selective preference of habitat
over the trunk of tree. The
least encountering of Plagio-
chasma appendiculatum and
Wisnerella denudata could be

Diversity Richness

OLower reaches [ONMiddle reaches @BUpper reaches

Figure 5. Diversity, evenness and richness

Relative frequency and dominance ratio

Brachythecium sp. was the most dominant
species (DR = 17.66) relative to other spe-
cies and most encountered species in the

Eveness due to the selective preference

of habitat over slopes of rocky
outcrops. According to Chan-
tanaorrapint and  Sridith

(2014), it was found that Plagiochasma ap-
pendiculatum grows on rocky outcrop with
calcareous soils avoiding direct sunlight and
competition from other plants.
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Figure 6. Relative frequency and dominance ratio of different bryophyte species
Comparison between different strata of river cant difference between upper  strata
According to the test, there was significant (M=0.524, SD=0.464) and middle strata

difference (f [2,165] =3.48), (»p=0.03) in di-
versity among the different strata of river
basin. Paired comparison of diversity using
Bonferonni post hoc test indicated signifi-

(M=0.324, SD=0.341) with the p value of
0.03. This be due to the confined area in upper
strata than the middle strata and due to the
presence of diverse microhabitat over the mid-
dle strata.
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Distribution of species

Overall distribution of bryophyte based on
substrate

The Shannon diversity and evenness was
observed highest in silt indicating that the
distribution was more preferred to silt than
any other substrate. Though maximum of the
collected bryophyte species were found to be
growing on rock, the most preferred sub-
strate was found to be silt based on the even-
ness (0.90) and diversity (2.43). The least
preferred substrate was log with lowest di-

versity (1.64), evenness (0.91) and richness
(35.26). We can conclude that bryophyte spe-
cies was mostly distributed on silt substrate
and least on log as shown in Table 5. It might
be because of presence of diverse micro-
habitat present on silt near the river banks.
According to the paper by Turner and Pharo
(2005), the distribution of bryophyte can be
greatly affected by the substrate type on
which it grows. They concluded that the bry-
ophyte species were mostly distributed over
fallen branches, logs and silt.

Table 3. Overall distribution of bryophytes based on substrate

Substrate
Index
Log Rock Trunk
Shannon Diversity, H’ 1.64 2.31 1.69
Pielou's Evenness, J’ 0.91 0.74 0.77
Margalef Richness, Dmg 35.26 550.44 114.86
Sorensen's Similarity, QS 0.17

Distribution of mosses, liverwort and horn-
wort based on substrate

Basically, the distribution of moss, liverwort
and hornwort were studied based on the sub-
strate (rock, silt, trunk, log) on which it’s
thriving. Generally, mosses are more affined
to rock substrate (23%) followed by substrate
trunk (20%) and liverworts species are more
distributed to log (10%) substrate, followed
by silt (6%). Similarly, hornwort species is
confined to silt substrate and it’s not found in
other substrate in my study area. The con-
fined distribution of hornwort to silt could be
due the absence of moist micro-environment
in other substrate (Figure 7). Similarly, it is
reported that mosses are mostly grown over
rock, trunk, and forest floor (Abdullahi,
2018). Simpson (2010) stated that liverworts
are mostly adhered to wet silt and substrate
with moist surface. Posey (2022) also report-
ed that hornworts are mostly found growing
on damp areas including silt, rock and sand.
From above observation it is evident that
mosses exhibit broad habitat tolerance, thriv-
ing in both moist and dry environments, while
liverwort possess moderate dry tolerance and

hornwort i.e., A nthoceros sp. is hygrophilous,
requiring moist habitat. The above observed
variation may be due to the absence of fleshy
morphology in mosses and leafy liverwort,
the presence of cuticles on thallose of liver-

wort and entire morphology of fleshy thallose
in hornwort (A4nthoceros sp.) respectively.
Thus, it is concluded that if the habitat degra-
dation along the river intensifies, it may cause
threat to the restricted species particularly A4 n-
thoceros sp.

Log Liverwort
10%

Silt Moss
16%

Log Moss
15% Silt Liverwort
6%
Silt Hornwort
30
Trunk %
Liverwort
5%
Rock Moss

Trunk Moss 23%

20%

Rock Liverwort
2%

Figure 7. Distribution of mosses, liverwort and
hornwort in different substrate
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Elevation and species count

The non-parametric spearmen correlation
result showed negative and no significant
relationship between the numbers of species
and elevation (=0.04, p = 0.958) a show in
Figure 8. Usually, the relationship between
elevation and species diversity of bryophyte

is either increasing, decreasing or else a
humped relation (Sun et al., 2013). Altitude
factor probably do not influence in species
diversity. The humped relation was observed
in convergence and Sun et al. (2013) observed
with increase in the species diversity count
after first hump, which might be due to the

4-

150 1800 1700

1800

presence of different micro-
habitat and less disturb-
ances from grazing cattle
and human activities. Sun
et al. (2013) found humped
relationship between bryo-
phyte species and elevation,
as there was increase in the
species diversity after the
first  hump  (+=0.605,
p=0.01). The increase in
the diversity count after
first hump was due to the
w0 abrupt change of vegetation
community from forest to

Figure 8. The correlation between altitude and bryophyte species open alpine shrub land.

count

Over all relationship between bryophyte
coverage and canopy closures

A test of regression was conducted to exam-
ine how canopy closure affects the bryo-
phyte coverage in the sampled area. The re-
sult showed no significant relationship be-
tween coverage and canopy closure (7=0.27,
p=0.61). This might be due the disturbances
of forest floor by grazing cattle and other
anthropogenic activities that actually affects
the growth and coverage of bryophytic spe-
cies as bryophytes are disturbance sensitive
species. As per sun et al. (2013) they found
out a positive significant relationship
(r=0.91, p=0.05) between the canopy and
the bryophyte coverage. It could be because
their study was conducted in a forest where

it had less anthropogenic disturbances.

Distribution of moss, liverwort and horn-
wort based on canopy closure

Distribution of mosses, liverwort and horn-
wort were studied based on the canopy clo-

sure. Above graph displays that, mosses are
widely found growing under varied canopy
cover ranging from open (0%) to close
(100%) with the average canopy closure of
44.15%. On the other side, liverworts and
hornworts was present mostly in area with
partial (20%) to close (100%) canopy closure
(Figure 9), with the average canopy closure of
60% and 58.33% respectively. It can be con-
cluded that mosses can adapt and thrive in
varied range of habitat ranging from dry to
moist habitat, whereas liverwort and hornwort
was found in moist habitat. According to
Gradstein and Yanez (2020) study, it was also
reported that liverworts and hornwort are
mostly found thriving in moist areas with
high canopy closure (50-100%).

Bryophyte as ecological indicator

Generally leafy liverworts and pleucarpous
mosses are sensitive to pollution and are
used as ecological indicator. Although no in-
depth study was done to evaluate and ana-
lyze the level of pollution in the study area,
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however according to an article by Wielgo-
laski (1975), ectohydric leafy liverwort and
pleucarpous mosses are used to determine the
pollution as they are sensitive to pollutants.
The high frequency and dominance of leafy

liverwort (Lophocolea bidendata, 2.26, 2.33)
and pleucarpous moss (Thuidium sp.11.31,
10.33) were present along the entire river
length, from which it can be concluded that
there was no major pollution.

Hornwwort

{n=86)

!

| VRN }
g / 0-& ~[finesn= 5833 +_ = ’
N \ ] N
| IS

Liverwort
(n=34)

Species

) i+

Figure 9. Distribution of hornwort, liverworts and mosses based on canopy closure

Conclusion

From the findings of the study, it can be con-
cluded that there was high diversity of bryo-
phyte along Pasaphu-Mochhu River under
Trashigang with 28 species of bryophytes
(19 were mosses, 8 were liverworts and 1
was hornwort species). A total of 6 bryo-
phytes with medicinal values were docu-
mented, of which 3 were mosses and other 3
were liverworts. No new species were rec-
orded from the study area. Of all the most
dominant species found was Brachythecium
sp. A decreasing trend of species diversity
with altitude was observed probably due to
the absence of good canopy closure in high-
er altitude. No influence of canopy closure
on the coverage of bryophyte as the studied
area was under the disturbances of grazing
cattle and anthropogenic activities. This
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