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ABSTRACT

A total of 177 species of mosses were recorded from twelve 50 mx 10 m transects
between 1500 m and 3700 m altitude in the Garhwal region of western Himalaya Fifty
six of the species were terricolous growing on soil, 31 species were lignicolous and corti-
colous species thriving on woody substrates and 6 species were saxicolous inhabiting
rocks alone. The other 84 species occured on more than two major types of substrates
Amongst these, Brachymenium ochianum, Leucodon sciurotdes and Trachypodopsis serrulata
emerge as significant broad-niched species with respect te microhabitats, whereas
Entodon rubicundus and Oxystagus tennirostre appear as wide-niched species in terms of
occurrence along the altitudinal gradient. The microhabitats and altitude seem to be the
major ecological factors governing species diversity and composition Unlike threats
from deforestatmn, habitat transformation and fires, moss communities of Garhwal
Himalaya do not seem to be adversely affected by the traditional livestock grazing

Key Words : Biodiversity, Community ecology, Conservation, Deforestation, Grazing,
Moss, Niche, Western Himalaya

INTRODUCTION

Mo#sses are one of the dominant plant communities of Himalaya at higher elevations,and
contribute more than 50% of active biomass (Groombridge 1992). They are amongst the
most important bioindicators (Bargagli et al 1995, Hedenas 1991, Steinnes 1995)
besides playing several complex ecological roles in terrestrial as well s aquatic ecosystems
(Brown and Bates 1990, During and Van Tooren 1990, Gjelstrup et al. 1991, Suren
1993). These lower plants have proved to be of some economic values as well (Flower
1957, Saxena and Glime 1991, Pant and Tiwari 1989, 1990, Zinsmeister et al 1991)
However, despite considerable studies on the systematics of mosses, attémpts to
understand their species diversity patterns and community ecology have been meagre.
The limited systematic studies in India have revealed more than 2000 species rich moss
flora which accounts for 10% of the global moss species diversity (Groombridge 1992,
Parihar et al 1994). We report here probably the first such community level case study
on mosses from India, focusing on landscapes of Garhwal region of Western Himalayas
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The study area falls between 30°20" to 30°35’ N Latitude and 79°10" to 79°20" E
Longitude within the altitudinal range of 1500 m to 3700 m with an estimated area of
500 sq. km (Figure 1). Higher plant vegetation consists of broad-leaved temperate forest,
temperate conifer forest and subalpine to alpine grasslands along with a Quercus forest at
the lower altitude. Although systematic long-term observations are lacking but a few
short-term local records estimate the precipitation to range from 1000 mm to 1500 mm
per year including low to heavy snow fall during December to March. All the study sites
are exposed to various kinds of human interferences including fuelwood collection and

livestock grazing,
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Figure 1. Gridded scaled map of a portion of Garhwal region in Western Himalaya showing the
locations of the syudy sites.

METHODOLOGY

Moss communities were investigated during the summer of 1994 and 1995, Sampling
method involved laying down twelve 50 mx 10 m transects in different localities covering
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broad-leaved temperate forest, temperate conifer forest, sub-alpine to alpine grasstands
and a Quercus forest at the lower altitude Records were maintained of macrohabitat type,
altitude, meschabitat conditions with respect to exposure to sun, exposure to wind,
habitat slope and humidity as well as microhabitats of all the moss colonies encountered
(Table 1). These include three major substrates viz rocks, soil and wood, with further
discrimination of 23 soil microhabitat types and 55 types of microhabitats in relation to
species specific wood bark, position on a tree and whether the wood is live or dead or
deformed into coal (Table 2) Mesohabitat levels were assigned on the basis of ordinal
scaling whereas the macrohabitat types were nominally categorized (Jongman et al. 1987)
based on the ground vegetation. While mosses could not be sampled on trees above a
height of 2 5 metexs, many canopy species were encountered through collection of fallen
branches and twigs on the ground.

RESULTS AND DISCUSSION

A total of 177 species belonging to 85 genera and 34 families constituted the moss
community occurring in 8155 colonies over the 6000 sq. m sampled (Table 3). Figure
2 depicts the frequency distribution of the species showing that most species had between
16 to 32 colonies The distribution curve does not fit satisfactorily to the lognormal
model even at 109 level of significance (Figure 2) (Ludwig and Reynolds 1988) Thuidium
cymbifolium is the most abundant of all the moss species recorded in the region occupying
more than 99 of total colonies encountered(Table 3). Since the relative abundance of the
successively dominent species does not differ much, we conclude that the species are more
equitably distributed in the colonies than predicted by lognormal. This explains the high
species richness that we captured using relatively small number of transects

Niche-Width

Niche-width of species computed as Shannon-Wiener index (Colwell and Futuyama
1971) with respect to fine divisions of the substrate (microhabitats), is as expected
positively correlated with the number of colonies encountered After correcting for this
factor, Brachymenium ochianum, Leucodon sciuroides and Trachypodopsis serrulata emerge as
significant broad niched species with respect to microhabitat usage (Figure 3). Whereas
Entodon rubicundus and Oxpstagus tenuirostre appear as wide niched species in terms of
occurrence along the altitudinal gradient (Table 3). However rest of all the species
including for example, Hypnum cupressiforme and Duthiella declinata falling above and
relatively far from the regression line and Encalypta streptocarpa appearing far below and
relatively away from the regression line also represent themselves as broad and narrow
niched species respectively, their niche-width values fall within the confidence intervals
at P < 0005 (Figure 3). Thus, these species may be considered as broad or narrow niched
but can not be accepted as significant wide or narrow niched species.

Species Diversity

Species richness within a site i e. a-diversity is one of the major components of species
diversity (Krebs 1989) Table 1 provides details of the 12 sites in terms of macrohabitat
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Table 2. Fine divisions of major substrates into 79 microhabitats on which moss colonies
were encountered

Major Finer divisions of the substrates No. of Transects No of Colonies No of
substrate (Microhabitats) in which present  encountered species
Rock Rock 12 626 57
Soil Humus 11 1244 S50
Black soil 12 2077 80
Red soil g 459 37
Red sandy soil 1 38 4
Grey sandy soil 3 89 I5
Humus on rock 5 76 10
Black soil on rock 11 1662 91
Red soil on rock 4 28 2
Red sandy soil on rock 2 14 2
Grey sandy soil on rock 8 246 32
Moss bed on humus 1 6 2
Humus accumulation on aboveground roots of
- Quercus semicarpifolia 1 2 2
- Aesculus indica 1 6 3
- Rhododendron campanulatum i 1 1
Black soil accumulation on aboveground roots of
- Quercus semicarpifolia 1 2 1
- Rhododendron arboreum 1 3 3
- Quercus leucotrichophora 2 1 1
Red soil accumulation on aboveground roots of
- Quercus semicarpifolin 1 3 3
- Rhododendron arboreum 1 14 8
Humus accumulation on dead wood log of '
- Rhododendron arboreum 1 1 1
Black soil accumulation on dead wood log of
- Rhododendron campanulaium 1 2 1
Red so0il accumulation on dead wood log of
- Quercus leucotrichophora 1 1 1
Red sandy soil accumulation on dead wood log of
- Acer caesium 1 1 1
Wood Main tree trunk bark of Quercus semicarpifolia 5 83 17
- Rhododendron arborewn- 4 129 20
- Aesculus indica 1 16 7
- Abies sp. 3 55 10
- Acer caesium 1 18 6
- Gymnosporia rayleana 1 18 3
- Quercus dilatata 1 32 4
- Quercus leucotrichophora 1 87 11
- Vibernum cotinifolium 3 19 8
+ Reosa webbiana I 2 2
- Rhododendron campanulatum 3 115 19
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Major Finer divisions of the substrates No. of Transects No of Colonies No. of
substrate (Microhabitats}) in which present  encountered species

Standing dead tree trunk bark of

- Quercus semicarpifolia 1 10 7
Standing dead tree trunck bark of Abies sp. 1 9 3
- Quercus leucotrichophora 1 4 2
- Vibernum cotinifolium 1 3 3
Lower branches of Quercus semicarpifolia 3 54 10
- Quercus semicarpifolia 3 48 10
- Abies sp. 2 12 2
- Gymnosporia royleana 2 24 3
- Quercus dilatata 1 9 3
- Vibernum cotinifolium 4 i2 7
- Rosa webbiana 1 2 2
- Rhododendron campanulatum 4 83 19
Branches of Cotoneaster 2 23 10
Branchies of Berberis Iycium 2 13 5
Branches of Lonicera 1 82 6
Dead branches {Fallen dry twigs) of
- Quercus semicarpifolia 3 39 20
- Quercus semicarpifolia 2 48 9
- Taxus buccata 1 6 6
- Abies sp 2 33 2
- Acer caesium 1 3 1
- Quercus dilatata 1 4 2
- Quercus leucotrichophora 1 8 5
- Vibernum eotinifolium 2 10 3
- Rosa webbiana 1 1 1
- Rhododendron campanulatum 3 29 8
- Cotoneaster 1 6 2
- Rhododendron anthopogon 1 2 1
Above ground root bark of Quercus semicarpifolia 2 34 10
- Quercus semicarpifolia 2 9 7
- Rhododendron campanulatum 1 2 21
- Abies sp. 1 6 3
- Aesculus indica 2 29 13
- Quercus leucotrichophora 1 3 1
Dead wood log bark of Quercus semicarpifolia 2 15 6
Dead wood log bark of Abies sp 3 86 16
Standing dead tree trunck bark of Prunus cornuta 1 2 2
Dead wood log bark of Prunus cornuta 1 5 2
Unidentified dead wood log 7 172 37
Dead wood log bark of Quercus semicarpifolia i 2 2
Branches of unidentified shrub 1 2 2
Dead wood log bark of Rhododendron campanulatum 1 20 7
Concrete cement wall H 7 2
Dead wood log bark of Quercus leucotrichophora 1 4 4
Wood charcoal 1 2 2
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Figure 2. Frequency distribution of moss species count data plotted in octaves: Observed data
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type, altitude and mesohabitat levels. The species richness of different sites were
compared by resorting to rarefaction (Ludwig and Reynold 1988) On the basis of Monte
Carlo simulations, we can assign high levels of species richness at 1% level of significance
to the sites belonging to middle altitudinal range of 2600 m, to 3100 m except to the site
at 2800 m. The contrasting species poorty of the 2800 m site from this zone appears to
be primarily due to absence of wood species as compared to the neighbouring sites.
Interestingly, the site at 3400 m though more grazed than others, the species diversity
levels were as high as expected by rarefaction. Though the site was extensively grazed, it
harbored suitable soil and rock microhabitats unharmed by the grazing animals. Thus the
traditional grazing in the subalpine or alpine meadows would probably have little or no
effect on the moss diversity. The moss diversity levels will sharply reduce if their
specialized microhabitats like shaded soil are damaged.

Species turnover or B - diversity, defined as unshared species as a proportion of total
species between any two sites, is another important component of species diversity. To
estimate turnover between sites we have used Jaccard's dissimilarity index (ie 1 - Jaccard
coefficient of similarity) (Magurran 1988) Using the turnover values between all pairs
of sites, we have employed complete linkage dendrogram for representation (Mark and
Roger 1984} (Figure 4). Wherein similar sites cluster together and the sites with larger
turnover spread apart. Dendrogram clearly shows that the higher altitude and the middle
altitude sites cluster together whereas, and the lower altitude site of Quercus forest
separates owing to several species unshared with other sites Apart from altitudinal
gradient, mesohabitat conditions and the availability of microhabitats also seem to effect
site similarities (and turnover). The species turnover between any two sites increases
weakly but significantly (at P < 0005) with increasing altitudinal difference (Figure 5)

c Hla[3700m)
Ch il ’\ﬂm!
L Tunganath{3400m)
Bujgwai{3100m)
Chopta(3000m)
Chopta(2900m)

Chop1a(2800m)

Chopta(2700m}
Devdekhani{3200m)
Banyakund{2600m)

[»] Q0mj

Banjani{1500m)

T T T T

Similarity

Figure 4. Complete linkage dendrogram of 12 sites based on Jaccard's coefficient of similarity with
respect to composition of species.
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Figure 5 Relationship between the altitudinal difference between the sites and the species turnover
(B-diversity) The graph shows the fitted regression line at P < 0.0005

Niche Overlap

An important parameter of community organization is the overlap between the niches
(i e. their resource base) of different species Greater the niche overlap, lower is the
specialization of resource harvest, lower the overall diversity For, only a few species can
co-exist if their resource requirements are nearly the same In the present study, niche-
overlap with respect to microhabitat usage is computed based on Pianka's measure of
niche-overlap, which. uses Jaccard's index of similarity to measure the co-occurrence
between every pair of species (Pianka 1974) We measured niche overlap between all
pairs of 21 species occurring in 100 or more colonies with respect to the usage of 79
microhabitats. figure 6 represents all such pairwise species similatities in a dendrogram
using complete linkage analysis (Mark and Roger 1984). The species with similar micro-
habitat preference tend to cluster together Further, we see atleast 2 major groups of
species with 25% to 85% of niche overlap amongst the species within each group but
much lesser between the groups (Figure 6).
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Entodon myurus{Soil wood)

Hylocomium himalayanum (Soill,wood}
Dicranum spurium(Soil,wood)
—1: Rozea pterogonoides{Rock,soil,wood)
l Orontobryum hookeri{Soil, wood)

Trachypodopsis serrulata{Rock,soil wood)

l Oxystegus tenuirostre{Rock,soil woody

Bryoerythrophylium wallichii{Rock,soil, wood)

Pseudoleskea laevifolia{(Rock,soil, wood)

Ectropothecium cyperoides(Rock,soil wood)

]

Rhynchostegium calderii{Rock,soil, wood)

[ Amblystegium juratzkanum (Rock soil,wood)

Dicranodontium caespitosum{Rock,soil, wood
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- Racomitrium subsecundum (Rock,soil,wood)
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—__{ Thuidium cymbifolium{Rock,soil,wood)
0 02 04 06 08 1
Similarity

Figure 6 Complete linkage dendrogram for 21 species occurring in more than 100 colonies based
on Pianka’s measure of niche-overlap with respect to microhabitat usage

Microhabitat Preference

Table 2 depicts 79 types of microhabitats as the finer divisions of the three major
substrates. For comparison, number of pooled colonies per species per specific major
substrate from all the sites were allowed to rarefaction (Ludwig and Reynolds 1988) It
turns out that soil supports greater richness of species specific to soil based microhabitats
than the respective specific richness of wood based microhabitats and the rocks. Figure
7 isa Venn dlagram of overall substrate preference of total 177 species. More than 45%
of total species in the study area prefer more than two major substrate based.
microhabitats, This brings out the importance of these combination of microhabitats in
promoting moss species diversity However there are a very few number of species
confined to bare rocks which may require a special attention due to their narrow habitat
preference with poor abundance (Table 3)
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~

Rock

Figure 7 Venn diagram of distribution of 177 species of mosses on the three major substrates.
* indicates significantly (P < 01) rich with respect to microhabitat- specific species diversity.

CONSERVATION IMPLICATIONS

After the Rio Convention on biodiversity, interest in conservation biology has rapidly
increased all over the world, incluiding concern for lower plants (During 1992,
Sonderstrom et al. 1992, Pant et al 1994). But still in most of the countries, we lack
even preliminary informations on conservation of mosses. Therefore it is particularly
important to encourage, landscape and environmental specific case studies on
community ecology of lower plants as well and share such information through long term
collaborations and networking taxonomists, ecologists and local communities all over the
world. Only then we can frame the management and conservation policies for
biodiversity on a firm footing.

All the study sites in the region are exposed to various kinds and levels of human
interference ranging from fuelwood collection to grazing and fire Excessive fuelwood
collection and fire appear to be major threats to the rich moss flora of the Himalaya,
63% of the fires are caused by human beings in the Garhwal Himalaya (Semwal and
Mehta 1996). However, empirical evidence is lacking; the mosses may be severely
threatened due to these fires Summer grazing is prevalent in the subalpine and alpine
meadows of the Himalayas. Although more data are required, this preliminary study
indicates that the seasonal grazing in the sub-alpine to alpine meadows is unlikely to
affect the moss species diversity and composition unless their microhabitats are
unrecoverahly damaged.
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