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A total  of  8, 1 55  colonies  of  moss  from  1 2 plots  of  50  m x 1 0 m,  from  four  vegetation  (macrohabitat)
types  along  gradients  of  disturbance  and  elevation  (1,400-3,700  m)  in  the  Chopta-Tunganath
landscape  of  the  Garhwal  Himalaya,  yielded  34  families  with  87  genera  and  1 77  species.  Thuidium
cymbifolium,  Entodon  rubicundus,  and  Racomitrium  subsecundum  were  wide-niche  species,
occupying  all  the  three  major  substrates  (microhabitats),  namely  rock,  soil  and  wood,  whereas
Tetraplodon  mnioides  and  Timmia  megapolitana  were  rare,  encountered  only  once  during  the
survey.  Macrohabitats  and  microhabitats  were  compared  with  respect  to  alpha-  and  beta-diversity
of  the  moss  flora.  Amongst  the  macrohabitats,  the  high  altitude  (2,900-3,200  m)  Rhododendron
forest  had  the  richest  moss  communities  followed  by  the  middle  altitude  (2,500-2,800  m)  Quercus
forest,  higher  altitude  grasslands  (3,300-3,700  m)  and  then  the  lower  elevation  (1,500  m)  Quercus
forest.  Amongst  the  microhabitats,  soil  was  richer  than  wood  and  rock  substrates.  Species,  genus
and  family  level,  alpha-  as  well  as  beta-diversities  were  significantly  correlated  with  each  other,
implying  that  the  higher  taxonomic  ranks  such  as  genera  may  be  used  as  surrogates  of  species  for
effective  periodic  monitoring  and  assessment  of  moss  biodiversity.  While  unregulated  human
activities  such  as  excessive  fuel  wood  collection,  tourism  and  fire  may  adversely  affect  the  diversity
of  moss,  seasonally  regulated  livestock  grazing  seems  to  have  no  marked  impact.

Introduction

While   there   has   been   an   appreciable
progress  in  the  taxonomic  listing  and  descriptions
of  species  of  moss  communities  during  the  last
three  decades  (Gangulee  1969-72,  Chopra  1975,
Kumar  and  Chopra  1981),  the  research  on  their
community   ecology,   quantifying   patterns   of
abundance,  diversity  and  its  conservation  has  only
recently  begun  (Negi  andGadgil  1997,  Negi  1999,
Negi  2000).  Notably  enough,  much  of  the  past
work  on  biodiversity  patterns  and  processes  have
been  descriptive  and  concentrated  at  the  regional
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and  global  scales  (Heywood  1995,  Gaston  1996).
This  paper  attempts  to  present  the  local  scale
patterns,  particularly  abundance,  and  alpha  and
beta  diversities  in  moss  communities  across  the
gradients  of  macrohabitats  (vegetation  types)  and
disturbance  along  the  altitude,  in  a landscape  of
about   500   sq.   km,   of   Chopta-Tunganath   in
Garhwal   Himalaya.   Emphasis   is   given   on
understanding  the  local  scale  patterns,  because
land-use  decisions  and  management  policies  are
most  often  implemented  only  at  this  level  (Ricklefs
and  Schluter  1993,  Negi  1999).  The  study  further
examines  the  efficacy  of  using  higher  taxon  ranks
such  as  genera  as  reliable  surrogates  of  species
for  effective  periodic  monitoring  of  the  moss
diversity.   Conservation   implications   are   also
discussed.

Study  Area

Chopta-Tunganath  (30°  20'  - 30°  35*  N and
79°   10-79°   20'   E;   1,400   m-3,700   m)   is   a
mountainous  landscape  spreading  over  500  sq.  km
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Fig.  1:  Location  of  Chopta-Tunganath  landscape

in  the  Indian  Garhwal  Himalaya  (Fig.  1).  The
undulating  topography  of  the  area  provides  a
variety   of   edaphic   conditions,   resulting   in   a
distinctive  flora  and  fauna  (Gupta  1964).

The  soil  is  coarse,  well  drained  and  acidic,
at   pH   4  -  5.5   (Sundriyal   1992).   There   is   no
detailed  analysis  of  rainfall  variation  at  different

sites  along  the  gradient.  The  average  annual
precipitation  at  Okhimath  station  (30°  30*  N;  79°
15*  E;  2,500  m),  about  10  km  west  of  Chopta,
was  1,888.5  ±98. 5mm  for  the  last  50  years,  with
low  to  heavy  snow  fall  from  December  to  March.
The   maximum   monthly   temperature   varies
between   19-37   °C,   from   the   higher   altitude
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grasslands  to  the  lower  elevation  Quercus  forests,
respectively,  from  May  to  October.  The  minimum
temperature   drops   to   -15   °C   in   the   alpine
grasslands  in  December  up  to  February.

The  vegetation  of  the  study  area  is  broadly
classified  as  temperate  mixed  oak  and  coniferous
forests,   sub-alpine   forest,   alpine   scrub   and
grasslands.   The  area   harbors   more  than  250
vascular  plant  species  (Semwal  and  Gaur  1981)
and  92  species  of  lichens  (Upreti  andNegi  1998)
besides  a rich  diversity  of  fauna  including  the
highly   endangered   musk   deer   (  Moschus
chrysogaster  )  (Negi   1996).   The   low   elevation
woodlands  such  as  Quercus  forests  are  open  to
fodder  and  fuel  wood  collection  throughout  the
year.   In   the   sub-alpine   forests   and   alpine
meadows,  livestock  grazing  and  tourism  starts
in   early   June,   reaching   a  peak   in   July-August
and  stopping  in  early  October.

Methods

Field   Sampling   Design:   The   landscape
was  stratified  into  five  macrohabitat  types,  based

on  the  predominant  vegetation  cover  along  the
gradient  1)  Paddy  fields;  (<1,400  m).  2)  Lower
altitude  (1 ,500  m)  broad-leafed  forest;  dominated
by   Quercus   leucotrichophora.   This   forest   has
been  protected,  from  felling  by  locals,  for  more
than  25  years.  3)  Middle  altitude  (2,500-2,800  m)
broad-leafed   forest;   dominated   by   Quercus
semecarpifolia.  4)  High  altitude  (2,900-3,200  m)
mixed  forests  with  dominant  broad-leafed  species
e.g.  Rhododendron  arboreum  and  Rhododendron
campanulatum , dotted  with  a few  coniferous  trees
of  Abies  pindrow  and  Taxus  buccata.  5)  Higher
altitude  (3,400-3,700   m)   grasslands   dominated
by  herbaceous  species,  e.g.  Anemone , Potentilla,
Aster  ,  Geranium  ,  Meconopsis,   Primula   and
Polemonium,   and   pockets   of   shrubs   of
Rhododendron  anthopogon  and  Juniperus  sp.  All
the  macrohabitat  types  were  exposed  to  varied
degrees   of   human   interference   such   as   rice
cultivation  in  the  low  land  terraces,  fuel  wood
collection  from  woodland,  and  seasonal  livestock
grazing  and  tourism  in  the  alpine  meadows.

Data  Recording:  12  plots  of  50  m x 10  m,
were  laid  between  1 ,500  m to  3,700  m above  msl,

Table  1 : Attributes  of  12  plots  (50x10  sq.  m)  sampled  for  mosses  and  woody  plants  in  Chopta-Tunganath

Mosses   Woody   plants

MAC  = Macrohabitat,  LQ  = Lower  altitude  Quercus  forest,  MQ  = Middle  altitude  Quercus  forest,
HR  = High  altitude  mixed  forest  of  Rhododendron,  HG  = Higher  altitude  grassland
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covering  four  types  of  macrohabitat  (Table  1).
Paddy  fields  at  1 ,400  m were  excluded  from  the
sampling,  as  they  supported  few  moss  colonies.
Three  major  substrates,  namely  rock,  soil  and
wood,  were  selected  as  microhabitats.  The  woody
substrates  included  tree  trunks,  branches,  twigs,
logs  and  stumps.  Search  and  collection  of  all  the
moss  colonies  was  carried  out  in  each  plot  from
June-October  in  1994-95.  Representative  samples
from  each  colony  were  preserved  in  bamboo
paper  pouches  (30  cm  x 30  cm).  Species  level
identifications  were  made  with  the  help  of  a moss
taxonomist   at   the   Botanical   Survey   of   India
(BSI).  The  taxonomy  was  based  mainly  on  the
keys  by  Chopra  (1975)  and  Gangulee  (1969-72).
The  specimens  which  could  not  be  identified  to
the  species  level  were  either  considered  as  distinct
yet  anonymous  species  (sp.),  or  assigned  to  a
species  which  the  majority  of  its  structural  and
ecological   characteristics   resembled   (cf.).
Voucher  samples  of  all  the  recorded  species  from
the  study  area  were  preserved  in  the  Herbarium
of  BSI.  The  numbers  of  trees  above  10  cm  girth
at  130  cm  height  above  ground  and  patches  of
shrubs  (>10  cm  height)  in  all  plots  were  also
noted.  Although  the  mosses  could  not  be  sampled
on  trees  above  a height  of  2.5  m,  many  canopy
species  were  collected  from  fallen  branches  and
twigs.

Data  analysis

Alpha-Beta   Diversity:   Alpha-diversity
was  measured  as  number  of,  species,  genera  or
families  of  mosses  per  plot  (Whitaker  1972).

Compositional  change  of  species,  genera
or   families   from  one   plot   to   another   (beta-
diversity   or   turnover)   was   calculated   as   a
Chord-distance  or  dissimilarity  index,  preferred
over   Jaccards   similarity   index   (Ludwig   and
Reynold  1 988).  The  former  index  is  more  robust,
as  it  uses  abundance  information  also,  whereas
the  latter  requires  only  the  presence  - absence
data.

Chord  distance  between  j*  and  kth  plots  is
given  as:

Where,   Ny   and   are   the   numbers   of
colonies  of  Ith  taxon  in  jth  and  kth  plots,  & and  Sk
are  the  numbers  of  species,  genera  or  families  in
j*  and  kth  plots  respectively.

The   dissimilarity   (distance)   values   vary
from  0 to  1.42,  for  pairs  of  plots  corresponding
with   having   none   to   completely   dissimilar
taxonomic   composition.   The   matrix   of   the
dissimilarity  values  for  all   pairs  of   plots  was
subjected  to  simple  linkage  cluster  analysis  and
depicted  as  a dendrogram  after  re-scaling  the
values  between  0 to  1 (Mark  and  Roger  1984).

Rarefaction:  Sampling  effort  in  terms  of
number  of  moss  colonies  across  macro  as  well
as  microhabitats  were  highly  unequal.  I  have,
therefore,   employed   rarefaction   process   to
compare  these  habitats  for  richness  of  moss
diversity.  How  many  species,  genera  or  families
do  we  get  for  an  equal  number  of  colonies
sampled  from  each  habitat   type?  Rarefaction
addresses  this   question,   and  involves  linearly
increasing  the  number  of  colonies  drawn  from
the  pooled  data  (i.e.  all  the  colonies  in  a particular
habitat  type)  and  the  numbers  of  species,  genera
and  families  encountered  were  recorded.  The
above  process  was  repeated  100  times,  using
computer  simulations  and  the  mean  numbers  of
species,  genera  and  families  were  calculated  for
a number  of  colonies  sampled  from  each  habitat
type.
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Regression   model   and   simulations:   A
simple   linear   regression   model   was   used   to
interpret  the  data  on  the  relationships  among
species,  genus  and  family  level  alpha  and  beta
diversities.  Since  the  beta-diversity  values  are  not
independent   of   each   other,   there   is   every
possibility  that  the  observed  relationships  may
have  occurred  by  chance.  Moreover,  this  causes
uncertain  degrees  of  freedom  while  establishing
the  magnitude  of  the  relationship.  To  overcome
this   problem,   computer   simulations  based  on
randomization  process  were  employed.  The  beta-
diversity  values  in  one  of  the  pairs  of  taxonomic
hierarchy  (species,  genus  or  family  level)  were
scrambled   with   respect   to   the   other,   thus
randomizing  the  process  and  r was  calculated.
This  procedure  was  repeated  1 ,000  times  for  each
pair   yielding   1,000   values   of   r.   Level   of
significance   value   (p)   was   calculated   as   a

proportion  of  the  simulated  values  of  r that  were
greater   than   the   observed   r.   Thus,   the
relationship   with   r  value   at   p  <  0.005   arrived
after  simulations  was  considered  significant.

Results

A total  of  34  families  with  87  genera  and
177  species  from  8,155  colonies  sampled  over
6,000  sq.  m,  constituted  the  moss  community  of
Chopta-Tunganath.   The   moss   taxa,   their
occurrence  on  the  major  substrates  namely  rock,
soil   and   wood,   elevation   range   and   average
abundance  per  sampled  plot  are  given  in  Table  2.
The  distribution  of  numbers  of  species,  genera
and  families  on  these  three  substrates  are  depicted
in  the  form  of  Venn  diagrams  (Fig.  2).  31.67%
of  the  species,  19.54%  of  the  genera  and  17.64%
of  the  families  were  terricolous  (on  soil).  17.51%

Fig.  2:  Venn  diagrams  depicting  distribution  of  (a)  177  species,  (b)  87  genera  and
(c)  34  families  of  moss  communities  on  rock,  soil  and  wood
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Table  2:  Average  abundance  of  mosses  [in  descending  order]  per  plot  and
altitude  range  from  Chopta-Tunganath
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Table  2 (contd.y.  Average  abundance  of  mosses  [in  descending  order]  per  plot  and
altitude  range  from  Chopta-Tunganath
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Table  2 (contd.):  Average  abundance  of  mosses  [in  descending  order]  per  plot  and
altitude  range  from  Chopta-Tunganath
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Table  2 (contd.):  Average  abundance  of  mosses  [in  descending  order]  per  plot  and
altitude  range  from  Chopta-Tunganath

Alt.  = altitude;  Max  = maximum;  Min  = minimum;  Fq  = frequency  of  occurrence  in  plots;  Abun  = abundance
Avg.  = average;  Stdev.  = standard  deviation

of  the  species,  16.09%  of  the  genera  and  8.82%
of  the  families  were  lignicolous  (on  wood).  3.95%
of  the  species  and  1 . 1 5%  of  the  genera  and  none

of   the   families,   were   saxicolous   (on   rock).
Whereas  55.88%  of  the  families  with  20.3%  of
the   species   and   32.18%  of   the   genera   were
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Fig.  3a-c:  Accumulation  of  species  (a),  genera  (b)  and  families  (c)  of  moss  with  increasing  number  of  colonies  in  different  macrohabitat  types.  The macrohabitat  types  are:  LQ;  lower  altitude  Quercus  forest  (1,500  m),  MQ;  Middle  altitude  Quercus  forest  (2,500-2,800  m),  HR;  high  altitude Rhododendron  forest  (2,900-3,200  m),  HG;  higher  altitude  grassland  (3,400-3.700  m).  The  number  of  species,  genera  and  families  at  each  interval

is  an  average  of  1 00  simulations
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Fig.  4a-c:  Accumulation  of  species  (a),  genera  (b)  and  families  (c)  of  moss  with  increasing  number  of  pooled  colonies  in  three  microhabitat  types

namely  rock,  soil  and  wood.  The  number  of  species,  genera  and  families  at  each  interval  is  an  average  of  100  simulations
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Fig.  5:  Complete  linkage  dendrogram  of  12  plots  sampled  in  different  macrohabitat  types  based  on  Chord
distance  with  respect  to  species  composition.  Macrohabitats  are  LQ:  lower  altitude  Quercus  forest,

MQ:  middle  altitude  Quercus  forest,  HR:  high  altitude  Rhododendron  forest,  HG:  higher  altitude  grassland

generalists,  occurring  in  all  three  substrates.  The
rest   of   the   taxa   shared   two   of   the   three
microhabitats  in  the  area.

Entodon   rubicundus,   Racomitrium
subsecundum  and  Thuidium  cymbifolium  were
the  most  abundant,  wide-niche  generalist  species
with  wide  elevation  range,  frequently  occurring
in   all   three   substrates.   Philonotis   nitida  ,
Pogonatum   neesi  ,  Tetraplodon   mnioides   and
Timmia  megapolitana ,  encountered  only  once
during  the  study,  were  rare.  Species  such  as
Pogonatum  microstomum , moderately  abundant
in  more  than  58%  of  the  macrohabitat  types  in
the  area,  may  be  considered  as  habitat  specialists,
confined  to  soil  microhabitats.

High   altitude   mixed   forests   of
Rhododendron  have  the  highest  number  of  moss
species,   followed  by   middle   altitude   Quercus

forests,   higher  altitude  grasslands  and  finally
lower  altitude  Quercus  forest.  For  family  level
richness,  middle  altitude  Quercus  forest  is  the
richest,   followed   by   high   altitude   mixed
Rhododendron  forest,  higher  altitude  grassland
and  lower  altitude  Quercus  forest.  Middle  altitude
Quercus  forests  and  high  altitude  mixed  forest
of  Rhododendron  were  equally  rich  in  the  number
of  genera  in  equal  numbers  of  sampled  moss
colonies  (Fig.  3a-c).

Soil   microhabitats   support   the   highest
number  of  species,  followed  by  wood  and  rock
substrates  (Fig.  4a-c).  But  at  genus  level,  wood
turns  up  as  rich  as  the  soil.  The  majority  of
species,  genera  and  families  prefer  soil  and  wood
microhabitats.   However,   a  few   species
consistently   grow   exclusively   on   rocks.   This
indicates  the  importance  of  rock,  soil  and  wood
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Genera   Genus   Turnover

Fig.  6:  Relationship  between  species,  genus  and
family  level  richness  of  moss

combinations   in   microhabitats   for   diversity   of
moss  communities.

The  change  of  composition  of  moss  species
across  the  plots  i.e.  beta-diversity  or  turnover
along  the  elevation  is  depicted  in  Fig.  5.  The

Family  Turnover

Family  Turnover

Fig.  7:  Relationship  between  species,  genus  and
family  level  turnover  of  moss  community

plots  belonging  to  the  same  macrohabitat  tend
to   cluster,   depending   on   the   moss   species
composition.  The  moss  assemblages,  therefore,
appear   to   reflect   the   characteristics   of   the
macrohabitats  in  which  they  occur.
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The  relationships  among  taxonomic  ranks
of  species,  genera  and  families  of  mosses  with
respect  to  their  alpha  and  beta  diversities  along
with  fitted  regression  equations  are  given  in  Figs
6 and  7.  There  is  a significant  positive  correlation
(p  < 0.005)  between  species,  genus  and  family  level
in  alpha  (Fig.  6)  as  well  as  beta-diversity  (Fig.  7).

Discussion

Floristic  studies  in  India,  particularly  on
the  lower  plants,  lack  objective  oriented  field
methodology.  This  has  hindered  the  long  term
monitoring   of   biological   diversity   (Negi   and
Gadgil   1997,   Negi   1999,   Negi   2000).   In   this
study,   replicable   methodological   approach   is
adopted  that  may  in  turn  facilitate  comparable
studies  in  future.  Numbers  of  species  or  any  other
higher  ranks  of  taxonomic  organization  at  sites
(richness  or  alpha-diversity)  and  change  across
the   habitats   (turnover   or   beta-diversity)   are
important   parameters   of   biodiversity   in
environmental   monitoring   and   conservation
evaluation  (Magurran  1988,  Pressey  et  al.  1994,
Negi  1999).

We  found  that  a mosaic  of  macrohabitats
and   microhabitats   vary   in   terms   of   these
biodiversity   attributes.   Higher   altitude
Rhododendron  forest  is  the  richest  habitat  for
mosses.  Interestingly,  the  lower  altitude  Quercus
forest   is   consistently   poorer   than  the  higher
altitude  grassland,  which  hardly  has  any  woody
microhabitats  for  the  wood  loving  taxa.  It  may
be  that  though  the  lower  altitude  Quercus  forest
is  managed  by  the  locals  for  cutting  and  lopping,
there  is  no  control  over  grazing  and  collection
of  fuel  wood  throughout  the  year.  This  probably
rendered  the  forest  with  only  tree  trunk  bark
inhabiting  species  along  with  a few  saxicolous
moss  taxa.  Higher  altitude  grasslands  are  open
for  grazing,  but  only  during  the  summer  season.
Lower   diversity   of   woody   plants   may   also
contribute  to  the  paucity  of  moss  in  the  lower
elevation  Quercus  forest.  However,  there  was  no

significant  relationship  between  numbers  of  species
of  woody  plants  and  the  moss  species  diversity  in
the  area.  Although  the  majority  of  the  species  were
soil  specific,  the  moss  richness  seemed  to  be  greatly
affected  by  woody  microhabitats,  as  many  species
occur  only  on  this  substrate.  This  pattern  brings
out  the  importance  of  such  microhabitats  in  the
area  and  cautions  us  about  the  potential  adverse
anthropogenic  impacts  of  deforestation,  habitat
degradation  and  fire,  the  frequency  of  which  is
increasing  alarmingly  in  the  region  (Semwal  and
Mehta  1996).

The  study  identifies  rare  species  in  the  moss
community,  with  quantitative  infonnation  on  the
patterns  of  distribution,  populations,  taxa  in  the
landscape.  Without  such  information,  any  program
for  conservation  and  sustainable  management  of
bioresources  in  the  fragile  ecosystems  of  the
Himalaya  will  remain  on  shaky  ground.

There  is  neither  time  nor  funds  adequate  to
sample  and  identify  all  the  species  in  a given  area
for  periodically  monitoring  large  diverse  lower
plant  communities  such  as  moss.  This  is  because
numbers  of  species  is  generally  high  and  the
identification  is  time  consuming.  Therefore,   a
reduced  set  of  taxonomic  ranks  other  than  the
species  may  be  used  as  surrogates  for  cost-effective
assessment  of  biodiversity  (Williams  and  Gaston
1994,  Prance  1994,  Negi  1999).  It. is  therefore
necessary  to  establish  a relationship  of  species
diversity  with  the  higher  taxonomic  ranks.  The
present  investigation  attempted  to  establish  such
a relationship,  and  showed  that  even  at  the  family
level,  inventory  of  moss  community  may  be  helpful
in   accurately   predicting   its   species   diversity.
Similar  results  have  also  been  shown  in  the  same
communities,  but  from  a different  landscape  in  the
same  region  of  the  Himalaya  (Negi  2000).

Conclusions   and   conservation
implications:  Moss  diversity  sharply  declines  from
the  seasonally  grazed  high  altitude  Rhododendron
forest  and  alpine  meadows  to  the  highly  disturbed
Quercus  forest  in  the  lower  elevation.  The  richness
of  mosses  is  related  to  the  moderate  levels  of
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disturbance  by  grazing  and  other  factors,  such  as
frequency  of  human  visits  for  fuel  wood  and  fodder
collection,  which  goes  on  throughout  the  year  in
the  Quercus  forests.  However,  low  temperature  and
high  humidity  in  the  high  elevation  habitats  of
Rhododendron  and  grasslands  might  have  also
contributed  to  the  rich  diversity  of  moss.  These
factors  should  be  taken  care  of  while  designing
conservation  plans.  Apart  from  livestock  grazing,
tourism  has  emerged  as  the  major  land  use  pressure
in   the   high   altitude   zones   of   the
Chopta-Tunganath.  Its  increasing  demands  may
lead  to  overgrazing  of  higher  altitude  grasslands
and  excessive  wood  collection  from  the  woodlands,
leading  to  severe  damage  to  the  moss  communities,
including  the   loss   of   rare   species.   Thus,   the
dynamics  of  biodiversity  of  moss  in  relation  to  the
livestock  grazing  and  tourism  as  major  land  use
activities  in  the  Himalaya  needs  further  research.
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