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Abstract

Quantitative and qualitative characteristics of floristic diversity at species level along environmental gradients were
measured using a randomly stratified design for identifying major plant communities of Narran Valley, Pakistan. Data was
collected at 144 sampling stations along 24 altitudinal transects, 12 each at southern and northern aspects. Altitudinal range
transects was within the limits of 2450 to 4100 masl. Some 198 species belonging to 68 families were indentified along
transects. The Two Way Cluster Analysis (TWCA) and Indicator Species Analysis (ISA) recognized 5 plant communities
with significant indicator species. The communities generally showed an elevation-latitudinal gradient complex from
inclined, mesic-cool temperate vegetation of Phenerophytes and Chamaephytes, to more dry cold subalpine and alpine
herbaceous vegetation of Cryptophytes and Therophytes. ISA analysis revealed that the mountain aspect, altitude from the
sea level and soil depth were the strongest environmental variables (p < 0.05) for determining the community structure.
Species diversity was optimum at the middle altitudes (2800-3400 masl) as compared to either the lower or higher altitudes.
Herbaceous vegetation had positive correlation with altitude as a function of eco-physiological pressures as generally

observed on like other highly elevated peaks Himalayas.
Introduction

Classification of natural ecosystems into potential plant
communities and habitat types is important for the long-
term management of natural resources. Ecologists always
try to understand the variation in species diversity along the
environmental gradient like altitudinal gradient in
mountainous ecosystems (Daubenmire, 1968; Vetaas &
Grytnes, 2002). The Himalayas are the world’s youngest
and highest mountains, possessing diverse vegetation and
hence are important locations for research into ecology and
biodiversity conservation (Pei, 2001). Discovering and
understanding the association of biotic and abiotic
components of an ecosystem is a critical branch of
ecological research (Tavili & Jafari, 2009). In mountainous
regions, altitude shows the greatest effect in limiting plant
species and community types (Chawla et al., 2008).

The use of computer-based statistical and multivariate
analytical programs helps ecologists to discover structure
in the data set and help them to analyse the effects of
environmental factors on whole groups of species
(Bergmeier, 2002; Anderson et al., 2006). Statistical
programs reduce the complexity of data by classifying
vegetation and relating the results to abiotc
(environmental) components (Dufréne & Legendre, 1997;
McCune & Mefford, 1999; Terbraak & Prentice, 1988).
Classification also overcomes problems of comprehension
by summarizing field data in a low-dimensional space
with similar samples and species near together and
dissimilar ones far apart (Greig-Smith, 2010). Such
approaches have rarely been used in vegetation studies of
Pakistan (Malik & Husain, 2006; Saima et al., 2009;
Wazir et al., 2008; Malik & Husain, 2008).

The Naran, a mountainous valley is located between
34° 54.26'N to 35° 08.76" N latitude and 73°.38.90" E to
74° 01.30" E longitude with an elevation range of 2450 to
4100 masl., in the North Eastern part of District
Mansehra, Pakistan. It is located on the extreme western
boundary of the Himalayan range. Geologically the
valley is on the extreme margin of the Indian Plate where
it is still colliding against the Kohistan arc of Asian

(Eurasian) plate and the location means that climatically,
most of it lies out of monsoon range. The rocks of the
valley can be subdivided into basement (metagranite and
paragneiss) and amphibolites, marble, dolomite, quartzite
and deformed granite (Najman et al., 2003; Parrish et al.,
2006). The entire area is formed by transverse spurs of
rugged mountains on either side of the river Kunhar. The
river Kunhar emerges from the lake Lulusar near the
Babusar pass at an elevation of 3455m. Its unique
physiographic, climatic and geological history makes it
also distinct floristically. Moreover Naran valley forms an
important part of the Western Himalayan Province
(Takhtadzhian & Cronquist, 1986). The climate of Naran
valley as a whole is of dry temperate with heavy snowfall
in winter and cool dry summers. Most of the year
temperature remains below 10°C.

Most of the Himalayan valleys like Narran have not
been studied with recently developed analytical tools due
to the scarcity of skilled manpower, remote location,
hardship in accessibility, rugged physiographic condition
and critical geopolitical situation. This study was designed
therefore, to quantify the abundance of species, analyze
the communities and place them in such an ecological and
vegetation framework acceptable in international terms,
for understanding the environmental gradient responsible
for the distribution of species and communities. The
research hypothesis was that variation in the aspect
(north- and south-facing) and altitude has a significant
impact on species and community diversity of vascular
plants in Naran valley, Pakistan.

Materials and Methods

In order to test the hypothesis, a phytosociological
approach (Rieley & Page, 1990; Kent & Coker, 1994) was
used to measure quantitative and qualitative attributes of
vascular plants in quadrats along an altitudinal gradient
during the summer 2009. The 60 Km long valley was
divided using stratified random sampling into 12 sampling
localities, each locality parting about at a distance of 5
Km. Two vertical transects, perpendicular to river



2338

Kunhar running up both on the Northern and Southern
aspects at each site was taken into consideration. The
altitudinal limits covered by these transects were generally
from 2450- 4100m.

Along each of the 24 transects, sampling was started
from bed of the stream (in most cases the river Kunhar) and
carried on till ridge of the mountain. Stations were
established at 200m interval (total of 144 stations) along
transects. Location map of the study area is presented in
Fig. 1. At each station three quadrats each having an area
of 50m?, 10m> and 1m? were placed randomly for
determining the population of trees, shrubs and herbs,
respectively (Daubenmire, 1968; Moore & Chapman,
1986). Species composition and abundance in each quadrat
were recorded on the data sheets. Absolute and relative
density, cover and frequency of each vascular plant species
at each station were calculated using the formulae designed
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by Curtis & McIntosh (1950) using Microsoft Excel on an
Asus palm-top computer. The plant specimens were mostly
identified with the help of Flora of Pakistan (Nasir & Alj,
1970-1989; Ali & Nasir, 1990-1992; Ali & Qaiser, 1993—
2009) and preserved in the Herbarium of Hazara University
Pakistan (HUP). Plant life form assortment was done in
accordance with the Raunkiaer’s system (Mueller-Dombois
& Ellenberg, 1974).

Altitude of the selected localities was measured GPS
of Garmin eTrex HC series, vista HCx. Soil pH was
measured by BDH universal pH (0-14) paper kit. The soil
depth was estimated with an iron rod of 2m length and
classes 1-3 (shallow-deep) were assigned. Grazing
pressure was estimated by classes 1-5 (low to high)
though observing the recent signs and intensity of grazing
effect. Aspect of the mountain i.e., South (S) and North
(N) were determined with the help of a compass.
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Fig. 1. Map of Pakistan, showing the location of project area the Naran Valley with 12 sampling localities (A-L).

The data collected from 144 sampling stations (1296
quadrats) and 5 environmental variables were analysed
through multivariate statistics in PC-ORD version 5
(McCune & Mefford, 1999). Two Way Cluster analysis
(TWCA) using Sorensen measures, based on
presence/absence data (Greig-Smith, 2010) was carried
out to identify pattern and order in the species and station
data. Indicator Species Analysis (ISA) was subsequently
used to link the floristic with environmental data. It
combined information on the concentration of species
abundance in a particular group and the faithfulness
(fidelity) of occurrence of a species in that group. It
constructed indicator values for each species in each
group and tested for statistical significance using the
Monte Carlo test. Indicator Species Analysis evaluated
each species for the strength of its response to the
environmental variables. A threshold level of indicator
value 20% with 95% significance (p value <0.05) was
chosen as cut off for identifying indicator species
(Dufréne & Legendre, 1997). The indicator species were
used for naming the communities.

Results

Sum of 198 plant species (12 trees, 20 shrubs and 166
herbs) belong to 150 genera were recorded at the 144
stations (1296 relevés). The vegetation was dominated
hemi-cryptophytes by followed by geophytes and
therophytes. The phenerophytes and chamaephytes, less
common; dominated the lower valley, lower altitude
(2450-3200 masl) and northern slopes. The significant
hemi-cryptophytic and geophytic components reflected
the generalized features of alpine and subalpine nature of
the vegetation of the valley.

Two Way Cluster Analyses broadly divided the plant
community in to 5 assemblages which could be clearly seen
in two main branches of the dendrogram; (i) the lower
altitude (2450-3250 masl) including 3 communities/groups
dominated by temperate vegetation and (ii) the higher
altitude (3250-4100 masl) including 2 communities
dominated by subalpine and alpine species (Fig. 2).
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5 plant communities based on Two way cluster analysis (Sorensen measures)
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Fig. 2. Dendrogram of 144 stations and 198 plant species based on Sorensen measures showing 5 plant communities (groups), after
Two Way Cluster Analysis through PC-ORD.
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Indicator Species Analysis (ISA) identified indicator
species and the main variables responsible for those
communities. It showed that aspect, altitude and soil depth
are the stronger ones among variables. It also showed the
strength of the environment-species relationship using Monte
Carlo procedures (Table 1). The 5 plant communities
established in Naran Valley are presented as follows:

i. Pinus wallichiana-Sambucus weightiana community:
This was the valley bottom or lower altitude plant
community (indicator species identified by high soil depth
classes 1 in Table 1 and Fig. 2). This community was
found on either side of the River Kunhar at altitudes from
2450 to 2900 masl. The tree and shrub layer was
characterised by Pinus wallichiana and Sambucus
wightiana as indicator species. Other dominant species of
this layer were Cedrus deodara, Abies pindrow and
Artemisia brevifolia. Indicator species of the herb layer

were [Impatiens bicolor, Plantago lanceolata and
Onopordum acanthium. Sub dominant species of
herbaceous vegetation were Trifolium repens and

Hypericum perforatum. Other common species of the
herbaceous community includes Dactylis glomerata,
Urtica dioica, Bistorta amplexicaulis, Verbascum thapsus
and Viola canescens. The high soil depth was associated
with relatively high grazing and anthropogenic pressures.

ii. Abies pindrow-Betula utilis community: This
assemblage can be termed the plant assemblage of the
middle altitude (2800-3400 masl), northern aspect (Table
1 and Fig. 2). Indicator species of the tree layers were
Abies pindrow and Betula utilis while the shrub layer was
characterised by Salix flabellaris. Which Achillea
millefolium and Fragaria nubicola were the indicators
species of the herb layer. Other prominent species were
Picea smithiana, Cedrus deodara, Impatiens bicolor,
Oxyria digyna, Cynoglossum glochidiatum, Poa alpina,
Valeriana pyrolifolia. Shade-loving plants were quite
common in this community. The most important
environmental variable responsible for the formation of
this community was the aspect (NW facing) associated
with co-variables like a relatively high soil depth, low
grazing pressure.

iii. Juniperus excelsa-Artemisia brevifolia community: This
can also be named as the middle altitude (2800-3400 masl),
southern aspect assemblage (Table 1 and Fig. 2). Juniperus
excelsa, Artemisia  brevifolia, Eremurus himalaicus,
Dryopteris stewartii and Taraxacum officinale were the
indicator species. The tree layer is almost absent as only few
prostrate Juniperus excelsa were found on southern faces. A
dominant shrub layer, characterized by Artemisia brevifolia,
Juniperus communis, Cotoneaster microphyllus and Rosa
webbiana was present. Other herbs were Androsace
rotundifolia, Malva neglecta, Hypericum perforatum,
Onopordum acanthium, Verbascum thapsus, and a woody
climber Clematis montana. Trampling effect of the grazing
animals was evident every where.

iv. Rheum australe-Sibbaldia cuneata community: This
was the high altitude (3300-4000 masl) timber line plant
assemblage. The indicator species were identified by
altitude; (Table 1 and Fig. 2) and was comprised of
subalpine and alpine vegetation characterized by the
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alpine Rheum australe, Sibbaldia cuneata and Iris
hookeriana. The major vegetation pattern was herbaceous
with a few shrub species at relatively lower altitudes
(3300-3500 masl) such as Juniperus communis, Juniperus
squamata, Rhododendron hypenanthum, and Berberis
pseudoumbellata. Other dominant species were Bergenia
strachyei, Poa alpina, Thymus linearis, Bistorta affinis
and Aconitum violaceum. This community developed in
between the timberline and alpine pastures at higher
altitudes, irrespective of N and S aspects and overlapped
community 5 (alpine pastures) at most of the stations.

v. Aster falconeri-lris hookeriana community: This was
the highest altitude (above 3700 masl), or alpine plant
community with the indicator species identified by altitude;
(Table 1 and Fig. 2) being Aster falconeri, Iris hookeriana
and Ranunculus hirtellus. Other diagnostic species were
Anemone tetrasepala, Gentiana carinata and Rheum
australe. Tree and shrub (Phanerophtes and Chamaephytes)
layers were completely absent. At this altitude the species
richness was poor. Soil depth at these pastures was
remained shallow and with exposed rocks. Grazing was the
main pressure on the flora of that community.

Discussion

Drawing a sharp line in any mountain ecosystem is not
easy, as rapid micro climatic and edaphic variations overlap
each other due to the number of driving agencies and
historical perspectives but the multivariate analyses
established 5 distinct plant communities of vascular flora.
Being in the Western Himalayan Province, the vegetation
was mainly Sino-Japanese and was classified as different on
the basis of altitude, aspect and soil depth, as has been
described in other locations of this province (Takhtadzhian &
Cronquist, 1986; Ali & Qaiser 1986; Champion ef el., 1965).

At the opening of the valley at the lowers altitudes, the
vegetation has some characteristic species of moist
temperate vegetation of the adjacent Kaghan valley to the
south east e.g., Pinus wallichiana, Aesculus indica, Prunus
cerasoides, Indigofera heterantha, Viburnum grandiflorum,
Viburnum  cotinifolium,  Paeonia  emodi,  Bistorta
amplexicaulis and Trifolium repens as reported from moist
temperate Himalaya by Saima ef al., (2009). Community 1
reflects the latitudinal gradient of vegetation i.e., moist
temperate to dry temperate along the valley as this
community found at lower altitudes. The Abies pindrow-
Betula utilis Community and Juniperus excelsa-Artemisia
brevifolia communities were mixtures of temperate and
subalpine plant species under the influence of aspect and
exhibit rich diversity. Community 4 and 5 are formed by
subalpine and alpine species under the effect of high
altitude characterized by alpine species like Rheum
australe, Sibbaldia cuneata, Iris hookeriana, Aster
falconeri and Ranunculus hirtellus. This type of latitudinal
and altitudinal gradient complex has been found in other
studies around the globe where topographic variables also
influence vegetation (Chawla et a/, 2008; Bergmeier, 2002;
Sanhueza et al, 2009). High snowfall, short summer, low
temperature, intense solar radiation and cold winds, result
in xeric conditions for plant growth and hence f -diversity
of species gradually decreasing both along the altitudinal
and latitudinal gradients. This phenomenon of floristic
occurrence has also been observed in neighour valleys
(Wazir et al. 2008, Kharkwal et al., 2005; Peer et al., 2001;
Sheikh et al., 2002; Ahmad et al., 2009).
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Species diversity was optimum at the middle altitudes
(2800-3400 masl) as compared to the lower where direct
anthropogenic activities are continuous and high altitudes
(3400-4100) where diversity reaches to its minimum is
mainly due to xeric condition but the high grazing pressure
also trigger this decrease. Such kind of species
distributional phenomenon has also been observed in other
mountainous ecosystems (Anderson et al., 2006; Nogués-
Bravo et al., 2008). Moreover increase in herbaceous
vegetation is positively correlated to the increase in altitude
that seems to be a function of eco-physiological pressures
associated with these elevations. Finding of this paper
clearly indicate that lower valley exhibit moist temperate
type of floristic element which gradually change on one
hand to dry temperate types in upper valley (along
latitudinal gradient) and on the other hand to sub alpine and
alpine types along the elevation gradient.
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