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Abstract

The present study reveals species diversity and its components along the altitudinal gradient ranged from 1290m
to 2626m at Thandiani sub Forests Division. A Thandiani sub Forests division including the forests of
Mandroach, Neelor, Kakul, Qalandarabad, Kala pani, Larri, Riala and Sikher, was explored to assess the
vegetation structure and conservation status of economically important species. The vegetation was studied by
the Shannon — Weaver index method during 2012-13. A total of 252 species belonging to 97 families were
recorded from the area. Species diversity and its component values were high in the tree layer (Pinus
communities) in the middle and upper regions of the altitudinal gradient. It decreases both towards the upper
and lower altitude, which was due to different environmental and anthropogenic factors such as deforestation,
human interaction, encroachment pressure, low number of species and soil erosion. There is great need of
reforestation in the area. Alternate sources of fuel must be provided to local inhabitants to minimize the pressure

on wealth of wild plants.
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Introduction

Species diversity is considered to be an indicator of
the health of an ecosystem (McGard-Steed and Morin,
2000). Climate, productivity, biotic interaction,
habitat and heterogeneity are the different variables
which correspond to variation in diversity (Givnnish,
1999; Willig et al,, 2003 and Currie and Francis,
2004). Diversity is the direct measure of the impact of
human and livestock disturbances on the forest
ecosystem. In degraded ecosystems by overexploi-
tation and pollution, loss of biodiversity and
ecosystem functioningis directly correlated to intensity
of disturbance. The purpose of study is to co-relate
diversity of plants among different altitudinal stations.
Species richness is a simple, easy and most widely
used measure of biological diversity determined by
various biotic as well as abiotic factors (Peet, 1974;
Stirling and Wilsey, 2001 and Schuster and
Diekmann, 2005). Some work on the species diversity
has been done by different workers in various parts of
the world (i.e. Adhikari et al., 1991; Franklin and
Merlin, 1992; West, 1993; Planty-Tabbachi et al.,
1995; Green and Kaufman, 1995; Willoughby, 1996;
Al-Faraj et al., 1997; Raizada et al., 1998; Khan et al.,
1999; Khan et al., 2011, 2012a,b,c, 2013a,b, 2014;
Townsend et al., 2000; Spehn et al., 2000; Vujnovic
et al., 2002; Hurka and Heinrich, 2004; Schuster and
Diekmann, 2005; Malik, 2005, Habib et al., 2011:
Amjad, 2013).

Materials and methods

Study area

The study was conducted in Thandiani Sub Forests
Division (73°53¢5.316"E, 33°32¢9.925"N) at an
altitude between 1290m to 2626m during 2012-13. It
is a mountainous region with sparsely distributed
vegetation. The mountains are well within the reach
of monsoon. The area has variable climate. The
average annual rainfall of the area is 1424.1mm. The
maximum rainfall occurs during July amounting to
305.5 mm, while least rainfall occurs during
November amounting to 33.3 mm. The hottest
months of the year are June and July, with mean

daily maximum temperature of 36.4 and 33.2°C

respectively, and minimum temperature of 13.8 and
16.6°C respectively. The average maximum and
minimum relative humidity is 79-83 and 65-.72% in

July and August respectively.

Methodology

We selected a study area in a traditionally managed
mountain woody pasture. The area was sampled by
quadrat method. The quadrats were laid down at
regular intervals of 100 m. The size of quadrats was
kept 10x2, 5x2 and 1x1 (mxm) for trees, shrubs and
herbs respectively. Density, frequency and cover were
recorded (Mueller-Dombois and Ellenberg, 1974).
Importance value index of each plant species was
calculated and plant communities were named after
the plant species having the highest IV (Hussain,
1989; Malik, 2005). Species diversity was measured
by Shannon-Wiener (1949) methods.

Shannon — Weaver index
D=Y[>¥n(n-1)]

N(N-1)
The components of diversity as species richness and

equitability were measured after Menhinick (1964)
and Pielou (1975), respectively.
Menhinick index:-

d=S
VN
Pielou index:-

E= Natural log of Diversity Index
Natural log of Total Species

Results

The Shannon’s diversity in the investigated area
ranged from 11.01 to 39.441. Highest diversity value
39.441 was recorded in Lower Ballolia the Themeda,
Zizyphus and Olea community at 1785m with GPS
Reading N34 12 56.3 E73 17 35.2. It was followed by
Abies, Aquilegia and Pinus community at 2391m,
GPS Reading N34 14 21.5 E73 20 50.7, Pinus, Achillea
and Cedrus at 2330m, GPS Reading N34 14 53.1 E73
20 514 and Zizyphus, Ailenthus and Rumex
community 1661m, GPS Reading N34 12 44.0 E73 17
41.4, which were 35.4993, 34.7604 and 34.2242
respectively. The lowest species diversity (11.01) was
recorded for Pinus, Viola and Rumex community at

1523m elavation with GPS Reading N34 11 36.9 E73
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17 53.3, it was followed by Themeda, Pinus and

Zizyphus community (11.1) at 1321m, GPS Reading

N34 11 10.0 E73 16 30.8 and Themeda, Robenia and

Pinus community (11.31) at 1299m, GPS Reading N34

11 03.0 E73 16 35.4, other communities showed

valuable variation in the diversity (Table 1). The value

of species richness ranged from 1.100963765 to

2.477767101 (Table 1).

Table 1. Diversity index and its components recorded from Thandiani Sub Forests Division, Abbottabad,

Pakistan.
S. Stations Communities GPS Readings Elevation D.I T.S Equetibility S.R
No or Eveness
1 Mandroch Themeda, N34 11 03.0E7316 35.4 1299 m 11.31 19 0.823819854 1.137500246
Robenia & Pinus : . i : :
Mandroch Poa, Pinus &
2 Darra Cyanodon N34 1129.5 E73 17 36.3 1396 m 20.2 33 0.859624225 1.509384867
3 Barri Bahk lell;l’u‘;le(;la & N34 1136.9 E73 17 53.3 1523 m 11.01 18  0.82992921 1.10158211
Lower  Pinus, Eucliptus &
4 Danna Poa N34 11 30.7 E73 17 52.6 1582 m 16.44 38 0.760663526 1.876686234
5 Danna Plnu;(,l;{:tzls ex & N34 11 41.9 E73 18 24.8 1697 m 25.28 48 0.834369892  1.949866713
Upper Pinus, Rumex &
6 Danna Rumex N34 1113.0 E7318 18.5 1775 m 30.33 51 0.867825189 1.869750717
Themeda, Pinus &
7 Neelor Zizyphus N34 1110.0 E73 16 30.8 1321 m 11.1 20 0.803671464 1.100963765
8  Battanga P mu;;z%g:l()don N34 11 25.0 E73 16 44.1 1428 m 14.12 20 0.883787999  1.172420764
Pkheer  Pinus, Cyanodon
9 Bandi & Verbescum N34 1119.7 E73 16 57.3 1551m  26.2029 41 0.880365018 2.027319523
Zizyphus,
10 Pejjo Ailenthus & N34 12 44.0 E73 17 41.4 1661m  34.2242 55 0.881616984 2.182608423
Rumex
Lower Themeda,
11 Ballolia  Zizyphus & Olea N34 12 56.3 E73 17 35.2 1785 m 39.441 54 0.921238551 2.200875694
Upper Pinus, Medicago
12 pollolia & Podophyllum N341253.8E731742.0 1849m 32.8926 59 0.856705243 2.477767101
Malach  Pinus, Themeda &
13 Lower Cyanodon N34 12 29.0 E73 17 16.1 1496 m  26.4876 39 0.894396496 1.5356235
Malach Pinus, Pyrus &
14 Upper Ramuneulus N34 1250.7 E731718.4 1591m  32.8317 43 0.928266087  1.87310942
Kakul
Reserve  Pinus, Valeriana
15 Forests &Plantago N34 12 31.7 E73 17 40.2 1722m  28.1844 46 0.872050497 1.731232838
Cathment
. Abies, Pinus
16 Mathrikka &Caryopteris N34 13 09.0 E731732.4 1829m  31.888 56 0.860106155 2.086996779
Mathrikka  Pinus, Abies &
17 Top Bistorta N34 1314.3 E73 17 34.1 1919m  31.0034 52 0.869117959 1.870310003
18 Jabbra Pmus:q‘?)ggslllea & N34 13 22.6 E73 17 43.8 2027m 31.2695 53 0.867100772 1.8374444
. Cedrus, Pinus &
19 Pallu Ziarat Impetiens N34 13 58.2 E73 18 02.3 2171m  30.9114 55 0.856211572 1.855103958
20 Qalag(cilarab Pmus(,g(C];zOnanabus N34 1553.5 E7314 15.7 1200m  24.2158 36 0.889350766 1.502546239
Bandi Pinus, Rumex &
21 Toondan ’Poa N34 15 53.6 E73 15 49.1 1417 m 26.3611 43 0.869905705  1.771784133
Cathment
Pinus, Poa &
22 Mera Bunn Valeriana N34 15 50.6 E73 16 45.0 1532m  29.4749 44 0.894125131  1.576463601
Loonrr Pinus,
23 Patti Ranunculus & N34 1538.4 E731730.3 1668 m 20.46 47  0.87867629 1.598972471
attian
Themeda
Gali Pinus, Rumex &
24 Bannian Verbescum N34 1019.7 E73 17 32.9 1535 m 24.1375 43 0.846476271 1.710448161
I\SI. Stations Communities GPS Readings Elevation D.I T.S Equetibility S.R
o or Eveness
Upper Gali Cedrus, Medicago
25 panmian & Abies N34 11 35.6 E73 19 02.7 1637m  25.0589 43 0.856436498 1.542616407
26 Chatrri Pinus, Rumex & N34 12 15.1 E73 19 41.2 1715m  25.0527 45 0.846143207 1.58999682

Abies
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Lower Kala  Abies, Pinus &
27 Pani Potentilla N34 13 02.0 E73 19 59.2 1860m 26.3076 43 0.869365567 1.501625136
Upper Kala Cedrus, Pinus &
28 Pani Achilles N34 13 43.5 E73 20 13.8 2017m 28.5369 49 0.861087545 1.663168372
Reserve Cedrus, Pinus &
29 Forests I L N34 13 16.3 E73 20 19.0 2177m  28.5149 52 0.847942318  1.741088778
mpetiens
Cathment
0o Lower Pinus, Cedrus & N34 14 20.7 E73 20 45.8 2281m 2 0.853062998  1.69129796
30 Thandiani Bergenia 34 14 20.7 173 20 45. 9.5744 53 -053006299 -091297963
Uppgr . Pinus, Cedrus &
31 Thandiani I s N34 13 16.4 E73 20 42.5 2400m  34.2128 62 0.855944952 1.938446738
mpetiens
Catchment
32 Larri Track P 1nu85l, gzg)r];‘;rbla N34 13 23.3 E73 20 08.4 2012m  25.1993 41 0.868925164 1.591108578
33 Larri Cedrl;,sl.’n ﬁgles B N34 13 48.0 E73 20 29.8 2124m  31.9665 48 0.894990591  1.751544876
34 Sawan Gali Pmus(iéggilea & N34 14 53.1 E73 20 51.4 2330m 34.7604 53 0.893757659  1.834140632
. Abies, Aquilegia &
35 LariTop 7V od 9% N3q14215E7320507  2301m 354993 58 0.879004465  1.950638397
36 Riala le;,GC('Iylglnn(;don N34 16 14.6 E73 18 15.7 1526 m  19.6073 36  0.83044125 1.480842126
Riala Pinus, Cedrus &
37 Cathment Rumex N34 1550.2 E73 17 33.6 1617 m 26.2017 42 0.873759489 1.6719936
Upper Cedrus, Pinus &
38 Riala Bistorta N34 16 27.7 E73 19 01.7 1707m  23.4941 43 0.839293106 1.684009967
39  Terarri Pmuzjgz(flrus & N34 16 30.3 E7319 09.3 1815m  27.3462 48 0.854664372 1.753881829
Terarri Abies, Pinus &
40 ~oithment Achillea N34 16 30.0 E73 19 33.6 1918 m 20.284 49 0.867727961  1.744446194
41 Darral Abl;?;gﬁgs & N34 16 27.3 E7319 32.3 2001 m 25.509 49 0.83317138 1.705961028
. Pinus, Euphorbia
42 Makali & Potentilla N34 16 18.1 E73 19 41.3 2131 m 25.284 48 0.834410762  1.657144031
43 Ladrri P"Efl’n‘?é);eos & N34 16 30.5 E73 19 54.2 2219m  23.4589 48 0.815056791 1.643488698
44  Parringa Pmugs(’ ﬁ:gggrbla N34 16 42.4E732002.0 2202m 26.0928 51 0.829553423 1.707606302
45 Sattu Top ngiﬁes & N34 16 46.2 E73 20 06.3 2382m 30.2628 51 0.867261052 1.682334768
Mera
Rehmat Rumex, Abies &
46 Khan Polygonum N34 1401.7 E73 2025.7 2194m 13.4007 30 0.763056845 1.666666667
Cathment
Mera Pinus, Impetiens
47  Rehmat ’ N34 14 45.8 E732004.4 2309m 25.7532 44 0.858455629 2.348546256
Kh & Quercus
an Top
Lower Pinus, Potetilla &
48 Nammal Cedrus N34 15 04.5 E73 20 22.4 2407m  13.6161 30 0.767745186 1.50565684
Upper  Pinus, Frageria &
49 Nammal Cedrus N341447.5E7320255 2539m 185241 30 0.858248511  1.409522957
50 Sikher Pmus,jggs;mlla & N34 14 54.1 E73 20 35.0 2626 m  15.8911 39 0.754937264  1.596163743

The highest value of species richness was recorded in
Pinus, Medicago and Podophyllum (2.477767101) at
1849m, with GPS Reading N34 12 53.8 E73 17 42.0,
followed by Themeda, and Olea
(2.200875694) and zizyphus, ailenthus and Rumex

Zizyphus

(2.182608423) communities at 1785 m, GPS Reading
N34 12 56.3 E73 17 35.2 and 1661m, GPS Reading
N34 12 44.0 E73 17 41.4, respectively. Themeda,
Pinus and Zizyphus community at 1321m, GPS
Reading N34 11 10.0 E73 16 30.8 has least species
richness value i.e 1.100963765, followed by Pinus,

Viola and Rumex community (1.10158211) at 1523m,

GPS Reading N34 11 36.9 E73 17 53.3, (Table 1). The
value of equitability or evenness ranged from
0.754937264  to The

equitability or evenness value 0.928266087 was

0.928266087. highest

recorded for Pinus, Pyrus and Ranunculus
community at 1591m, GPS Reading N34 12 50.7 E73
17 18.4, whereas the lowest equitability or evenness
value 0.754937264 was for Pinus, Potentilla and
Abies community at 2626m with GPS Reading N34 14
54.1 E73 20 35.0. Other communities showed little
variation of equitability or evenness among them

(Table 1).
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Discussion

Species diversity is measures of complexity in form
and structure. Diversity can be correlated with
different variables such as productivity, stability,
maturity, predation pressure, evolutionary time and
spatial heterogeneity (Hills, 1973). It is important for
protection and conservation of natural vegetation
which is increasingly threatened due to forest cutting
for industrial and urban expansion. (Naveh and
Whittaker, 1980) Temperate forest can be regarded as
highly valuable habitat in term of biodiversity. The
shanon diversity value ranges from 11.01 to 39.441.
The recorded value lies within the reported range for
other Himalayan forests (Pande, 2001; Mishra et al.,
2003; Kunwar and Sharma, 2004) in the investigated
area species diversity value were low at bases of
different Stations. It increases with the increase of
altitudenal ranges, similar findings were reported by
Malik (2005) and Colinvaux (1993). The low species
diversity in Kotli may be due to deforestation, human
interactions (Kumar and Bhutt, 2006), collection of
medicinal plants and quick disappearance of annual
plants because of cold conditions (Ram et al., 2004).
In some communities, very high species diversity was
recorded in the investigated area. The high species
diversity was observed in Pinus I, Pinus 111, Pinus VII
and Rubus-Quercus-Pinus communities at 1661, 1785,
2330 and 2391 m in moist temperate zone. Habib et
al. (2011) and Malik et al. (2001) reported similar
vegetation in Daukhan and Gari dubata area, where
high species diversity was found in upper reaches,
while low diversity in low altitude. Similarly, Khan et
al. (1999) reported low species diversity due to
environmental stress. In over case species diversity
was low due to less number of species at lower
altitude and high diversity due to high number of
species at high altitude. The diversity of species was
high in the tree layer in the middle and upper regions
(1661, 1785, 2330 and 2391). It decreases both toward
lower and upper most altitudenal regions. P.
and P.
occupying the middle altitudinal zone had high

roxburghaii walliciana  communities
diversity. The results are in agreement with Saxena et

al. (1987) who reported that in Kuman Himalaya the

species diversity at tree layer was higher, which
decreased both toward lower and upper most
altitudenal regions. Kharkwal et al. (2005) reported
the same pattern of species diversity and richness in
Kuman, India. Species richness is the number of
species per unit area. Richness is mainly controlled by
the fertility and episodic removal of leaves typically by
grazing and forest fire. This regional pattern of
species richness is the product of many intermingling
factors such as environmental variables, geography,
topography, species pool, productivity and compe-
tition (Criddle et al., 2003). This may also due to high
degree of variations in soil differentiation and altitude
(Lomolinon, 2001). However moisture, temperature
and nutrient availability affect the distribution and

bulk of species in any area (Korner, 1998).

Species richness was low in lower reaches, it increases
according to altitude from 1300m to 2000m,
however, from 2000m to 2626 m species richness
decreased with the increasing altitude.. In the
investigated area, there was abundance of annuals
due to which species richness increased. In the
monsoon most of annuals disappeared that decreased
species richness. The higher value of species richness
was recorded for communities of moist habitat that
had relatively optimum climatic conditions.
Equitability or evenness was high in the middle at
1700m to 1900m m and decreased both toward top
and bottom. A higher equitability may result a highly
stable environment or a prolonged period of time
(Shoukat and Khan, 1999). The high total species
diversity at the high level of disturbance resulted from

high equitability of relatively small number of species.
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