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IntroductIon

The term Biodiversity has been defined as “the kinds 
and number of organisms and their patterns of dis-

tribution by Barnes et al. (1998) while Simberloff (1999) 
called it “species richness”. The term has been extensively 
used in ecological and conservation studies (Schuler, 1998; 
Swindel et al., 1984). Wohlgemuth et al. (2002) went a 

little further and classified biodiversity into static and dy-
namic, while Petchey and Gaston (2006) have introduced 
the term Functional Diversity (FD) to biodiversity analy-
sis. Tilman (2001) and Petchey and Gaston (2002) called 
functional diversity as the measure of extent of functional 
trait variation (i.e. similarity/dissimilarity) among commu-
nities and is also known as the measure of kind, range and 
relative abundance of traits to others (Diaz et al., 2007). 
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Species identification and quantification is an important 
approach in conservation ecology (Kent and Coker, 1996), 
and can be adjusted at different scales i.e. from species to 
community level (Ardakani, 2004; Eshaghi et al., 2009). 

In order to understand the biodiversity of an area or region, 
units of population ecology must be recognised. Commu-
nity is a term, referred to the assemblages of a functional 
unit of species in time and space (Magurran, 1988) and can 
be classified into different groups, providing strong bas-
es for the vegetation Sciences (Kashian et al., 2003). The 
classification of plant communities (assemblages) is mainly 
based on the floristic composition and the presence of in-
dicator species. The global ecosystems provide all necessary 
elements of life i.e. oxygen, food, shelter and medicinal 
products etc. However, different ecosystems comprised of 
different plant communities (vegetation types) have been 
exploited and thus vanished since time immemorial due 
to a number of endogenous and exogenous factors (Khan 
et al., 2015). Among these factors anthropogenic activi-
ties, human population growth, agriculture frontline, heavy 
floods, earthquakes, and the introduction of alien species 
are overriding factors responsible for the degradation of 
fragile ecosystems like that of the study area (Khan, 2012; 
Khan et al., 2013). 

One of the common example of this biodiversity loss and 
degradation is the rate of loss of global tropical forest be-
tween 1990 and 1997, which was recorded to 5.8 ± 1.4 
million hectares annually by Achard et al. (2002) and still 
on the rise (Fearnside, 2005). Europe for example, shows 
the highest forest culmination in the last 300-100 years as 

a result of the highest demands of forest products and land 
for cultivation (Burgi, 1998). Landscape change and the 
consequences of events like flash floods etc. have forced 
authorities in different countries to put in place strict laws, 
for example in Switzerland the federal Forest Police Law 
of 1876, revised in 1902, controlled the remaining forest 
from cutting, especially, clear cutting of any forest and 
prescribed no change to the current forests (Mather and 
Fairbairn, 2000). As a result α-, β-, and γ-diversity has in-
creased in the Swiss forest (Groombridge, 1992) and now 
older, denser and darker (Burgi, 1998).

A similar if not worst trend of habitat degradation and for-
est loss is on-going in the Northern areas of Pakistan par-
ticularly in the Swat district. Various factors including but 
limited to the Pakistan Armed forces incursion against the 
militants where several forest patches were chopped down 
due to security measures (Khan et al., 2015). The forest de-
partment has already been busy introducing exotic species 
to the area to overcome the timber and fuel wood demands 
of the time in the region. Such measures always create severe 
competition for the native species and thus lead to unbal-
ancing of the species richness (Wallis De Vries et al., 2002). 
The first step for a conservationist would always be the 
evaluation and understanding of the vegetation structure 
before taking any initiative for it conservation t. Some 
common ways to understand biodiversity of an area is 
through biodiversity indices for which floristic inventories 
are often made using different sampling methods i.e. line 
transects, quadrats, etc. All these methods have their pros 
and cons but the Quadrat method is generally preferred 
(Kent and Coker, 1996). 

table 1: The location codes, main places with dominant species derived based on Hierarchical cluster analysis
no. Location 

codes
Main Places dominant species recorded

1 L13 Marghuzarranzarosar, Sher Atraf Cedrus deodara and Pinus wallichiana
2 L9 Marghazar proper Quercusincana, Alnusnitida and Acacia modesta
3 L15 Kalam, Cedrus deodara, Betula utilis, Salix tetrasperma
4 L22 Topsin, Malam Jaba Abies pindrow, Pinus wallichiana, Pinus roxburghii, Olea ferruginea
5 L1 Landakay, Barikot Acacia modesta, Eucalyptus spp., and Salix tetrasperma
6 L16 Islam Pur Abies pindrow, Piceasmithiana, Quercusincana, Pinus wallichiana and 

Taxusbuccata
7 L7, L8 FatehPur, Spal Bandai, Tarkana Eucalyptus spp., Acacia modesta, Platanusorientalis, Melia azedarach 
8 L3, L5, L6 Qambar, Amankot, Balogram, Eucalyptus spp., Olea ferruginea, Pinus roxburghii, Celtiscaucasica
9 L19, L23 Sangar, Jambil, Kokarai, Kabal Pinus roxburghii, Olea ferruginea, Eucalyptus spp., Diospyrus lotus, 

Pinus wallichiana
10 L4, L10 Marghuzar, Aqba Quercusdilatata, Q. Incana
11 L11, L12 Shagai, Chail, Baligram, Eucalyptus spp., Pinus roxburghii, Olea ferruginea, Melia azedarach, 

Ficus spp., Quercusincana
12 L21, L2 Ningwalai, Krakar Olea ferruginea and Pinusroxburghii
13 L17, L18, 

L20
Lalkoh, Beshigram, Sulatanr, Rodingar Abies pindrow, Piceasmithiana, Aesculusindica, Pinuswallichiana, Tax-

usbaccata
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The most common way to evaluate floristic composition 
of an area is the calculation of biodiversity indices, e.g. 
Shannon index, α-diversity (Shannon and Weaver, 1949), 
Importance Value index (Mueller-Dombois and Ellen-
beg, 1974), Evenness and β-diversity (Whittaker, 1972), 
etc. (Table 1). These indices normally evaluate biodiversity 
pattern at the species-level and can be extrapolated to a 
community-level. Some of these diversity measurements 
are very well described by Pielou (1975), Magurran (1988), 
Krebs (1989), and to a limited extent by Southwood (1978). 
The main purpose of a diversity index is to condense the 
data on the number of species and their relative abundanc-
es into a single numerical index (Hill, 1973). This makes 
the comparisons easier between study sites and gives the 
power of comparative biodiversity analysis to the research-
er. No single biodiversity index can provide answer to the 
overall existing situations, and researchers are free to select 
from a variety of them depending upon the question being 
answered. 

In the current study, for a clear understanding of the phy-
to-biodiversity measure of the area, 18 different indices 
were calculated and compared. The ranking of these sites 
depending on the indices results were used to produce bio-
diversity hot-spot maps, which is a valuable tool for further 
studies in conservation and management and can help the 
authorities in better decision making towards the future 
policy making.

Like certain parts of the world, Swat district is also con-
sidered as one of the most important biodiversity hotspot 
situated in the Hindukush ranges of Khyber Pakhtunkhwa 
Province of Pakistan. This area was selected for the study 
as it is part of the rich floristic Sino-Japanese phyto-geo-
graphical region of the world and thus explored for its cur-
rent floristic biodiversity. We hypothesized that different 
forest communities have different biodiversity (micro-cli-
matic zones) governed by different disturbance regimes 
(i.e. anthropogenic in nature) that affecting the species 
richness and thus increasing the risk of extinction. The 
study will also provide a good comparative assessment of 
the plant communities in the valley which can be used to 
draw a maps for future conservation zones.

There are articles in the literature which point to the prob-
lems related to biodiversity and conservation of the area, 
i.e. (Sher et al., 2010a, 2010b; Alyemeni and Sher, 2010; 
Hamayun, 2007; Khan et al., 2007; Ali et al., 2013; Ali 
et al., 2014; Ali, 2015). Although, the greater part of the 
research articles published have focused on the descriptive 
evaluation of these threats and none of the researchers have 
attempted to carry out a comprehensive quantitative anal-
ysis of the vegetation. Only a few studies have recorded the 
importance value indices of species for merely few loca-
tions in Swat valley i.e. Ali and Hussain (2003) in the Su-

latanr region, Alpine habitats (Subhan, 2010) and Malam 
Jabba forest (Alymeni and Sher, 2010; Khan el al., 2015). 
The current study provides the first hard biodiversity anal-
ysis with stratified microclimatic zonation and compara-
tive analysis of the locations within Swat district.

MAtErIAL And MEthodS

Adopting appropriate strategy for data collection forms 
the backbone of an experimental design (Mickelson et al., 
1998), particularly, in the ecological inventories that deal 
with the important conservation issues of high signifi-
cance. For this purpose ecologists can achieve a reasonably 
sound data in a limited time by selecting a well-organized 
sampling strategy without any bias (Barbour et al., 1999). 
Several studies have emphasized on the use of different 
vegetation sampling techniques (e.g., Canfield, 1941; Cook 
and Stubbendieck, 1986; Daubenmire, 1968; Etchberger 
and Krausman, 1997; Higgins et al., 1996; Stohlgren et 
al., 1998). However, Quadrat sampling methods is a rec-
ommended technique for plant sampling with greater pre-
cision (Bormann, 1953; Daubenmire, 1968; Krebs, 1989) 
and was thus applied in the present study. 

Figure 1: NDVI map of the Swat District: investigated locations 
(L1…L23; see also Table 3)

data ColleCtioN
In order to get a true representative data of the entire study 
area, stratified random sampling was used after preliminary 
the reconnaissance in the entire study area. A map of the 
randomly selected sites were developed using ArcGIS 10 
ArcMap utility (Figure 1) and different strata were identi-
fied using different physiographic features like water bod-
ies, barren lands, alpine and glacial regions and built-up ar-
eas were masked-out in the map, to exclude them from the 
sampling. The Quadrats of 100 x 100 m were used for the 
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tree count and small 5 x 5 metre quadrats for the herba-
ceous sub-flora, as variation in the sampling size is allowed 
(Kent and Coker, 1996). All tree species of the minimum 
of three meter height were counted for all the plots (quad-
rats), geographical coordinates (GPS data) was recorded 
along with other metadata, i.e. Aspect, elevation and slope 
etc. using DX-GPS system of Red Hen technology. 

aNalysis of the data
Fourteen different biodiversity indices were calculat-
ed using MS Excel and Biodiversity calculator (a small 
HTML coding package). The formulae used for the cal-
culation of the indices are given in the Appendix 4. For 
in-depth analysis, interaction between variables such as 

average population size, presence of total organisms at 
the locations and the indices calculated, a multiple re-
gression model was used for analysis using SPSS ver. 18 
PASW (SPSS, 1997).

The following indices (Table 2) were used for further anal-
ysis to determine comparative vegetation structure be-
tween different locations. For each index, calculations have 
been carried out at the location level, not at the quadrat 
level as it would have been too much data to be handled. 
All locations were ranked on the bases of different Indices, 
and its relationship with the number of organisms of the 
location and species of the area was evaluated by the Lin-
ear multiple regression model.

table 2: Ranks of all the locations based on the different indices (locations were coded as L1, L2, L3 to L23; for full 
name see Table 3)
Phyto-indices ranking
Locations Total # 

Organisms
Avg 
population 
size

Simpson 
Index

Dominance 
Index (D = 1 - 
Simpson)

Shan-
non-Wiener 
Index (log)

Menhinick’s 
Index

Buzas and 
Gibson's 
Index

Equitability 
Index

L1 19 23 3 21 2 1 9 3
L2 12 17 21 3 16 4 18 18
L3 14 16 9 15 12 8 14 14
L4 20 20 4 20 10 10 2 2
L5 18 15 12 12 17 13 10 13
L6 22 21 8 16 11 6 5 5
L7 15 14 1 23 3 11 4 1
L8 7 12 2 22 1 7 11 8
L9 3 4 6 18 4 12 15 10
L10 23 22 13 10 15 9 6 9
L11 5 5 17 7 18 15 19 20
L12 1 1 20 4 21 21 22 22
L13 4 2 18 6 19 20 20 21
L14 17 6 19 5 20 22 1 7
L15 21 7 22 2 22 23 3 16
L16 2 3 14 11 14 14 21 19
L17 9 11 5 19 5 16 8 4
L18 10 9 7 17 8 18 7 6
L19 16 19 10 14 9 3 12 12
L20 8 10 15 9 13 17 16 17
L21 11 8 23 1 23 19 23 23
L22 6 13 16 8 7 5 17 15
L23 13 18 11 13 6 2 13 11

We have applied 18 different biodiversity indices to the 
vegetation of the area, the details of each is as follows: 
Dominance Index, which ranges from 0 (all taxa are equal-
ly present) to 1 (one taxon dominates the community com-
pletely); Simpson Index, which is 1-dominance, measures 
‘evenness (equitability)’ of a community, ranges from 0 to 1; 
Shannon index (entropy): a diversity index that takes into 

account the number of individuals as well as number of 
taxa and varies from 0 for communities with a single taxon 
to high values for communities with many taxa with few 
individuals; Buzas and Gibson’s evenness; Berger-Parker 
dominance Index: which is simply the number of individ-
uals in the dominant taxon relative to n (total number of 
taxa); Menhinick’s richness Index–the ratio of the num-
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ber of taxa to the square root of a sample size; Margalef ’s 
Richness Index; Equitability Index, which is the Shannon 
Diversity divided by the logarithm of number of taxa and 
measures the evenness; Gini Coefficient: which is a meas-
ure of the inequality of a distribution, a value of 0 express-
ing total equality and a value of 1 maximal inequality; and 
the Hill’s Numbers, which is a family of diversity numbers, 
corresponding to the ‘effective species richness’, in which 
rare species are given progressively less weight than com-
mon species (Table 3 and 4).

After ranking the locations with the biodiversity scores, 
they were regrouped and ranked. Hierarchical cluster anal-
ysis was also carried out for both location-location inter-
action and species-species interaction using SPSS version 
18 (PASW).

rESuLtS
The various locations and number of species were depict-
ed in Figure 1 indicating that Locations 8, 9 and 12 have 
higher tree species richness and offered a wider area for 
vegetation sampling. This initial assessment changed when 
cluster analysis was performed and the vegetation indices 
were calculated and outlined.

Cluster aNalysis for loCatioNs
The cluster analysis for similarities between locations, us-
ing average chi-square values was carried out. A visual in-
terpretation of the dendrogram of the cluster analysis in-
dicates 13 distinct locations on the basis of distribution of 
the tree species and their interactions using average linkage 
between them in the SPSS clustering algorithm. 

table 3: Show the selected sampling locations and their codes in the Swat Valley
Location 
code

Place name Location 
code

Place name

L1 Landakay, Kota, Aboha, Gwaratai, Barikot L13 Marghuzarranzarosar, Sher Atraf
L2 Nawagai, Krakar, Krakar Road, Karakarboundry L14 Mankial, Sur KarnMankial, JabaMankial, KozJaba, 

Badi Baba
L3 Shingardar, wayna, Ghalegay, Odigram, Qambar, 

Amankot, Dandonoqala, Pajingram, Balogram
L15 Kalam, ChiratKalam, Matiltan, Mahodand

L4 Aqba, Saidu Sharif L16 Miandam proper
L5 Goligram, Mian baba, Kokrai L17 Beshigram
L6 Islam Pur, KhadraIslampur L18 Sulatanr, Rodingar
L7 FatehPur L19 Kabal and the surrounding
L8 Spal Bandai, Marghazar Road, Gul bandai, Grave 

yard, Mairagai, Mayna, Amluktal, Tarkana
L20 Lalkoh

L9 Marghazar proper L21 Ningwalai, Sher palam, Asharay
L10 JawzosarMarghuzar L22 Topsin, Malam Jaba
L11 Shagai, ChailShagai, SeraiShagai, Baligram L23 Sangar, Jambil, Kokarai
L12 DoupIslampur - -

table 4: Eighteen different biodiversity indices used for all the locations
no. Index no. Index
1 Simpson Index (∑(ni(ni-1)/(N(N-1)))) 10 Alternate Simpson Index (∑((n/N))2)
2 Dominance Index (D = 1 - Simpson) 11 Alternate Dominance Index (D = 1 - Simpson)
3 Reciprocal Simpson Index (1 / D) 12 Alternate Reciprocal Simpson Index (1 / D)
4 Shannon-Wiener Index (log) 13 Berger-Parker Dominance Index
5 Shannon-Wiener Index (ln) 14 Inverted Berger-Parker Dominance Index
6 Shannon-Wiener Index (adjusted) 15 Margalef ’s Richness Index
7 Menhinick’s Index 16 Rényi Entropy/Hill Numbers (0,1,2,∞)
8 Buzas and Gibson's Index 17 Gini Coeffificient
9 Equitability Index 18 ln() of Hill Numbers (0,1,2,∞)

For details on biodiversity indices, see Harper (1999) and Magurran (2004)

These locations were grouped together along with their 
dominant tree species (Table 5 and Figure 2) of which lo-
cations L7 and L8 were miles away from each other but 

due to similar species composition and interaction they 
were agglomerated under the same branch as shown in the 
dendrogram. Location 13 (L13) shows a very distinct veg-
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etation composition and looked almost an outlier appear-
ing in the dendrogram at the bottom end. A closer look of 
the cluster (L3) shows that Cedrus deodara is a dominant 
tree species, in a close association with Pinus wallichiana 
subordinate species throughout the studied plots (Figure 
3). 

table 5: Coefficients table of linear regression model: 
Equitability as dependent variable
coefficientsa

Model t Sig. collinearity Statistics
Tolerance VIF

(Constant) 22.145 .000
Total Number of 
Organisms -0.384 .705 .217 4.617

Average 
population size -1.104 .283 .217 4.617

a: Dependent Variable; Equitability Index

Figure 2: A hierarchical cluster analysis of the 23locations using 
average linkages method between groups. Rescaled distance 
measure was used as the linkage method for combining clusters

Cluster aNalysis of speCies iNteraCtioN
The results of the cluster analysis for the tree species at 
different locations indicate that some tree species grow in a 
very close association and will support a particular sub-flo-
ra (understory vegetation). Twelve distinct species-classes 
can be observed (Figure 3) of which two species, i.e. Eu-
calyptus spp. and Pinus roxburghii segregated in the den-
drogram, suggesting that they would normally be found in 
close association forming an ecotone with other tree spe-
cies. Pinus wallichiana, Picea smithiana and Abies pindrow 
can be grouped in one cluster, followed by Quercus inca-

na and Cedrus deodara, neighbouring with Quercus dilata-
ta. Acacia modesta show strong heterogeneity and did not 
share its habitat with any other constituent tree species at 
comparatively high elevation except with the lowland trees 
i.e. Morus spp. Melia azedarach and Ficus spp., respectively 
(Figure 3). Taxus baccata and Betula utilis are co-occurring 
species forming an association with Salix tetrasperma while, 
Quercus baloot and Aesculus indica are next associates, fol-
lowed by Alnus nitida, Pyrus spp., Juglans and Salix baby-
lonica at the lowland below the Acacia zone. A very close 
association can be observed between Ficus spp., Morus spp. 
and Melia azedarach, Platanus orientalis and Diospyrus lotus 
whereas; Olea ferruginea, Celtis caucasica and Cedrella serra-
ta are branched together and show a similar trend in the 
arboreal forest.

Figure 3: Twenty six different tree species were satisfactorily 
clustered into 12 groups using Chi-square between the sets of 
frequencies and species scores

A ground-trothing analysis of the area also suggested the 
same pattern of tree association with the exception of Salix 
tetrasperma association with Taxus baccata and Betula uti-
lis may be due to seeds or seedlings dispersal by floods in 
some northern regions of the Valley. It can also be observed 
that Pinus roxburghii and Eucalyptus spp. have the highest 
gain while the lowest gain was attained by Celtis caucasica 
respectively (Figure 3).The species are arranged in a close 
cluster according to their chances of appearance in the lo-
cations and their densities by the SPSS algorithm (Figure 
4, 5 and 6).
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loCatioNs raNKiNg
For comparison of the diversity of different locations, het-
erogeneity in diversity, locations were ranked based on bi-
odiversity measures (indices). Location 12 was ranked 1 
in the categories of ‘total number of organisms’ and ‘pop-
ulation size’, but ranked 20th in the Simpson Index, 21st 
in the Shannon and Wiener and Menhinick’s Indices and 
22nd in both Buzas and Gibson’s and Equitability Indices. 
In the Dominance Index it ranked 4th, indicates that these 
indices are not entirely dependent on the population size 
and species presence but also on the type of species and 
their relative abundance. 

Figure 4: Cluster analysis (CA) of different tree species based on 
homogeneity/similarity of the species in the study area

Figure 5: Cluster analysis of different locations based on 
similarity/homogeneity in the study areas

Location 7 was found to have the highest value (Rank = 1) 
for Simpson Index; Location 21 has the highest rank for 
Dominance Index, while Location 8 was having the top 
rank in Shannon-Wiener Index. Location 1 ranked 1st in 
the Menhinick’s Index and Location 14 has attained the 
highest ranking in Buzas and Gibson’s Index. The highest 

evenness was obtained by Location 7 in Equitability In-
dex, which is in agreement with the Simpson Index. On 
the other hand Location 21 was found to have the lowest 
ranks in Simpsons, Shannon-Wiener, Buzas and Gibson’s, 
and Equitability indices (Table 2). 

liNear regressioN model

Figure 6: A histogram of regression model for Equitability index 
and average population size and number of organisms

Figure 7: A P-P plot for Equitability index, average population 
size and number of organisms

A linear regression model was fitted to the different indices 
to find out which indices are affected by the number of or-
ganisms in the plots and the average population of the area. 
The results of the regression analysis suggested that all the 
indices except Equitability Index is not affected by the 
combined effect of the number of species, and the average 
population size of the area (Table 5). The p-value is greater 
than the 0.5 significance level and thus the correlation is 
insignificant for both the number of organisms and aver-
age population size. The same pattern can also be observed 
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in the PnP chart where the probability is deviating from 
the imagery straight line. The histogram for Equitability 
index shows a close match to a normal distribution, having 
the mean of 1.60, standard deviation of 0.953 for the sam-
ple size of 23 (see Figure 6 and 7).

dIScuSSIon And concLuSIonS

The Hindukush-Himalayan flora, especially, natural forests 
are under the influence of various kinds of disturbances, 
i.e. geological (landslides, soil erosion, earthquakes and 
anthropogenic (deforestation, grazing, lopping of tree 
branches for various uses, forest fires (Uniyal et al., 2010). 
The Swat District, part of the Himalaya-Hindukush series, 
is the biggest plant resources of the country, and is sub-
jected to various types of the above biodiversity threats. It 
is a difficult place for biodiversity research, because of its 
rugged mountains and unique biodiversity. The severity of 
the disturbances may be due to the fact that the area is the 
remote part of the country and has a tribal social system in 
place, which overpowers the government grip on the area 
in some instances. 

In order to preserve biodiversity, the first step would be 
to understand the biodiversity, the level, and consequenc-
es of the disturbance regimes, and the cost for the loss of 
biodiversity. In addition, we need to evaluate appropriate 
management strategies for the purpose of conservation. In 
this regard, biodiversity indices, (i.e. quantification of bi-
odiversity), provide detail information about the intricate 
function of the ecosystem components. These indices can 
account for species being rare or common by evaluating 
the community health, and the change in the overall en-
tropy of a community. In other words, the whole function 
of community can be quantified in numerical values and 
would be more elaborate than a simple description. The 
measure of biodiversity, strictly Functional Diversity (FD), 
is biologically of a great significance as it links species with 
their natural habitats, and their interaction with the rest of 
the population and community (Mason et al., 2005) thus, 
effecting the functionality of an ecosystem (Diaz et al., 
2007). Biodiversity analysis is considerably important in 
areas where an altitude has stronger effect on the forma-
tion of microclimate and thus the change in the pattern of 
communities is more evident (Douglas and Bliss, 1977). 

It is also a fact that woody plants alter the conditions for 
the ground flora by affecting the micro-environment and 
fertility of the soil (Weltzin and Coughenour, 1990). Trees 
and the ground flora are always in competition with each 
other for light, nutrients and water, but on the other hand 
trees provide important organic matter to the soil thus, in-
creasing soil fertility (Belsky et al., 1989), which it turn in-
creases the water-holding capacity of the soil, thus helping 
in the availability of water for the sub-flora (Dawson and 

Ehleringer, 1993). The effect of trees on the wind veloci-
ty, thermal balance and evapo-transpiration on the surface 
water is quite significant ( Jose et al., 2008).

Species diversity and vegetation analysis studies can be 
very important for the understating of the intricate rela-
tionship between plants and their environment on a small 
spatial scale, as spatial heterogeneity may be caused by a 
small-scale environmental variation (Niemelä et al., 2006; 
Palmer and Dixon, 1990), or it may be due to the interac-
tion between the species, as Pielou (1975) called “pattern 
diversity”. The question may be asked, as to what these in-
teractions and relationships mean to us? According to Hill 
(1973), the interactions and diversity of an area can tell 
us about the stability, maturity, productivity, evolution, and 
spatial heterogeneity.

The graduated colour ranking shows that these different 
indices use different statistical approaches and have no real 
similarities. Comparison of the indices and using multi-in-
dices for a community analysis is always helpful as biodi-
versity is a complex subject (Pielou, 1975) and the results 
are often useful if presented in graphs, tables and histo-
grams (Usher, 1983).

There are some authors, for example, (Hurlbert, 1971) who 
are in absolute denial of biodiversity units and are against 
the use of biodiversity indices calculation, but others are in 
extreme favour of the term these measures and advocate 
on the use of these indices for the better understanding of 
ecological interaction (Hill, 1973).

It can be concluded from the results obtained here that 
biodiversity can change in different spatially different lo-
cations even in a short spatial range, and this finding is in 
agreement with (Niemelä et al., 2006). It was also con-
cluded that the Equitability Index, which is the measure 
of evenness, is a good measure of understanding evenness 
and is independent of the combined effect of average pop-
ulation size and the number of organisms in the area. It 
can also suggest that, the individual Index can sometimes 
exaggerate the ground reality, thus the use of multiple indi-
ces and their comparison is advisable. The use of Simpson’s 
and Shannon Indices, along with the Equitability Index 
can give a reasonably clear picture of the biodiversity of 
the area, as some of the indices are widely used (Kent and 
Coker, 1996).

Some locations, like location 1, Location 4 and Location 7, 
which have high rankings in the indices (Table 4), should 
be further studied to identify the major reasons, while 
some poor diversified locations in many indices, like Lo-
cation 21, should be given particular attention for promot-
ing their biodiversity. It was also observed that the number 
of species in locations closer to the urban areas had more 
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species, probably, due to the human interference in these 
communities by affecting the dominant species, as report-
ed by Wohlgemuth et al. (2002). As such locations have 
their naturally occurring dominant species (Pinus wallichi-
ana, Abies pindrow, Picea smithiana and Quercus spp.) cut 
down and replaced by exotic species like Eucalyptus lance-
olatus and Eucalyptus globulus Labill., and other introduced 
species like Pinus roxburghii and in some cases Ailanthus 
altissima (Mill.) Swingle.

Finally, it was observed that every single pocket of vege-
tation in the District Swat shows varied degree of human 
interference and there is an urgent need for appropriate 
measures to be taken, to reduce the devastating trend. The 
solution could be the introduction of new trespassing laws, 
community mobilisation and education, along with the 
provision of basic needs of life to the local population.

AcKnowLEdgMEntS

We can confirm that all the authors have fully contributed 
in the development of the manuscript. They have worked 
simultaneously from data collection to analysis and inter-
pretation. Although, at the data collection phase, Dr. Ali 
has contributed significantly, in the refinement and anal-
ysis phase, Dr. Nasrullah and Mr. Inayat contributions are 
highly significant. Miss Begum, Dr. Jury and Dr. Ahmad 
have contributed to the results interpretation and for-
matting of the manuscript. All authors have shared their 
expertise and knowledge in giving the final shape to the 
manuscript.

conFLIct oF IntErEStS

We acknowledge the contribution of Mr. Shah Wazir Khan 
(a local Social worker and botany enthusiast) in helping 
with the field trips and establishment of socio- cultural in-
teraction with the locals during the field trips.

AuthorS’ contrIbutIon

We can confirm that this manuscrit ant its related research 
data has no conflict of interest. As there is no financial 
gain or loss to any individual or organization, directly or 
indirectly from the MANUSCRIPT.

rEFErEncES

•	Achard F (2002). Determination of deforestation rates of the 
world’s humid tropical forests. Sci. 297: 999-1002. http://
dx.doi.org/10.1126/science.1070656

•	Ali K (2015). A comparative assessment of climate change 
effect on some of the important tree species of Hindu-Kush 
Himalayas, using predictive modelling techniques. Int. J. 
Adv. Res. 3(5): 1230-1240.

•	Ali K, Ahmad H, Khan N, Jury S (2013). Understanding 

the Ethno-cultural domain of the Swat Valley, Northern 
Pakistan. Int. J. Adv. Res. 1(8): 223-239.

•	Ali K, Ahmad H, Khan N, Jury S (2014). Future of Abies 
pindrow in Swat district, Northern Pakistan. J. Forest. Res. 
25: 211-214.

•	Ali K, Hussain A (2003). Comparative assessment of the 
conservation status in community protected forest of 
Sulatanr and the adjoining unprotected forests of Chitkarai. 
Swat, Report: WWF-P Pakistan (report: unpublished).

•	Alyemeni MN, Sher H (2010). Impact of human pressure on 
the population structure of Persicaria amplexicaule, Valeriana 
jatamansi and Viola serpens, the naturally growing medicinal 
plants in Malam Jabba, Swat, Pakistan. J. Med. Plants Res. 
4: 2080-2091.

•	Ardakani MR (2004). Ecology. Tehran University Press. Pp. 340.
•	Barbour MT, Gerritsen J, Snyder, BD, Stribling JB (1999). 

Rapid bio assessment protocols for use in streams and wade 
able rivers: periphyton, benthic macro invertebrates and fish, 
second edition. EPA 841-B-99-002. U.S. Environmental 
Protection Agency; Office of Water; Washington, D.C.

•	Barnes BV, Zak DR, Denton SR, Spurr SH (1998). Forest 
Ecology. 4th Edn., John Wiley and Sons Inc. ISBN: 13: 978-
0471308225. Pp. 773.

•	Belsky AJ, Amundson RG, Duxbury JM, Riha SJ, Ali AR, 
Mwonga SM (1989). The effects of trees on their physical, 
chemical, and biological environments in a semi-arid 
savannah in Kenya. J. Appl. Ecol. 26: 1005–1024. http://
dx.doi.org/10.2307/2403708

•	Bormann FH (1953). The statistical efficiency of sample size 
and shape in forest ecology. Ecol. 34(3): 474-487. http://
dx.doi.org/10.2307/1929720

•	Bürgi M (1998). Habitat alterations caused by long-term 
changes in forest use in north-eastern Switzerland. In: 
Kirby, K. J., Watkins, C. (Eds.). The Ecological History of 
European Forests. CAB International, Oxford, UK. Pp. 203-
211.

•	Canfield RH (1941). Application of the line interception 
method in sampling range vegetation. J. For. 39(4): 388-394.

•	Cook CW, Stubbendieck J (1986). Range research: basic 
problems and techniques. Society for Range Management, 
Denver, Co. Pp. 317.

•	Daubenmire R (1968). Plant communities; a textbook of plant 
synecology. Harper & Row, Publisher, New York, N.Y. Pp. 
300.

•	Dawson TE, Ehleringer JR (1993). Isotopic enrichment of water 
in the “woody” tissue of plants: implications for plant water 
source, water uptake, and other studies which use the stable 
isotopic composition of cellulose. Geochim. Cosmochim. 
Acta. 57: 3487–3492. http://dx.doi.org/10.1016/0016-
7037(93)90554-A

•	Díaz S, Lavorel S, de Bello F, Quetier F, Grigulis K, Robson 
TM (2007). Incorporating plant functional diversity effects 
in ecosystem service assessments. Proc. Natl. Acad. Sci. 
U. S. A. 104: 20684-20689. http://dx.doi.org/10.1073/
pnas.0704716104

•	Douglas GW, Bliss LC (1977). Alpine and high subalpine plant 
communities of the North Cascades Range, Washington 
and British Columbia. Ecol. Monogr. 47: 113-150. http://
dx.doi.org/10.2307/1942614

•	Eshaghi RJ, Manthey M, Mataji A (2009). Comparison of 
plant species diversity with different plant communities in 
deciduous forests. Int. J. Environ. Sci. Tech. 6 (3), 389-394. 
http://dx.doi.org/10.1007/BF03326077

http://dx.doi.org/10.1126/science.1070656
http://dx.doi.org/10.1126/science.1070656
http://dx.doi.org/10.2307/2403708
http://dx.doi.org/10.2307/2403708
http://dx.doi.org/10.2307/1929720
http://dx.doi.org/10.2307/1929720
http://dx.doi.org/10.1016/0016-7037(93)90554-A
http://dx.doi.org/10.1016/0016-7037(93)90554-A
http://dx.doi.org/10.1073/pnas.0704716104
http://dx.doi.org/10.1073/pnas.0704716104
http://dx.doi.org/10.2307/1942614
http://dx.doi.org/10.2307/1942614
http://dx.doi.org/10.1007/BF03326077


NE  US
Academic                                      Publishers

South Asian Journal of Life Sciences

July 2016 | Volume 4 | Issue 2 | Page 49

•	Etchberger RC, Krausman PR. (1997). Evaluation of five 
methods for measuring desert vegetation. Wildlife Society 
Bulletin. 25(3): 604-609.

•	Fearnside PM (2005). Deforestation in Brazilian Amazonia: 
History, Rates and Consequences. Conserv. Biol. 19(3): 680-
688. http://dx.doi.org/10.1111/j.1523-1739.2005.00697.x

•	Groombridge B  (1992). Global biodiversity: status of the 
Earth’s living resources. World Conservation Monitoring 
Centre. New York: Chapman and Hall. Pp. 585. http://
dx.doi.org/10.1007/978-94-011-2282-5

•	Hamayun M (2007). Traditional uses of some medicinal plants 
of Swat Valley, Pakistan. Indian J. Trad. Know. 6: 636-641.

•	Harper DAT (1999). Numerical Palaeobiology. Harper DAT 
(Ed.), John Wiley & Sons.

•	Higgins KF, Oldenmeyer JL, Jenkins GK, Harlow RF (1996). 
Vegetation sampling and measurement. 567-591, In Research 
and management techniques for wildlife and habitats (T.A. 
Bookhout, ed.), The Wildlife Society, Bethesda, Maryland. 
567: 1-740.

•	Hill MO (1973). Diversity and Evenness: A Unifying Notation 
and Its Consequences. Ecol. 54: 427-432. http://dx.doi.
org/10.2307/1934352

•	Hurlbert SH (1971). The non-concept of species diversity: A 
critique and alternative parameters. Ecol. 52: 577-586. 
http://dx.doi.org/10.2307/1934145

•	Jose S, Allen SC, Nair PKR (2008). Tree-crop interactions: 
lessons from temperate alley-cropping system. 15-36 In: 
D.R Batish, R.K. Kohli, S. Jose & HP Sing (eds.) Ecological 
Basis of Agroforestry. CRC Press, Boca Raton, Fl.

•	Kashian DM, Barnes BV, Walker WS (2003). Ecological species 
groups of landform level ecosystems dominated by jack pine 
in northern Lower Michigan, USA. Plant Ecol. 166(1): 75-
91. http://dx.doi.org/10.1023/A:1023265012964

•	Kent M, Coker P (1996). Vegetation description and analysis: A 
practical approach. John Wiley & Sons, Chichester.

•	Khan N, Ali F, Ali K, Shaukat S (2015). Composition, structure 
and regeneration dynamics of Olea ferruginea Royle forests 
from Hindukush range of Pakistan. J. Mount. Sci. 12(3): 
647-658. http://dx.doi.org/10.1007/s11629-013-2831-1

•	Khan N (2012). A community analysis in Quercus baloot Griff, 
forest District Dir Upper Pakistan. Afr. J. Plant Sci. 6(1): 
21-31.

•	Khan N, Shaukat S, Ahmed S, Siddiqui FM (2013). Vegetation-
environment relationships in the forests of Chitral district 
Hindukush range of Pakistan. J. For. Res. 24(2): 205-216. 
http://dx.doi.org/10.1007/s11676-013-0346-9

•	Khan SM, Ahmad H., Ramzan M, Jan MM (2007). Ethno-
medicinal plant resources of Shawar Valley. Pak. J. Biol. Sci. 
10: 1743-6. http://dx.doi.org/10.3923/pjbs.2007.1743.1746

•	Krebs CJ (1989).  Ecological Methodology. Harper and Row 
Publishers, New York. Pp. 654.

•	Magurran AE (2004). Measuring biological diversity. Blackwell.
•	Magurran AE (1988). Ecological diversity and measurement. 

Princeton University Press, Princeton. http://dx.doi.
org/10.1007/978-94-015-7358-0

•	Mason NWH, Mouillot D, Lee WG, Wilson JB (2005). 
Functional richness, functional evenness and functional 
divergence: the primary components of functional diversity. 
Oikos. 111: 112-118. http://dx.doi.org/10.1111/j.0030-
1299.2005.13886.x

•	Mather AS, Fairbairn J (2000). From floods to reforestation: The 
forest transition in Switzerland. Environ. Hist. 6: 399-421. 
http://dx.doi.org/10.3197/096734000129342352

•	May F, Ash J (1990). An assessment of the allelopathic potential 
of  Eucalyptus.  Australian J. Botany. 38: 245–254.  http://
dx.doi.org/10.1071/bt9900245

•	Mickelson ET, Huffman CB, Rinzler AG, Smalley RE, Hauge 
RH, Margrave JL (1998). Fluorination of single-wall carbon 
nanotubes. Chemical Physics Letters. 296(1-2): 188-194. 
http://dx.doi.org/10.1016/S0009-2614(98)01026-4

•	Moral RD, Muller CH (1970). The allelopathic effects of 
Eucalyptus camaldulensis. Am. Midland Nat. 83: 254-282. 
http://dx.doi.org/10.2307/2424020

•	Mueller-Dombois D, Eilenberg H (1974). Aims and methods 
of vegetation ecology. Wiley, New York.

•	Niemelä J, Haila Y, Punttila P (2006). The importance of 
small-scale heterogeneity in boreal forests: variation 
in diversity in forest-floor invertebrates across the 
succession gradient. Ecography. 19: 352-368. http://dx.doi.
org/10.1111/j.1600-0587.1996.tb00246.x

•	Palmer MW, Dixon PM (1990). Small scale environmental 
heterogeneity and the analysis of species distribution 
along gradients. J. Veg. Sci. 1: 5765. http://dx.doi.
org/10.2307/3236053

•	Petchey OL, Gaston KJ (2002). Functional diversity (FD), species 
richness and community composition. Ecol. Letters. 5: 402-
411. http://dx.doi.org/10.1046/j.1461-0248.2002.00339.x

•	Petchey OL, Gaston KJ (2006). Functional diversity: back to 
basics and looking forward. Ecol. Letters. 9: 741-758. http://
dx.doi.org/10.1111/j.1461-0248.2006.00924.x

•	Pielou EC (1975). Ecological diversity. Wiley, New York. 
•	Schuler A (1998). Sustainability and biodiversity - forest 

historical notes on two main concerns of environmental 
utilization. Assessment of Biodiversity for Improved Forest 
Planning. Kluwer Academic Publishers, Dordrecht. Pp. 353-
360. http://dx.doi.org/10.1007/978-94-015-9006-8_33

•	Shannon CE, Weaver W (1949). The mathematical theory of 
communication. University of Illinois Press, Urbana.

•	Sher H, Alyemeni MN, Faridullah (2010a). Cultivation and 
domestication study of high value medicinal plant species (its 
economic potential and linkages with commercialization). 
Afr. J. Agri. Res. 5: 2462-2470.

•	Sher H, Ayemeni MN, Wijaya L, Shah AJ (2010b). Ethno-
pharmaceutically important medicinal plants and its 
utilization in traditional system of medicine, observation 
from the Northern Parts of Pakistan. J. Medicinal Plants 
Res. 4: 1853-1864.

•	Simberloff D, (1999). The role of science in the preservation 
of forest biodiversity. Ecol. Manag.  115: 101-111. http://
dx.doi.org/10.1016/S0378-1127(98)00391-0

•	Southwood TRE (1978). Ecological methods. Halsted Press, 
Chapman and Hall. London. Pp. 524. http://dx.doi.
org/10.1007/978-94-009-5809-8

•	SPSS (1997). SPSS Base Application Guide. SPSS, Chicago.
•	Stohlgren TJ, Bull KA, Otsuki Y (1998). Comparison of 

rangeland vegetation sampling techniques in the Central 
Grasslands. J. Range Manag. 51 (2): 164-172. http://dx.doi.
org/10.2307/4003202

•	Subhan F (2010). Conservation of MAPs of alpine and subalpine 
regions of Swat Valley, Pakistan (unpublished: PhD Thesis) 
The University of Reading, UK.

•	Swindel BF, Conde LF, Smith JE (1984). Species diversity: 
Concept, measurement and response to clear cutting and site 
preparation. For. Ecol. Manag. 8 (1): 11 -22. http://dx.doi.
org/10.1016/0378-1127(84)90082-3

•	Tilman D (2001). Functional diversity.  In: Levin, S. A. (ed.), 

http://dx.doi.org/10.1111/j.1523-1739.2005.00697.x
http://dx.doi.org/10.1007/978-94-011-2282-5
http://dx.doi.org/10.1007/978-94-011-2282-5
http://dx.doi.org/10.2307/1934352
http://dx.doi.org/10.2307/1934352
http://dx.doi.org/10.2307/1934145
http://dx.doi.org/10.1023/A:1023265012964
http://dx.doi.org/10.1007/s11629-013-2831-1
http://dx.doi.org/10.1007/s11676-013-0346-9
http://dx.doi.org/10.3923/pjbs.2007.1743.1746
http://dx.doi.org/10.1007/978-94-015-7358-0
http://dx.doi.org/10.1007/978-94-015-7358-0
http://dx.doi.org/10.1111/j.0030-1299.2005.13886.x
http://dx.doi.org/10.1111/j.0030-1299.2005.13886.x
http://dx.doi.org/10.3197/096734000129342352
http://dx.doi.org/10.1071/bt9900245
http://dx.doi.org/10.1071/bt9900245
http://dx.doi.org/10.1016/S0009-2614(98)01026-4
http://dx.doi.org/10.2307/2424020
http://dx.doi.org/10.1111/j.1600-0587.1996.tb00246.x
http://dx.doi.org/10.1111/j.1600-0587.1996.tb00246.x
http://dx.doi.org/10.2307/3236053
http://dx.doi.org/10.2307/3236053
http://dx.doi.org/10.1046/j.1461-0248.2002.00339.x
http://dx.doi.org/10.1111/j.1461-0248.2006.00924.x
http://dx.doi.org/10.1111/j.1461-0248.2006.00924.x
http://dx.doi.org/10.1007/978-94-015-9006-8_33
http://dx.doi.org/10.1016/S0378-1127(98)00391-0
http://dx.doi.org/10.1016/S0378-1127(98)00391-0
http://dx.doi.org/10.1007/978-94-009-5809-8
http://dx.doi.org/10.1007/978-94-009-5809-8
http://dx.doi.org/10.2307/4003202
http://dx.doi.org/10.2307/4003202
http://dx.doi.org/10.1016/0378-1127(84)90082-3
http://dx.doi.org/10.1016/0378-1127(84)90082-3


NE  US
Academic                                      Publishers

South Asian Journal of Life Sciences

July 2016 | Volume 4 | Issue 2 | Page 50

Encyclopaedia of biodiversity, Pp. 109-120, Academic Press. 
http://dx.doi.org/10.1016/B978-0-12-384719-5.00061-7

•	Uniyal P, Pokhriyal P, Dasgupta S, Bhatt D, Todaria NP 
(2010). Plant diversity in two forest types along the 
disturbance gradient in Dewalgarh Watershed, Garhwal 
Himalaya. Curr. 98(7): 938-943.

•	Usher MB (1983). Species Diversity: A comment on a paper by 
W. B. Yapp. Field Studies. 5: 825-832.

•	Wallis De Varies MF, Poschlod P, Willems JH (2002). 
Challenges for the conservation of calcareous grasslands 
in north-western Europe: integrating the requirements of 
flora and fauna. Biol. Conser. 104: 265-273. http://dx.doi.
org/10.1016/S0006-3207(01)00191-4

•	Weltzin JF, Coughenour MB (1990). Savanna tree influence 
on understory vegetation and soil nutrients in north- 
western Kenya. J. Veg. Sci. 1: 325-334. http://dx.doi.
org/10.2307/3235707

•	Whittaker RH (1972). Evolution and measurement of 
species diversity.  Taxon.  21: 213-251. http://dx.doi.
org/10.2307/1218190

•	Wohlgemuth T, Burgi M, Scheidegger C, Schutz M 
(2002).  Dominance reduction of species through 
disturbance–a proposed management principle for central 
Europe forests. For. Ecol. Manag. 166: 1–15. http://dx.doi.
org/10.1016/S0378-1127(01)00662-4

http://dx.doi.org/10.1016/B978-0-12-384719-5.00061-7
http://dx.doi.org/10.1016/S0006-3207(01)00191-4
http://dx.doi.org/10.1016/S0006-3207(01)00191-4
http://dx.doi.org/10.2307/3235707
http://dx.doi.org/10.2307/3235707
http://dx.doi.org/10.2307/1218190
http://dx.doi.org/10.2307/1218190
http://dx.doi.org/10.1016/S0378-1127(01)00662-4
http://dx.doi.org/10.1016/S0378-1127(01)00662-4

