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Abstract 

The moist temperate conifer forests in Pakistan are located between N 34°38.38ʹ latitudes and E 73°33.11ʹ 

longitude. The elevation ranges from 1500m to 3000m with a rainfall from 400mm to 800mm. The forest 

consist of mixture of evergreen Pinus wallichiana, Cedrus deodara, Abies pindrow and Picea smithiana with 

little admixture of broadleaved trees. All these species are capable of attaining good height (27-35m), very 

considerable girth (44-48cm). Stem and crown parameters were measured for 2880 trees between 2000- 2700m 

altitude. DBH and BA increased with increase in elevation while tree height, crown length, crown surface area, 

crown volume and tree density decreased as elevation increased. Species specific behavior and changing pattern 

of canopy attributes in relation to altitude in these forests are discussed. 

* Corresponding Author: Muhammad Hashim  hashimfaiz@rocketmail.com 
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Introduction 

The Himalayan moist Temperate Forests are different 

from all other forest types in Pakistan in terms of 

Physiognomy and structure (Champion et al. 1965). 

The chief characteristic of the temperate forest is 

extensive development of coniferous species including 

Abies pindrow, Pinus wallichiana, Taxus wallichiana, 

Picea smithiana and Cedrus deodara with varying 

admixture of evergreen and deciduous patches of 

broad leaved forests (Champion and Seth, 1965; 

Hussain and Illahi 1991; Ahmed et al. 2006; Saima et 

al. 2009). The forest canopy may be varying from 

continuous dense to open with gaps of various sizes 

occupied with grassy patches. The conifer species 

generally forms a fairly complete forest having good 

height. 

 

It is generally believed that in mountain landscape 

the complex gradients in environmental conditions 

that are associated with elevation and topography 

result in the differences in the occurrence and 

dominance of the plant species at landscape scale. 

Altitude itself creates a complex combination of 

various ecological gradients such as temperature, 

rainfall, and wind speed, magnitude of snow 

accumulation and topographic heterogeneity, which 

affects the overall forest composition (Kubota et al. 

2004). In mountain forests, altitudinally defriend 

geo-climatic factors seemed to be the main 

determinant of the changes in species assemblage and 

construction (Whittaker, 1965). 

 
Previous studies on these temperate forests of 

Pakistan have mainly been floristical and/or phyto-

geographical (Champion et al. 1965; Beg, 1975; 

Ahmad 1976, 1986; Hussain and Illahi, 1991; Durrani 

and Hussain, 2005; Ahmed et al. 2006; Saima et al. 

2009). Less attention has been paid to the changes in 

canopy attributes along the altitudinal gradient in 

these forests. Recent studies of altitudinal effects on 

tree attributes (Baig and Tranquillini, 1976; Korner, 

1998; Coomes and Allen, 2007) have concentrated on 

tree stature (Aiba and Kohyama, 1996), stem 

diameter (King, 2006) and crown parameters 

(Thomson et al., 1996; Aiba and Kohyama, 1997). The 

functional causes which determine the tree height and 

other canopy attributes along the elevation are still in 

debate (Miehe et al. 2007; Kessler et al. 2014).  

 

The interspecific differences in canopy attributes in 

response to altitude are a general phenomenon and 

might be attributed to phylogenetic differences 

among the tree species. Beside the phylogenetic and 

eco-physiological limitations, canopy attributes may 

be influenced by several interlinked environmental 

factors such as temperature, rainfall, water and 

nutrient availability along the elevation gradient. 

Little attention has been paid to the causes of the shift 

of plant canopy attributes along the altitude and 

topographically induced ecological gradients in 

Himalayan montane forests. 

 

Present investigations focus on canopy attributes as 

well as the compositional parameters. We have 

measured plant height, basal area, bole height, Crown 

area and crown volume along with tree density, 

frequency and dominance. These traits are chosen 

because of their ecological significance. Tree height 

and crown dimensions are important tree 

characteristics used in growth measurement (Soares 

and Tome, 2001). Height-diameter curves for tree 

species have been long used in forest inventories for 

predicting forest productivity (Curtis, 1967; Wykoff et 

al. 1982; Huang et al. 1992; Gonzalez and Montero, 

2007). Crown width is used in tree and crown level 

growth indices (Vanclay, 1994). Crown surface area 

and volume is calculated to assess forest health 

(Zarnoch, et al. 2004). Differences in these traits 

between species are expected to be meaningful, even 

though each is modulated to some degree in response 

to environment in which the individual plant 

develops. It is well known from general observation 

that species occurring at lower rainfall and lower-

nutrient soils tend to be lower in height. 

 

The main objectives of the present investigation are two 

folds. Firstly, it tries to elucidate the causes of differences 

in canopy and compositional attributes of moist conifer 

forests in Himalayan uplands. Secondly, it tries to 

evaluate the interspecific differences in canopy attributes 

which have important ecological implications.  
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Materials and methods 

Selection of Sites 

Three forest types: Low- Level Blue Pine (Pinus 

wallichiana) Forest (2000m, a.s.l); Mid-Level Moist 

Deodar (Cedrus deodara) Forest (2200m, a.s.l) and 

Upper West Himalayan Fir (Abies pindrow) Forest 

(2400m, a.s.l.) were chosen to examine the influence 

of terrain characteristics on forest structure and 

composition without the confounding effect of 

different climatic regimes. All three forest types were 

located in same geographical range and exhibit no 

apparent differences in structure without major 

topographic variation (Fig. 1). The climatic conditions 

of the sites are similar except for rainfall, which 

decrease as altitude increases, and snowfall 

accumulation, which increases with altitude (Table 1). 

Based on the amount and monthly pattern of 

precipitation (Fig. 2) and temperature (Fig. 3) the 

overall climate of the study area may be classified as 

CWB type by Koeppen’s rating (1923) with an average 

frost free growing period of 204 days extending from 

April to October. Average annual precipitation for the 

area is 400 mm, with 65% falling as rain from May to 

August. Snow fall occurs during the winter months 

(December to march). The mean annual temperature 

is 15oC, with an average daily minimum of – 4.3oC in 

January to an average daily maximum of 30oC in 

August. Climate shows variations due to variation in 

topography, altitude and aspect. The rainfall is on 

average higher in low altitude than in high altitude while 

temperature exhibit opposite trends (Table 1). In the 

study area there are certain dry inner valleys to which 

the monsoon does not penetrate results in the change to 

the dry temperate forests where snowmelt is enough to 

maintain the soil moisture during the summer month. 

Most of the trees and shrubs of the outer moist 

temperate forests do not extend to the inner dry valleys 

and ultimately overall vegetation become sufficiently 

different to describe dry and wet temperate forests 

separately. However, no sharp line can be drawn 

between the moist and dry temperate forest.  

 

Table 1. Comparison of environmental factors among three forest types: Low level Blue Pine Forests (Lower Pine 

Forest), Mid Cedrus deodara Forests (Mid Cedrus Forest) and Upper Abies pindrow Forests (Upper Fir Forest), 

along altitudinal gradient. 

Characteristics 
Forest Types 

Lower Pine Forest Mid Cedrus Forest Upper Fir Forest 
Locality/site Paprung Kamal ben Naran 
Reserved Area (km2) 1605 1168 1087 
Latitude N 34° 37.011ʹ N 34° 42. 034ʹ N 34° 55.589ʹ 
Longitude E 73° 18.311ʹ E 073° 31. 232ʹ E 73° 40. 306ʹ 
Site elevation (m a.s.l) 2000 -2200 2200- 2400 2400- 2700 
Annual precipitation (mm) 1526 893 803 
Wind speed (ms-1) 0.40 0.51 0.92 
Main climatic influence Moist Temperate Moist Temperate Dry Temperate 
Mean winter snow accumulation (Cm) 182 243 610 
Mean winter Temperature (°C) 3.27 3.29 0.33 
Average Summer Temperature (°C) 19 12 10 
Heat index (°C) 25.8 24.5 24.3 
% Relative Humidity(summer) 28.5- 37.69 35.8 – 47.50 45.50- 56 
% Rock cover stoniness ≤ 25 25- 75 ≥ 75 
Underlying lithology Lime stone Quartz Granite 
Dominant tree species Pinus wallichiana Cedrus deodara Abies pindrow 
Common shrubs Berberis sp. Parrotiopsis sp. Artemisia sp. 

 

Tree Census 

A comprehensive botanical survey of all the three 

forest types was conducted during 2011 – 2013. The 

forest inventory includes three forest types: Low Level 

Blue Pine Forest (Lower Pine Forest), Mid Cedrus 

deodara Forest (Mid Cedrus Forest) and Upper Abies 

pindrow Forest (Upper Fir Forest), two forest sites 

(The altitudinal difference between sites was not less 

than 100m) three topographic positions (low, mid, 

upper slopes at each site), eight stands (on each 

topographic position, Fig. 4). Tree data were collected 

from 144 stands of 10m2 (Fig. 4). 
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Fig. 1. Map showing the study sites (in circles) for 

Lower Western Himalayan Temperate forests (Low 

Level Blue Pine Forest and Mid Cedrus deodara Forest, 

Kaghan) and Upper West Himalayan Fir Forests (Upper 

Abies pindrow Forest, Naran), Pakistan. 

 

 

Fig. 2. Mean monthly rainfall distribution for three 

Forest types: Low level Blue Pine Forest (Lower Pine 

Forest), Mid Cedrus deodara Forest (Mid Cedrus 

Forest) and Upper Abies pindrow Forest (Upper Fir 

Forest) along altitudinal gradient (Data collected 

from Metrological Department Lahore, Pakistan).  

 

 

Fig. 3. Mean monthly temperature (◦C) for three 

Forest types: Low level Blue Pine Forest (Lower Pine 

Forest), Mid Cedrus deodara Forest (Mid Cedrus 

Forest) and Upper Abies pindrow Forest (Upper Fir 

Forest) along altitudinal gradient. 

In each stands total number of trees were marked, 

counted and characterized to species level. Ordinal 

scales used for assessment of % rock cover, % litter 

cover and canopy openess. The canopy attributes 

were monitored for conifer species (Pinus 

wallichiana, Cedrus deodara, Abies pindrow and 

Picea smithiana) and broad-leaved species present in 

the sampling stands. The data obtained from broad-

leaved species were pooled together and designated as 

‘other species’ in the analyses instead of individual 

species. As the temperate forests consist of almost 

exclusively conifer species with small admixture of 

broad leaved species, it was justified to Poole the data 

for these species for smooth statistical analyses. In 

each stand 2-5 individuals of each species were 

selected based on qualitative good- vigor traits, such 

as canopy covered with green leaves, low frequency of 

dead branches, trunk covered with bark and low 

frequency of scars to monitor the canopy attributes. 

The mean values across the individuals present in a 

stand were used for further analyses. The canopy 

attributes data comprises of three forest types, two 

sites, three topographic positions, eight replicated 

stands and five species. Thus a total of 720 data bits 

were used in the analysis of variance. 

 

 

 

Forest 1= Low Level Blue Pine Forest 

Forest 2= Mid Cedrus deodara Forest 

Forest 3= Upper Abies Pindrow Forest 

Stand (10 x 10 m)  

Quadrat (4 x 4 m) 

Fig. 4. Showing the study sites and sampling scheme 

for collection of vegetation data from three forest 

types, two sites, eight stands and four quadrats. 
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Stem diameter to the nearest mm was recorded using 

tree caliper at height of 1.3m above ground level. 

Individuals with buttress or other stem irregularities 

at breast height were measured in diameter both at 

breast height and above buttress. Basal area was 

derived from DBH (Table 2) measurements following 

(Mueller-Dombois and Ellenberg, 1974). The height 

(Ht) of the marked tree (length from stump height to 

the tip of the leader), Bole height (Hb) (distance from 

the ground line to the base of the live crown) were 

determined using Clinometer (HB 443). Tree height 

(Ht) and basal area (BA) were used for calculating 

bole volume and certain other tree attributes (Table 

2). Crown diameter (Cd) was measured with 

measuring tape. Crown length (Cl) was calculated as 

the difference between total height and the height to 

crown base using clinometer (Goff and Ottorini 1996). 

Crown volume (Crv) and crown surface area (Crs) were 

derived from crown length and crown diameter 

measurements (Aiba and Kohyama 1997). The 

importance value (IV) of a species is defined as the 

average of its relative density (RD), relative frequency 

(RF), and relative dominance (Rd). The importance 

value of tree species was calculated as (Curtis and 

Mclntosh 1951; Cottam and Curtis 1956; Arbainsyah 

et al. 2014; Chai and Wang, 2016). 

 

Density (D) = 
������ �	 
��


���� �	 ����
�� ���� �	 ��� ������ ��
��   

Relative density (RD) = 
������ �	 
��


���� �	 ����
�� ����
�� 	�� ��� ����
��  × 100% 

Frequency (F) = 
������ �	 �������� �����
�
�� � �����
� ����
�� ����� ������ �	 ��������  

Relative Frequency (RF) = 
��������� �	 � �����
� ����
�� ����� ������ �	 ����
�� × 100% 

Dominance (d) = 
����� ���� �	 � ����
�� ���� �	 ��� ������ ��
�� 

Relative Dominance (Rd) = 
���
����� �	 ��� ����
�� ���
����� �	 ��� ����
�� × 100% 

IV = 
(!" # !$ # !%)'  

 

Table 2. Tree parameters descriptions, mathematical notations and SI units. 

Parameters Description Unit 

Bole diameter at breast height 

(d.b.h) 

d.b.h was measured at fixed stem heights: 1.3 m above ground line Cm 

Tree Basal area (BA) Basal area was computed as the area of cross section of the tree at 

breast height: 

BA = ( * (Dbh)2 / (4*10000) 

m2 ha-1 

Tree Height              (H t) Total tree height was defined as length from soil surface to the tip 

of the leader.  

M 

Bole Height (H b) Length from soil surface to the base of crown. M 

Bole Volume (Vb) Bole volume was calculated by computing total tree height (Ht) and 

basal area (ba) using the following equation 

V b = 0.42* ba* h 

m3 

Crown diameter (Cd) Crown diameter was defined as an average of two perpendicular 

crown diameter measurements. 

M 

Crown length (Cl) Crown length was calculated as the difference between total height 

and height to crown base (H b c). Defined as the distance from the 

highest leaves to the lowest leaves on branches. 

M 

Crown Volume (Crv) Crown volume was derived from crown diameter and crown length as: 

Crown volume = 
)*%+ ,-  

 

m3 

Crown surface area (Crs) Crown surface area was calculated as function of crown length (L) 

and crown diameter (Cd) by assuming that tree shape is a cone: 

Surface area = )*%- ∗ 01- + 3*%- 4-
 

m2 
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Results 

Altitudinal zonation in forest 

The Himalayan temperate forest under consideration 

can be relatively simply subdivided on the bases of 

dominant species (Table 3). Among the conifers an 

altitudinal zonation was recognizable dominated 

successively by Pinus wallichiana (IV=28.43), Cedrus 

deodara (IV = 29.56) and Abies pindrow 

(IV=32.71).These forests were designated as (i) Upper 

fir forest (Abies pindrow), (ii) Mid Cedrus forest 

(Cedrus deodara) and (iii) Low-level blue pine forest 

(Pinus wallichiana) hereafter. 

 

Table 3. Importance values for different tree species 

among three forest types: Low level Blue Pine Forest 

(Lower Pine Forests), Mid Cedrus deodara Forests 

(Mid Cedrus Forest) and Upper Abies pindrow 

Forests (Upper Fir Forests). 

Species 
Lower Pine 

Forests 

Mid 
Cedrus 
Forests 

Upper Fir 
Forests 

Abies pindrow 17.96 18.16 32.71 
Cedrus deodara 8.79 29.56 22.18 
Pinus wallichiana 28.43 12.81 14.36 
Picea smithiana 11.61 10.91 9.68 
Aesculus indica 7.95 6.78 5.68 
Acer caesium 7.97 7.26 5.17 
Juglans regia 9.08 7.38 5.31 
Populus ciliate 8.21 7.14 4.92 

 
Analysis of variance (Table 5) showed significant 

differences in tree density among the forest types (F= 

60.49, P< 0.001) and among species (F=586.98, P 

<0.001). 

Tree density exhibited a steady decline with 

increasing altitude (Table 4). The highest density was 

recorded in low blue pine forest, intermediate in mid 

Cedrus forest and the lowest tree density was 

recorded in upper fir forest (Table 4). Among the 

component species Abies pindrow showed 

significantly higher density (102.42) followed by 

Pinus wallichiana (83.46) and Cedrus deodara 

(80.67). Broad- leaved species had considerably low 

density (14.04) in these forests (Table 6). The first 

order interaction between forest type and species was 

significant (F= 337.14, P=0.001, Table 4), an 

indication that the density of the component species 

changed from one forest to another. The density of 

Pinus wallichiana showed a drastic decrease with 

increase in elevation from Low level blue pine forest 

(2000-2200m a.s.l.) to mid Cedrus forest 2200–

2400m a.s.l. On the other hand, the density of Cedrus 

deodara exhibited a significant increase and 

approached it maximum in Cedrus deodara Forest, 

followed by a significant decrease in density by 

approaching the upper fir forest (Fig. 5). Contrary to 

the previous species, Abies pindrow from the 

elevation of low level blue pine forest onwards 

exhibited a continuous increase to the value of 150 

individuals, hac-1 at the timberline forest (2700m. 

a.s.l.). The density of Broad-leaved species and Picea 

smithiana remain consistently low and often 

exhibited insignificant changes from one forest type 

to the other (Fig. 5). 

  

 

Table 4. Comparisons of forest attributes between three forest types: Low level Blue Pine Forests (Lower Pine 

Forests); Mid Cedrus deodara Forests (Cedrus Forests); Upper Abies pindrow Forests (Fir Forests). Values are 

means across, five species, three topographic positions (Plot elevation) and eight forest stand (plots). Values that 

are not significantly different at P <0.05 have the same superscript letters. 

Variables 
Lower Pine Forest 

(2000-2200) 
Mid Cedrus Forest 

(2200-2400) 
Upper Fir Forest 

(2400-2700) 
F-value 

d.b.h (cm) 39.56a 40.23b 45.67c 223.13*** 

Basal area (m2/ha) 0.12a 0.13b 0.17c 231.88*** 

Tree height (m) 27.72c 25.77b 23.97a 153.42*** 

Bole height (m) 18.76b 17.87b 16.05a 60.26*** 

Bole volume (m3) 2.27a 2.33b 2.67c 44.65*** 

Crown length (m) 8.96b 8.14b 7.92a 20.05*** 

Crown diameter (m) 8.13b 7.92a 8.03ab 21.32*** 

Crown volume (m3) 154.63b 134.58a 136.11a 36.10*** 
Crown surface area (m2) 178.97b 163.30a 164.58ab 44.53*** 
Tree density ha-1 333c 318b 286a 60.49*** 

*P <0.05, **P<0.01, ***P<0.001. 
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Table 5. Result of 2 x 2 ANOVAS for the different canopy attributes of three Himalayan Moist Temperate 

Forests: Low Level Blue Pine Forests (Lower Pine Forests), Mid Cedrus deodara Forests (Mid Cedrus Forests) 

and Upper Abies pindrow Forests (Upper Fir Forests). The F –values are presented for main effects (Forest type 

and Site elevation) and their interaction with their level of significance indicated. 

Parameters DF D.b.h (cm) 
BA 

(m2/ha) 

Tree 
Height 

(m) 

Bole 
Height 

(m) 

Bole 
volume 

(m3) 

Crown 
Length 

(m) 

Crown 
Surface 

Area (m2) 

Crown 
Diameter 

(m) 

Crown 
Volume 

(m3) 

Tree 
Density 

hac-1 
Forest type (F) 2 204.36*** 212.49*** 144.58*** 144.58*** 40.69*** 20.92*** 39.05*** 19.74*** 36.10*** 60.49*** 
Site elevation(S) 1 12.45*** 12.39*** 26.61*** 26.61*** 7.45** 80.74*** 24.18*** 1.64 38.10*** 7.52** 
Plot elevation (TP) 2 0.49 0.23 1.48 1.48 0.68 1.62 4.40* 2.73* 4.16* 16.09*** 
Species (SP) 4 12.65*** 13.79*** 44.95*** 44.95*** 24.64*** 5.52*** 9.07*** 21.04*** 7.24*** 586.98*** 
Stand elevation (ST) 7 4.75*** 4.57*** 4.51*** 4.51*** 5.61*** 0.69 2.40* 1.83* 2.53* 6.31*** 
F x S 2 3.16* 3.78* 0.66 0.66 5.46** 1.53 8.72*** 23.41*** 3.76* 19.88*** 
F x TP 4 1.19 1.00 1.62 1.62 1.54 1.67 0.92 2.30* 1.03* 7.13*** 
F x SP 8 9.88*** 10.31** 14.24*** 14.24*** 14.67*** 9.29*** 9.43*** 15.35*** 10.59*** 337.14*** 
F x ST 14 0.71 0.68 1.92* 1.92* 0.60 1.09 0.93 0.64 0.95NS 0.66 
S x TP 2 1.23 1.15 5.81** 5.81** 0.79 2.56* 7.03** 4.75** 7.53** 1.45 
S x SP 4 2.04* 1.80 3.68** 3.68** 3.35* 29.30*** 6.73*** 11.24*** 12.26*** 5.96*** 
TP x SP 8 0.88 0.85 2.27* 2.27* 0.88 1.48 2.18* 1.80* 2.34* 1.02 
TP x ST 14 0.68 0.64 0.82 0.82 0.41 0.94 1.02 0.65 1.28 6.40*** 
F x S x TP 4 2.09* 1.93 1.27 1.27 0.98 1.51 6.18*** 4.43** 6.51** 2.40** 
Error 642           

 

 

Fig. 5. Mean tree density of five species among three 

forest types along altitudinal gradients. The values are 

means across two sites, three topographic position and 

eight stands. Vertical bar indicates LSD (P < 0.05). 

 

Canopy Attributes  

Analysis of variance for all the canopy attributes listed 

in table 5 gave highly significant responses for all the 

main effects and most of the interactions. The highly 

significant main effects suggest that each of the 

separate factors (forest type, site elevation, plot 

elevation, stand elevation and species) was 

significantly strong that its effect was still apparent 

when averaged over other factors in the study. The 

significant interactions, however, mean that the 

actual pattern of canopy attributes responses to each 

factor depends on the level of the other factors. In 

particular, the significant two-way interaction 

between forest type and species indicates the canopy 

responses of the component forest species (Abies 

pindrow, Cedrus deodara, Pinus wallichiana, Picea 

smithiana, Aesculus indica, Acer caesium, Juglans 

regia and Populus ciliata) changes with the forest 

type as is strikingly apparent from Figs. 6- 14. 

 

Tree Height (m)  

Analysis of variance (Table 5) demonstrated 

significant differences in height among the forest 

types (F= 144.58, P<0.001) and among species 

(F=44.95 P< 0.001). Tree height reduced with 

increase in altitude from Low level blue Pine forest to 

Upper Fir forest. Average values of tree height can be 

arranged in the order of Lower Pine Forest > Mid 

Cedrus Forest > Upper Fir Forest (Table 4). Among 

species Cedrus deodara, Pinus wallichiana, Picea 

smithiana and Abies pindrow were significantly 

different in height from the rest (Table 6). The 

interaction between forest type and species was 

significant (F = 14.24, P > 0.001, Table 5), an 

indication that pattern and magnitude of response to 

altitude (forest type) differed between the species. 

The results depicted in Fig. 6, shows that all the 

species demonstrated a linear mode of decline in 

height as the elevation progressed from Low level 

blue Pine forests to Upper Fir Forests but they 

differed in degree of decline at different elevations 

along the gradient. Tree height in Pinus wallichiana, 

Picea smithiana and Abies pindrow exhibited a 

steady decline, as compared to that of Cedrus 

0
100
200
300
400
500
600
700
800
900

Lower  Pine forest
(2000-2200 m)

Mid  Cedrus forest
(2200-2400 m)

Upper Fir Forest
(2400-2700 m)

T
r

e
e

 D
e

s
it

y
 /

h
a

c
 

Abies pindrow Cedrus deodara

Pinus wallichiana Picea smithiana

Other species

I 



 

323 Hashim and Dasti 
 

Int. J. Biosci. 2019 

deodara and associated broadleaved species that 

exhibited relatively minor changes in height along the 

altitudinal gradient from 2000m – 2700m (Fig. 6). 

Consequently, the inter-specific differences in tree 

height realized at low elevations (2000-2200m, Table 

4) became smaller as the altitude increased from Low 

level blue Pine forest to Upper Fir forest. As a result, 

all the species ultimately exhibited uniform height in 

Upper Fir forest (2700m). 

 

 

Fig. 6. Mean Tree height of five species among three 

forest types along altitudinal gradient. The values are 

means across two sites, three topographic position 

and eight stands. 

 

Bole Height (m) 

Like tree height, bole height also decreased 

significantly with increasing altitude from lower blue 

pine forest to upper fir forest (Table 4). Analysis of 

variance (Table 5) indicates that a high proportion of 

the variance is accounted for by the altitudinal 

gradient present among the forests. Further, the 

interaction between forest types and site elevation 

show clearly the importance of altitude in 

determining the bole height. The high proportion of 

variance (F = 144.58, P > 0.001) encountered for 

forest type (elevation at gradient scale) alone 

indicates its large effect on the bole height than any 

other factors included in this study. The two-way 

interaction between forest type and species was 

significant (F = 14. 24, P > 0.001), indicated that bole 

height measurements of the five species change along 

with altitudinal gradient, as is strikingly apparent 

from Fig. 7. Although bole height tends to decrease 

with altitude, the responses differed between the 

species. Comparing species, the bole height of Cedrus 

deodara was significantly lower than Abies pindrow 

and Pinus wallichiana at lower forests, but this 

difference between the species did not persist in the 

upper forests. On the other hand, Broad leaved 

species were able to maintain their high values of bole 

height along the altitudinal gradient (Fig. 7). 

Although bole height was quite variable within the 

species along the altitudinal gradient (2000 -2700 m) 

the mean values of bole height of Abies pindrow and 

broad leaved species was higher than the remaining 

conifer species which did not differ between 

themselves (Table 6). 

 

Table 6. Comparison of tree species attributes of three forest types. Values are means across three forest types, 

two sites, three topographic positions, eight forest stands and five species. Values that are not significantly 

different at P < 0.05 have the same superscript letter. 

Variables 
Abies 

pindrow 
Cedrus 
deodara 

Pinus 
wallichiana 

Picea 
smithiana 

Broad leaved species F- value 

•D.b.h. (cm)/ hac 41.82b 43.08c 41.83b 42.26bc 40.13a 13.68*** 
••BA (m2/ hac) 0.14ab 0.15b 0.14ab 0.14ab 0.13a 14.91*** 

Tree Height (m) 26.54c 24.92b 27.03c 26.99c 24.04a 48.49*** 

Bole Height (m) 18.40cd 17.39ab 17.87bc 17.13a 18.71d 24.73*** 

Bole Volume (m3) 2.47b 2.53b 2.43b 2.47b 2.04a 26.47*** 

Crown length (m) 8.19ab 7.95a 8.58bc 8.43bc 8.82c 6.59*** 

Crown diameter (m) 8.29b 7.53a 8.31b 8.31b 7.68a 22.93*** 

Crown volume (m3) 147.16c 120.48a 154.14c 155.38c 135.24b 7.24*** 

Crown surface area (m2) 176.14c 149.20a 180.77c 178.41c 162.96b 10.65*** 

Tree Density hac-1 102.42d 80.67c 83.46c 25.63b 14.04a 1037.05*** 

*P <0.05, **P<0.01, ***P<0.001; 

•D.b.h = Diameter at breast height, ••BA = Basal area 
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Fig. 7. Mean Bole height of five species among three 

forest types along altitudinal gradients. The values are 

means across two sites, three topographic position and 

eight stands. Vertical bar indicates LSD (P < 0.05). 

 

Stem Diameter (DBH, cm) and Basal area (BA, m2) 

Stem diameter was significantly (P<0.001) differed 

between the three forest types regardless of species. 

Averaged over the species sites and stands, DBH was 

the highest in upper fir forest; intermediate in mid 

deodar forest and the lowest in low level blue pine 

forest. The results suggested that variations in DBH 

were mostly determined by forest elevation rather 

than species main effect (Table 5). Although, stem 

diameter of the component species changed from one 

forest type to the other (Fig. 8) the magnitude of 

increase differed between the component species (Fig. 

8), the forest type x species interaction being 

significant at P <0.001 (Table 4). The DBH of the five 

species were not affected by initial increase in forest 

elevation from 2000-2400m). As the elevation 

progressed upward, the DBH of all the species 

increased significantly. Abies pindrow displayed a 

dramatic increase compared to the DBH in broad-

leaved species across the elevation gradient. Species 

differences in DBH also existed (F= 12.665, P<0.001): 

Cedrus deodara exhibited significantly higher DBH 

than Abies pindrow, Pinus wallichiana and Picea 

smithiana, which did not differ between themselves 

(Table 6). Among the component species, Broad-

Leaved had the lowest value of DBH (Table 6). 

 
Like DBH, basal area (BA, m2) differed significantly (F = 

231.88, P < 0.001) among the three forest types. Basal 

area was high in upper fir forest (0.17m2), intermediate 

in mid deodar forest (0.13m2) and low in low-level blue 

pine forest (0.12m2). A significant interaction between 

forest type and species for basal area indicated that the 

pattern of changes across the forest types for the five 

species was different. The trends depicted in Fig. 9, 

Show that all the component species underwent a steady 

rise in basal area with increasing forest elevation above 

2400 m. The forest to forest changes in basal area were 

largely the mirror image of the similar changes in DBH. 

For basal area, species differences were observed (Table 

5). Cedrus deodara had significantly higher basal area 

(m2) than all the other species which did not differ 

between themselves (Table 6). 

 

 

Fig. 8. Mean d.b.h. of five species among three forest 

types along altitudinal gradients. The values are means 

across two sites, three topographic positions and eight 

stands. Vertical bar indicates LSD (P < 0.05). 

 

 

Fig. 9. Mean Basal area of five species among three 

forest types along altitudinal gradients. The values are 

means across two sites, three topographic positions and 

eight stands. Vertical bar indicates LSD (P < 0.05). 
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Bole Volume (m3) 

Three forest types located along the altitudinal 

gradient differed significantly in tree bole volume (F = 

7.45, P <0.01, Table 5), an indication of influence of 

altitude on this parameter. Bole volume exhibited a 

steady increase with increasing altitude. 

Consequently, low level blue Pine forest showed lower 

bole volume than that of mid Cedrus and upper fir 

forest (Table 4). 

 
For bole volume, a strong species effect was found. 

Broad leaved species showed significantly (P< 0.001) 

lower in bole volume compared with all conifer species 

which differed little between themselves. Again, there 

were species differences in response to altitudinal 

gradient (among the forests) as the interaction between 

forest type and species is significant (Table 5, Fig. 10). 

Cedrus deodara exhibited steady increase in bole 

volume with increase in altitude from low level pine 

forest to upper fir forest (2000 to 2700m). This 

altitudinal trend in bole volume is not true for other 

conifer species (Fig. 10). Pinus wallichiana and Picea 

smithiana showed a significant decline in bole volume 

in mid Cedrus forest which reverted to the lower pine 

forest by further increase in altitude at the level of 

upper fir forest. Consequently, in upper forests no 

significant difference in bole volume was observed 

among the conifer species. At this altitude the bole 

volume of broadleaved species declined and 

approached to the level not significantly different from 

that of lower pine forest. 

 

 

Fig. 10. Mean Bole volume of five species among three 

forest types along altitudinal gradient. The values are 

means across two sites, three topographic position and 

eight stands. Vertical bar indicates LSD (P < 0.05). 

Crown Length (m) 

Crown length decreased with increase in altitude from 

lower pine forest to upper fir forest and can be 

arranged in the order of lower pine forest > mid 

Cedrus forest > upper fir forest. From Fig. 11 can be 

seen that crown length of Cedrus deodara, Abies 

pindrow, and broadleaved species declined to a 

minimum with the increase in altitude. Picea 

smithiana exhibited an initial decline in mid Cedrus 

forest, followed by an increase in upper fir forest. 

Contrary to the Picea smithiana, Pinus wallichiana 

showed a significant increase in crown length and 

shifted apart from all other species in mid Cedrus 

forest. On progressive increase in altitude and 

comparison made with other species, Pinus 

wallichiana showed similar crown length with all 

other species in upper fir forest except Picea 

smithiana which showed maximum crown length in 

these forests. The results depicted in Fig. 11 showed 

that species differences appeared at one altitude 

became masked at the other. This altitude dependent 

pattern of crown length of different species were 

responsible for the occurrence of forest type x species 

interaction significant (F = 9.29, P <0.001, Table 5). 

Apart from these altitudinal changes, the crown 

length was the lowest in Cedrus deodara, 

intermediate in Abies pindrow while, the highest 

crown length was recorded for Pinus wallichiana, 

Picea smithiana, and broad leaved species which 

differ little from one another. 

 

 

Fig. 11. Mean Crown length of five species among three 

forest types along altitudinal gradient. The values are 

means across two sites, three topographic position and 

eight stands. Vertical bar indicates LSD (P < 0.05). 
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Crown Surface Area (Crs, m2) 

The results of ANOVA (Table 5) showed that altitude 

at gradient scale (forest type) influenced the crown 

surface area significantly. Lower pine forest exhibited 

the higher value of Crs than either the mid Cedrus or 

upper fir forest which did not differ between them 

(Table 4). There were significant differences among 

the species for Crs which can be ranked in the order of 

Pinus wallichiana > Abies pindrow = Picea smithiana 

> Broad leaved > Cedrus deodara (Table 6). Beside the 

main factors, their interactions were also significant 

in the overall analysis of variance. Despite the 

complexity of the interactions, the ANOVA 

demonstrated that the main determinant of 

interspecific variations in Crs is the variation in 

elevation at gradient scale (among forest). The results 

depicted in Fig. 12 shows that Cedrus deodara 

exhibited a significant drop in Crs by increase in 

elevation from lower pine forest to mid Cedrus forest. 

This decline in Crs was reversed when elevation 

progressed further from mid Cedrus forest to upper 

fir forest. The altitudinal profile of crown surface area 

displayed by Cedrus deodara was not consistent to 

other species which showed little often insignificant 

changes in Crs across the altitudinal gradient.  

 

 

Fig. 12. Mean Crown surface area of five species 

among three forest types along altitudinal gradient. 

The values are means across two sites, three 

topographic position and eight stands. Vertical bar 

indicates LSD (P < 0.05). 

 
Crown Diameter (m) 

Mid Cedrus forests had significantly lower crown 

diameter than either or the upper fir forests and Lower 

Pine Forests which did not differ between themselves. 

These differences in crown diameter were species 

specific as the interaction between species and forest 

types was significant (F = 15.35, P>0.001, Table 5) in 

overall analysis of variance. Cedrus deodara exhibited 

maximum crown diameter in Upper Fir Forest while, 

Abies pindrow, Picea smithiana and Pinus wallichiana 

in Lower Pine forests. Broad leaved species showed 

maximum crown diameter in Mid-Cedrus Forest (Fig. 

13). Among the conifer species, Picea smithiana 

showed a steady decline in crown diameter with the 

increase in altitude as one move from Low level blue 

pine forest to upper fir forest. These trends in crown 

diameter were not consistent with that of remaining 

species. Similar comments may be made with broad 

leaved species in which crown diameter exhibited 

significant rise as it approached the Mid-Cedrus 

forests, followed by similar decline as the altitude 

increased further towards the upper fir forests. 

Averaged across the forest type, sites, plots and stands, 

Pinus wallichiana and Picea smithiana showed the 

highest value, followed by Abies pindrow (Table 6). 

Among the conifer species, Cedrus deodara exhibited 

minimum value of crown diameter even lesser than 

broad leaved species. The main effect of other variables 

such as site, topographic position of the plot and 

sampling stands were not significant. At plot level 

variations in elevation all the species reacted similarly 

as the species x topographic position was not 

significant (Table 5).  

 

 

Fig. 13. Mean Crown diameter of five species among 

three forest types along altitudinal gradient. The 

values are means across two sites, three topographic 

position and eight stands. Vertical bar indicates LSD 

(P < 0.05). 
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Crown Volume (m3) 

The values of variance indicate that altitude at 

gradient scale (Forest type) influence the crown 

volume (Crv) significantly (Table 5). Low level blue 

Pine Forest showed the higher values of crown 

volume (Crv) than either the mid Cedrus, upper fir 

forest which did not differ between them (Table 4). 

Although the complexity of the interactions, the 

ANOVA demonstrated that the main determinant of 

interspecific variations in Crv is the variation in 

elevation at gradient scale (Large scale/ Forest type). 

The results depicted in Fig. 14 shows that Cedrus 

deodara exhibited a significant drop in Crv by 

increase in elevation from Lower Pine Forest to Mid 

Cedrus Forest. This decline in Crv was reserved when 

elevation progressed further from Mid Cedrus Forest 

to Upper Fir Forests (Fig. 14).  

 

Forest-environment relationships 

The results demonstrated a significant association 

between landscape level patterns of environmental 

heterogeneity and distribution of forest types and 

their attributes across the landscape (Table 7). 

Altitude and its associated climatic factors such as 

rainfall, temperature, and snow fall accumulation 

seem to be operative in shaping the forest structure 

and composition. Most of the canopy parameters 

showed significant correlations with altitude, rainfall 

and temperature and snow depth (Table 7). It is 

difficult to assess the relative importance of these 

factors in comparison with altitude, but had strong 

correlation with elevation suggested that some 

combine effect is important which affect forest 

structure and canopy attributes. 

 

Fig. 14. Mean Crown volume of five species among 

three forest types along altitudinal gradient. The values 

are means across two sites, three topographic position 

and eight stands. Vertical bar indicates LSD (P < 0.05). 

 

Table 7. Pearson correlation coefficient between canopy attributes and geo-climatic factors for the three forest 

types located along the altitudinal range 2000 to 2700 m. (a.s.l). 

 
Altitude 

DBH 
(cm) 

BA 
(m2) 

Tree 
Ht 

Crow l Bole ht Bole vol. 
Crow 
dia. 

Crow 
Vol. 

Crow 
Surf 

RH% HI °C 
Mean 
temp 

Rain fall 
Winter 

sno. 
%Rock 

cov. 
Wind spe. 

Tree 
dens. 

DBH (cm) -0.096 
                 

 
0.255 

                 
BA (m2) -0.085 0.994 

                

 
0.312 0.000 

                
Tree Height -0.144 0.051 0.051 

               

 
0.086 0.547 0.541 

               
Crown length 0.151 -0.095 -0.120 0.396 

              

 
0.072 0.257 0.224 0.000 

              
Bole height -0.233 0.103 0.107 0.884 -0.078 

             

 
0.005 0.218 0.200 0.000 0.351 

             
Bole volume  -0.183 0.785 0.788 0.576 -0.104 0.678 

            

 
0.029 0.000 0.000 0.000 0.214 0.000 

            
Crown dia 0.048 0.595 0.602 0.391 -0.118 0.159 0.746 

           

 
0.568 0.000 0.000 0.000 0.159 0.000 0.000 

           
Crown Volume 0.100 0.393 0.396 0.609 0.642 0.334 0.518 0.671 

          

 
0.233 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

          
Crown surfac  0.13 0.428 0.430 0.591 0.581 0.346 0.548 0.738 0.99 

         

 
0.121 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

         
RH% 0.294 0.112 0.115 -0.141 0.078 -0.193 0.005 -0.045 0.016 0.019 

        

 
0.000 0.181 0.169 0.091 0.350 0.020 0.957 0.593 0.847 0.824 

        
HI °C  -0.276 -0.19 -0.185 0.223 -0.082 0.284 0.002 0.018 -0.042 -0.044 -0.900 

       

 
0.001 0.023 0.026 0.007 0.327 0.001 0.982 0.830 0.621 0.602 0.000 

       
Mean temp  -0.351 -0.173 -0.171 0.209 -0.118 0.287 0.014 0.018 -0.065 -0.068 -0.904 0.979 

      

 
0.000 0.038 0.040 0.012 0.160 0.000 0.866 0.83 0.438 0.42 0.000 0.000 

      
Rain fall  -0.824 0.168 0.165 0.45 -0.092 0.535 0.429 0.202 0.138 0.118 -0.406 0.436 0.482 

     

 
0.000 0.044 0.049 0.000 0.272 0.000 0.000 0.012 0.100 0.158 0.000 0.000 0.000 

     
Winter snow 0.728 -0.2 -0.197 -0.505 0.056 -0.576 -0.483 -0.271 -0.211 -0.193 0.354 -0.395 -0.433 -0.120 -0.983 

   

 
0.000 0.016 0.018 0.000 0.508 0.000 0.000 0.001 0.011 0.001 0.000 0.000 0.000 0.151 0.000 

   
%Rock cover  0.909 0.002 0.008 -0.108 0.075 -0.156 -0.062 0.088 0.088 0.114 0.418 -0.339 -0.402 -0.267 -0.669 0.538 

  

 
0.000 0.984 0.926 0.201 0.370 0.063 0.643 0.295 0.299 0.117 0.000 0.000 0.000 0.001 0.000 0.000 

  
Wind speed  0.912 0.007 0.018 -0.108 0.075 -0.156 -0.056 0.067 0.088 0.114 0.418 -0.339 -0.402 -0.267 -0.669 0.538 0.346 

 

 
0.000 0.698 0.999 0.217 0.37 0.146 0.563 0.217 0.299 0.117 0.000 0.000 0.000 0.000 0.000 0.000 0.004 

 
Tree density -0.214 0.005 0.012 0.195 0.04 0.192 0.114 0.024 0.048 0.046 -0.269 0.317 0.305 0.071 0.265 -0.240 -0.243 -0.254 

 
0.01 0.955 0.955 0.019 0.632 0.021 0.174 0.778 0.567 0.580 0.001 0.000 0.000 0.000 0.001 0.004 0.000 0.002 
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Discussion 

General Pattern 

In geological terms the Himalaya are a recent 

creation, thereby great variation in climate and 

habitat to be found here (Givnish, 1999; Willig et al. 

2003; Gairola et al. 2008). Altitude is the most 

important of the various factors which combine to 

create contrast in habitat, climate and vegetation 

(Dasti et al. 2007; Wazir et al. 2008; Saima et al. 

2009). The areas chosen for study were those where 

conifers were abundant, so some basic consistency 

among such forest sites would be expected. However, 

an initial objective of the present investigation was to 

select a series of contrasting study sites along 

elevation gradient. This aim was certainly met; the 

three forest sites were significantly different for 

majority of environmental measure used (Table 1). In 

the study area canopy attributes and growth 

parameters such as tree height, diameter at breast 

height and crown diameter of tree species change 

with altitude from Lower Blue Pine to Subalpine 

mixed coniferous forests. The upper distribution limit 

of subalpine forest is timberline. We observed 

altitudinal changes in forest structure from 2000m. 

a.s.l to 2700 (timberline). The temperature decreased 

with increasing altitude. Rainfall followed the same 

altitudinal sequence while the opposite trends were 

noted for snow accumulation. This pattern of climatic 

changes are common in uplands Himalaya (Garten et 

al. 1999; Hontoria et al. 1999; Quideau et al. 2001; 

Dai and Huang, 2005) and are considered important 

in determining the variation in forest structure, 

composition and function at gradient scale. Generally, 

wind velocity increases with altitude (Araki, 

1995; Baker and Weisberg 1995). Strong winds in 

winter often cause mechanical damage of trees at high 

altitudes by snow abrasion due to wind-blown ice 

crystals; this damage causes winter desiccation 

(Hadley and Smith, 1983, 1986). Trunks and 

branches are also often broken by snow pressure 

(Seki et al. 2002). Thus, not only temperature, but 

also strong winds and snow are important for 

timberline formation. Temperature is the most 

obvious factor of climate. It can be broadly related to 

altitude giving a rough differentiation among the 

forest types (Champion and Seth, 1968). An upper 

forest zone with lower temperature, low rainfall, more 

snow, strong wind and greater run-off, can be easily 

distinguished. It differs from the main occurrence 

chiefly by the predominance of Abies pindrow among 

the conifers and relatively infrequent Cedrus 

deodara. It is evident that one of the factors 

determining the distribution of deodar forests is their 

avoidance of regions with heavy summer rainfall, and 

their good development where rainfall is relatively 

low but there is adequate snowfall. Thereby in the 

study area, Deodar Forests occupy mid altitudinal 

ranges with intermediate values of temperature and 

rainfall and ample snow melt. The lower Pinus 

wallichiana zone characterized by having ample 

rainfall, low run-off, high temperature and ample 

supply of nutrients relative to that of upper Abies 

pindrow forests. These results suggested that despite 

possessing many similarities the three forests are easily 

identifiable and show distinctive spatial structure, with 

many segregating attributes along the altitudinal 

gradient. Among the conifers dominated successively 

by Pinus wallichiana, Cedrus deodara and Abies 

pindrow with Picea smithiana and this classification is 

adopted here for further discussion and 

characterization of these forest types. This stresses the 

importance of topographic preference of tree species 

and may reflect differences in using resources.  

 
Species assemblage  

Despite possessing distinctive habitats, the three 

forests show many similarities in composition and 

structure. In all the three forest types number of 

dominant species is small and all consist of mixture of 

evergreen Pinus wallichiana, Cedrus deodara, Abies 

pindrow and Picea smithiana which make up the 

largest proportion of the forests under investigation. 

All these species are capable of attaining good height, 

very considerable girth and cover north slopes with 

little admixture of broadleaved trees. Probably the 

conifer species emerged as functional group with broad 

realized tolerance for all of the environmental variables 

measured. All the species appear to be resilient to 

variety of disturbances. This result supports the view 

that certain species may be ecological generalists for 

numerous environmental parameters. 
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Although the coexisting conifer species have a similar 

ecology but they differ in spatial pattern and thus 

correspond the theory of niche separation, which 

states that coexisting species exhibit contrasting 

structural, phonological or physiological 

characteristics that allow them to partition resources 

among themselves on spatial and temporal basis 

(Grime, 1974; Kemp and Williams, 1980). 

Comparisons of relative Importance Values showed 

that Abies pindrow achieved maximum dominance at 

high altitudes. Pinus wallichiana dominate the lower 

slopes whereas Cedrus deodara showed strong spatial 

segregation and dominate the mid altitudinal ranges. 

Picea smithiana showed little overall trend, but may 

be consistent from top to bottom. These results 

suggested that altitude and rainfall are the factors of 

prime importance in determining the type of the 

forest and community composition. Climatological 

data is being too inadequate for closer correlation. 

 

The pattern of dominance by particular plant species is 

consistent with the notion that different species are 

adapted to different ecological conditions (Whitmore, 

1984, Terborgh et al. 1996). The staggered elevational 

distribution of dominant tree species is consistent with 

the individualistic hypothesis (Gleason, 1917) and with 

the fact that such ecological dominants differ in 

environmental tolerance and resource requirements 

and are considered most important competitors, and 

thus among the most important determinants of each 

other’s distribution (Whittaker, 1972). The ability of the 

species to survive, compete and reproduce successfully 

in different environments, resulting in each species 

having its own distinctive distribution. These 

characteristics of species affect fitness and are subject 

to evolution by natural selection. 

 

Canopy attributes 

Large differences in canopy attributes between the 

coexisting tree species were observed. These 

variations were many folds greater at gradient scale 

than that at small scale topographic variations as 

indicated by the variance ratio (Table 5). These 

results suggested that at local scale tree attributes 

change little and even did not change with substantial 

altitudinal variations within the forest particularly 

where the altitudinal interval is not > 100m). Having 

shown that spatial variations at gradient scale are 

more important in explaining differences in canopy 

attributes than at local scale, a further analysis of 

canopy attributes at gradient scale is imperative. The 

results (Table 4) showed that certain trade-offs in 

canopy attributes were existed. Recent models based 

on field data for temperate forests suggested that 

differences exist in canopy parameters among 

coexisting species and that trade-offs in canopy 

attributes can promote species coexistence (Kohyama, 

1993) or can predict species composition (Pacala et al. 

1993; Kobe et al. 1995). Several traits were also 

related to one another; plants that had overall high 

stature, had also high crown area but relatively small 

girth. Thus there were clear eco-physiological 

differences between those plant species that exhibited 

high crown area or high stature and those with short 

stature and low crown area. The close relationship we 

found between several of the traits we measured at 

least partially supports the conclusion of Reich et al. 

(1992) that co-variation in several interlinked traits 

provided useful conceptual link between processes at 

whole plant scales, and ecosystem level scale. The suit 

of canopy attributes we measured for each species 

thus provided suitable gradient across from which 

biotic interactions and ecosystem-level properties can 

be evaluated. The inter-specific differences in tree 

height, girth and crown parameters have important 

ecological implications. The advantage, of large size 

and greater canopy area seems clear. Such a plant has 

the opportunity to acquire a large share of limiting 

resources such as nutrients and light than small 

statured trees with smaller crown area (Grime, 1979). 

  

The results depicted in Table 5 show that almost all 

the canopy attributes included in the present 

investigation gave highly significant response for all 

the main effects and their interactions. The highly 

significant main effects suggest that each of the 

separate factors (species, forest elevation, site 

elevation, and plot elevation) was sufficiently strong 

that its effect was still apparent when averaged over 

other factors in the study. Among the main factors, 

large scale variations in elevation (forest elevation) 

influenced the canopy attributes greater than at small 

scale topographic variations (plot elevation). 
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The significant interactions, however, mean that the 

actual pattern of tree responses to each factor 

depends on the level of other factors. In particular, 

the significant interaction between forest elevation 

and species mean that the species differences 

appeared at one elevation and disappeared at the 

other along elevation gradient (Table 5). It means that 

tree attributes are highly variable within a species 

along the altitudinal gradient. It would thus appear 

that the tree architecture is a complex function of 

species (genetic) and habitats that vary from lower 

canopy forest to subalpine timberline forests. These 

results have potentially important consequences for 

ecologists interested in the identification of genotypes 

with contrasting attributes. 

  
All the species growing in Low Level Blue Pine Forest 

have greater height, greater crown surface area and 

lower values for d.b.h. and basal area than the forests 

around the mountain summit. In these forests the 

advantage of greater height and greater crown area 

seems clear. Such plants have the opportunity to 

acquire a large share of limited resources like light 

and nutrients than short statured plants with limited 

crown area such as Cedrus deodara. If these 

relationships are true then Pinus wallichiana may be 

considered as an important ecological competitor. 

The dominance of Pinus wallichiana in these forests 

(Table 3) confirms our assumptions.  

 

The results (Table 4) suggested that plant height and 

crown diameter decreased while, diameter at breast 

height showed significant trends of increase with 

increasing altitude. These trends are true for all the 

conifer species although, the magnitude of increase or 

decrease was species specific. These results are 

consistent with observations that trees become 

stunted, have more open canopies at higher altitudes 

and invest more in growth in diameter as compared 

with the forests at lower altitude (Takashi et al. 2012). 

These structural alterations are linked with 

physiology and correspond to the severe environment 

in terms of low air and soil temperature, low rainfall 

and high snow accumulation, low nutrients and poor 

resource availability in the upper mountain forests.  

There are several reasons why this combination of 

traits may be helpful to the ecological success of 

species in Upper Fir Forest. First, the correlated 

canopy attributes may be regarded as adaptive traits 

that have been modulated by natural selection to 

maximize fitness to the stressful environment (Kelly, 

1992; Kelly and Levin, 1997). Secondly, coping with 

environmental stress involve reduction in growth 

process (production of new leaves and buds) as 

available energy is channeled into stress resisting 

processes (McCree, 1986) or to some extent the 

maintenance process such as repair of damaged 

tissues caused by low temperature and snowy winds. 

As the Environmental conditions became gradually 

severe with increasing altitude, the rate of increase in 

maintenance cost increased with elevation. As a 

consequence a steady decrease in trunk height has 

occurred with increasing elevation. However, the 

magnitude of decrease was specie specific reflecting 

the relative tolerance to cope with stress and 

ultimately survival (Messaoud et al. 2007; Takashi et 

al. 2012; Kessler, et al. 2014). 

 
The data depicted in Fig. 6 show the differences in 

tree height between the four common conifer species. 

Plant height in Abies pindrow, Pinus wallichiana, 

and Picea smithiana showed a gradual decrease with 

increasing elevation, while Cedrus deodara and 

broad-leaved species did not show appreciable 

changes in height throughout the altitudinal ranges. 

Consequently, at the timber line no significant 

difference in tree height was found among the 

species. From these observations, reduction in tree 

height with the increase in elevation may be a general 

strategy in conifer species for surviving in stressful 

environment prevailing at the timberline.  

 

As we expected, the height of all the species decreased 

with altitude because of greater mechanical damage or 

low temperature and at higher altitude trunk diameter 

growth is not limited by low temperature around the 

timberline. Takashi et al, 2012 suggested that tree 

height at the timberline is mainly affected by 

mechanical damage due to strong wind and snow 

rather than by growth limitation due to low 

temperature.  
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The results suggested that trees cannot increase their 

trunks height but the trunk diameter of all the species 

may be able to continue to grow even around the 

timberline. The higher biomass allocation to stem 

diameter may provide additional strength against 

strong winds. Low statured plants with lower crown 

area and increased diameter are considered less 

susceptible to snow or wind related damage. Plants 

with low values for height: diameter ratio (<74) are 

classified as stronger as and more resilient to damage 

than the plants with high height: diameter ratio (above 

90) (Cramer, 1972). If it is true, then the present results 

suggest that Abies pindrow have greater ability to 

survive than other conifers confirming the high 

dominance of this species in these forests. High 

dominance of fir in upper zone of the moist temperate 

forest of the Himalaya differentiated it from the lower 

coniferous forests zones. 

 
The causes of stunting can be discussed in terms of 

precipitation which appears to be lower at the summit 

than at the base of the mountain. Similarly the role of 

temperature is suggested to be the key environmental 

factor in determining the plant height. Many 

physiological aspects are influenced directly or 

indirectly by the temperature regime which directly 

affect the carbon balance of the plant. Carbon 

allocation rather than carbon gain is considered the 

critical factor that influence the carbon balance with 

increasing elevation. Besides the carbon gain the low 

temperature affects the shoot functioning such as 

photosynthesis, transpiration and leaf conductance 

and overall tree growth. Friend and Woodward’s 

(1990) review of mountain Eco-physiology suggested 

that throughout the world the reduction in plant 

stature with altitude is an adaptation to maintain leaf 

temperature above air temperature. Kapos and 

Tanner, (1985) showed that the leaf temperature of 

low-stature Jamaican upper Mountain forest trees 

closely followed the air temperature to ensure the 

photosynthesis and biomass allocation. 

 

Since the forests at upper elevation are possibly not 

adversely affected by poor soil conditions or nutrient 

limitation compared with the forests at lower 

altitudes it is concluded that reduction in plant 

stature is primarily due to low precipitation and low 

temperature at high altitude forests. Similar results 

were noted by Kronfuss and Havranek, (1999). 

Although, temperature difference is not great but 

conifers are highly sensitive to this factor suggesting 

adaptations to narrow ranges of environmental 

conditions (Brodribb et al. 2014). Generally, wind 

velocity increases with altitude (Araki, 1995; Baker 

and Weisberg, 1995). Strong winds in winter often 

cause mechanical damage of trees at high altitudes by 

snow abrasion due to wind-blown ice crystals; this 

damage causes winter desiccation (Hadley and Smith, 

1983, 1986). Trunks and branches are also often 

broken by snow pressure (Seki et al. 2002). Thus, not 

only temperature, but also strong winds and snow are 

important for shift in growth pattern near the timber 

line. Wind also seems to have acted indirectly on 

trunk height. High wind speed on high altitudes 

during vegetative period influence air and soil 

temperature (cooling of air and soil) and possibly 

affect the activity of the apical and lateral meristems. 

High wind speed at the summit is considered very 

destructive for the forest, because trees are destroyed, 

crown areas reduced and emergent crowns destroyed.  

 
We detected the trade-off among apical (vertical) 

growth and lateral growth (growth in diameter) along 

the altitudinal gradient. This trade-off is between the 

products of plant vegetative meristem and vascular 

cambium. The increasing trends in tree diameter 

around the timber line were not surprising but at 

higher altitudes the seasonal course of temperature 

has very strong effect on growth process of trees 

particularly kinetics of tree ring formation and wood 

production. A positive influence of early summer 

temperature on tree ring growth in temperate region 

has been reported by several workers (Briffa et al. 

1998 a; 1998 b; Vaganov, 1996; Kirdyanov et al. 

2003). Zimmerman and Brown, (1971) found that 

cambium initiation correspond the temperature of 10 

days before the date of snow melt. This stage is 

connected with the beginning of apical development 

near the north timberline. Deslauriers and Morin, 

(2005) observed that, in Abies species the rate of 

wood production depended on minimum air 

temperature. 
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Oribe and Kubo, (1997) and Oribe et al. (2001, 2003) 

investigated that temperatures from late winter to 

early spring appeared to influence the physiological 

processes involved in the initiation of cambial activity 

and process of wood formation.  

 

These factors include changes in leaf area, changes in 

growth energy, food manufacture and reserve 

material, variations in the length of growing season, 

variation in temperature and moisture, light, amount 

of seed production, release of competition (Larson, 

1956). The factors cited above may be easily confused 

with one another and again the growth processes are 

very complex and cannot be attributed only one or 

two factors such as rainfall and temperature. Despite 

numerous studies, the mechanism of lateral growth in 

stem is still not fully explained (Chaffey, 2002). 

 

Tree Density  

In the present study, significant decline in total tree 

density from low to high elevations across the 

altitudinal strata and among sites were detected. 

Decline in tree density correspond well with the 

characteristics of most of the other timberline settings 

in the region where the density decreases from close 

canopy to open forests and even to isolated 

individuals marking the tree line as has been reported 

by previous studies (Kalakoti et al. 1986; Noble, 1993; 

Rawal and Pangtey, 1994; Dhar et al. 1997; Gairola et 

al. 2008). The decline in tree density might be 

attributed either to wind damage by uprooting or low 

temperature by limiting the recruitment process. This 

is consistent with the findings of Takahashi et al. 

(2012) who suggested that stand structure at 

timberline is mainly affected by mechanical damage 

due to strong wind and snow rather than by limitation 

due to low temperature alone. A negative correlation 

between tree density, tree height and tree crown area 

with altitude was found. As the seed production is 

proportional to tree size (Messaoud et al. 2007). 

Thereby, seed production is thought to be decreased 

with altitude, because of low tree density and low tree 

size. Therefore, regeneration and recruitment 

processes are greatly hampered around the timber line. 

 

Acknowledgements 

We wish to Acknowledge Mrs. Adeela Altaf, Lecturer, 

Department of Environmental Sciences, Bahauddin 

Zakariya University for their help in field work data 

organization and application of statistical approaches 

in this project. We are greatly indebted to Mr. 

Muhammad Tehmasip, D.F.O. Kaghan range who 

provided all the possible facilities in mountains 

forests study areas. We gratefully acknowledge the 

financial support of the Higher Education 

Commission, Pakistan, Mrs. Saima Nourin, Project 

Director, and all the technical staff of HEC. 

 

References 

Ahmad M. 1976. Multivariate analysis of the 

vegetation around Skardu. Agri. Pak 26, 177-187.  

 

Ahmad M. 1986. Vegetation of some foothills of 

Himalayan range in Pakistan. Pak. J. Bot 18(2), 261- 269. 

 

Ahmad M, Hussain T, Sheikh AH, Hussain SD, 

Siddiqui MF. 2006. Phytosociology and structure of 

Himalayan Forests from different climatic Zones of 

Pakistan. Pak. J. Bot 38(2), 361-383. 

 

Ahmad M, Wahab M, Khan N, Siddiqui MF, Khan 

MU, Hussain ST. 2009. Age and growth rates of some 

Gymnosperms of Pakistan: A Dendrochronological 

approach. Pak. J. Bot 41(2), 849-860.  

 

Aiba S, Kohyama T. 1996. Tree species 

stratification in relation to allometry and demography 

in a warm-temperate rain forest. J. Eco 84, 207-218. 

 

Aiba S, Kohyama T. 1997. Crown architecture and 

life-history traits of 14 tree species in a warm-

temperate rain forest: significance of spatial 

heterogeneity. J. Eco 85, 611-624. 

 

Araki M. 1995. Forest meteorology, Tokyo: 

Kawashima Shoten, Japanese. 

 

Arbainsyah HH, Kustiawan W, Snoo GRD. 

2014. Structure, composition and diversity of plant 

communities in FSC-certified, selectively logged 

forests of different ages compared to primary rain 

forest. Bio and Cons 23, 2445-2472. 

 

Baig MN, Tranquillini W. 1976. Studies on upper 

timberline: morphology and anatomy of Norway 

spruce (Picea abies) and stone pine (Pinus cembra) 

needles from various habitat conditions. Can. J. Bot 

54, 1622-1632. 



 

333 Hashim and Dasti 
 

Int. J. Biosci. 2019 

Baker WL, Weisberg PJ. 1995. Landscape analysis 

of the forest tundra ecotone in Rocky Mountain 

National Park, Colorado. Pro. Geo 47, 361-375. 

 

Beg AR. 1975. Wildlife habitats of Pakistan. Bull, no. 

5. Pak. Forest. Inst. Peshawar. 

 

Briffa KR, Jones PD, Schweingruber FH, 

Osborn TJ. 1998a. Influence of volcanic eruptions 

on Northern Hemisphere summer temperature over 

the last 600 years, Nat 393, 450-455. 

 

Briffa KR, Schweingruber FH, Jones PD, Osborn 

TJ, Shiyatov SG, Vaganov EA. 1998b. Reduced 

sensitivity of recent northern tree-growth to temperature 

at northern high latitudes, Nat 391, 678-682. 

 

Brodribb TJ, Sam McA, Jordan GJ, Martins 

SCV. 2014. Conifer species adapt to low-rainfall 

climates by following one of two divergent pathways. 

Pro. Nat. Aca. Sci., USA 111, 14489-14493. 

 

Chaffey N. 2002. Why is there so little research into 

the cell biology of the secondary vascular system of 

trees? New Phyt 153, 213-223. 

 

Chai Z, Wang D. 2016. A comparison of species 

composition and community assemblage of secondary 

forests between the birch and Pine –Oak belts in the mid-

altitude zone of the Qinling Mountains, China. Pee. J. 

 

Champion HG, Seth SK. 1968. A revised survey of 

the forests types of India. Gov. Ind. Pub., New Delhi 

pp. 404. 

 

Champion HG, Seth SK, Khattak GM. 1965. 

Forest types of Pakistan Forest Institute, Peshawar.  

 

Coomes DA, Allen RB. 2007. Effect of size, 

competition and altitude on tree growth. J. Eco. UK. 

95, 1084-1097. 

 

Cottam C, Curtis JT. 1956. The use of distance 

measures in phyto-sociological sampling. Eco 3, 451-460. 

 

Cramer MD. 1972. Unraveling the limits to tree 

light. A major role for water and Nutrients trade- off. 

Oec 169, 61-72. 

 

Curtis JT, Mclntosh RP. 1951. An upland forest 

continuum in the prairie-forest border region of 

Wisconsin. Eco 32, 476-496. 

 

Curtis RO. 1967. Height- diameter and Height – 

diameter age equations for second – growth Douglas- 

fir. Fors. Sci 3, 259-269. 

 

Dai W, Huang Y. 2005. Relation of soil organic 

matter concentration to climate and altitude in zonal 

soils of China. Cat 65, 87- 94. 

 

Dasti AA, Malik SA. 1998. A transect of vegetation 

and soils on the Indus valley scarp slope, Pakistan. 

Pak. J. Pla. Sci 4(2), 73-84. 

 

Dasti AA, Saima S, Athar M, Rehman A, Malik 

SA. 2007. Botanical composition and Multivariate 

Analysis of vegetation on the Pothwar Plateau, 

Pakistan. J. Bot. Res. Ins. Tex 1, 557-568. 

 

Deslauriers A, Morin H. 2005. Intra-annual 

tracheid production in Balsam Fir stems and the 

effect of Metrological variables. Tre 19, 402-408.  

 

Dhar U, Rawal RS, Samant SS. 1997. Structural 

diversity and representativeness of forest vegetation 

in a protected area in Kumaun Himalaya, India: 

Implication for conservation. Bio. Con 6, 1045-1062. 

 

Durrani M, Jan and Hussain F. 2005. Ethno 

ecological profile of Plants of Harboi rangeland. 

Kalat, Pakistan. Inst. J. Bio 2(1), 15-22. 

 

Friend A, Woodward F. 1990. Evolutionary and 

eco-physiological responses of mountain plants to the 

growing season environment. Advances in Eco. Res 

20, 59-124. 

 

Gairola S, Rawal RS, Todaria NP. 2008. Forest 

vegetation patterns along an altitudinal gradient in 

sub-alpine zone of west Himalaya, India, Afr. J. Plant. 

Sci 6, 42- 48. 

 



 

334 Hashim and Dasti 
 

Int. J. Biosci. 2019 

Garten CT, Post WM, Hanson PJ, Cooper LW. 

1999. Forest soil carbon inventories and dynamics 

along an elevational gradient in the South. App, Mou. 

Bio 45, 115-145. 

 

Givnish TJ. 1999. On the causes of gradients in 

tropical tree diversity. J. Eco 87, 193-210. 

 

Gleason HA. 1917. The structure and development 

of the plant association. Bul. Tor. Bot 53, 726. 

 

Goff LN, Ottorini JM. 1996. Leaf development and 

stem growth of ash (Fraxinus excelsior) as affected by 

tree competitive status. J. App. Eco 33(4), 793-802. 

 

Gonzalez SM, Canellas I, Montero G. 2007. 

Generalized height-diameter and crown diameter 

prediction models for cork oak forests in Spain. Inv. 

Agr: Sis. Res. For 1, 76-88.  

 

Grime JP. 1979. Plant strategies and vegetation 

process. Chichester; Wiley John & Sons. 

 

Grime JP. 1974. Vegetation classification by 

reference to strategies. Nat 250, 26-31. 

 

Grinnell J. 1917. Field tests of theories concerning 

distributional control. The American Naturalist 

51(602), 115-128. 

 

Hadley JL, Smith WK. 1983. Influence of wind 

exposure on needle desiccation and mortality for 

timberline conifers in Wyoming, U.S.A. Arc. Alp. Res 

15, 127-135. 

 

Hadley JL, Smith WK. 1986. Wind effects on 

needles of timberline conifers: Seasonal influence on 

mortality. Eco 67, 12-19. 

 

Huang S, Titus SJ, Wiens DP. 1992. Comparison 

of nonlinear height –diameter functions for major 

Alberta tree species. Can. J. For. Res 22, 1297-1304. 

 
Hussain F, Illahi I. 1991. Ecology and vegetation of 

lesser Himalayas, Pakistan. Department of Botany, 

University of Peshawar, Pakistan. 

Kalakoti BS, Pangtey YPS, Saxena AK. 1986. 

Quantitative analysis of High altitude vegetation of 

Kumaun Himalaya. J. Ind. Bot. Soc 65, 184-196. 

 

Kapos V, EVJ, Tanner. 1985. Water relations 

of Jamaican upper montane rain forest trees. Eco 

66, 241-250. 

 

Kelly CA. 1992. Spatial and temporal variation in 

selection on correlated life-history traits and plant 

size in Chamaerista fasciculate. Evo. 46, 1658-1673. 

 

Kelly MG, Levin DA. 1997. Fitness consequences 

and heritability aspects of emergence data in Phlox 

drummondii. J. Eco 85, 755-766. 

 

Kemp PR, Williams GJ. 1980 A physiological basis 

for niche separation between Agropyron smithii (C3) 

and Bouteloua gracilis (C4). Eco 61, 846 858. 

 

King DA. 1996. Allometry and life history of tropical 

trees. J. tro. Eco 12, 25-44. 

 

King DA. 2006. The role of wood density and stem 

support costs in the growth and mortality of tropical 

trees. J. Eco 94, 670-680. 

 

Kirdyanov A, Hughes M, Vaganov E, 

Schweingruber F, Silkin P. 2003. The importance of 

early summer temperature and date of snow melt for 

tree growth in the Siberian Subarctic. Trees 17, 61-69.  

 

Kobe RK, Pacala SW, Silander JA, Canham 

CD. 1995 Juvenile tree survivalship as a component 

of shade tolerance. Eco. App 5, 517- 532. 

 

Koch GW, Sillet SC, Jennings GM, Stephen DD. 

2004. The limits to tree height. Nat 428, 851- 854.  

 
Kohyama T. 1993. Size- structured tree population in 

gap dynamic forest- the forest architecture hypothesis 

for the stable coexistence of species. J. eco 81, 131-143.  

 
Korner C. 1998. A re-assessment of high elevation 

treeline positions and their explanation. Oec                   

115, 445-459.  



 

335 Hashim and Dasti 
 

Int. J. Biosci. 2019 

Kubota Y, Murata H, Kikuzawa K. 2004. Effects 

of topographic heterogeneity on tree species richness 

and stand dynamics in a subtropical forest in 

Okinawa Island, Southern Japan. J. Eco 92, 230-240. 

 

Larson PR. 1956. Discontinuous growth rings in 

suppressed slash Pine. Tropical wood 104, 80-99. 

 

Lieberman D, Lieberman M, Hartshorn GS, 

Peralta R. 1985. Small-scale  

 

Marion GM, Black CH. 1987. The effect of time 

and temperature on Nitrogen mineralization in arctic 

tundra soils. ASESS DL 51(6), 1501- 1508. 

 

McCree KJ. 1986. Measuring the whole plant daily 

carbon balance. Pho 93(20), 82. 

 

Merriam CH, Stejnger L. 1890. Results of a 

Biological survey of the San Francisco Mountain 

region and Desert of the little Colorado Arizona. 

North America. Fau 3, 1-136. 

 

Messaoud Y, Bergeron Y, Asselin H. 2007. 

Reproductive potential of balsam fir (Abies balsamea), 

white spruce (Picea glauca) and black spruce (Picea 

mariana) at the ecotone between the mixed-wood and 

coniferous forests in the boreal zone of western 

Quebec. American journal of Botany 94, 746- 756.  

 

Miehe G, Miehe S, Vogel J, Co S, Duo L. 2007. 

Highest treeline in the Northern hemisphere found in 

Southern Tibet Mt. Res. Dev 27, 169- 173. 

 

Noble IR. 1993. A model to the responses of ecotone to 

climate change. Ecological Applications 3, 396-403. 

 

Oribe Y, Kubo T. 1997. Effect of heat on cambial 

reaction during winter dormancy in ever green and 

deciduous conifers. Tree Phys 17, 81-87. 

 

Oribe Y, Funada R, Shibagaki M, Kubo T. 2001. 

Cambial reaction in locally heated stems of evergreen 

conifer Abies sachalinensis Masters, Pla                  

212(5/6), 684- 691. 

Oribe Y, Funada R, Kubo T. 2003. Relationship 

between cambial activity, cell differentiation and the 

localization of starch in in storage tissues around the 

cambium in locally heated stems of Abies sachalinensis 

Master Trees- strt. Funct 17(3), 185-192. 

 

Pendry CA, Proctor J. 1996. The causes of 

altitudinal zonation of rain forests on Bukit Bel along 

Brunei. J. Eco 84, 407-418.  

 

Quideau SA, Chadwick QA, Graham RC, 

Anderson MA. 2001. A direct link between forest 

vegetation type and soil organic matter composition, 

Geo 104, 41-60. 

 

Rawal RS, Pangtey YPS. 1994. High altitude forest 

vegetation with special reference to timberline in 

Kumaun central Himalaya. In Pangtey, YPS, Rawal R 

S (eds.) High Altitudes of the Himalaya. Nainital, 

India. Gya. Pra 353-399. 

 

Reich PB, Walters MB, Ellsworth DS. 1992. Leaf 

lifespan in relation to leaf, plant, and stand 

characteristics among diverse ecosystems. Eco. 

Mono-gra 62, 365- 392. 

 

Ross DJ, Campbell IB. 1979. Biochemical activities 

of organic soils from sub-Antarctic tussock grasslands 

on Campbell Island. 1. Oxygen uptake and 

mineralization. New Zeal. J. Sci 22, 161-171. 

 

Saima S, Dasti AA, Hussain F, Wazir SM, 

Malik SA. 2009. Floristic compositions along an 18 - 

km long transect in Ayubia National Park district 

Abbottabad, Pakistan. Pak. J. Bot 41(5), 2115-2127. 

 

Seki T, Kajimoto T, Sugita H, Daimaru H, 

Ikeda S, Okamoto T. 2002. Mechanical damage 

on Abies mariesii trees buried below the 

snowpack. Arc. Ant. and Alp Res 37, 34-40. 

 

Sevgi O, Tecimen. 2009. Physical, chemical and 

pedogenetical properties of soil in relation with 

altitude at Kazdagi upland black pine forest. J. 

Environ. Biol 30(3), 349-354.  



 

336 Hashim and Dasti 
 

Int. J. Biosci. 2019 

Soares P, Tome M. 2001. A tree crown ratio 

prediction equation for eucalypt plantation. Ann. 

Forest. Sci 58, 193- 202. 

 

Sterling A, Peco B, Casado MA, Galliano EF, 

Pineeda FD. 1984. Influence of micro topography 

on floristic variation in ecological succession in 

grassland. Oikos 42, 334- 342. 

 

Stevens GC. 1992. The elevational gradient in 

altitudinal range: an external of Rapaport’s Latitudinal 

rule to altitude. American Naturalist 140, 893-911. 

 

Suarez ML, Ghermandi L, Kitzberger T. 2004. 

Factors predisposing episodic drought- induced tree 

mortality in Nothofagus- Site, climatic sensitivity and 

growth trends. Journal of Ecology 92, 954-966. 

 

Svenning JC. 1999. Micro-habitat specialization in a 

Species-rich palm community in Amazonian Ecudor. 

J. Eco 87, 55-65. 

 

Swift MJ, Heal OW, Anderson JM. 1979. 

Decomposition in terrestrial ecosystems. Blackwell 

Scientific Publication, Oxford.  

 

Takahashi K, Hirosawa T, Morishima R. 2012. 

How the timberline formed: altitudinal changes in 

stand structure and dynamics around the timberline 

in central Japan, Ann. Bot 109(6), 1165-1174 

 

Terborgh J. 1985. The vertical component of plant 

species diversity in temperate and tropical forests. 

Ame. Nat 126, 760- 776. 

 

Terborgh J, Foster RB, Nunez VP. 1996. Tropical 

tree communities: a test of the non-equilibrium 

hypothesis. Eco 77, 561-567. 

 

Thomson JD, Weiblen G, Thomson BA, Alfaro 

S, Legendre P. 1996. Untangling multiple factors in 

spatial distributios: lilies, gophers and rocks. Eco            

77, 1698- 1715. 

 

Vaganov EA. 1996. Analysis of seasonal tree-ring 

formation and modeling in dendrochronology. In: 

Dean JS, Meko DM, Swetnam TW (eds) Tree-rings 

environment and humanity. Proc Int Conf, Tucson, 

Arizona, 17–21 May. Radiocarbon pp. 73-87. 

 

Vanclay JK. 1994. Modeling forest growth and 

Yeild. Applications to mixed tropical forests. CAB 

International, Oxon, U.K. 

 

Vincent AG, Sundqvist MK, Wardle DA, 

Giesler R. 2014. Bioavailable soil phosphorus 

decrease with increasing elevation in a subarctic 

Tundra Landscape. Plos One 9(3), 1-11. 

 

Wazir SM, Dasti AA, Saima S, Shah J, Hussain 

F. 2008. Multivariate analysis of vegetation of 

Chapursan valley: An alpine meadow in Pakistan. 

Pak. J. Bot 40(2), 615- 626. 

 

Whitmore TC. 1984. Tropical Rain Forests of the 

Far East. 2nd Edn. Clarendon Press, Oxford. 

 

Whittaker RH. 1965. Dominance and Diversity in 

land plant communities. Sci 147, 250-260. 

 

Willig MR, Kaufman DM, Stevens RD. 2003. 

Latitudinal gradients of Biodiversity: Pattern Process, 

scale and synthesis. Annu. Rev. Eco. Evol. Sys.  

 

Wykoff WR, Crookston NL, Stage AR. 1982. 

User’s Guide to the stand PROGNOSIS model. USDA. 

For Serv. Gen. Tech. Rep. Int.133. 

 

Zarnoch SJ, Bechtold WA, Stolte WK. 2004. 

Using crown condition variable as an indicator of 

forest health. Can. J. Forest. Res 34, 1057-1070.  

 

Zhang S, Chen D, Sun D, Wang X, Jeffrey L, 

Smith, Du G. 2011. Impact of altitude and position 

on the rates of soil nitrogen mineralization and 

nitrification in alpine meadows on the Eastern 

Qinghi- Tibetan Plateau, China. Biol Fertil Soil.  

 

Zimmermann MH, Brown CL. 1971. Trees Structure 

and Function. Springer-Verlag Berlin Heidelberg. 

 


