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- Analysis of Forest Vegetation At and Around Naini Tal in
Kumaun Himalaya

PK RALHAN, A K SAXENA and J S SINGH*
Department of Bota}zy, Kumaun University, Naini Tal 263002

Certain forests at and around Naini Tal weré quantitatively analysed. On
the basis of IVI, a total of five forest types, viz., Pinus roxburghii, Quercus
floribunda, Q. lanuginosa, Q. leucotrichophora and Q. semecarpifolia were
recognized. The total tree basal cover ranged from 2686.7 to 6045.8 cm?
100 m™2. The composition of tree and shrib layers differed markedly among
various types of forest. Q. floribunda forest supported the largest shrub,
" population, while P. roxburghii and Q. semecarpifolia were the poorest in
this regard. P. roxburghii forest ind{cated zero diversity, whereas . i
Q. floribunda forest on basal cover basis and Q. leucotrichophora forest on z
density basis, had maximum diversity, Among the oak forests, Q. floribunda ‘
forest: indicated relatively greater equita‘}ble share of resources among the :
various species. Generally, a total of four tree strata and a shrub stratum i
shelteting, in turn, a layer of herbs were rei:bgni’zable in the present forests. ;
The forests could be graded, as follows, inja decréasing order of soil protec- i
tion potential: Q. floribunda (site 2) > Q. libucotric'hophora > Q. floribunda !
(site 3) > Q. lanuginosa > Q. semecarpifolia > P. roxburghii. The trees !
in the oak forest were more wind stable, while in P. roxburghii they were o
specially susceptible to wind effect.” With {he' exception of Q. leucotricho- -
phora and Q. semecarpifolia in their respettive forest types, the dominant
species in all the forests had a stable population indicating good
regeneration. ]

|
Key Words: Himalayan forests, Pinus roxb!yrghii forest, Quercus floribunda
forest, Quercus leucotrichophora forest, Quercus lanuginosa
forest, Quercus semecafpif;olia. forest, Phytosociology,
Diversity, Profile structure i

Introduction

According to Cﬁhampion and Seth (1968), com}rehiént basis for subdivision of the

in western and central Himalaya the
three common oaks, viz., Quercus leuco-

trichophora (1800-2300 m), Q. floribunda
(2000-2500 m) and Q. semecarpifolia
(2500-3300 m) provide a simple and

*Present address; Natural Resource Ecology
Collins, Colorado 80523, USA.
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altitudinal zones. Pinus roxburghii may

also-extend up to 2300 m on ridges. In
this respect Naini Tal and its environs
“become interesting from ecological point
.of view because altitudinal variation over

Labofaftory', Colorado State University,’ Fort
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short distances results in the occurrence
of forests representing all the above four
species. Quantitative information on the
forests in Kumaun Himalaya is lacking
except for a few studies undertaken
recently (Saxena et al. 1978, Pandey &
Singh 1981a,b, Saxena & Singh 1980,
1982). _

The present study provides quantitative
information on analytic characters, tree
diversity, profile structures and regene-
ration status of certain selected forests
at and around Naini Tal.

Study area and Methods

Sites

On the basis of preliminary rec;onnais-
sance, six sites, located at and |around
Naini Tal (29°24' N lat. and ‘;L9°28'E
long.), were selected for the analysis of
forests. Table 1 gives the majof forest
species, aspect, altitude, locali:ty and
predominant lithology for different sites.

P K Ralhan, A K Saxena and J § Singh

Climate

The mean maximum temperature at
Naini Tal ranges between 10.3°C
(January) and 27.7°C (May) and mean
minimum between 3.6°C (January) and
16.9°C (June). The mean monthly rainfall
varies from 6.8 (November) to 804.3 mm
(July). Annual rainfall averages at
2821.6 mm, out of which about 88%
occurs during the rainy season. Depen-
ding on these climatic * variations, the
year is divisible into three seasons, Viz.,
rainy (Jume to September), winter
(October to February) and summer
(March to May). Further details of the
climate are given in Pandey and Singh
(1981 a).

Methods

The phytosociological analysis of each
forest was conducted by using twelve
10X 10m quadrats, distributed at ran-
dom. The size and the number of quad-
rats were determined, respectively by the

Table 1 The location of study sites

Aspéct

Site Major species Altitude  Locality Predominant lithology
No. (m)
1. Pinus roxburghii South:east 1300 Champhi  Quartzite and gneiss
2.. Quercus floribunda North-east 2050 Govt.- Pyritons slates interbeded
House with limestone
3. Quercus floribunda North 2120 Ayar-patta  Slates and dolomites
4. Quercus leucotricho- South-west 2270 Snow-view Mainly calcareous slates
phora : (Mar})
5. Quercus Ianx;ginosa‘ West 2194 Kilbury Slates, pink 1ifnestohes and
diamictites
6. Quercus semecarpifolia  South-east 2611 Naina-peak Purple and greenslates with ’

ygllow weathering  lime-

stone
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species area curve (Misra 1'968) and the

‘running mean method (Kershaw 1973).

In each quadrat, trees with >31.5 cm cbh

" (circumference at breast height, i.e.

1.37 m from the ground) were individually
measured for cbh. Individuals of 10.5 to
31.4.cm cbh were recorded either as
saplings or as shrubs, as the case may be,
and individuals <<10.5 cm cbh were con-
sidered as seedlings. Other measurements
included total height, height to first

- branch and canopy width for each spe-

cies. A rough sketch of the trees was also
made in the field. Height of the tree and
canopy depth were measured through
hypsometer (Forbes 1961).

The vegetational data were quantitati- ;

vely analysed for abundance, density and
frequency according to the formulae
given by Curtis and Mclntosh (1950).
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number of individuals of all species in a

stand. In another set of calculations, the

values for basal cover were used instead
of density for the above calculations.

Concentration of dominance (cd) was
measured by Simpson’s index (Simpson
1949):

S
cd=% (Ni|N)?
i=1

where Ni and N are the same as for
Shannon-Wiener information function.
The calculations for the species diversity
and concentration of dominance were

. made on individuals >31.5 cm cbh.

Profile diagrams were prepared for
each site following Knight (1963). In
order to include a majority of species in

. the profile diagrams, an area of 200m?*

The relative values of frequency, density |
and dominance were detérmined follow-

ing Phillips (1959). These quantities were
summed to represent IVI of individual
species (Curtis 1959). The ratio of abun-
dance to frequency for different species

was determined for eliciting the distribu-

tion patterns. This ratio indicates regular

i

(0.025), random (0.025 to 0.05) and |
contagious (>>0.05) distributions (Curtis '

& Cottam’1956).
Community coefficients between - diffe-

rent forests were calculated following !
Jaccard (1912) by using IVI data for the |
tree layer and density data for the shrub :

layer.

The tree species -diversity for dxﬁ‘erent _5

forest types was determined - by using .

Shannon-Wiener information function
(H) (Shannon & Wiener 1963):

H___zl (Ni|N) logz (N:/N), :
=

where Ni is the total number of mdlw-

duals of species i, and N is the' total i

was considered suitable. The number of
trees, saplings and shrubs to be included
in the diagram were calculated on .the
basis of their density. Plants of each
species, for the inclusion in the diagram,
were selected from among all trees of
each species actually measured on the
site by using a random table.

The relative canopy index for tree and
shrub layers for each site was calculated
by the following formula (Saxena 1979):

Sum of the lengths of the
strip covered by canopies

Canopy index= Total length of X100
the profile strip

" The quotient of slenderness (SG), for
each site for all tree strata, was calculated
following Brunig and Heuveldop (1976):

SG=nhld,

| where h=average height of the tree (m);
i and d=average diameter
breast height (m). The values of SG for -
i each site were averaged across all tree

of tree at

strata. -
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To represent the population structure
of each tree species the following cbh
classes were established:

Class Range in cbh (cm)

0 to 10.4 (seedlings)
10.5 to 31.4 (saplings)
31.5 to 65.5
66 to 100
100.5 to 134.5
135 to 169
169.5 t0 203.5 |
204 to 238 :
238.5to 272.5

The total number of individuals be-
longing to the above individual girth
classes were calculated for each species
on each site. The number of individuzflls
in each girth class, for each species, was
divided|by the total number of individuals
in all girth classes of that species onl a
site. The resuitant value was multiplied
by 100 to yield percent density for ea?ch
girth class for each species. !

—moOoTmygOw >

j
Results and Discussion |

- Analytic Characters (table 2)

Pinus rcf;xburghii waé the only tree species
on site 1. Among sites 2 .and 3 which had
a preponderance of Quercus Sfloribunda,
the total basal cover (TBC) of this
species as well as of forest was greater
on the former site which was relativély
more protected. On site 2, although
Q. leucotrichophora' had maximum mean
basal cover (MBC) among all species,
due to low values of relative density
(RD) and relative frequency RF), it
assumed an IVI lower than Q, floribunda.
Similarly, on site 3, Ficus Sfoveolata exhi-
bited maximum value for MBC, but
because of its lower RD and RF, it had
an IVI lower than Q. foribunda, Ilex
dipyrena and Q. leucotrichophora,

In terms of IVI, TBC and den-
sity, Q. leucotrichophora followed by
Q. floribunda dominated the 4th site.
Q. lanuginosa was . dominant species
on 5th site. Although Rhododendron
arboreum . on this site had maximum
MBC, on account of its lower relative
density and frequency, this species had
very low 1VI. Q. semecarpifolia had the
maximum TBC on site 6, while the mini-
mum TBC was recorded for I. dipyrena.
Q. semecarpifolia, which had lowest
value for MBC, exhibited greatest IVI,
because of its greater RD and RF.

Thus, the TBC was maximum for
Q. leucotrichophora forest (site 4) and
minimum for P. roxburghii forest (site 1),
and the total density varied from 3.9
(Q. floribunda forest on site 3} to 16.7
plants 100m~2 (Q. floribunda forést on site
2). Although Q. floribunda forest on the

two sites exhibited little difference in-

TBC, tree density was markedly different.
The data on MBC per tree for these sites
indicated that the forest on site 2 was
younger in comparison to that on site 3.
Although Q. leucotrichophora (site 4)
and Q. lanuginosa (site 5) forests exhibit-
ed almost equal density, on account of
higher values for MBC of the dominant
species, the former forest had higher
total basal cover.

The values for TBC and density in
several temperate forests as reported by
different authors vary from 1560 to
5930 cm? 100 m2, and from 3.5 to 20.8
trees 100 m™2, respectively, while in tropi-
cal forests (except for tropical rain
forests) the same ranges from 1073 to
3062 cm?® 100m-2, and from 5.5 to - 11.7
trees 100 m™2 (Saxena 1979). The forest
basal cover (FBC) on the present sites,
thus, was in the range reported for the
temperate forests, whereas density values

overlapped those of the tropical and
temperate forests.
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The tree layer compositibn differed

~markedly among the forests as shown by

.community coefficient values (table 3).
The tree layers of P. roxburghii and
Q. semecarpifolia forests were remarkably

~“different from other forests. This is

-understandable because Q. semecarpifolia

. is a high altitude oak and P. roxburghii

occurred on the lowest elevation in this
study, thus the forests represented by
these two species were very different
from' the others which occupied ‘an over-
lapping altitudinal range. The tree layers,
.in general, were more similar among
Q. Aloribunda (on two  sites) and
Q. leucotrichophora forests. Q. floribunda
forest showed only 549, similarity in the

tree layer, among its two sites; this

was because of greater relative. prepon-
derance of I. dipyrena (IVI=81) and
Q. leucotrichophora (IVI=60) on site 3.
Thus, the forest on site 3 was of a more
mixed nature than the forest on site 2.
The total shrub population varied con-

‘.siderably among the forests (figure 1).’

Q. floribunda forest supported the largest

“shrub population while P. roxbui‘ghii

and Q. semecarpifolia forest were the
poorest in this regard.

In Q. floribunda forest on site 2, the
shrub layer was dominated by Arundmarta
falcata, while on site 3 Boennmghausema‘
albiflora . was dominant (figure 1). In:
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Q. leucotrichophora and Q. lanuginosa
forests, the shrub layer was dominated,
respectively, by Indigofera gerardiana and
Artimisia vulgaris., Daphne cannabina
in Q. semecarpifolia forest and Inula
cappa. in P. roxburghii forest emerged as
dominant shrubs.

A perusal of community coefficient
values for the shrub' layer (table 4) indi-
cates a remarkable degree of dissimilarity
among the different forests (values ranged
from O to 329%,). Perhaps the shrubs are
more sensitive to subtl¢ environmental
differences than the trees.

The total density of saplings and seed-
lings was maximum in Q. floribunda
forest (on site 2) and minimum in
Q. semecarpifolia forest (figure 1). Fur-
ther, Q. lanuginosa, Q. semecarpifolia
and P. roxburghii dominated the sapling
population in their respective forests,
whereas Q. leucotrichophora  and
Q. floribunda (on site 3) forest indi-
cated the dominance of, respectively,

b Sfloribunda and Machilus duthiei sap-
,V]mgs (figure 1). Q. floribunda dominated

the seedling population in all except

EP roxburghii and - Q. semecarpifolia
“forests. '

{ These forests were characterised by a

‘preponderance of contagious distribution
‘and the rarity of regular distribution.

The general preponderance of contagious

R
L .

Table 3 Community coefficients calculated on the ‘blas_is of IVI of tree species for different forests

Forest types Pinus Quercus  |Quercus  Quercus Quercus  Quercus
roxburghii  floribunda - floribunda  leucotri-  lanuginosa semecarpi-

(site 2) = - f(snte 3) chophora folia

Pinus roxburghii 100 o 1o 0 0 0

Quercus floribunda (site 2) 100 - 53.64 54.81 12.85 0

Q. floribunda (site 3) 1100 6418 1322 8.11

Q. leucotrichophora o ‘ . 100 1322 0

Q. lanuginosa B o100 -0

Q. semecarpifolia 5 ' : © 100

F\/:&u Sl
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Table 4 ' Community coeﬁiczems calculated on the basis of density of shrub species under different

M forests- _ .
; Forest types “ Pinus Quercus Quercus Quercus Quercus Quercus H
: : roxburghii floribunda floribunda  leucotri-  lanuginosa: semecar pi-
(site 2) (site 3) chophora : _ folia

i Pinus roxburghii 100 1.6 5.36 2.72 0 0
‘ Quercus floribunda (site 2) 100 12f29 22,14 1494 1“02
g Q. floribunda (site3) | 100 8.96  8.84 14.44
Q. leucotrichophora | 100 31.82 0
i‘ Q. lanuginosa ' ' - 100 0.71

Q. semecarpifolia L \ ‘ 100

Table 5 Numbev of species, diversity index (H) and concentration of dommance (cd) in different . 4

! forests ’
Forest t}'pés . No. Diversity index (H) Concentration of dominance (cd)
I ‘ of ” P "
. . On density On basal On density On-basal
. SPOCIES - bagis - cover basis . basis cover basis
Ea Pinus roxburghii 1 0| 0 - 1.0 1.0
A Quercus floribunda (site 2) 6 0.7053 1.2197 0.7773 0.5874

¥ | B
L Q. floribunda (site 3) 6 1.8294 2.0234 0.3138 0.3190
¥ Q. leucotrichophora 3 1.9280 1,2811 0.4385 0.4462
i Q. lanuginosa \ 4 0.5op2 " 0.4587 0.8489 0.8659
{ Q. semecarpifolia 3 0.3930 0.4827 . 0.849% 0.8310

|
AR .Flgurel Frequency, abundance and densny of shrubs, saplings and seedlings: Obliquely
o hatched bars—frequency of shrubs (A to F) and saplings (G to L); open bars=density of shrubs
b (AtoF) and frequency, of seedlings (G to K), dotted bars=abundance of shrubs (A to F) and
1y } density of saplings (G to L); horizontally 'hatched bars=abundance of saplings (G to L);
{

vertically hatched bars= density of seed'mgs (G to K); and bars dotted with cross marks=
abundance of seediinigs (G 'to K).. Wherever the values were too low to permit visible plotting,

" they are “indicated “in numerals. Frequency values are in percentage, and abundance and
densxty in plants 100 m-2, .

A=Abundance, D.= densnty IC= Inula cappa DC., I(' Indigofera germdzana Wall.. LC=
Laritana camara L., AF= Arundinaria fulcata Nees, RT=Randia tetrasperma Roxb., MS=
Myrsine semzserrata Wall., BL=Berberis Iyuum Royle, SV=_Smilax vaginata Decne, RL= Rubus !
lasiocarpus Smith, DC Daphne cannabina Wall DT = Desmodium titilacfolium Don., BA= }
Boenninghausenia : albtﬂora Reichenb.,, SP= Sarcoccoca pruniformis Lindl., AV =Artimisia
vulgaris Linn,, TR=Teucrium royleanum Wall,, PR=Pinus roxburghii, QF = Quercus floribunda,
CD=Cedrus deodara, ' QLy=Quercus Ieucotrxchophora, CT=Cupressus torilosa, LU=Litsea
umbrosa, ET = Euomynus tingens, AO= Acer oblongum Wall,, M D= Machilus duthiex King,

i

§

i ID=1lex dipyrena, QLg—Quercus Ianugmosa, QS Quercus semecarptfolm ) o f
r

!

|
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130 P K Ralhan, A K Saxena and J S Singh

distribution in = natural vegetation has
been reported by several workers, includ-
ing Greig-Smith (1957), Kershaw (1973)
and Singh and Yadava (1974) According
to Odum. (1971), clumped (contagious)
distribution is the commcnest pattern in
nature, random distribution' is found
only in very uniform eavironments, and
the regular distribution occurs where
severe competition between the indivi-

duals exists. Contagious distribution | species
depends on the (i) local habitat differ-
ences, (ii) daily and seasonal weather .
changes, and (iii) reproductive processes. : . . .

ges, ( ) p p - ration of dominance for certain tempe-

Tree Species Diversity

Although the number of species was,
maximum ,in Q. floribunda forest, the
diversity on density basis was greater in!
Q. leucotrichophora forest where only!
three species were present (table 5). On:
the basis:of basal cover, however, the:
diversity was maximum in Q. floribunda;
forest on sllte 3 (table 5). It may be recal-
led that the diversity index as calculated,
here is not only dependent on number of:

" species but is rather. strongly mﬂuenced

by the equltablllty of distribution of thel
quantity used in calculations, among the|
species present P. roxburghii forest mdl-
cated zero. diversity as the forest was
monospecxﬁc .

Monk (1967) and = Risser and Rice:
(1971) obtained 2-3 as the highest values
for diversity index for temperate forests‘

- In an eastern deciduous forest of Northl

America,” Braun (1950) reported tree
species dlve.rsny between 1.69 and 3.40;
On the other hand, tropical forests indi-
cate higher diversity as calculated by
Knight (1975) for young (H=5.06) and
old (H="5.40) stands. Thus the dlversny
index for different forests in the present
study fall'in the range of values reported
for temperate forests and are markedly

lower than those reported for tropical
forests.

The concentration of dominance was
highest in P. roxburghii forest and lowest
in Q. floribunda forest on site 3. The
higher value for P. roxburghii forest is
in conformity with its being a monospe-
cific forest, while the lower value for
Q. floribunda forest indicates that in this
forest, the dominance is shared by many

Whittaker (1965) and Risser and Rice
(1971) have reported values for concent-

rate vegetation; these range between
0.10 to 0.99. For a tropical forest Knight
(1975) reported an average value of 0.06.
Thus; .the values of concentration of
dominance also fall in the range of values
reported for temperate forests.

The lower diversity and consequently
greater concentration of dominance in
temperate vegetation could be due to
lower rate of evolution and diversification
of communities. (Fischer 1960, Simpson
1964) and severity in the environment

" (Connel & Orias 1964).

. Dominance-diversity curves for the
tree layer (on the basis of IVI) have been
drawn for the present forests to interpret
the community organisation in terms of
resource share and niche space (figure 2a).

‘The curves for all the forests fit the
geometric series which conforms to the
niche pre-emption hypothésis. (Whittaker
1975). The geometric form is often exhi-
bited by vascular plant communities
having low diversity (Whittaker 1972).
P. roxburghii forest indicated single spe-
cies dominance which was also pronoun-
ced in Q. semecarpifolia forest. Among
the oak forests, Q. floribunda forest
indicated relatively greater equitable
share of resources among the various
species. The dominance-diversity curves
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for the shrubs (figure 2b) indicated a
behaviour almost similar to that of the

trees
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Figure 2 Dominance-diversity curves. (A) for
tree layer, (B) for shrub layer.

PR=Pinus roxburghii forest, QF=Quercus
floribunda forest om site 2, QFs=Quercus
floribunda forest on site 3, QLy=Quercus
leucotrichophora forest, QL.=Quercus lanugi-
nosa forest, and QS=Quercus semecarpifolia
forest

.Profile Structure

The profile diagrams for the present
~ forests are included in figure 3. With: the
exception of Q. semecarpifolia forest a
total of four tree strata was recogmsable
although there was much interstratal
overlapping In Q. semecarpifolia forest,
there were only two tree strata. In addi-
tion to the tree strata, there was a shrub,
stratum sheltering, in turn, a layer:of "
herbs. The herb layer, however, is .not
sliown in figure 3.

In A and B Strata, the maximum ave- -
rage tree height occurred in Q. floribunda.
forest (site 2) and minimum " in
Q.lanuginosa forest (table 6). On the other
hand, in Cand D strata P. roxburghii
forest exhibited highest average tree
height and Q. floribunda forest the lowest. -
The average height of the shrub stratum

and Q. semecarpifolia forests, and mini-
mum in P. roxburghii forest (table 6).
The .crowns of all tree strata in all”

i ko ion

' v»'ero‘re.s‘t Vegetasion at Naini Tal 131

forests were deeper than wide. The

proportion of the tree devoted to the

canopy in A stratum -was highest for
Q. leucotrichophora forest (80.1%), in B
stratum for Q. floribunda forest on site 3
(84.3%) and in C and D. strata for the
same forest on site 2 (82.3 and 97.59%,
respectively). In all tree strata, the per-
cent of tree height covered by canopy
was minimum in P. roxburghii forest. In
general, the tree canopy in P. roxburghii,
Q. floribunda (site 3) and Q. lanuginosa
forests were relatively broken and irre-
gular. However, in the latter two forests
the shrub layer provided an excellent
ground cover. The shrub layer canopy
under Q. leucotrichophora, Q. Sfloribunda

and Q. lanuginosa forests was - farr]y'

dense In P. roxburghii and Q. semecar-
pifolia forests the shrub canopres were
irregular and discontinuous.

- The total canopy - index of the tree
layer was highest for Q. floribunda forest
on site 2 and lowest in the same forest

- on site 3. Q. semecarpifolia forest. exhi-

blted lowest shrub canopy index and
Q lanuginosa forest the highest.

--| According to Kittredge (1948), Trimble

a'nd Weitzman (1954) and Lull (1964), a

.forest having a multilayered canopy with

greater canopy index and depth, and well
developed forest floor will be more pro-

‘tective for soil and water in comparison
5 tp a forest which has fewer layers and
' l_iower' canopy index. The site will be less
‘”p:rOtective if all the trees are confined

only to the tallest stratum with their
cfanopies concentrated at the top. How-:
ever, if the top-layer trees are supported
By deep and dense canopies in lower
strata the site will be more protective.

aBy keepmo this in mind, the relative
was maximum in Q. leucotrichophora

protectlve value of different forest types

: could be graded in the order:

- Q. floribunda (site 2) > Q.. leucotri-
chophora > Q. floribunda (site 3) >
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|. Figure 3 Profile diagrams (A4) Pinus roxburghii forest, (B) Quércus floribunda forest on site 2, I( C) Quercus

ﬂoribimda forest on site 3, (D) Quercus leucotrichophora forest, ( IE ) Quercus lanuginosa forest and (F) Quercus

semecarpifolia forest. The scale on the y-axis is for the height and the scale on x-axis represents width of
canopy. [Each diagram represents an area of 200 m? The inset diagrams in Fig. 3 B to 3 E represent mainly

the 'shrub magnified from the respective main diagrams for an drea equivalent to 15,7 m? '

For explanation of the abbreviated names of the species see vﬁ_gu're'l. The additional species are: RA=

.
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Q. lanuginosa > Q. semecarpifoliq > smallei'_(Bninig & Heuve]dpp 1976). On for
P. roxburghii, Additionally, with regard the basis of wind resistance of trees ‘
to water conservation, Gupta (1980), on (table 6), the present forests could be
the basis of potential evapotranspiration  graded as follows: ‘ : S
data for juvenile stages of forest species Q. semecarpifolia ~> 0. floribunda
(Dabral 1970) which indicated, that the - (site 2) > O.'lanuginosa =>'Q. floribunda
amount of water consumed per gram of (site 3) > o, leucotrichophora ~
dry matter production js maximum for P, roxburghii. During a massive wind
pines out of all the species studied, has storm in April, 1981 thousands of
argued that the large scale pine planta: P, roxbirghii trees were knocked down
tions may have - adversely affécted. ‘the  in this area within one night confirming
streamflow in the Himalayas. Evidently, _their low wind stability. Most of these
broad-leaf canopies will be much: more _trees broke at the point where they had
, appropriate for maintaining thé water- been tapped for resin; Saxena (1977) has
sheds in a healthy condition. \ earlier §reported on the. severity of cuts
The quotient of slenderness is related made for:resin tapping, Ini .view of the
with wind stability of trees; the wind  above jt would be appropriate to. investi-
stability is higher if the value of SG js gate fur!the: the proper stocking density
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for P. roxburghii to maximise wind
- resistance and more appropriate resin

tappmg technology.

Population Structure

The population structures of various tree
species occurring in different forest types
‘are. given in figure 4. From these, the
followmg common patterns could be

. recognized. One pattern of population,
~ structure is represented by Q. floribunda

in Q. floribunda and Q. leucotrichophora
“forests, with a greater proportion of indi-
viduals in seedling stage compared to
larger girth classes indicating frequent
reproduction  (Knight 1975). Another

pattern is exemplified by Q. leucotrichop-
their

hora and Q. semecarpifolia in
respective forest types having most of
the individuals in

with absence of seedlings.
Werner (1976) stated that if such a trend

" continues, the population is on the‘way
- to extinction. The population structure

of certain species (e.g. M. duthiei in

Q. floribunda forest on site 3) is charac- -

terised by the presence of seedlings and
saplings only. This structure indicates

[ that species could be recent invader and

- .. Population structures of Litsea umbrosa’

and Cupressus torulosa in Q. floribunda
forest on site 2 illustrate that these spe-
cies reproduced in the past but have
stopped doing so in recent years.
P. roxburghii forest is comprised of a
monospecific stand in which P. roxburghii

is represented both by seedlings and -

saplings.

Thus, Q. floribunda represents ‘an

expanding population, Q. leucotrichop-

hora and Q. semecarpifolia had stabilized

* populations in the past but may disappear.

from these sites in near future,

intermediate girth -
classes and a decreasing population both
+ towards higher and lower girth classes .
v Benton and .

derstorey - plants),
-leucotrichophora  fall

.
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L. umbrosa and C. torulosa were recruit-
ed in the ecosystem in the past but have
stopped regenerating, and M. duthiei on
site 2 may increase in future.

-The data on population structure can
be interpreted to show the future trend
in species composition. Thus, the compo-
sition of P. roxburghii forest will remain
the same, on the other hand, in
Q. leucotrichophora forest, Q. leucotri-
chophora and Rhododendron arboreum
may disappear from the forest,
Q. floribunda may emerge as a dominant
species. In Q. floribunda forest, I. dipyrena
and M. duthiei on site 3 may become
codominants with Q. floribunda while on
site 2 Q. floribunda will expand further.

- Similarly, Q. floribunda in Q. lanuginosa

forest may become codominant with
Q. lanuginosa. In Q. semecarpifolia forest,
the: complete absence of seedlings of any
spemes poses the danger of complete
repllacement of this forest by a scrub or
a grassland vegetation. Although this
study is based on a limited area, the

absence of "adequate ' regeneration of

Q. semecarpifolia and Q. leucotrichop-
horg particularly that of the latter, as
discussed above, poses interesting ques-

' tlons i.e., why Q. leucotrzchophora which
1 - developed climax forests in the past is
“may become a canopy species later om.. .

reducmg its regeneration giving way to
0. ﬂorzbunda? Have there been subtle
changes in the ennviroment recently

“causing this shift? Studies of N. Upreti

and'S. P. Singh in this laboratory (perso-
nal | communication) indicate that the
mathre seed of Q. floribunda largely
fall | to the ground during August-
October and the ensuing seedlings get

'sufﬁment residual moisture as well as

prot__ectlon (due to good growth of un-
while those of Q.
mostly _during
December-March when soil moisture is

, very httle and temperature is too low for

while .




germination. Additionally, the seeds of
Q. leucotrichophora get more heavxly
infested by Calandra glandium Marshall
resulting into a marked .reduction in
viability. What were the factors which
compensated in the past for the apparent
discordance in the timings of seedfall-
‘germination and avallablhty of optimal
soil moisture and temperature conditions
in the case of Q. leucotrichbphora? Or, is
it that the vegetation follows a long-term
pattern of cyclical changes wherein the
dominants are replaced and re-replaced
by one another? Answers to these ques-
tions would hopefully emerge from future

long-term - researches covering a much

larger area.

In conclusion, Q. leucotrichophora
forest had maximum basal cover.
Q. floribunda forest .exhibited the largest
shrub populatlon while P, roxburghii
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