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Abstract: Changes in population structure and plant
functional traits across environmental gradient in the
near natural treeline is a critical determinant of
environmental changes in treelines. In this study we
analyzed population characteristics and leaf traits of
Rhododendron campanulatum across treeline
ecotone in a trans-Himalayan region of Mustang
district in central Nepal. Along 4 vertical transects, a
total of 72 quadrats (5 m x 5 m) - 34 above Betula
utilis treeline and 38 below treeline - were sampled to
analyze the population structure, regeneration,
specific leaf area (SLA) and leaf-stem relationship of
R. campanulatum. Our results showed that the
regeneration of R. campanulatum was fairly good in
both habitats, as evident from density-diameter curve.
The species showed type III survivorship curve in
both habitats with the highest mortality during early
stage of life. However, the seedling density and
mortality was higher below treeline than above
treeline. Canopy cover and basal cover were found to
be the major factors affecting regeneration, as
indicated by higher number of juveniles in relatively
open areas above treeline. The total leaf area
increased (p <0.001) with stem cross-section area in
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both habitats. However, the SLA was higher below
treeline (55 cm2/g) than above (47 cm2/g) (p < 0.001);
it also increased with the canopy cover of trees (R2 =
0.59, p <0.001) below the treeline. In conclusion,
high density of juvenile, low mortality of seedlings,
and low SLA above treeline indicated that the species
has successfully adapted in climatically stressful
alpine habitat with potential to expand upward.

Keywords: Rhododendron; Climate change; Life
table; Mortality; Specific leaf area; Mustang district

Introduction

Many studies dealing with demography of
trees found that treeline species showed increased
seedling and juvenile density, improved growth
rate with better adaptation at higher elevations in
response to warming temperature (Hofgaard 1997;
Korner 1999; Harsch et al. 2009; Gaire et al. 2016;
Tiwari et al. 2016). The demographic response of
plant population deals with statistics of
recruitment, mortality, population structure,
regeneration, and this is the major tool to predict
the stability and trends of plant population in



future (Harper and White 1974; Forbis 2003;
Lauenroth and Edler 2008). In response to
warming temperature, increase in density of tree
species in treeline ecotone is anticipated prior to
upslope shift of treeline (Rauh 1978; Hofgaard
1997). The key stages of population development
can provide the population structure and viability
of species in the particular community which
ultimately shows the regeneration patterns (Boyce
1992).

Plants growing in higher elevations are
adapted to low temperature with decreasing height
and specific leaf area (Paulsen et al. 2000; Westoby
and Wright 2003). Decreasing diameter and height
with increasing elevation are dominantly caused by
the corresponding decline in temperature
(Schickhoff 2005). At cooler temperatures
production of adenosine triphosphate (ATP) is low
and photosynthetic products are transferred to
sugar and starch rather than cellulose that limit the
entire growth of plants (Holtmeier 20009;
Tranquillini 2012). Small plant height is beneficial
because it experiences high ground temperature
during growing season (Korner 1999). In addition,
thick bark and high root-to-shoot ratio in mountain
plants enable them to tolerate low temperature and
resource scarcity (Mooney and Billings 1960; Scott
and Billings 1964; Sakai and Larcher 1987;
Frejaville et al. 2013). However tree growth in
higher elevation could also be decreased by
warming induced seasonal drought (Cook et al.

2003; Dawadi et al. 2013; Liang et al. 2014; Qi et al.

2015; Gaire et al. 2016; Tiwari et al. 2016).

Climatic treeline ecotones are ecological zone
of transition marked by a change in site conditions
and vegetation which are mostly considered as
indicators for the study of landscape response to
global climatic change (Holtmeier 2009; Korner
2012; Tranquillini 2012). Among the climatic
factors, temperature is the most influencing factor
of alpine treeline that limits the growth and
regeneration of species (Korner, 1999; Holtmeier
and Broll 2007; Harsch et al. 2009). Low
temperature in the sub-alpine forest resulted in
less number of tree and shrub species; this is the
reason for significantly high importance value
index (IVI) of few species (Lei et al. 2002; Shrestha
et al. 2007) and these few dominant species form
continuous population along elevation gradient.

Rhododendron (Ericaceae) is an important
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genus of mountain vegetation in Nepal Himalaya
which can be found from ca. 1500 m asl with
subtropical climate to >5000 m asl with nival
climate (Milleville 2002). Life form of this genus
also ranges from a tall tree (Rhododendron
arboreum Sm., height reaching up to 16 m) to a
miniature shrub (Rhododendron nivale Hook. f.,
height 15-30 cm). In spite of diversity and socio-
economic importance only a few studies have
examined the regeneration and functional traits of
this taxon (e.g. Ranjitkar et al. 2013; Schwab et al.
2016; Biirzle et al. 2018). Among 32 species of
Rhododendron found in Nepal Himalaya
(Rajbhandari and Watson 2005); Rhododendron
campanulatum D. Don. (Vernacular name: Chimal)
constitutes an important element in treeline
ecotone (Schwab et al. 2016, 2017). It is a shrub or
sub-tree which extends its distribution from 2800
m to 4400 m asl from Kashmir to southeast Tibet
and all over the Nepal Himalaya except in some dry
areas of Trans-Himalayan regions (Polunin and
Stainton 1997). It is a major understory component
of sub-alpine forest forming pure stand above
treeline but sometimes associated with Junipers,
Rhododendron campylocarpum Hook.f. etc. In
lower elevations it is erect attaining height up to 8
m and stem diameter to 30 cm but towards upper
limit the plant is creeping with short stature
(Milleville 2002; Ohba et al. 2008).

A few studies have examined the population
structure and regeneration of R. campanulatum on
the southern declivity of the Himalaya in eastern
and central Nepal (e.g. Schwab et al. 2016; Rana et
al. 2017). In Rolwaling valley in eastern Nepal,
Schwab et al. (2016) reported a good regeneration
of this species (inverse J —shaped density diameter
distribution) with very high density of recruits (<7
cm diameter at breast height) in treeline ecotone
(5434-6360 stem/ha) compared to the closed-
canopy stands far below treeline (960 stem/ha).
Another study showed an increasing density of
younger individuals of R. campanulatum with
substantial expansion to higher elevation in
Manaslu Conservation Area of central Nepal (Rana
et al. 2017). However, the population structure and
regeneration of this species is not known in the
Trans-Himalayan region with rain shadow effect.
Furthermore, none of the earlier studies has
analyzed the changes in leaf traits of this species
across treeline ecotone. Since the pattern of plant
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functional trait changes along environmental
gradient can be a reliable predictor of community
response to climate change (Guittar et al. 2016),
analysis of plant functional traits along with
population characteristics can give better insight
than studying the population characteristic alone.
Therefore, we aimed to 1) compare population
characteristics  (population  structure  and
regeneration) and leaf traits of R. campanulatum
above and below the treeline, and 2) understand
adaptive changes of population characteristics and
leaf traits in the contrasting habitats of treeline
ecotone. For this study, we selected the north-east
facing treeline ecotone of Mustang district in
central Nepal.

1 Materials and Methods

1.1 Study site

The study area (Lat. 28.613°-28.600°N, Long.
083.580°-083.593°E) is located at Mustang district
(Kaligandaki river wvalley) of Annapurna
Conservation Area in north-central Nepal (Figure
1a). Mean annual precipitation is 1390 mm (at
2384 m asl, Lete station) and mean annual
temperature is 11.28°C (DHM 2013). Some small
glaciers are present at higher elevations
predominantly on north facing slopes. The
Kaligandaki river valley is situated at ca. 2700 m
asl, and mountain peak reaches upto 8167 m asl
(Mount Dhaulagiri -the seventh
highest mountain in the world).

Betula utilis D. Don forms diffuse treeline
(sensu Harsch et al. 2009) in the study area. This
area is usually covered with snow during winter
season (November to April). In the lower parts
(2000 to 3000 m asl) Pinus wallichiana A.B. Jacks
and Tsuga dumosa (D.Don) Eichler forest is mixed
with other broad leaved species such as Aesculus
indica (Wall. ex Cambess.) Hook., Juglans regia L.,
Rhododendron arboreum etc. Abies spectabilis
(D.Don) Mirb. and B. utilis forests are dominant
between 3000 to 3700 m asl, and the understory is
dominated by R. campanulatum around treeline
(~3700 m asl) followed by Sorbus microphylla
(Wall. ex Hook.f.) Wenz. R. campanulatum was
present as continuous treeline vegetation on moist
sites. Above treeline, alpine tundra vegetation was
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dominated by dwarf shrubs; these include R.
campanulatum, R. anthopogon D.Don and
Cassiope fastigiata (Wall.) D.Don. Medicinal plants
such as Dactylorhiza hatagirea (D.Don) Soo.
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Figure 1 Geographical location of the study area;
Mustang district, Nepal (a), contour map (each contour
= 40 m) with transects (b). Close photograph of treeline
ecotone and segment of transects with position and
direction (c).



(Protected species in Nepal), Neopicrorhiza
scrophularifrora (Pennell) DY Hong.,
Nardostachys grandiflora DC. were also present in
the alpine meadow (3500-4000 m asl). The area has
been influenced by various human activities such as
grazing, extraction of fuel wood, and medicinal plant
collections (including Ophiocordyceps sinensis
(Berk.) G.H. Sung, J.M. Sung, Hywel-Jones &
Spatafora) and those activities are usual in summer
season (May-October).

1.2 Field sampling and lab works

Field sampling was conducted during monsoon
season in September 2014. Additional information
such as photographs, size of the smallest fruiting
individual of R. campanulatum, and lower
elevation limit of the species were collected in 2015
in the same season. Four vertical elevation
transects (T1-T4) were established at horizontal
distance of at least 300 m intervals with treeline
position at 3953 m, 3920 m, 3775 m and 3984 m
asl, respectively (Figure 1b, c). Slightly depressed
treeline position of third transect (3775 m asl) was
possibly due to its’ position in windward side
(Holtmeier 2009). In these vertical transects
altogether 72 plots (smx5m) were sampled
between 3700 m to 4070 m asl. The sampled sites
lie between 28.61°N-28.59°N latitude and
083.58°E-083.59°E longitude with slope between 9°
and 35°. All the sampled transects were in the
North-East aspect because other sites were
inaccessible. In each transect 18 plots (8 above and
10 below treeline in T1 and T2 and 9 each above
and below treeline in T3 and T4) were sampled.
Less number of plots above treeline in T1 and T2
was due to the less expansion of the species above
treeline than in other transects (T3 and T4). The
surface distance between adjacent plots was 15 m,
and a buffer zone 7.5 m was left in each side just
above and below the treeline. The treeline was
determined according to Korner (1999) which was
the upper limit of tree species with a dominant
stem that reaches a height of at least three meters
(=3 m). Elevation, aspect and slope were measured
by using Altimeter and Clinometer, respectively.
Highly disturbed and rocky places with steep slope
(>35°) were avoided from sampling which resulted
to unequal length of transects.

In each sampling plot, all individuals of R.
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campanulatum were recorded. The individuals less
than 20 cm height were considered as seedlings,
individuals with height >20 c¢cm but basal diameter
(at 20 cm above ground) <4 cm were considered as
juvenile because the smallest fruiting individual
recorded had 4 cm basal diameter. Individuals
with >4 cm basal diameter were considered as
adults. Basal diameter of adults was measured at
20 cm above the ground by using diameter tape.
Canopy cover of tall trees (Betula utilis, Abies
spectabilis) was recorded by visual method.

Leaf and twig samples of R. campanulatum
were collected for leaf trait analysis from 67 plots;
suitable individual for sampling were absent in the
remaining 5 plots. During sampling, a healthy adult
individual was selected from each plot and a twig
containing at least three healthy mature leaves
were sampled from sun facing side. Diameter of the
sampled twig was also measured just below the
ultimate whorl of leaves by vernier caliper (0-150
mm) to analyze the relationship between stem
cross-section area and total leaf area. Length
(excluding petiole) and breadth at the widest part
of all fresh leaves were measured. Among these
leaves, outlines of 30 leaves (15 from above treeline
and 15 from below treeline) were drawn in A4 size
paper (70 GSM; Paper One Company Ltd.
Indonesia). The sampled leaves were kept in
between newspaper using herbarium press and
brought to lab for the determination of dry mass
following Cornelissen et al. (2003). The leaves were
kept in hot air oven at 80'C for 72 hours and
weighed using digital balance (0.001 g).

1.3 Data analysis

Population of R. campanulatum was divided
into seedling, juvenile and adult (Table 1). Adults
were further categorized to the basal diameter size
classes of 4-<8 ¢m, 8-<12 ¢m, 12-<16 cm and so on.
Table 1 Density of different life stages of R.
campanulatum above and below treeline
Density (stem/ha)

3 *
e g Above treeline Below treeline p
Seedlings 11762+ 3.36  3968P + 1.13 0.00029
Juveniles 4822 + 1.12 389b +1.17 0.032
Adults 18002+ 2.30 2969P+3.88 0.034
Total 34582+ 3.34 7326+ 3.93 0.0001

*p values are based on Z-test. The mean values sharing
different superscript letters in each row indicates the
significant difference.
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Basal cover of R. campanulatum in the sampling
plot was calculated by adding the basal cover of all
individuals present in the plot and was expressed
as the percentage of the area sampled. Based on
population structure, life table and survivorship
curve were prepared following Zhang et al. (2008).
In life tables (Table 2), a. = total number the
survival individuals; I, =proportion of individuals
surviving from the beginning to size class x or l=
(ax/ae)x1000; dy = number of dead individuals
from size class x to x+1 or dy = A Qvn; Qx =
mortality from x to x+1, or gx= dy/ l; L = the mean
number of survival individuals from size class x to
x+1 or Ly = (I + Lw)/2; Tx = Total number of
survival individuals from size class x or Ty = YL,
and e, is the life expectancy at size class x or ex =
T./L.. Mortality (q.) and life expectancy (e.) of each
size class were determined from life tables. The
paper cut-out of the 30 leaves was weighed to
calculate area of each leaf (Cornelissen et al. 2003).
A correction factor was determined using following
relations: Correction factor = leaf area/(length x
width). The leaf area correction factor for above the
treeline was 0.7402 + 0.0063 (Mean + SD) and for
below the treeline was 0.729 + 0.00385. Since
there was no significant difference in two
correction factors (t-test, df= 28, and p = 0.129),
their mean was used for further analysis. For rest
of the leaves, the area was obtained by multiplying
the product of length and width by the correction
factor obtained as above. For each twig, total leaf
area was obtained as the sum of area of all the

leaves. Twig diameter was used to calculate stem
cross section area. The specific leaf area (SLA) of
each leaf was obtained as the ratio of leaf area to
dry mass (Cornelissen et al. 2003).

The data were tested for normality (Shapiro-
Wilk test; alpha level 0.05) before performing
statistical analyses. The SLA and stem cross section
area were square root and log transformed,
respectively, in order to meet the assumption of
normality. The values of stem basal cover did not
meet the assumption of normality. Therefore,
regression was not performed and only scattered
diagrams have been presented to show the
variation of density of seedling and juvenile with
stem basal cover. Densities of seedling, juvenile
and adult above and below treeline were compared
by Z-test. Similarly, area of individual leaf and the
SLA of above and below treeline were also
compared by Z-test. Variation of the SLA with tree
canopy cover and that of total leaf area with stem
cross section area were analyzed by linear
regression. All statistical analyses (e.g. t-test, Z-test,
regression etc.) were carried out using Statistical
Package for Social Science (SPSS, version 16.0.0).

2 Results

2.1. Population structure and regeneration

Rhododendron campanulatum was present in
all sample plots above and below treeline. Seedling,

Table 2 Life table of R. campanulatum above and below treeline. See method section for description of each variable

calculated.

Size class (cm) ax Lx
Seedlings 1176 1000
Juveniles 482 409.86
4-<8 683 580.78
8-<12 341 289.96

Above treeline 12-<16 318 270.40
16-<20 153 130.10
20-<24 59 50.17
24-<28 47 39.96
>28 (o} (o}
Seedlings 3968 1000
Juveniles 389 98.03
4-<8 842 212.19
8-<12 979 246.72

Below treeline 12-<16 390 98.28
16-<20 422 106.35
20-<24 179 45.11
24-<28 116 29.23
>28 32 8.06
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dx qx Lx Tx €x
590.13 0.59 704.93 2271.25 2.27
-170.91 -0.41 495.32 1566.32 3.82
290.81 0.50 435.37 1071.01 1.84
19.55 0.06 280.18 635.62 2.19
140.30 0.51 200.25 904.45 3.34
79.93 0.61 90.13 155.18 1.19
10.20 0.20 45.06 65.05 1.29
39.96 1 19.98 19.98 0.5
0] 0] 0] 0] 0]
901.97 0.90 549.01 1344.01 1.34
-114.16 -1.16 155.11 794.98 8.11
-34.52 -0.16 220.46 639.86 3.02
148.43 0.60 172.50 410.41 1.66
-8.06 -0.08 102.31 237.90 2.42
61.23 0.57 75.73 135.58 1.27
15.87 0.35 37.17 59.85 1.32
21.16 0.72 18.64 22.68 0.77
8.06 1 4.03 4.03 0.5
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Figure 3 Population pyramids of R. campanulatum
above and below treeline.

juvenile and adult were present in 70%, 100% and
60% sample plots, respectively above treeline, and
90%, 85% and 100% sample plots, respectively,
below treeline. In the population of R.
campanulatum, the proportion of juvenile and
adult were higher above treeline than that of below
treeline but the proportion of seedling was higher
below treeline than of above (Figure 2a). Density of
seedling and adult below treeline were 3.37 and 1.
65 times higher (p= 0.00029 and 0.034, Z-test),
respectively, than above treeline but the density of
juvenile was 1.24 times higher above treeline than
below treeline (p= 0.032, Z-test) (Table 1).

The density-diameter (d-d) curves of adult R.
campanulatum showed a general decline in density
with increasing diameter class, suggesting a good
regeneration in both habitats (Figure 2b). However,

40 -
e ]
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e 304 ® Seedling below treeline
; . % Juvenile above treeline
% . ¥ Juvenile below treeline
= L]
3 20 o
= L]
= L I ] °
5 . °
a ‘. ®
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= ) Y
A1 *" .
Bgaas. ¢ -
0+ vy w v
T T T T T 1
0.0 0.4 0.8 1.2 1.6 2.0

Stem basal cover (%)

Figure 4 Scatter diagrams showing the variation of
seedling and juvenile density of R. campanulatum with
basal cover.

the density was higher below treeline than above
for all size classes. Population pyramids also
showed more individuals in lower size class
(seedling) and decreasing towards higher size
classes in both habitats (Figure 3). Population
structure of above treeline habitat was relatively
stable than below treeline, as evident from the
higher percentage of individuals in the
intermediate size classes above treeline compared
to below treeline. Stem basal cover of the species
was 0.185% and 0.445% in above and below the
treeline, respectively. There was no significant
effect of stem basal cover on the density of
seedlings and juveniles of R. campanulatum both
above and below treeline (Figure 4). However,
seedling and juvenile were almost absent below
treeline when basal cover reaches >1.3%. But above
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Figure 5 Survivorship (Ix) curves based on life tables (Table 2) (a) and stem mortality in field condition (b) of R.

campanulatum.

treeline, seedling and juvenile were present in the
plots having basal cover even up to 1.83 %.

2.2 Mortality and survivorship curve

Mortality (g.) of seedling was 59% above
treeline and 90% below treeline (Table 2), which
became the first death peak during the population
development. In both habitats, the juveniles
exhibited the highest life expectancy (ey).

The survivorship curve of R. campanulatum in
both habitats was close to Deevey-III (sensu
Deevey 1947) (Figure 5a), which showed a high
mortality of seedlings with only 41 % and 10%
survival above and below treeline, respectively. The
mortality of all size classes was lower (i.e. high
survivorship) above the treeline than below. Dead
stem density of R. campanulatum was higher
below treeline in all size classes (Figure 5b).

2.3 Leaf characters

Area of the individual leaf of R.
campanulatum was higher below treeline than of
above treeline (46.08 cm2 + 1.38 vs. 38.85 cm? +
1.30; p = 0.035; Z-test). The mean specific leaf area
(SLA) of R. campanulatum was 51.44 + 1.09 cmz2/g
and it was higher below treeline (54.67 + 1.37
cm2/g) than above (47.05 + 1.42 cm2/g) (p =
0.0003; Z-test). Below treeline, the SLA of R.
campanulatum increased (p <0.001) with
increasing canopy cover of trees (Figure 6). Total
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leaf area supported by a stem increased (p <0.001)
with increasing stem cross-section area in both
habitats; however, the increase in leaf area per unit
increment of stem cross section area was lower
above treeline than below (Figure 7).

3 Discussion

Population structure of Rhododendron
campanulatum across treeline ecotone revealed
that the regeneration potential of this species was
higher above treeline than below, with the
possibility of further upslope shift in response to

10

9. »=0.026x +6.132
R*=10.586
p<0.001,n=38

2)

\/Spucilic leaf area (cm?/

5 T T T T T T 1
10 20 30 40 50 60 70 80
Tree canopy cover (%)

Figure 6 Regression analysis showing variation in
specific leaf area (SLA) of R. campanulatum with tree
canopy cover below treeline.
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treeline).

climate warming. Higher density of juvenile above
treeline compared to below treeline clearly showed
the potentially higher regeneration of R.
campanulatum in alpine habitat near treeline. This
was also corroborated by lower mortality of
seedlings above treeline (59%) than below (90%).
The higher regeneration of R. campanulatum
above treeline and relatively low regeneration
below treeline was also reported in the treeline
ecotone of Manaslu Conservation Area in central
Nepal (Rana et al. 2017). Dense krummbholz of this
species has been found to have controlled the
upslope migration of other tree species (Schwab et
al. 2016). Increase in density of individuals of tree
species (i.e. densification) is likely to precede
upslope shift of treeline in response to climate
warming (Rauh 1978; Hofgaard 1997). A similar
densification of tree species in treeline ecotone in
response to climate warming has been also
anticipated in eastern Himalaya (Sikkim, India)
(Pandey et al. 2018). These processes may lead to
the expansion of woody vegetation at the cost of
grasslands in alpine habitats. The encroachment of
shrubs in the grasslands changes the structure and
functioning of ecosystem and facilitates for the
further encroachment (Eldridge et al. 2011). These
encroachment processes in the grassland are also
considered as the part of successional process and
decreasing disturbance patterns (Sharma et al.
2014).

Plant regeneration and survival in treeline
ecotone is often constrained by low temperature
and snow characteristics (Whitmore 1989;

Tranquillini 2012). Ongoing global warming is,
however, expected to alleviate this temperature
constraint at present day treeline ecotone (Korner
1999; Harsch et al. 2009). In addition to climate,
biotic interaction is also an important factor
affecting regeneration in treeline ecotone (Liang et
al. 2016; Schwab et al. 2017). Density of particular
species in alpine life can greatly be enhanced by
neighboring plant species in the community
(Choler et al. 2001) but they are dependent mostly
in life histories and stress factor (Maestre et al.
2009).

Population pyramid of R. campanulatum
showed an expanding nature of its population with
significant number of individuals in all size classes.
However, the population pyramid of R.
campanulatum below treeline revealed a very high
density of seedlings but the individuals in other
size classes were very low. This kind of population
structure has been also reported in central
Himalayan Quercus floribunda Lindl. ex A. Camus
and Pinus roxburghii Sarg. (Saxena and Singh
1984). Disproportionately high density of seedling
compared to larger size classes indicates frequent
reproduction but low survival of seedlings. The
high seedling mortality of R. campanulatum can be
attributed to high light interception by tree canopy
below treeline (Marchand and Chabot 1978; Lei et
al. 2002; Castro et al. 2004; Shrestha et al. 2007).
The density of seedling and juvenile individuals of
R. campanulatum in the study site were higher in
relatively open area but did not show any
significant relationship with the stem basal cover.
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However  seedling  establishment of R.
campanulatum in a Himalayan treeline ecotone
was found to be favored by bryophyte mats with
mean site cover 80% (Biirzle et al. 2018). Some
studies also suggested that seedling mortality in
the higher elevations is often correlated to the low
temperature and drought during cold winter that
lead to the high mortality of seedlings in the
relatively open area (Marchand and Chabot 1978;
Coates 2002; Castro et al. 2004). However, our
data revealed that seedling mortality of R.
campanulatum was lower in relatively open area,
i.e. above the treeline (Figure 4, Table 2). Due to
presence of tree canopy, light reaching to ground
vegetation is low below the treeline than above
where trees are absent. But the ambient
temperature is expected to be higher below treeline
than above. Therefore, our data suggests that
seedling mortality may be more dependent to light
than to low temperature within the current treeline
ecotone region. However, this assertion needs
further evaluation by monitoring individual
seedling in field experiments.

Regeneration of R. campanulatum might have
been affected by the occurrence of dwarf shrub R.
anthopogon above treeline. The patches of R.
anthopogon may provide safe and warm
environment for the seedling recruitment of R.
campanulatum, in a way similar to the report of
Cavieres and Badano (2009) in high Andes. This
facilitative role of R. anthopogon could be a reason
for more frequent occurrence of R. campanulatum
seedling and juvenile within R. Anthopogon
patches than in open sites observed during
sampling. Biirzle et al. (2018) has also emphasized
the positive role of safe sites for successful
regeneration of R. campanulatum in the
Himalayan treeline ecotone. Furthermore, other
factors such as stand conditions (e.g. basal cover,
stems density, canopy gap), wild animals,
pathogens, human disturbance, etc., regulate the
plant regeneration in the sub-alpine and alpine
regions (Whitmore 1989; Singh and Singh 1992;
Tang and Zhai 2004; Tranquillini 2012).

According to the local people and our field
observations the treeline of study site was
disturbed by two human activities; grazing and the
medicinal plant collection. The above treeline
habitat was mainly disturbed by livestock grazing
while the below treeline forest was disturbed by
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humans during firewood collection. Selection of R.
campanulatum as the best and easily harvestable
firewood could be a reason for the unusual density-
diameter curve for below treeline. These
anthropogenic disturbances are considered the
major factors to control the plant regeneration
(West et al. 1981) and woody plants are likely to be
affected more by such disturbances than other life
forms (Evju et al. 2012). However, in disturbed
sites around treeline some woody species such as
Rhododendron can regenerate fairly high (Saxena
and Singh 1984).

Life tables provide the information on the
mortality of population to predict the future
population structure of the stand (Zhang et al.
2008). The survivorship curve of R.
campanulatum prepared from life table was close
to Deevey-111 with a peak of mortality in the stage
of seedling. Life expectancy reached the peak at
juvenile’s stage in both habitats above and below
treeline (Table 2). In general species which follow
the survivorship curve of type III are called r-
strategists (Pianka 1970; Singh et al. 2006). R.
campanulatum showed some characters of r-
strategies such as small seed size, pioneer in
succession and follow the type III survivorship
curve. On the other hand it showed some
characters of k-strategists such as density-
dependent mortality, slow growth, and long life
span (Singh et al. 2006). Due to these common
characters of r-strategists and k-strategists, R.
campanulatum therefore can be categorized as
stress tolerant (Grime 2006). Hence, mixed life
strategy, higher proportion of juvenile and adult,
and lower seedling mortality above treeline showed
that the species has been successfully adapted to
the environmental conditions above treeline.

Leaf traits of R. campanulatum measured in
the present study across treeline ecotone showed
that the plant can adjust them according to the
environmental conditions. Below treeline, R.
campanulatum grows as understory element
where light intensity as well as evapotranspiration
is generally lower but temperature is higher than
above treeline (Coates 2002; Castro et al. 2004).
Leaf number, leaf size, twig length and diameter
are the key parameters for the study of plant
adaptation in the particular habitat (Sun et al.
2006). These parameters generally decrease with
increasing elevation and environmental stresses.



With larger individual leaves, higher increase in
leaf area per unit increment of stem cross sectional
area, and higher SLA below treeline, the species
can maximize carbon assimilation (Lambers and
Poorter 1992; Wang et al. 2017). Plants are
generally adapted by increasing the leaf size in
order to capture the diffused light from relatively
larger area. This assertion is also supported by the
increase in SLA of R. campanulatum with
increasing tree canopy cover in the present study.
Above treeline, the environmental condition is
more extreme with high evapotranspiration and
low temperature associated with high solar
radiation. Under such conditions, survival and
persistence is more important than maximizing
carbon assimilation (Korner 2012). The reduced
SLA above treeline favors the species to survive in
the climatically stressful conditions by reducing
transpiration (Garnier et al. 2001). Low SLA leaves
tend to have longer leaf lifespan, presumably
because stronger leaf reinforcement is necessary to
assure the longer life. In most cases SLA of a
particular plant species depends on the elevation
(temperature), moisture, light and soil nutrients
(Poorter and Jong 1999; Garnier et al. 2001).
Plants in higher elevation of sub-alpine and alpine
regions are generally adapted by decreasing their
leaf size, leading to low SLA (Westoby and Wright
2003; Luo et al. 2005).

4 Conclusions

Success of Rhododendron campanulatum in
different habitats with contrasting microclimatic
conditions can be attributed to adaptive variation
of population characteristics and leaf traits. High
density of juvenile with low mortality of seedling
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