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Abstract

Background: The Himalayan forests are of great importance to sustain the nature and community resource
demands. These forests are facing pressures both from anthropogenic activities and ongoing global climatic
changes. Poor natural regeneration has been considered a major problem in mountainous forests. To understand
the population structure and regeneration status of Larix (Larix griffithiana and Larix himalaica), we conducted
systematic vegetation surveys in three high-altitude valleys namely Ghunsa (Kanchenjunga Conservation Area, KCA),
Langtang (Langtang National Park, LNP), and Tsum (Manaslu Conservation Area, MCA) in Nepal Himalaya. The
average values of diameter at breast height (DBH), height, and sapling height were compared for three sites and
two species using Kruskal-Wallis test. Population structure was assessed in terms of proportion of seedlings,
saplings, and trees. Regeneration was analyzed using graphical representation of frequencies of seedlings, saplings,
and trees in histograms.

Results: The results showed that the population structure of Larix in terms of the proportion of seedling, sapling,
and tree varied greatly in the three study areas. KCA had the highest record of seedling, sapling, and tree
compared to other two sites. Seedlings were the least among three forms and many plots were without seedlings.
We found no seedling in MCA study plots. The plot level average DBH variation among sites was significant
(Kruskal-Wallis x* = 7.813, df = 2, p = 0.02) as was between species (Kruskal-Wallis x* = 5.9829, df = 1, p = 0.014).
Similarly, the variation in average tree height was significant (Kruskal-Wallis y* = 134.23, df = 2, p < 0.001) among
sites as well as between species (Kruskal-Wallis y* = 12801, df = 1, p < 0.001). All the sites showed reverse J-shaped
curve but more pronounced for KCA and MCA. In comparing the two species, Larix griffithiana has clear reverse J-
shaped diameter distribution but not Larix himalaica.

Conclusion: The varied responses of Larix manifested through regeneration status from spatially distinct areas show
that regeneration limitations might be more pronounced in the future. In all the three studied valleys, regeneration
of Larix is found to be problematic and specifically for Larix griffithiana in MCA and Larix himalaica in LNP. To
address the issues of disturbances, especially serious in LNP, management interventions are recommended to
sustain the unique Himalayan endemic conifer.
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Background

The Himalayan forests are important part of nature con-
servation and socioecological systems sustaining moun-
tain livelihoods. The forests investigated in the study are
relatively unique types. Growing in harsh climatic condi-
tions in Himalayan valleys, especially under slow growth
environments of low temperature and moisture availabil-
ity, these forests face challenges in terms of exposure to
natural and anthropogenic disturbances. One of the
major risks to the high-altitude tree species like Larix is
availability of regeneration niche, survival from seed to
seedling and sapling to the tree stage.

High-altitude forests, especially subalpine forests, in
the Himalaya are prone to anthropogenic disturbances
due to severe climatic conditions and high-altitude resi-
dence of local people (Miehe and Miehe 2000; Gairola
et al. 2014). The common anthropogenic disturbances in
these forests include grazing, fuel wood collection, log-
ging, clear felling, extraction of timber, fodder and other
non-timber forest products by the local people (Byers
1996; Carpenter and Zomer 1996; Byers 1997; Kala et al.
2002; Schickhoff 2005; Maren and Sharma 2018). Forests
have traditionally been exploited in the study sites in
multiple ways to maximize economic and social benefits.
Recently, the socioeconomic organization in the high-
altitude areas and public attitudes towards the forest and
forestry have changed dramatically with the growth of
tourism and other recreational activities (Nepal 2002;
Stevens 2003; Sacareau 2009; Neupane et al. 2014; Mu
et al. 2019), and the goals of forest management now ex-
tend far beyond those of the past to embrace the de-
mand for new ecological and recreational functions
(Maren and Sharma 2018; Bhutiya et al. 2019).

Fragility of the Himalayan landscapes and their sus-
ceptibility to natural hazards and concerns about
current and potential climate change impacts are on-
going (Barnett et al. 2005; Tewari and Verma 2017;
Roy and Rathore 2019). The concerns are also
mounting on the loss of biodiversity and threats to
food security (Sharma et al. 2009; Xu et al. 2009).
With the increase in population pressure, natural and
socioeconomic systems in the Himalaya are at threat,
especially with reference to rapid globalization (Roy
and Rathore 2019). A far greater impact of climate
change has been predicted on already-stressed ecosys-
tems of the study area (Sharma et al. 2009).

Understanding the structure and composition of native
forests is a prerequisite in developing an adaptive forest
management plan for Himalayan forest ecosystems
where climate change is rapid (Bhutiya et al. 2019).
Population demography is crucial to understand current
species distribution patterns (Gaston 2009; Purves 2009;
Bell et al. 2013) and to predict their future dynamics
(Pagel and Schurr 2012; Normand et al. 2014). In fact,
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the population structure (age or size) of tree species is a
well-known way to provide valuable information about
the population dynamics (Dang et al. 2010; Dolanc et al.
2012), and regeneration is considered the determinant
factor driving population dynamics at the range limits
(Rickebusch et al. 2007) because the regenerating indi-
viduals of long-lived trees are most sensitive or fragile to
environment variability, particularly extreme events
(Castro et al. 2004).

While seed availability and successful dispersal are
important precursors, germination and seedling estab-
lishment are the critical steps that determine the com-
patibility between the environment and the respective
regeneration. The regeneration niche of trees can be ex-
pected to become constricted under the increasingly
harsh conditions and the substantially different ecosys-
tem properties in the subalpine and alpine areas. On the
other hand, tree species regeneration is a rather stochas-
tic process, difficult to model due to the high variability
in space, time, and nature of the factors involved (Bena-
vides et al. 2016).

In Nepal, trees of Larix occur in scattered stands on
open soils of landslide areas but are certainly trees which
climb as high as treeline ecotone (Miehe and Miehe
2000). Larix griffithiana Carriere (the Sikkim Larch) is a
medium-sized deciduous, coniferous tree native to the
eastern Himalaya in eastern Nepal, Sikkim, western
Bhutan, and southern China. It grows between 3000 and
4100 m altitude. L. griffithiana forms pure stands on the
depositional terraces, loose slopes, and other places
prone to a higher rate of disturbance (Carpenter and
Zomer 1996). L. griffithiana forests of the Kanchenjunga
region are ecologically significant because they represent
the western most extreme for this unique, deciduous
conifer of the eastern Himalaya. L. griffithiana is fairly
common from the Sikkim to South West China and
Kanchenjunga supports the only extensive, pure stands
found in Nepal.

Larix himalaica W. C. Cheng & L. K. Fu (the Lang-
tang Larch) is also a deciduous, coniferous tree native to
the Himalaya growing between 3000 and 3800 m in the
river valleys. Langtang valley is the locus classicus for
the species but it is also found in the valleys on the
northern side of Mount Everest (Bayton and Grimshaw
2020). In Langtang valley, L. himalaica prefers ancient
moraines where it is mixed with bushy Juniperus and
Rhododendron (Sakai and Malla 1981). Consequently,
the Larix is an excellent species for studying impacts of
climatic and anthropogenic influences on high-altitude
trees/forests based on population structure and regener-
ation dynamics.

Larix species in montane and subalpine Himalaya rep-
resent the lowest latitude (southern end) of Larix’s range
(Mamet et al. 2019) and is in need of more studies in
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the context of Nepal with inadequate information on
structure and regeneration. It is mainly because these
species are confined to the central and eastern Himalaya,
especially south and east and distribution of the species
appears to have a very restricted range. Our goal in the
present study was to assess the structure and regener-
ation of the Larix species using field data.

Materials and methods

Study area

Three valleys viz. Ghunsa (Taplejung) in Kanchenjunga
Conservation Area (KCA), Tsum (Gorkha) in Manaslu
Conservation Area (MCA), and Langtang (Rasuwa) in
Langtang National Park (LNP) were selected for the field
studies (Fig. 1).

Table 1 summarizes biophysical attributes of the three
studied valleys. These are high-altitude valleys in the
Himalaya, characterized by upper temperate and sub-
alpine climatic conditions. The valleys are dominated by
upper temperate and subalpine forests mainly composed
of conifers like Larix species, Abies spectabilis, and some
broadleaf species like Betula utilis forming treelines.
These watersheds are traversed by rivers forming major
branches of Koshi and Narayani river systems. The geol-
ogy of these areas is dominated by moraine and alluvial,
coarse and loose sediments of glacial or fluvial deposits.

General climatic conditions are severe winters and
mild summer. Most of the precipitation is received as
snowfall and rainfall is significantly supporting forests
and agriculture practices. Economically, the people rely
on agriculture and animal husbandry system and are
very dependent on natural resources for firewood, tim-
ber, and medicinal plants. They are also engaged in trade
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and tourism related enterprises. Agricultural production
is very limited due to limited agriculture land, lack of ir-
rigation, low temperature for long periods, and low rain-
fall. Crops grown are chiefly potato, wheat, buckwheat,
and vegetables.

As in other parts of the Himalaya, transhumance is
still practiced in all the three study sites. Livestock in-
clude yak and horses and grazing is common practice
throughout the areas. The cattle herds are taken to the
highlands during the summer and are brought back to
the lowland during the winter (Aryal et al. 2014). We
observed signs such as lopping, cut stumps, grazing,
trampling, and droppings. In MCA and LNP, timber
harvesting was observed from the studied forest for the
construction of houses, hotels, and restaurants damaged
by the 2015 Gorkha Earthquake.

Studied forests
The forests investigated in the study are relatively
unique types. Among the three sites, Larix griffithiana
was recorded from two sites, i.e., KCA and MCA, and L.
himalaica from LNP. Growing in harsh climatic condi-
tions in Himalayan valleys, especially under slow growth
environments of low temperature and moisture availabil-
ity, these forests face challenges in terms of exposure to
natural and anthropogenic disturbances. In all the three
study sites, local people practice Tibetan Buddhism.
Poles of Larix are used as stands for prayers’ flag
(Kunwar 2011). The wood of Larix is valued as good
timber and fuelwood (Shrestha 2008).

In KCA, the study site was a 2-h walk from Ghunsa
village. Larix griffithiana here forms pure stands on de-
positional terraces, loose slopes, and other places prone
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Table 1 Biophysical attributes of the three studied valleys
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Attributes

Kanchenjunga Conservation Area (KCA) Manaslu Conservation Area (MCA)

Langtang National Park (LNP)

Location name Ghunsa valley

Geographic coordinates 27°39'388" N, 87° 56" 384" E

Elevation range (m) 3200-3500
Climatic regime Subalpine
Mean annual precipitation (mm) 1920
Number of studied plots 21

Major forest composition Larix griffithiana, Abies spectabilis,
Pinus wallichiana, Tsuga dumosa,
Betula utilis, Rhododendron species,

Juniperus species

Tsum valley Langtang valley (Kyangjin)
27°43"199" N, 85° 21" 522" E 28°12"65" N, 85°31"32.1" E
3200-3700 3300-3800

Subalpine Subalpine

690 689

1 12

Larix himalaica, Pinus
wallichiana, Abies spectabilis

Larix griffithiana, Pinus wallichiana,
Abies spectabilis, Rhododendron
species

to a higher rate of disturbance. It is a charismatic east
Himalayan vegetation type (Chaudhary et al. 2015). The
altitude of varies between 3200 and 3500 m above sea
level (masl). The gymnosperm, Ephedra forms frequent
groundcover along with species of Juniperus and Rhodo-
dendron (Carpenter et al. 1994).

In MCA, the study site was near Lamagaun, about a 2
and half-hour walk from Chhekampaar. The altitude var-
ies between 3200 and 3700 masl. Larix griffithiana here
forms small patches and is associated with Pinus wall-
ichiana and Abies spectabilis. The ground vegetation
consists of thickets of Rhododendron species. In this an-
cient settlement of Tsum valley, the forest is valued for
wood products especially timber for the construction of
houses, hotels, restaurants, and Buddhist temples.

In LNP, the study site was near Mundu about 1 and
half-hour walk from the Langtang valley (Kyangjin). The
altitude varies between 3300 and 3800 masl. Larix hima-
laica is a deciduous conifer common in northern slopes.
It is a pioneer species in landslide and soil-eroded areas.
L. himalaica can survive on the strand, beach of ice
melting streams, and rivers and tolerate the low
temperature and poor nutritional condition (Qiaozhi
et al. 2010). L. himalaica prefers ancient moraines where
it is mixed with bushy Juniperus and Rhododendron.
Sometimes, it associates with Hippophae salicifolia in
soil-eroded areas as a pioneer succession.

Taxonomic description of Larix species

Larix himalaica W. C. Cheng & L. K. Fu is a deciduous,
coniferous species of tree that grows to heights of 50 m
tall with a trunk that measures 100 cm in diameter, mea-
sured at breast height with a conical crown. It is distin-
guished by longer seed cones up to 6.5 cm with different
shaped bracts, mucronate-cuspidate. Young shoots are
lighter in color at yellow-orange (Zheng-yi and Raven
1999; Farjon 2001; http://www.efloras.org/). In Nepal,
the species is reported from the LNP.

Larix griffithiana Carriere is a deciduous coniferous
species of tree that grows of over 20 m tall with trunks
measuring 80cm in diameter at breast height. The
crown is slender conic and the main branches are level
to upswept, with the side branchlets pendulous from
them. Seeds cones are mature to brown or light brown
in color, cylindric or cydric-ellipsoid in shape, 5-11 cm
long and 2.2-3 cm wide. Shoots are diamorphic, and
long shoots are red-brown, light brown, or yellow-brown
in color and 10-50 cm long. Short shoots are 6-8 mm in
diameter, nearly smooth, with remnants of bud scales
and rings of revolute scale bases. Winter buds are ovoid-
globose or globose in shape and not resinous (Zheng-yi
and Raven 1999; Farjon 2001; http://www.efloras.org/).
This species is native to the eastern Himalayan moun-
tains: eastern Nepal, Sikkim, Bhutan, India’s Arunachal
Pradesh, and China growing at elevations of 3000—4100
m above sea level.

Vegetation surveys

Vegetation surveys were conducted from September
2015 to May 2016. For surveying the vegetation, we
followed systematic sampling approach (Kent and
Cocker 1992). We carried out vegetation surveys in all
sites using 20-m wide belt transects. We laid belt tran-
sects of 200 m along altitude whenever possible and 100
m otherwise. Whenever, altitudinal belt was not possible,
we laid horizontal belts across the slopes. We surveyed a
total of seven transects, three in KCA, two in MCA and
two in LNP. We laid alternative quadrats (20 m x 20 m)
in the belt transects. In total, we laid 44 quadrats from
three sites that include 21, 11, and 12 quadrats from
KCA, MCA, and LNP, respectively. In all the quadrats,
we identified Larix trees, measured the tree height using
Suunto Clinometer and diameter at breast height (DBH)
of trees (at 1.30 m above the ground) using DBH tape.
Due to steep slope, the standard procedure of measure-
ment was not possible in some quadrats. In such cases,
we measured the height employing ocular method. We
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first standardized the ocular height estimation by com-
paring the clinometer measurements prior to quadrat
survey using tree in gentle slopes. All the field members
repeatedly estimated the tree height and measured tree
height to check the difference in estimation and mea-
surements until an accuracy of 10 + 5cm in estimated
and measured height was acquired for 30 random trees
selected. We included border trees in plots when more
than 50% of the tree stem fell inside the quadrat and ex-
cluded otherwise. We identified and counted all the
seedlings and measured the height of saplings in the
sample quadrats. Along with Larix, we also recorded as-
sociated tree species but did not conduct counting and
measurements. Plot level elevation, geographical pos-
ition, slope, and disturbance signs were also recorded in
the field.

Data analysis

Vegetation data obtained from sample plots were man-
aged on the basis of individual trees with DBH, height,
and sapling height. Regenerating individuals were clus-
tered into two size classes based on the life stage, that is,
seedling (H < 1m) or sapling (H > I m and DBH < 10
cm). The plot level data involving average value of DBH,
height, and sapling height were calculated averaging or
totaling the individuals in the plot. The frequencies of
tree size (DBH and height) and sapling height are pre-
sented in histograms with median values for the three
sites and two species.

Regeneration of Larix was analyzed using graphical
representation of seedling, sapling, and tree frequencies
in histograms. The average values of DBH, height, sap-
ling height, tree number, and sapling numbers were
compared for three sites and two species using Kruskal-
Wallis test and represented graphically. Kruskal-Wallis
test is a non-parametric test equivalent of analysis of
variance (ANOVA) for continuous dependent variable
and categorical predictor variable. All the analyses were
carried using R (https://www.R-project.org/).

Results

Population structure

We measured a total of 463 trees from 44 plots in
three sites. The population structure of tree species in
terms of proportion of seedlings, saplings, and trees
varied greatly in the three study areas. KCA has the
highest density of seedling, sapling, and trees com-
pared to other sites. Seedlings were the least among
three forms and many plots were without seedlings.
We found no seedling in MCA plots. Furthermore,
the sapling density is the lowest for MCA with only
12 saplings from all the plots (Table 2, for plot level
number see supplementary material).
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Table 2 Density (individuals/ha) of seedling, sapling, and tree
records in the three study sites

Site  Seedling Sapling Tree

KCA  0-125(120 + 243)  0-1100 (233 + 339)  25-850 (263 + 203)
MCA 0 0-100 (27 + 36) 125-475 (280 + 120)
LNP 0-100 (27 + 37) 50-450 (179 £ 131)  75-400 (244 + 112)

Data from KCA and MCA represent Larix griffithiana and from LNP represent
L. himalaica

Tree height distribution among three sites showed dif-
ferent features. KCA and MCA had trees of (Larix grif-
fithiana) wider height range compared to LNP (Larix
himalaica). Throughout the sampling plots, smaller and
fewer trees were observed in LNP compared to other
two sites. The median tree heights were 11.5m in KCA,
9.5m in MCA, and 6 m for LNP. LNP samples had most
of the trees in height range of 4 to 6 m and none of the
trees was higher than 10 m (Fig. 2). The median heights
of trees belonging to L. griffithiana, i.e., 10 m is greater
than the trees belonging to L. himalaica i.e. 6 m (Fig. 3).

Tree size in terms of DBH and height varied among
sites. Combined data showed a plot level average diam-
eter of around 21 c¢m, similar for all three sites (Table 3).
Average tree DBH among plots was higher for KCA and
MCA (21.8cm) compared to LNP (18.9 cm). The plot
level average DBH varied significantly among sites
(Kruskal-Wallis y* = 7.813, df = 2, p = 0.02) and between
species (Kruskal-Wallis y* = 5.9829, df = 1, p = 0.014).
However, the average tree height among three sites was
more varied with 6.2m in LNP and 10 m in KCA. The
variation in average tree height was significantly different
(Kruskal-Wallis y* = 134.23, df = 2, p < 0.001) with
smaller stand height for LNP and significant variations
between two species (Kruskal-Wallis y* = 128.01, df = 1,
p < 0.001).

Except the trees below 10 cm diameter, all the sites
showed reverse J-shaped curve, more pronounced for
KCA and MCA. Trees in KCA ranged up to 64 cm and
most of the tree size is in range of 10-20 cm and abrupt
decline beyond 10-20 cm DBH class. LNP had most of
the trees confined in narrow size range of 10-30cm
compared to two other areas that have more trees be-
yond those size classes. The median DBH values were
18cm, 20cm, and 17cm for KCA, MCA, and LNP,
respectively (Fig. 4). In comparing two species, Larix
griffithiana has clear reverse J-shaped diameter distribu-
tion but not Larix himalaica. Moreover, the median
DBH of L. griffithiana (18.75 cm) was slightly more than
that of L. himalaica (17 cm) (Fig. 5).

Regeneration status

Large size trees were fewer in all of the three study sites
and LNP in particular. Density of regenerating individ-
uals, that is, seedlings and saplings, were very low across
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the three sites. More saplings were recorded from KCA
compared to other sites and LNP had more saplings
than MCA (Table 2, for plot level number please see
supplementary material). It is also evident that all the
sites have dominance of same sapling height classes be-
tween 2 and 4 m and exceptionally tall saplings were re-
corded in KCA (Fig. 6). Average sapling height was
lower in LNP (2.9m) compared to KCA (4.3 m) and
MCA (3.9 m) (Table 3) with significant variations (Krus-
kal-Wallis y* = 28.75, df = 2, p < 0.001). In comparing
the two species, the median sapling height of Larix grif-
fithiana was greater than the median sapling height of
Larix himalaica (Fig. 7) with significant variation (Krus-
kal-Wallis y* = 28.69, df = 1, p < 0.001).

Discussion

In Nepal, forest represents 44.47% of the total land area
of the country (DFRS 2015). More than 80% of people
heavily depend on agriculture and livestock rearing for
subsistence (Maren et al. 2015). High-altitude forests in
Nepal provide different essential services (e.g., firewood,
construction materials, edible and medicinal plants)
which are integral to the subsistence survival in demand-
ing environmental conditions. Understanding forest

characteristics including regeneration is, therefore, fun-
damentally important for efficient management of
forests.

Various anthropogenic and ecological factors deter-
mine the forest structure and composition (Dolezal and
Srutek 2002). We constructed diameter size distribution
diagram to assess the population structure and regener-
ation of trees as it is widely used for the purpose (Leak
1964; Weat et al. 1981). Our results showed that except
for Larix himalaica in LNP, the tree recruitment and re-
generation for long term (based on tree size distribution)
is expected to be sustainable with respect to the pres-
ence of growing number of trees of Larix griffithiana in
KCA and MCA. Our results are similar with the findings
in old-growth conifer forests in Bhutan (Moktan 2010).
J-shaped curve for DBH distribution is expected because
collected data is only for Larix species rather than whole
communities and reverse J-shaped distributions are typ-
ical of both balanced, uneven-aged stands and even-aged
stratified mixed species stands. These types of irregularly
shaped curves are characteristics of irregular, uneven-
aged stands.

For all of the three sites, the DBH size distribution is
not bell shaped as these curves are characteristic of

L.griffithiana L.himalaica
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J




Dhamala et al. Journal of Ecology and Environment (2020) 44:22

Page 7 of 11

Table 3 Descriptive statistics for tree (DBH and height) and sapling (height) size distribution

Parameter Overall KCA MCA LNP

DBH (cm) 10-64 (21.1 £ 9.6) 10-64 (21.8 + 10.9) 10-53 (21.89 + 8.9) 10-40.7 (189 £ 7.28)
Height (m) 2.5-32 (100 + 5.1) 4-32 (124 £58) 43-25(9.7 £ 33) 2.5-9 (6.03 + 1.52)
Sapling height (m) 1-10.5 (3.8 + 2.02) 12-105 (43 £ 1.8) 15-739+17) 1-6 29+ 1.2)

“Overall” represents combined data from all three sites and other columns are for site-specific measures. The statistics are presented in minimum-maximum

(mean + standard deviation) format

single-species even-aged stands (Camp 1999); that is not
the case for Himalayan natural forest, though they are
anthropogenically controlled. Further, tree age distribu-
tion determines stand size structure and is related to dis-
turbance history and stand dynamics (Bondarev 1997).
However, lack of large size trees across the study sites
and for both species is a scenario undesirable for a sus-
tainable forest management. Our findings could be the
result from low to moderate severity disturbances that
generated stands composed of multiple age and irregular
size classes. Commonly, irregular, uneven-aged stands
show irregularly shaped curves (Camp 1999). Moreover,
the size range of trees in LNP should be taken as matter
of concern as both DBH and height measurements were
in narrow range compared to other two sites. Narrow
band of tree height sizes and the coppiced trees in LNP
show past anthropogenic disturbances.

The presence of seedlings and sapling numbers com-
pared to tree number are fundamental to understand
species-wise regeneration status. The sapling limitations
and low stature of sapling need careful attention and es-
pecially Larix griffithiana in MCA and Larix himalaica
in LNP. This is because adequate numbers of regenerat-
ing plants, i.e., seedlings and saplings, are essential for
regeneration and inadequate numbers are indicative of
poor regeneration quality (Ali et al. 2019). An analysis of
vegetation in temperate forest in Lachung Range of the
Sikkim Himalaya recorded the minimum adult density
of L. griffithiana and Populus jacquemontiana (Subba
et al. 2015). In temperate and subalpine forests of Nepal,
spatially heterogeneous distribution of seedlings and sap-
lings was observed in other tree species such as Quercus

semecarpifolia in LNP (Vetaas 2000), Betula utilis in
Manang (Shrestha et al. 2007) and LNP (Kunwar 2011),
and Abies spectabilis in MCA and Gaurishankar Conser-
vation Area (Suwal et al. 2016). The small population of
L. himalaica in LNP deserves further investigations con-
sidering the influence of natural or anthropogenic fac-
tors and management interventions.

The regeneration of the plant is the key ecological
process in a forest ecosystem in which seeding and
sprouting of woody species are involved (Pratt et al.
2012). One of the most important problems that
mountainous forests are experiencing is poor regener-
ation (Karauchi et al. 2000), which is especially ob-
served in subalpine forests in Eastern Himalaya
(Tambe et al. 2011; Pandey et al. 2018) as well as in
Western Himalaya (Rai et al. 2012). Poor regeneration
and naturally slow growing nature of Larix griffithi-
ana are documented in subalpine forests in Sikkim
Himalaya (Tambe et al. 2011) and absence of seed-
lings and saplings of the species has been recorded in
temperate forests in Lachung Range of the Sikkim
Himalaya (Subba et al. 2015). Similarly, fewer number
(29.1%) of younger age classes individuals of Larix
potaninii was reported in some studied plots in Tibet
(Cui et al. 2017). Previous research from MCA in
Nepal documented non-uniform distribution of sap-
lings and seedlings with absence of seedlings and sap-
lings in 60% and 25% of the sampling plots,
respectively, both being completely absent from
higher elevation (3800—-4000 m) (Sujakhu et al. 2013).

Various ecological (natural) and anthropogenic factors
determine the regeneration and or recruitment of a
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species (Vetaas 2000; Kala et al. 2002; Castro et al. 2004;
Dolanc et al. 2012; Benavides et al. 2016,). In Nepal,
trees of Larix occur in scattered stands on open soils of
landslide areas (Miehe and Miehe 2000), on the deposi-
tional terraces, loose slopes, and other places prone to a
higher rate of disturbance (Carpenter and Zomer 1996)
including ancient moraines (Sakai and Malla 1981). The
microclimate controlled by slope-climate-moisture inter-
actions have found to cause profound impact on tree re-
cruitment of Larix potaninii in alpine treeline ecotone in
the eastern margin of the Tibetan Plateau, China (Cui
et al. 2017). Similarly, tree regeneration and commu-
nity structure of L. potaninii was found to be influ-
enced by the understory bamboo Fargesia denudata
in the Wang Lang Natural Reserve, Sichuan, China
(Taylor et al. 1996). In the Lvliang Mountains of cen-
tral China, natural regeneration of Larix principis-rup-
prechtii was found to be challenging and influenced
by litter thickness, parent trees, slope, and soil nutri-
ents (Liang and Wei 2020). These factors, i.e., slope,
moisture, climate, understory vegetation, litter thick-
ness and soil nutrients, might hold relevance in re-
generation of Larix species in the study sites.
However, in order to fully wunderstand the

regeneration dynamics of the species in Nepal Hima-
laya, a comprehensive study identifying the key fac-
tors influencing the regeneration is essential.

The disturbance regime might hold more sense while
assessing the regeneration of Larix as all the sites in the
present study were under human use for timber and fuel
wood collection and cattle grazing. In LNP, disturbance
was reported to be increased along altitude up to tree-
line complementing regeneration of unpalatable species
and detrimental for susceptible tree such as Larix hima-
laica (Kunwar 2011). In western Bhutan Himalayas,
number of regenerating individuals of Larix griffithiana
were reported fewer in disturbed (logged) forest stands
than in undisturbed (unlogged) stands (Moktan et al.
2009). In our findings, variations in number of seedling
and sapling among sites varied significantly showing dif-
ferent regeneration regimes. Absence of seedlings in
MCA sample sites indicates a regeneration gap owing to
disturbances. This further indicates that the replacement
in tree size classes from sapling stage is not proportional
and the population may decline in the long-term as re-
generation is considered one of the most vital processes
in the replacement of old trees with young ones (Singh
et al. 2016).
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Climate plays a critical role in successful growth of
trees in high altitude areas (Daniels and Veblen 2003;
Piermattei et al. 2012). Changing recruitment rate of
subalpine tree populations could indicate the effects of
climate change (Wong et al. 2010). Climate change is ex-
pected to directly alter the composition of communities
and the functioning of ecosystems across the globe
(Mokany et al. 2015). Recent studies (Bhatta et al. 2018;
Aryal et al. 2020) have already shown the influence of
climate on growth of Larix species in Nepal Himalaya.
Phenophase adjustments such as flower initiation of
Larix himalaica was noted in LNP (Kunwar 2011).
Moreover, small patchiness of Larix forests in the Hima-
laya with restricted distributional range and persistent
anthropogenic disturbance make them more vulnerable
to the impacts of climate change as smaller forest
patches always have relatively weaker resilience under
the same climatic conditions (Peters 1990; Xu et al.
2017). Therefore, further improved understanding of re-
lationship between these high altitude forests and cli-
mate and its variations under the influence of rapid
global change is a major priority to help identify man-
agement responses that will retain diverse, functioning
ecosystems as well as the livelihoods of people who de-
pend on these resources.

Our findings confirmed the lack of regenerating indi-
viduals of Larix across the three high-altitude valleys in
Nepal Himalaya. Sustainability of populations with inad-
equate number or lack of regenerating individuals has
been reported to be challenging for several species of
subalpine trees. Examples include Larix potaninii in
China (Taylor et al. 1996; Cui et al. 2017; Liang and Wei
2020), Larix griffithiana in Sikkim, India (Tambe et al.
2011; Subba et al. 2015), and Bhutan (Moktan 2010);
and for many other species in the eastern Himalaya
(Pandey et al. 2018), Nepal Himalaya (Vetaas 2000;
Shrestha et al. 2007; Kunwar 2011; Sujakhu et al. 2013;
Maren et al. 2015; Suwal et al. 2016), and western

Himalaya (Rai et al. 2012). Therefore, for the effective
conservation of the typical Himalayan vegetation of
Larix forests, efforts need to be concentrated both lo-
cally and regionally. Knowledge base of the traditional
grazing patterns of yak and sheep herds will be essential
in devising management interventions. For the sustain-
ability of Larix forests, prohibition of herding activities
along with regulation in harvesting of poles and trees are
considered important. Across the Himalaya wood of
Larix is valued as good fuelwood (Kunwar 2011); there-
fore, providing alternatives to firewood use is a key in
sustainability of the Larix forests. Promotion of solar
heaters and ensuring access to alternate and cheap forms
of energy and fuel-efficient devices will help in substan-
tially reducing the pressure on these forests. Further,
tourism is expected to grow in all the three sites and
since post-earthquake reconstruction work is still under-
way in LNP and MCA, the importance of integrating
biodiversity conservation with socio-economic develop-
ment is needed to be explored.

Conclusion

Larix forests in the study sites consist of irregular,
uneven-aged stands with irregularly shaped DBH distri-
bution and could be due to low to moderate anthropo-
genic disturbances in the past. Although high-altitude
areas experience slow rate of vegetation development
and regeneration, the regeneration of Larix in all the
three high-altitude valleys is found rather problematic
and especially Larix himalaica in LNP. The regeneration
limitations occur due to survival problems of young
plants because largely of anthropogenic disturbances
coupled with climatic stress. Due to limitation in regen-
eration, the smaller population of Larix himalaica in
LNP may experience severe impacts from anthropogenic
disturbances. Similarly, the absence of seedlings and low
number of saplings of Larix griffithiana in sampled plots
of MCA indicate that the area may experience
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population declines in the near future. Moreover, ab-
sence of large size trees across the study sites and for
both species is a scenario undesirable for a sustainable
forest. On the other hand, these small patches of
Himalayan endemic Larix species are more vulnerable to
ongoing global climate change necessitating careful and
immediate planning and management strategies.
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