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Abstract: The spread of alien plant species in bio-rich mountains calls for documenting their
distribution across altitudes. The present study, therefore, analysed altitudinal distribution of
alien species richness in the Himalayan state of Himachal Pradesh and tested the null hypothesis
that- alien species richness in Himalaya is independent of altitude. For this, information on alien
species was collated from published literature. As the zone above 5000 m is mostly snow-covered
and devoid of major vegetation in the Himalaya, the altitudinal range from 300–5000 m was
divided into bands of 100 m each. If a species was reported occurring from 300 to 600 m, then it’s
presence was counted in the 300–400 m, 400–500 m, and 500–600 m bands. All the species
occurring in these individual 100 m bands were tabulated. For comparisons of alien species
richness along altitude, five altitudinal groups were identified (>1000, 1000–2000, 2000–3000,
3000–4000 and 4000–5000). Their richness across and between these group was statistically
compared using R. Alien species richness was maximum in the 1000–1100 m band, and
significantly varied along the altitudinal gradient. Life form analyses revealed the absence of
alien climbers above 2500 m. Alien species distribution patterns are in contrast to the native
species distribution whose maximum richness is reported at mid-altitudes (2000–2500 m). This
may be because most of the alien species are tropical in origin and have been introduced at lower
altitudes. Interestingly, alike the native species, members of Asteraceae, Fabaceae, and Poaceae
dominated the alien flora along the entire altitudinal gradient.
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Introduction
Gradient analysis of species and their
distribution not only provide input to ecology and
environment but also guide their conservation and
management programmes (Grytnes 2003; Rahbek
2005). Across mountains, altitude is an important
gradient that governs patterns of species distribution and richness (Grytnes & Vetaas 2002;
Sanders & Rahbek 2012). Most of the studies on
species distribution in the mountains have focussed
on native species, and have documented a midaltitude (2000–2500 m) species richness peak
(Bhattarai & Vetaas 2003, Bhattarai et al. 2004,
Bhattarai & Vetaas 2006; Giorgis et al. 2011;
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Gryntes 2003; Rahbek 2005). While, on the other
hand, many studies have noted an increase in the
richness of alien species (non-native species that
have been intentionally or accidentally introduced
outside their range) in mountains (Dietz et al. 2006;
Lembrechts et al. 2014; Marini et al. 2013;
McDougall et al. 2011a). Few studies have prepared
checklist of alien floras (Bhatt et al. 2012; Nagar et
al. 2004; Negi & Hajra 2007; Reddy et al. 2008; Sekar
2012), analysed their floristics, nativity, and
categorized them into various alien categories
(Jaryan et al. 2013; Khuroo et al. 2007; Khuroo et al.
2009). Patterns of alien species distribution along
roadsides have also been attempted (Kosaka et al.
2010; Pickering & Hill 2007; Sharma & Raghubanshi
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Fig. 1. Location of Himachal Pradesh and its elevation map

2009) while others have discussed the distribution of
woody alien species across altitude (Haider et al.
2011; Khuroo et al. 2011). McDougall et al. (2011b)
has compared alien species composition in different
mountain ranges whereas a comparative account of
native and invasive species distribution in Nepal
Himalaya has been presented by Bhattarai et al.
(2014). Patnaik et al. (2017) have recently discussed
the implications of an invasive species spread in the
tropical and sub-tropical regions of India.
Recognizing that rich mountain biodiversity
(Mittermeier et al. 2005; Myers et al. 2000) is critical
for livelihood (Körner 2004; Xu et al. 2009) and that
alien species detrimentally effect biodiversity
(Pimentel et al. 2005; Wilcove et al. 1998), studies
targeting altitudinal distribution patterns of alien
species in the mountains such as the Himalaya have
been advocated (Becker et al. 2005; Haider et al.
2011). Thus, the key questions that we attempt to

answer are: (1) does alien species richness change
with altitude in the Himalaya, and (2) at which
altitudinal range their richness is maximum. The
null hypothesis that we propose is: alien species
distribution in Himalaya is independent of altitude.
Consequently, the objectives framed for the study
include identifying: 1) the altitudinal bands that
harbours maximum alien species, 2) the floristic
composition across altitude, and 3) species with wide
and narrow altitudinal amplitude.

Materials and methods
Study area
The present study was carried out in Himachal
Pradesh (HP), one of the biologically rich states of
Himalaya. It occupies 55673 sq. km area that lies
between 28° to 33°N and 75° to 79°E with altitudes
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ranging from ~300 to ~7000 m (Fig. 1). At lower
altitudes (~500 m), during summers, the maximum
temperature ranges between 38 to 42 °C while the
minimum temperature varies from 24 to 28 °C.
During winters, the maximum temperature ranges
between 17 to 20 °C and the minimum temperature
from 4 to 6 °C. On the other hand, at high altitude
regions such as Spiti (~4000 m), the maximum
temperature during summers varies from 25 to 28 °C
and the minimum from 8 to 10 °C. In winters, the
maximum temperature in the region varies from −8
to −5 °C and the minimum temperature from −28 to
−25 °C. Large variations in rainfall have also been
reported from the state. While annual rainfall in
Dhauladhar mountain range is ~2500 mm, the cold
desert regions of the state receive 500 mm annual
rainfall (Balokhra 2002). Overall, the average
maximum temperature of the state is ~27 °C while
the minimum is ~5.6 °C. The documented average
annual rainfall of the state is ~1200 mm (Govt. of
Himachal Pradesh 2016). Based on the
development and physico-chemical properties, nine
soil types have been reported from the state (Verma
& Tripathi 1982). The state supports ~3500 plant
species (Chowdhery & Wadhwa 1984; Uniyal &
Singh 2014) that includes alien plant species.

Data collection
A total of ~500 alien plant species have been
reported from HP (Jaryan et al. 2013). Information
on these species was obtained by screening
available literature and secondary information.
Information on life form characteristics and
altitudinal distribution range of these species was
recorded from- Flora of HP an analysis (Chowdhery
& Wadhwa 1984), Flora of Chamba district (Singh
& Sharma 2006), Flora of Sirmaur (Kaur & Mishra
2004), Flora of Kullu (Dhaliwal & Sharma 1999),
Flora Similensis (Collet 1902), and Flora ofthe
Great Himalayan National Park (Singh & Rawat
2000). Information was also sourced from
publications of neighbouring west Himalayan
states (Dhar & Kachroo 1998; Gaur 1999; Khuroo et
al. 2007; Negi & Hajra 2007; Osmaston 1994; Sekar
2012) and that of the nearby Himalayan countries
namely
China,
Nepal,
and
Pakistan
(www.eFloras.org). Flowers of the Himalaya
(Polunin et al. 2006) and Concise Flowers of the
Himalaya (Stainton 2005) were also consulted to
have as much information as possible on these alien
species.
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Data Analyses
Patterns of alien species richness across
altitude is based on analyses of 425 species that
does not include commonly cultivated crops such as
Allium cepa, Allium sativum, Hordeum vulgare,
Raphanus sativus, Solanum tuberosum, and
Triticum aestivum (Table S1). These 425 species
have been categorized into different life forms
(herb, shrub, tree, and climber) and analysed for
their altitudinal distribution. Alien status of the
species is also presented following categorization
used by Jaryan et al. (2013) and Pyšek et al. (2004).
Alien species that do not form self-sustaining
populations and rely on repeated introductions for
their persistence are known are casual (Ca). Alien
species that sustain more than one life cycle and do
not invade ecosystems are known are naturalized
(Nt). Naturalized alien species that produce
reproductive offspring in very large numbers and
thus can spread over a large area are referred as
Invasive (In). Alien species that are grown or
planted are referred to as cultivated (Cl). Further,
Ca/Nt refers to those casual alien species for which
the current evidence limits their categorization into
naturalized but these species have the potential to
become naturalized in the near future. Nt/In refers
to those naturalized alien species for which the
current data limits them to be recognized as
invasive but have the potential to become invasive
(Table S1). As the zone above 5000 m is mostly
snow-covered and devoid of major vegetation in the
Himalaya, it was excluded from analyses. At the
same time, starting from low to high altitude, the
altitudinal range from 300–5000 m was divided into
bands of 100 m each. 300–400 m represented one
band, 400–500 m represented another, and so on till
5000 m. If a species was reported to be occurring
from 300 to 600 m, then it’s presence was counted
in the bands 300–400 m, 400–500 m, and 500–600
m. All the species occurring in these individual 100
m bands were tabulated and counted. This was done
to identify the altitudinal band with highest alien
species richness.

Statistical analyses
For comparison of alien species richness along
the 300–5000 m gradient, the entire altitudinal
range was divided into five altitudinal groups
(>1000, 1000–2000, 2000–3000, 3000–4000 and
4000–5000). Alien species richness across and
between the above five altitudinal groups
was compared using ANOVA. Cumulative species
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Table 1. Alien species richness across the altitudinal
gradient.
Altitudinal
Range
300–400
400–500
500–600
600–700
700–800
800–900
900–1000
1000–1100
1100–1200
1200–1300
1300–1400
1400–1500
1500–1600
1600–1700
1700–1800
1800–1900
1900–2000
2000–2100
2100–2200
2200–2300
2300–2400
2400-2500
2500–2600
2600–2700
2700–2800
2800–2900
2900–3000
3000–3100
3100–3200
3200–3300
3300–3400
3400–3500
3500–3600
3600–3700
3700–3800
3800–3900
3900–4000
4000–4100
4100–4200
4200–4300
4300–4400
4400–4500
4500–4600
4600–4700
4700–4800
4800–4900

Herb
152
152
151
215
219
227
231
242
241
239
235
231
199
193
190
184
181
162
161
148
146
142
117
117
77
69
66
40
40
35
35
35
20
17
14
12
12
6
5
5
2
2
1
1
1
nd

nd = not detected.

Shrub Climber
20
19
19
28
28
28
28
26
25
25
26
25
18
18
18
17
17
17
17
17
16
15
10
9
7
7
7
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

6
6
6
11
11
11
11
11
11
10
10
10
4
4
3
4
4
2
1
1
1
1
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

Tree
27
27
27
29
29
35
34
38
39
39
39
39
33
32
33
29
29
24
22
21
21
18
14
14
10
6
5
4
3
3
1
1
1
1
1
1
1
nd
nd
nd
nd
nd
nd
nd
nd
nd

Total
205
204
203
283
287
301
304
317
316
313
310
305
254
247
244
234
231
205
201
187
184
176
141
140
94
82
78
46
44
39
37
37
22
19
16
14
14
7
6
6
3
3
2
2
2
1

richness has also been analysed. All statistical
analyses have been done using the statistical
software package R (R Development Core Team
2012).

Results
Alien species were found distributed all along
the altitudinal gradient i.e. from 300 m to 4900 m.
The maximum richness of alien species (317) was
observed in the 1000–1100 m altitudinal band.
After this, a gradual decline in their richness was
observed. It declined to 254 in the 1500–1600 m
band and was below 50 in the 3000–3100 m band.
Only one alien, Caragana versicolor, occurred in
4800–4900 m band (Table 1). Below this, upto 4800
m Thalictrum minus also occurred. Distribution of
36 plant species that include Trapa natans, Celosia
argentea, Corchorus tridens, Hibiscus cannabinus,
Urena lobata, Acacia farnesiana and Indigofera
astragalina was found restricted below 1000 m. At
the same time, 120 species such as Achillea
millefolium, Artemisia vestita, Gnaphalium
polycaulon and Poa pratensis occurred only above
1000 m. Twenty-nine alien species that include
Thalictrum minus, Agrostis canina and Vulpia
myuros did not occur below 2000 m. Species such as
Ageratum conyzoides, Taraxacum officinale,
Verbascum thapsus, Oxalis corniculata, Juncus
bufonius and Tridax procumbens covered a wide
altitudinal gradient (Table S1).
Of the total alien species, maximum are herbs
(n=323), followed by trees (n=49), shrubs (n=40),
and climbers (n=13). Alike total alien species,
richness of alien herbs was also highest in the
1000–1100 m altitudinal band (n=242). The
richness of alien tree species reached its peak in the
1100–1200 m band (n=39) and was stable until the
1400–1500 m band. After this, a decline in their
richness was observed (Fig. 2). However, the
richness of alien climber species peaked in the 600–
700 m band (n=11) and was maintained until 1100–
1200 m band. Though distribution of alien shrubs
also peaked in the 600–700 m altitudinal band
(n=28) and was maintained until the 900–1000 m
altitudinal band (Table 1), unlike the climbers, they
were also present in the high altitudes. Alien
climbers were not recorded to occur above 2500 m.
Thus, alien species richness significantly varied
across altitude. This was true for all life forms
(Table 2). Low altitude regions had a significantly
higher number of alien species as compared to
high altitude regions. Amongst the five altitudinal
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Table 2. Comparison of alien species richness along altitude (one-way ANOVA table).
Variation of variable

df

SS

F

P

203.23

<0.001

182.2

11.20

<0.001

7891.3

169.71

<0.001

218.66

<0.001

293522

196.8

<0.001

572863

116.5

<0.001

Species richness

1,44

512330

Climber

2,19

Tree species richness

1,44

Shrub species richness

1,44

3908.9

Herb species richness

1,44

Between Altitudinal groups

4,41

(Altitude used as a factor and species richness as a response variable).

Table 3. Comparison of species richness amongst the five altitudinal groups.
Between Groups
<1000 & 1000–2000
<1000 & 2000–3000
<1000 & 3000–4000
<1000 & 4000–5000
1000–2000 & 2000–3000
1000–2000 & 3000–4000
1000–2000 & 4000–5000
2000–3000 & 3000–4000
2000–3000 & 4000–5000
3000–4000 & 4000–5000

Mean differences
21.81
−106.48
−226.48
−251.73
−128.30
−248.30
−273.54
−120.00
−145.24
−25.24

Lower bound
−27.47
−155.77
−275.77
−302.13
−173.02
−293.02
−319.49
−164.72
−191.19
−71.19

Upper bound
71.10
−57.19
−177.19
−201.32
−83.57
−203.57
−227.59
−75.27
−99.29
20.70

Adjusted P-value
0.714
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.526

However, between 3000 to 3500 m members of
Poaceae dominated the alien flora. Amaranthaceae,
Brassicaceae, Convolvulaceae and Fabaceae are the
other alien species-rich families that occurred along
the majority of the gradient. Above 4300 m
Fabaceae was the dominant family (Table S1).

Discussion

Fig. 2. Alien species richness along altitude.

groups, significant variations in alien species
richness were observed (Table 3). This is also
reflected in the cumulative alien species richness
graph that shows an increase up to 2000 m after
which it is more or less stable (Fig. 3). Thus,
altitudinal distribution pattern of alien species
richness is quite evident, and our null hypothesis
that alien species distribution in Himalaya is
independent of altitude stands rejected.
With respect to families, for majority of the
altitudinal gradient, Asteraceae had higher alien
species richness as compared to other families.

It is evident that distribution and richness of
alien species in the Himalaya changes with altitude
as is the case with native species. However, as
opposed to native plant species whose richness
peaks around 2000–2500 m (Bhattarai et al. 2004;
Giorgis et al. 2011; Grytnes & Vetaas 2002;), alien
species richness was found to be maximum at lower
altitudes (1000–1200 m) (Table 1). This is also
indicated in the cumulative alien species richness
graph that almost forms a plateau after 2000 m
thereby indicating the minimal addition of unique
alien species after this altitude (Fig. 3). This could
be attributed to the fact that generally alien species
have been introduced by humans at lower altitudes
(Alexander et al. 2016). Most of the alien species
occurring in HP are from South America and are of
tropical origin (Jaryan et al. 2013). It has been
stated that species that successfully colonize the
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Fig. 3. Cumulative alien species richness along
altitude.

low altitude regions have a chance to spread
upwards (Alexander et al. 2011).
Negative correlation between alien species
richness and altitude have also been reported along
a roadside altitudinal gradient of 280–1290 m in
Chile (Pauchard & Alaback 2004). In South Africa
(Kalwij et al. 2008) and Australia (Mallen-Cooper &
Pickering 2008; McDougall et al. 2005), linear
decline in species richness with elevation have been
reported while in the Canary island (Arevalo et al.
2005) and Mascareigne Archipelago (Tassin &
Riviere 2003) hump-shaped patterns have been
reported. Arevalo et al. (2005) found the highest
number of alien species at intermediate altitudes
while studying their distribution along a 0–2000 m
altitudinal gradient. However, in Nepal, invasive
and native species richness was observed peaking
in the same elevation range (Bhattarai et al. 2014).
In Arunachal Pradesh, maximum alien species
were found in the low altitude tropical forests,
followed by sub-tropical, and high altitude
temperate forests (Kosaka et al. 2010).
Thus, generally, low altitude regions of
Himalaya have relatively higher alien species
richness that decreases with increasing altitude. In
contrast, maximum native species richness is at
mid altitudes where species common to both the
lower and higher altitude are present. Here, native
species richness has been found to be positively corelated with temperature, mean annual rainfall,
moisture index and actual evapo-transpiration
(Acharya et al. 2011). Interestingly, native plant
species such as Picrorhiza kurroa, Aconitum
heterophyllum, Nardostachys jatamansi, etc. that
occur at high altitudes have narrow ecological
amplitude and are adapted to low temperature

conditions. On the contrary, alien species such as
Rumex nepalensis, Taraxacum officinale, Trifolium
repens, etc. that occur at higher altitudes have a
wider altitudinal distribution and they are found at
low altitudes also. It lends support to the view that
these species are basically generalist and have been
introduced at low altitudes (Alexander et al. 2016).
They seem to have crossed the environmental
barriers and successfully adapted to high altitude
conditions. While Taraxacum officinale was the only
species found going upto 3000 m in Arunachal
Pradesh (Kosaka et al. 2010), the present study
reports occurrence of Zephyranthes citrina, Adonis
aestivalis, Thalictrum minus, etc. above 4000 m. It
has been reported that harsh climatic conditions,
minimal human disturbance, and lower propagule
pressure at high altitudes progressively filters out
alien species and hence their richness at higher
altitudes is low (Alexander et al. 2011). In addition to
the above, environmental heterogeneity and time of
introduction of alien species also plays an important
role in determining their spread. The early an alien
species has been introduced, the higher is the
possibility of its spread (Becker et al. 2005). In the
Canary Islands, archaeophytes having a history of
more than 500 years of introduction were found to be
widely distributed as compared to neophytes (Haider
et al. 2011). Analyses of such temporal patterns of
alien species introduction and their spread are also
desired from the Himalaya. In addition to deliberate
introductions, trans-boundary trade and migration
are some of the other reasons behind upcoming of
alien plant species in the Himalayan region (Khuroo
et al. 2007). The silk route and high altitude passes
in the Himalaya may have favoured their
establishment at higher altitudes. During the past
few years, new roads have been added in HP with a
considerable amount of them being in the high
altitudes (http://himachalpr.gov.in). This surely is
going to promote their spread as developmental
activities in the form of road construction have been
suggested to favour establishment of alien species
(Pickering & Hill 2007).
As expected, owing to traits variations, species
richness of different life forms peaked in different
altitudinal bands. While woody species were
common at lower altitudes, herbaceous life form
dominated the relatively higher altitudes. The
harsh climatic conditions at higher altitudes limit
arboreal growth (Körner 2003; Xu et al. 2017). It has
been reported that across elevation functional traits
such as plant height, leaf area, seed mass, time to
maturity, nutrient allocation, etc. vary more in
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alien species when compared to native species
(Bustamante et al. 2018). Alien species therefore
exhibit greater adaptive plasticity than natives
across altitude (Datta et al. 2017; Moran et al.
2017). Traits such as low seed mass and short time
to maturity will be favoured by environmental
changes and will facilitate spread of alien species
(Hellmann et al. 2008). Also, owing to increasing
temperatures, it is expected that low temperature
constraints on alien species will be reduced thereby
favouring their growth in upper elevation bands or
ranges. Thus, while the study provides information
on alien species richness across an altitudinal
gradient, it also provides inputs regarding spatial
spread of species along altitude. This becomes
important for documenting future spread of alien
species.
Overall, along the entire altitudinal gradient,
the dominance of alien species belonging to
Asteraceae, Poaceae and Fabaceae are evident.
Asteraceae followed by Fabaceae have also been
reported to be the dominant alien rich families in a
road side elevation transect in Arunachal Pradesh
(Kosaka et al. 2010). These three families have the
highest species richness in the world, Himalaya and
Himachal Pradesh (Rao 1994). Therefore, the
dominance of alien species belonging to these
families seems justified.

Conclusions
The study concludes that distribution pattern of
alien species richness changes along the altitudinal
gradient. The maximum richness of alien species is
at lower altitudes, which is significantly different
from higher and middle altitudes. These patterns of
alien species distribution are in contrast to the
native species distribution whose maximum
richness is at mid-altitudes. In the changing
climatic conditions, where-in changes in species
distributional range and optima have been
documented, how alien species will respond is worth
investigating.

Acknowledgements
The authors are thankful to the Director CSIRIHBT for facilities and encouragement. Staff and
faculty members of High Altitude Biology Division of
CSIR-IHBT are thanked for fruitful discussions. The
authors acknowledge the constructive comments of
the Editor and Reviewer(s) that helped in improving
the manuscript. Financial support for the work was
provided by CSIR through projects BSC-0106, PSC-

41

0112, & GAP 0199. This is IHBT communication
number 3703.

References
Acharya, B. K., B. Chettri & L. Vijayan. 2011. Distribution
pattern of trees along an elevation gradient of Eastern
Himalaya, India. Acta Oecologica 37: 329–336.
Alexander, J. M., J. J. Lembrechts, L. A. Cavieres, C.
Daehler, S. Haider, C. Kueffer, G. Liu, K. McDougall,
A. Milbau, A. Pauchard & L. J. Rew. 2016. Plant
invasions into mountains and alpine ecosystems:
current status and future challenges. Alpine Botany
126: 89–103.
Alexander, J., C. Kueffer, C. C. Daehler, P. J. Edwards, A.
Pauchard, T. Seipel & M. Consortium. 2011. Assembly
of non-native floras along elevational gradients
explained by directional ecological filtering.
Proceedings of the National Academy of Sciences, USA
108: 656–666.
Arevalo, J. R., J. D. Delgado, R. Otto, A. Naranjo, M. Salas
& J. M. Fernández-Palacios. 2005. Distribution of
alien vs. native plant species in roadside communities
along an altitudinal gradient in Tenerife and Gran
Canaria (Canary Islands). Perspectives in Plant
Ecology, Evolution and Systematics 7: 185–202.
Balokhra, M. J. 2002. The wonderland Himachal
Pradesh. HG Publications, New Delhi.
Becker, T., H. Dietz, R. Billeter, H. Buschmann & P. J.
Edwards. 2005. Altitudinal distribution of alien plant
species in the Swiss Alps. Perspectives in Plant
Ecology, Evolution and Systematics 7: 173–83.
Bhatt, J. R., J. S. Singh, S. P. Singh, R. S. Tripathi & R.
K. Kohli. 2012. Invasive alien plants: an ecological
appraisal for the Indian subcontinent. CABI
Publishing, UK.
Bhattarai, K. R. & O. R. Vetaas. 2003. Variation in plant
species richness of different life forms along a
subtropical elevation gradient in the Himalayas, East
Nepal. Global Ecology and Biogeography 12: 327–340.
Bhattarai, K. R., O. R. Vetaas & J. A. Grytnes. 2004. Fern
species richness along a central Himalayan
elevational gradient, Nepal. Journal of Biogeography
31: 389–400.
Bhattarai, K. R. & O. R. Vetaas. 2006. Can Rapoport’s rule
explain tree species richness along the Himalayan
elevational gradient, Nepal? Diversity Distribution 12:
373–378.
Bhattarai, K. R., I. E. Maren & S. C. Subedi. 2014.
Biodiversity and invasibility: distribution patterns of
invasive plant species in the Himalayas, Nepal.
Journal of Mountain Science 11: 688–696.
Bustamante, R. O., A. P. Duran, F. T. Peña-Gómez, & D.
Véliz. 2018. Genetic and phenotypic variation,

42

ALTITUDINAL PATTERNS OF ALIEN SPECIES

dispersal limitation and reproductive success in the
invasive herb Eschscholzia californica along an
elevation gradient in central Chile. Plant Ecology and
Diversity.doi.org/10.1080/17550874.2018.1425504
Chowdhery, H. J. & B. M. Wadhwa. 1984. Flora of
Himachal Pradesh: An Analysis, Volume 1–3,
Botanical Survey of India. Calcutta.
Collet, H. 1902. Flora Simlensis. Thacker and Spink,
Calcutta.
Datta, A., I. Kühn, M. Ahmad, S. Michalski & H. Auge.
2017. Processes affecting altitudinal distribution of
invasive Ageratina adenophora in western Himalaya:
The role of local adaptation and the importance of
different life-cycle stages. PLoS One 12: p.e0187708.
Dhaliwal, D. S. & M. Sharma. 1999. Flora of Kullu
District (Himachal Pradesh). Bishen Singh
Mahendra Pal Singh, Dehradun, India.
Dhar, U. & P. Kachroo. 1998. Alpine Flora of Kashmir
Himalaya. Scientific Publisher, Jodhpur, India.
Dietz, H., C. Kueffer & C. G. Parks. 2006. MIREN: A new
research network concerned with plant invasion into
mountain
areas.
Mountain
Research
and
Development 26: 80–81.
Gaur, R. D. 1999. Flora of the District Garhwal North West
Himalayan (with Ethnobotanical notes). Transmedia,
Garhwal, India.
Giorgis, M. A., P. A. Tecco, A. M. Cingolani, D. Renison,
P. Marcora & V. Paiaro. 2011. Factors associated
with woody alien species distribution in a newly
invaded mountain system of central Argentina.
Biological Invasions 13: 1423–1434.
Govt. of Himachal Pradesh. 2016. Statistical abstract of
Himachal Pradesh 2015-16. Shimla.
Grytnes, J. A. & O. R. Vetaas. 2002. Species richness and
altitude: a comparison between null models and
interpolated plant species richness along the
Himalayan altitudinal gradient, Nepal. American
Naturalist 159: 294–304.
Grytnes, J. A. 2003. Species-richness patterns of vascular
plants along seven altitudinal transects in Norway.
Ecography 26: 291–300.
Haider, S., J Alexander & C. Kueffer. 2011. Elevational
distribution limits of non-native species: combining
observational and experimental evidence. Plant
Ecology and Diversity 4: 363–371.
Hellmann, J. J., J. E. Byers, B. G. Bierwagen & J. S.
Dukes. 2008. Five Potential Consequences of Climate
Change for Invasive Species. Conservation Biology
22: 534–543.
Jaryan, V., S. K. Uniyal, R. C. Gupta & R. D. Singh. 2013.
Alien Flora of Indian Himalayan State of Himachal
Pradesh. Environmental Monitoring and Assessment
185: 6129–6153.
Kalwij, J. M., M. P. Robertson & B. J. Van Rensburg.

2008. Distribution of exotic plants along a steep
altitudinal gradient is facilitated by anthropogenic
activities. Applied Vegetation Science 11: 491–498.
Kaur, H. & M. Mishra. 2004. Flora of Sirmaur (Himachal
Pradesh). Bishen Singh Mahendra Pal Singh,
Dehradun, India.
Khuroo, A. A., I. Rashid, Z. Reshi, G. H. Dar & B. A.
Wafai. 2007. The Alien Flora of Kashmir Himalaya.
Biological Invasions 9: 269–292.
Khuroo, A. A., Z. Reshi, I. Rashid, G. H. Dar & A. H. Malik.
2009.
Plant invasions in montane ecosystems.
Frontiers in Ecology and the Environment 7: 407–408.
Khuroo, A. A., E. Weber, A. H. Malik, Z. A. Reshi & G. H.
Dar. 2011. Altitudinal distribution patterns of the
native and alien woody flora in Kashmir Himalaya,
India. Environmental Research 111: 967–977.
Körner, C. 2003. Alpine Plant Life: Functional Plant
Ecology of High Mountain Ecosystems. Berlin,
Springer.
Körner, C. 2004. Mountain biodiversity, its causes and
function. Ambio 7: 11–17.
Kosaka, Y., B. Saikia, T. Mingki, H. Tag, T. Riba & K.
Ando. 2010. Roadside Distribution Patterns of
Invasive Alien Plants along an Altitudinal Gradient
in Arunachal Himalaya, India. Mountain Research
and Development 30: 252–258.
Lembrechts, J. J., A. Milbau & I. Nijs. 2014. Alien
roadside species more easily invade alpine than
lowland plant communities in a subarctic mountain
ecosystem.
PLoS
One
9:
e102109,
doi:
10.1371/journal, pone, 0102109.
Mallen-Cooper, J. & C. M. Pickering. 2008. Linear
declines in exotic and native plant species richness
along an increasing altitudinal gradient in the Snowy
Mountains, Australia. Austral Ecology. 33: 684–690.
Marini, L., A. Bertolli Bona, E. Federici, G. Martini, F.
Prosser & R. Bommarco. 2013. Beta-diversity patterns
elucidate mechanisms of alien plant invasion in
mountains. Global Ecology and Biogeography 22:
450–460.
McDougall, K. L., J. W. Morgan, N. G. Walsh & R. J.
Williams. 2005. Plant invasions in treeless vegetation
of the Australian Alps. Perspectives in Plant Ecology
Evolution and Systematics 7: 159–171.
McDougall, K. L., A. A. Khuroo, L. L. Loope, C. G. Parks,
A. Pauchard, Z. A. Reshi, I. Rushworth & C. Kueffer.
2011a. Plant invasion in mountains: global lessons
for better management. Mountain Research and
Development 31: 380–387.
McDougall, K. L., J. M. Alexander, S. Haider, A. Pauchard,
N. G. Walsh & C. Kueffer. 2011b. Alien flora of
mountains: global comparisons for the development of
local preventive measures against plant invasions.
Diversity and Distributions 17: 103–111.

AHMAD, UNIYAL & SINGH

Mittermeier, R. A., R. P. Gil, M. Hoffman, J. Pilgrim, T.
Brooks, C. G. Mittermeier, J. Lamoreux & G. A. B.
Fonseca. 2005. Hotspots Revisited: Earth’s Biologically
Richest and Most Endangered Terrestrial Ecoregions.
University of Chicago Press, Boston.
Moran, E. V., A. Reid & J. M. Levine. 2017. Population
genetics and adaptation to climate along elevation
gradients in invasive Solidago canadensis. PLoS One
12: p.e0185539.
Myers, N., R. A. Mittermeier, C. G. Mittermeier, G.
Fonseca & J. Kent. 2000. Biodiversity hotspots for
conservation priorities. Nature 403: 853–858.
Nagar, P. S., S. J. Pathak & S. M. Pandya. 2004. The alien
flora of the Barda hills and its surroundings in
Gujarat, India. Indian Journal of Forestry 27: 25–38.
Negi, P. S. & P. K. Hajra. 2007. Alien Flora of Doon
Valley, North West Himalaya. Current Science 92:
968–978.
Osmaston, E. 1994. A Forest Flora of Kumaon. Bishen
Singh Mahendra Pal Singh, Dehradun, India.
Patnaik, P., T. Abbasi & S. A. Abbasi. 2017. Prosopis
(Prosopis juliflora): blessing and bane. Tropical
Ecology 58: 455–483.
Pauchard, A. & P. B. Alaback. 2004. Influence of
elevation, land use, and landscape context on
patterns of alien plant invasions along roadsides in
protected areas of South-Central Chile. Conservation
Biology 18: 238–248.
Pickering, C. & W. Hill. 2007. Roadside weeds of the
snowy mountains, Australia. Mountain Research and
Development 27: 359–367.
Pimentel, D., R. Zuniga & D. Morrison. 2005. Update on
the environmental and economic costs associated
with alien invasive species in the United States.
Ecological Economics 545: 273–288.
Polunin, O., A. Stainton & A. Farrer. 2006. Concise
Flowers of the Himalaya. Oxford University Press,
New Delhi.
Pyšek, P., D. M. Richardson, M. Rejmánek, G. L. Webster,
M. Williamson & J. Kirschner. 2004. Alien plants in
checklists and floras: towards better communication
between taxonomists and ecologists. Taxon 53:
131–143.
R Development Core Team. 2012. R: a Language and
Environment for Statistical Computing. Foundation
for Statistical Computing, Vienna, Austria.
Rahbek, C. 2005. The role of spatial scale and the
perception of large-scale species-richness patterns.
Ecology Letters 8: 224–239.

43

Rao, R. R. 1994. Biodiversity in India: Floristic Aspects.
Bishen Singh Mahendra Pal Singh, Dehradun, India.
Reddy, S. C., G. Bagyanarayana, K. N. Reddy & V. S.
Raju. 2008. Invasive Alien Flora of India. National
Biological Information Infrastructure, USA.
Sanders, N. J. & C. Rahbek. 2012. The patterns and
causes of elevational diversity gradients. Ecography
35: 1–3.
Sekar, K. C. 2012. Invasive alien plants of Indian
Himalayan
region-diversity
and
implication.
American Journal of Plant Sciences 3: 177–184.
Sharma, P. S. & A. S. Raghubanshi. 2009. Plant invasions
along roads: a case study from central highland,
India. Environment Monitoring and Assessment 157:
191–198.
Singh, H. & M. Sharma. 2006. Flora of Chamba District
(Himachal Pradesh). Bishen Singh Mahendra Pal
Singh, Dehradun, India.
Singh, S. K. & G. S. Rawat. 2000. Flora of Great
Himalayan Park (Himachal Pradesh). Bishen Singh
Mahendra Pal Singh, Dehradun, India.
Stainton, A. 2005. Flowers of the Himalaya (A
Supplement) Vol-2. Oxford University Press.
Tassin, J. & N. J. Riviere. 2003. Species richness
altitudinal gradient of invasive plants on Reunion
Island (Mascareigne Archipelago, Indian Ocean).
Revue D Ecologie-La Terre Et La 58: 257–270.
Uniyal, S. K. & R. D. Singh. 2014. Biodiversity Information: the need and importance of floral surveys.
Proceedings of the National Academy of Sciences,
India, Section B: Biological Sciences 84: 439–446.
Verma, D. K. & P. C. Tripathi.1982. Profile morphology
and physico-chemical properties of the soils from hot
and dry Foot Hills Zone of Himachal Pradesh. Journal
of the Indian Society of Soil Science 30: 574–576.
Wilcove, D. S., D. Rothstein, J. Dubow, A. Philips & E.
Losos. 1998. Quantifying threats to imperiled species
in the United States. Bioscience 48: 607–615.
Xu, J., R. E. Grumbine, A. Shrestha, M. Eriksson, X.
Yang, Y. Wang & A. Wilkes. 2009. The melting
Himalayas: cascading effects of climate change on
water, biodiversity and livelihoods. Conservation
Biology 23: 520–30.
Xu, M., L. Ma, Y. Jia & M. Liu. 2017. Integrating the effects
of latitude and altitude on the spatial differentiation
of plant community diversity in a mountainous
ecosystem in China. PLoS One 12: p.e0174231.

(Received on 22.07.2018 and accepted after revisions, on 21.03.2018)

Supporting Information
Additional Supporting information may be found in the online version of this article.
Table S1. Characteristics of alien species occurring in HP.

