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Abstract
ADHIKARI, J.N., BHATTARAI, B.P., ROKAYA, M.B., THAPA, T.B., 2022. Distribution of invasive plants and their asso-
ciation with wild ungulates in Barandabhar Corridor Forest, Nepal. Folia Oecologica, 49 (2): 182–191.

Invasive and alien plant species (IAPS) are considered as major threats to native biodiversity because IAPS alter 
ecosystem structure and their functions. We assessed the association of four major IAPS (Mikania micrantha, 
Chromolaena odorata, Lantana camara, and Parthenium hysterophorus) and the abundance of wild ungulates in 
Barandabhar Corridor Forest (BCF), Chitwan, Nepal. We collected data on the presence of wild ungulates in IAPS 
invaded habitats through direct observation and sign surveys. Our study showed that the cover of M. micrantha 
was signifi cantly high in Sal forest (Prominence value PV = 73.23) followed by riverine forest (PV = 40.5) and 
grassland (PV = 37.7) whereas P. hysterophorus was high in grasslands (PV = 22.9). Similarly, C. odorata was 
signifi cantly high in Sal forest (PV =141.6%), and L. camara was high in mixed forest (PV = 22.6). It was found 
that there was a signifi cant negative association of IAPS (p = 0.002) with wild ungulates. The abundances of deer 
and wild pigs were more in the buffer zone than in the non-buffer zone. The abundance of deer decreased with 
increasing cover of C. odorata, M. micrantha, and P. hysterophorus (p = 0.002). Similarly, the abundance of wild 
pigs decreased with increasing cover of M. micrantha and L. camara. IAPS were not uniformly distributed in 
different habitats and abundances of wild ungulates were less in IAPS invaded habitats. Hence, it is important to 
initiate management plans to control IAPS spread to avoid their negative impacts on wild ungulate population such 
as deer and wild pigs. 
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Introduction 

Globally, invasive and alien plant species (IAPS) are consid-
ered as major threats to biodiversity (RAI et al., 2012; CLUSEL-
LA-TRULLAS  and GARCIA, 2017) as many negative impacts on 
ecological and socio-economic aspects are reported in various 
studies (SALA et al., 2000; AUGE et al., 2013; SIMBERLOFF et 
al., 2013; VILÀ and HULME, 2017). IAPS spread rapidly to 
cover various habitats such as the grass lands, waste lands, 

forests, residential areas and the agricultural fi elds (PARKS et 
al., 2005). Then, IAPS replace native plant species leading to 
the change in ecosystem processes (GRICE, 2006; GOODENET 
al., 2009; VILÀ et al., 2011). In addition to this, IAPS invasion 
alters biogeochemical cycles and decrease the productivity of 
the invaded areas (MACK et al., 2000; HAYES and HOLZMUEL-
LER, 2012; LATOMBE et al., 2017; SHRESTHA et al., 2019). IAPS 
also affect the abundance of different wild animals, including 
the wild ungulates (VILA and WEINER, 2004; DOYLE et al., 



183

2007; GRIGORESCU et al., 2020; GORCHOV et al., 2021). Thus, 
there is an antagonistic interactive effect between IAPS and 
the wild animals in the world (DOYLE et al., 2007). 
 The study of IAPS in Nepal started fi ve decades ago 
(BANERJI, 1958) and a total of 166 IAPS are reported (TIWARI, 
2005; TIMSINA et al., 2011; SHRESTHA, 2016). Over the years, 
several studies have shown that IAPS increase aggressively 
(SIWAKOTI et al., 2016; SHRESTHA et al., 2018) and have nega-
tive impacts in grassland, farmland and forest as soil properties 
are changed, and native plant species are displaced (BARAL et 
al., 2017; SHRESTHA et al., 2019). However, studies related to 
associations of IAPS on different animal are limited in Nepal. To 
our knowledge a single study has shown impacts of IAPS on the 

Fig. 1. Study area indicating sampling points. Map in the inset shows the location of Barandabhar Corridor Forest, Nepal.

distribution of mammals in the Chitwan National Park (BARAL,
2004). It is, thus, important to know spatial distribution of 
IAPS and their impacts on different animals (SHRESTHA et al., 
2019) because several habitats are often invaded by invasive 
species (RAM, 2008; MURPHY et al., 2013). To fi ll in the study 
gaps related to IAPS and wild animals in Nepal, we studied 
the associations of IAPS and the distribution of wild ungu-
lates. The present study was aimed to 1) evaluate the intensi-
ty of distribution of invasive species in different habitats, 2) 
evaluate the type of association of IAPS and the abundance 
of wild animals such as deer and wild pigs. To fulfi ll our aim, 
we used grids-based study to record numbers of the wild deer 
(Chital, Sambar, Northern red muntjac) and Wild pig and also 
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SN Variables Description and codes used in analysis

1 Species variables 
 1.1. Wild ungulates Deer: Chital (CH), Sambar (SD), Northern red muntjac (MJ), Wild pig (WP)
 1.2. Invasive and alien Four IAPS that cover the maximum ground cover: Mikania micrantha (Mika),  
 plant species (IAPS)  Chromolaena odorata (Chro), Lantana camara (Lant) and Parthenium 
  hysterophorus (Part)
2 Habitat types
 2.1. Sal Forest (SF) The main dominant species is Shorea robusta C. F. Gaertn. and the associate  
  species is Terminalia alata Heyne ex Roth 
 2.2. Riverine Forest (RF) Forest present along the rivers and their catchment area. The major tree species 
  are Trewia nudifl ora L., Bombax ceiba L. and Dalbergia sissoo DC.
 2.3. Mixed Forest (MF) Forest of Shorea robusta C. F. Gaertn. Dillenia pentagyna Roxb., Careya  
  arborea Roxb., Xeromphis uliginosa (Retz.), Terminalia alata Heyne ex Roth, 
  Lagerstroemia parvifl ora Roxb.
 2.4. Grassland (GL) The patches of the grassland including Imperata spp, Narenga porphyrocoma, 
  Saccharum bengalense and Saccharum spontaneum, present inside the large 
  patch of forest and in the fl ood plain of Rapti, Budi Rapti and Khageri river

3 Canopy cover (CC) Canopy cover (CC) measure in percentage 

4 Distance to water source  Euclidean distance measured from sampling point to the nearest waterhole
 (DW)

Table 1. Description of different variables recorded during fi eld study

noted the coverage of four highly invasive species, Mikan-
ia micrantha, Chromolaena odorata, Lantana camara and 
Parthenium hysterophorus in Barandabhar Corridor Forest 
(BCF). This forest is biologically important corridor that con-
nects Chitwan National Park with Mahabharat range.

Materials and methods

Study area

Barandabhar Corridor Forest (BCF) is located at N 27°34’ to 
N 27º40’ latitude and E 84º21’ to E 84º28’ longitude with-
in the Chitwan valley of Nepal. BCF is a bio-corridor in the 
Chitwan Annapurna Landscape (landscape connecting Chitwan 
National Park and Annapurna Conservation Area) (Fig. 1), 
covering an area of 96.02 km2 (BHATTARAI and KINDLMANN, 
2012; ADHIKARI et al., 2019). BCF is bisected by east-west 
highway into two parts, the southern part is in the buffer zone 
and managed by Chitwan National Park, whereas the northern 
part is the protected forest and managed by Division Forest 
Offi ce, Chitwan. BCF has the tropical type of climate with 
an average temperature of 25 °C, but the summer tempera-
ture may rise to 43 °C. The average annual rainfall is 2,000 
mm, which is maximum during the monsoon season (June 
and September) (THAPA, 2011; DHM, 2019). The fl ora of the 
BCF is dominated mainly by Sal forest following riverine 
forest, mixed forest, and grasslands (DHAKAL and YADAVA, 
2011; ADHIKARI et al., 2021). This heterogeneous habitat of 
BCF harbors 32 species of mammals including wild ungu-
lates such as Chital, Sambar, Northern red muntjac, Wild pig, 
Hog deer and Greater one-horned rhino (LAMICHHANE et al., 
2016). Rapti, Khageri, Budi Rapti River system and Bee-
shazari Lake system, Batulpokhari Lake, Rhino Lake, Tiger 
Lake make the vegetation denser and wetter. The patches of 
short grasslands are scattered inside the Sal forest. The habitat 
of BCF is categorized as grasslands, riverine forest, mixed 

forest, and Sal forest which are covered by the major IAPS 
such as Mikania micrantha, Chromolaena odorata, Lantana 
camara and Parthenium hysterophorus (KHADKA, 2017). This 
corridor is surrounded by highly populated settlements such 
as Ratnanagar Municipality in the east, Kalika on the north-
east, and Bharatpur Metropolitan City in the west (ADHIKARI 
et al., 2021).

Research design

We considered that ungulates spatially distribute in the study 
area. The study area was divided into 194 grids of size 1 km 
× 1 km to minimize the potential bias overcome to collect 
the data. Among 194 grids, we selected 174 sampling grids 
for the study (Fig. 1). We avoided 20 sampling points due to 
non-accessibility as these points were in the swampy areas. 
The sampled points were located one in each grid at the in-
terval of 1 km far from each other. We used Google Earth Pro 
for designing the grids and sampled points. These points were 
loaded in the GPS for easy tracking. Near the centre of each 
selected grid, a plot of size 10 m × 10 m quadrat was sampled 
to record the information about habitat types, canopy cover of 
the trees, IAPS coverage, signs or dropping, or direct record-
ing of the ungulates. 

Habitat types and IAPS 

The dominant habitat types, coverage of major IAPS, canopy 
cover, distance to water sources were recorded within the plots. 
The habitat type of BCF was categorized into four categories as 
Sal Forest, riverine forest, mixed forest, and grassland (Table 1). 
We collected the information on coverage of highly colonized 
and dominated IAPS such as M. micrantha, C. odorata, L. ca-
mara and P. hysterophorus (Fig. 2). The list of IAPS for Nepal 
reported by SHRESTHA (2016) was used as a reference. The per-
centage of the coverage of IAPS in each plot was valued visually 
(SMARTT et al., 1976). The coverage of the IAPS estimated was 
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classifi ed into the fi ve categories such as no invasion (0%), very 
low invasion (1 to 20%), moderate invasion (20 to 40%), high in-
vasion (40 to 60%), very high invasions (60 to 80%), and totally 
invasions (>80%). The distance from the road, settlements, near-
est water resources was measured as Euclidean distance from 
the sampling point to the nearest waterhole by using ArcGIS, the 
fi eld we collected the following variables (Table 1).

IAPS cover mapping

Total IAPS cover map was prepared using geographical coor-
dinates recorded during the fi eld study. The Inverse Distance 
Weighted (IDW) algorithm (HENGL, 2009) in ArcGIS 10.4 
(ESRI, 2011) was used to interpolate values of expected IAPS
cover on the basis of total IAPS cover fi eld data. IDW algo-
rithm of interpolation is used to evaluate the values of target 
variables at a new location. The weightage of the prediction 
location closer to the sampling points have greater than the lo-
cations far from the sampling point (HUANG et al., 2011).  

Data collection on ungulates abundance

Among the reported six species of wild ungulates – Chital (Axis 
axis), Sambar (Rusa unicolor), Northern red muntjac (Muntia-
cus vaginalis), Wild pig (Sus scrofa), Greater one-horned rhino 
(Rhinoceros unicornis), Hog deer (Axis porcinus) from BCF, 
we selected only four (Chital, Sambar, Northern red muntjac 

Fig. 2. Wild ungulates recorded in BCF (a) Chital (Axis axis), (b) Sambar (Rusa unicolor), (c) Northern red muntjac (Muntia-
cus vaginalis), (d) Wild pig (Sus scrofa). Photos by Jagan Nath Adhikari.

and Wild pig) for study (Fig. 3). We avoided two ungulates – 
Greater one-horned rhino and Hog deer. Greater one-horned 
rhinos are mega herbivores and need more food and space 
than other ungulates (OWEN-SMITH, 1988) and reported in 
very low numbers. Hog deer is a tall grassland specialist 
and found in the tall grassland habitat nearer to the Chitwan 
National Park, but habitat is almost absent in other parts of 
Barandabhar Corridor except small patches scattered in the 
fl ood plain of the Rapti River (DHUNGEL and O’GARA, 1991; 
BHATTARAI and KINDLMANN, 2013). Among four selected un-
gulates, Sambar is listed in Vulnerable category whereas other 
ungulates are in Least Concerned according to IUCN Red List 
(https://www.iucnredlist.org). Similarly, Chital, Northern red 
muntjac and Sambar are listed as Vulnerable and Wild pig as 
Least Concerned according to Nepal Mammal Red Data Book 
(JNAWALI et al., 2011). These ungulates are the principal prey 
species of Tiger and Leopard in lowland Nepal (WEGGE et al., 
2009; BHATTARAI and KINDLMANN, 2013; 2012). 
 Signs of wild ungulates were surveyed to collect in-
formation about their presence. The sign abundance of the 
wild ungulates were collected from 6:00 A.M. to 10:00 A.M. 
and 15:00 P.M. to 18:00 P.M. as there was maximum mobility 
of ungulates during these hours during the day (SHRESTHA, 
2004; ADHIKARI et al., 2021). The fresh dropping was ob-
served and counted within the plot. One patch of fresh drop-
ping was considered as belonging to a single individual. We 
assume that ungulates deposit their droppings at a uniform 
rate in a pre-defi ned time (GOPALASWAMY et al., 2012).
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Fig. 3. (a) Chromolaena odorata, the highly dominated IAPS, (b) The grassland invaded by Mikania micrantha, (c) Lantana 
camara (d) Parthenium hysterophorus. Photos by Jagan Nath Adhikari.

Data analysis

Prominence value

The prominence values (PV) of each dominant IAPS were 
calculated and used to quantify the abundance of IAPS at 
the different type of habitats using the method developed by 
DINERSTEIN (1979). The prominence value refl ects the rela-
tive availability of plant species in the habitats and is defi ned 
as the mean percentage cover of a species multiplied by the 
square root of the frequency of the occurrence of that species 
in the vegetation samples plot (DINERSTEIN, 1979). We calcu-
lated the prominence value for each IAPS species using the 
following formula (JNAWALI, 1995).

PVs = Ms (√fs )    
   
Where PVs is prominence value for species s, Ms is mean per-
centage cover of species s, and fs is frequency of occurrence 
of species s.
 To fi nd out correlations among pairs of predictors, 
we calculated the variance-infl ation factors in the model by 
using ‘vif’ function in the ‘car’ library (FOX and MONETTE, 
1992). The above-mentioned factors were not problematic 
as their scores were very low (<1.5) dropped from the re-
gression model.
 To find the best subset of predictors in a regression 

model, we used ‘regsubsets’ functions in ‘leaps’ package 
(LUMLEY and MILLER, 2020). The quality of the adjustment 
of the models was measured by the adjusted coeffi cient of 
determination (R2) and Mallow’ Cp (MATTOS et al., 2020). 
After choosing the best subset of predictors, determinants 
of the abundances of deer and wild pigs were tested using 
generalized linear mixed models (GLMM), where we used 
habitat as random factor. We tested the effects of different 
variables (zones, distance from water, canopy cover, M. mi-
crantha, C. odorata, L. camara and P. hysterophorus) on 
species deer and wild pig abundance. The analyses were car-
ried out by using the lme4 function in the lmerTest package 
(BATES et al., 2014) in R 4.0.0 (R CORE TEAM, 2018).

Multivariate analysis

We used Redundancy analysis (RDA) to extract and the rela-
tionship between deer and wild pigs with different invasive 
species, buffer zone and non-buffer zone. RDA is a direct 
gradient analysis technique, which summarizes linear rela-
tionships between components of response variables that are 
“redundant” with (i.e., “explained” by) a set of explanato-
ry variables (LEGENDRE and LEGENDRE, 1998). The signif-
icance of explanatory variables was tested using the Monte 
Carlo permutation test (n = 4999). All tests were carried out 
using Canoco 5.04 (TER BRAAK and ŠMILAUER, 2012).
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Results

Prominence value of IAPS

The prominence value (PV) of C. odorata was higher in Sal 
forest and grassland whereas PV of M. micrantha was higher 
in Sal forest followed by riverine forest and grassland. Simi-
larly, PV of L. camara was higher in mixed forest, and PV of P. 
hysterophorus was higher in grassland (Table 2). 
 IDW algorithm method of interpolation evaluated that 
higher area of the BCF was invaded by IAPS (40–60% cover-
age) (Fig. 4). There is almost no space left by the invasive spe-
cies. Similarly, the abundance of ungulates was comparatively 
higher in the areas with low IAPS abundance (Fig. 4).

IAPS distribution, wild ungulates abundance and associa-
tion of IAPS with ungulates

The RDA analysis showed that the distribution of the four com-
mon IAPS was found in non-buffer zone area away from the 
occurrences of deer and wild pigs (Fig. 5).

IAPS SF RF MF GL Total

Chro 141.6 2.2 4.02 20 167.9
Mika 73.23 40.5 3.3 37.7 154.7
Lant 8.11 4.34 22.6 1.01 36.06
Part 0.38 4.35 4.62 22.9 32.24

Table 2. Prominence value of dominant IAPS

Fig. 4. (a) Comparison of distribution and coverage of total IAPS (b) and total sign abundance of the ungulates reported.

 The abundance of deer was found higher in buffer 
zones than in non-buffer zones, increased away from water 
bodies but abundance decreased in areas with C. odorata, M.  
micrantha, and P. hysterophorus growth. Similarly, wild pigs 
decreased with increasing coverage of M. micrantha and L. ca-
mara (see Table 3 and Fig. 5).
 

Discussion

Prominence value and distribution of IAPS

Our study showed that the prominence of IAPS was highest in 
Sal forest followed by grassland and riverine forest. The open 
areas located in the forest were highly invaded by IAPS than 
densely forested areas (Table 2). The suitable habitat of inva-
sive species such as L. camara was across 62 districts and M. 
micrantha was confi ned only in 35 districts in Nepal (SHRES-
THA, 2016). The study of MURPHY et al. (2013) in the Chit-
wan National Park showed a riverine and subtropical mixed 
hardwood forests were widely invaded by M. micrantha than 
tall grassland, short grassland and Sal forest. However, M. mi-
crantha invasion extends to the tropical regions in the east and 
central Nepal, mostly in riverine forest (POUDEL et al., 2004; 
MURPHY et al., 2013). C. odorata invasion was found mainly 
in Sal forest and grassland as reported by THAPA et al. (2016). 
P. hysterophorus was found to have strong negative effects on 
the vegetation composition in Nepal (TIMSINA et al., 2011). P. 
hysterophorus is highly invasive in nature as seeds are easily 
transported by animals, water (JAVAID et al., 2007; TIMSINA et 
al., 2011). Our study too found that P. hysterophorus invasion 
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Fig. 5. RDA ordination diagram (biplot) showing association 
of IAPS with buffer zone and non-buffer zone area, and cov-
erage of different invasive species. Monte-Carlo permutation 
test of signifi cance of all canonical axes: F = 5.8, p = 0.002. 1 
1st RDA axis explained 14.03% and the 2nd 0.59% of the total 
variation in the data. Names in italics are invasive species.

 Deer  Wild pigs
 
 Pr(>F) R2 Pr(>F) R2

Zones 0.001 0.180 0.713 –
Distance from water  0.014 0.092 0.630 –
Chromolaena odorata coverage <0.001 0.215 0.025 0.371
Parthenium hysterophorus coverage 0.010 0.102 0.308 –
Lantana camara coverage 0.103 – 0.072 –
Mikania micrantha coverage <0.001 0.372 0.048 0.287

Table 3. The regression analysis to show the relation of the deer species and wild pigs with different IAPS coverage and 
distance from water resources (all Degrees of freedom = 1)

was in the open habitats scattered in the forest and grasslands. 
However, its abundance was low compared to other study 
species (Table 2). 

Association of IAPS distribution and wild ungulates
 
The abundance of deer was higher in the buffer zone area 
than non-buffer zone area in our study. The abundance of deer
decreased in C. odorata, P. hysterophorus and M. micrantha 
invaded habitats but abundance of wild pigs signifi cantly 
decreased with increase in abundance of C. odorata and M. 
micrantha. IAPS reduce the quality of the grasslands as na-
tive plant species are replaced by invasive species (MACK and 
D’ANTONIO, 1998; SCHIRMEL et al., 2016; GORCHOV et al., 
2021). Invasive plant species also reduce the ecosystem func-
tions (PARKS et al., 2005; SCHIRMEL et al., 2016). Although 
the effects of IAPS are mostly negative (VILÀ et al., 2011), 
there are some reports of positive effects on animals as IAPS 
provide the habitat (SEVERNS and WARREN, 2008) and food 
(SCHIRMEL et al., 2016). Our study showed that deer and wild 
pigs were more abundant in L. camara invaded habitats. This 

may be because tall L. camara provide shade and it is easy to 
hide and save their kids from the predator. It is also report-
ed that ungulates rarely use M. micrantha as food, though of 
the habitats are seriously destroyed by M. micrantha (BARAL, 
2004; SUBEDI, 2012; MURPHY et al., 2013) and the popula-
tion of wild ungulates is low in M. micrantha invaded habitats 
(MURPHY et al., 2013). 
 Our study found that distance from the water sources 
had effect on distribution of IAPS showing IAPS abundance 
was high near the water sources. However, the abundance of 
deer was more in habitats that were far from the water sources 
in BCF as BCF is rich in water resources that provides favor-
able conditions of the growth of IAPS (SHRESTHA et al., 2018). 

Conclusion

Our study showed that distribution and cover of IAPS in BCF 
were associated with the abundance of the wild ungulates. 
Comparatively, the abundance of ungulates was low in IAPS 
invaded habitats. Grasslands and habitats with low canopy 
were highly invaded by IAPS. Distance from the water sourc-
es played signifi cant role in invasion of IAPS. Our study is 
preliminary and highlighted the negative association of IAPS 
with abundance of wild ungulates in lowland habitats in Ne-
pal. Further studies are needed to evaluate the signifi cance 
of a direct cause-effect between IAPS and ungulates. These 
should also focus on management of different IAPS.

Acknowledgements

We are grateful to the Department of National Parks and 
Wildlife Conservation (DNPWC), Nepal, Chitwan National 
Park and Division Forest Offi ces of Chitwan for providing the 
research permission. The project was supported by partially by 
USAID funded Hariyo Ban Program of WWF, UNDP, GEF, 
Small Grants Program (SGP) and Idea wild for equipment sup-
port. Our thanks also go to Himalayan Environment and Pub-
lic Health Network (HEPHN) for fi eld assistances and other 
helping hands who support us during data collection. We are 
grateful to the anonymous reviewers and subject editors for 
providing useful comments and suggestions.

References

ADHIKARI, J.N., BHATTARAI, B.P., THAPA, T.B., 2019. Factors 
 affecting diversity and distribution of threatened 
 birds in Chitwan National Park, Nepal. Journal of 
 Threatened Taxa, 11 (5): 13511–13522. https://doi.



189

 org/10.11609/jott.4137.11.5.13511-13522 
ADHIKARI, J.N., BHATTARAI, B.P., THAPA, T.B.,  2021. 
 Determinants of abundance and habitat association of 
 mammals in Barandabhar Corridor Forest, Chitwan, 
 Nepal. Folia Oecologica, 48 (1): 100–109. https://doi.
 org/10.2478/foecol-2021-0011 
AUGE, H., LI, J., XIAO, T., ZHANG, Q., DONG, M., 2013. 
 Interactive effect of herbivory and competition on the
 invasive plant Mikania micrantha. PLoS One, 8 (5): 
 e62608. https://doi.org/10.1371/journal.pone.0062608 
BANERJI, M.L., 1958. Contribution to the fl ora of Nepal. PhD 
 thesis. Punjab University India.
BARAL, H. S., 2004. Mikania micrantha weed invasion in 
 Nepal. Paper presented at First national stakeholders’ 
 workshop. Kathmandu, Nepal, 25 November 2004. 
BARAL, S., ADHIKARI, A., KHANAL, R., MALLA, Y., KUNWAR, R., 
 BASNYAT, B., ACHARYA, R.P., 2017. Invasion of alien plant 
 species and their impact on different ecosystems of 
 Panchase Area, Nepal. Banko Janakari, 27 (1): 31–42.
BATES, D., MÄCHLER, M., BOLKER, B., WALKER, S., 2014. 
 Fitting linear mixed-effects models using lme4. arXiv 
 preprint. arXiv:1406.582.
BHATTARAI, B.P., KINDLMANN, P., 2012. Impact of livestock 
 grazing on the vegetation and wild ungulates in the 
 Barandabhar Corridor Forest, Nepal. In KINDLMANN, P.  
 (ed.). Himalayan biodiversity in the changing world. 
 Dordrecht: Springer, p. 157–175. https://doi.org/10.1007/
 978-94-007-1802-9_7 
BHATTARAI, B.P., KINDLMANN, P., 2013. Effect of human 
 disturbance on the prey of tiger in the Chitwan National 
 Park – implications for park management. Journal of 
 Environmental Management, 131: 343–350. https://doi.
 org/10.1016/j.jenvman.2013.10.005  
CLUSELLA-TRULLAS, S., GARCIA, R.A.,  2017. Impacts of 
 invasive plants on animal diversity in South Africa: 
 a synthesis. Bothalia-African Biodiversity and Conservation, 
 47 (2): 1–12. https://doi.org/10.4102/abc.v47i2.2166 
DHAKAL, R.R., YADAVA, J.N., 2011. Comparative assessment 
 of fl oristic diversity in a buffer zone community forest and 
 a community forest of Barandabhar corridor, Chitwan, 
 Nepal. Journal of Horticulture and Forestry, 3 (8): 244–250.
DHM, 2019. Data of temperature, rainfall and relative 
 humidity from 1989 to 2018. [cit. 2021-11-17]. https://
 www.dhm.gov.np/ 
DHUNGEL, S.K., O’GARA, B.W., 1991. Ecology of the hog deer 
 in Royal Chitwan National Park, Nepal. Wildlife 
 monographs, 119. Wildlife Society. 40 p.
DINERSTEIN, E., 1979. An ecological survey of the Royal 
 Karnali-Bardia wildlife reserve, Nepal. Part II: habitat/
 animal interactions. Biological Conservation, 16 (4): 
 265–300. https://doi.org/10.1016/0006-3207(79)90055-7 
DOYLE, R., GRODOWITZ, M., SMART, M., OWENS, C.,  2007. 
 Separate and interactive effects of competition and 
 herbivory on the growth, expansion, and tuber formation 
 of Hydrilla verticillata. Biological Control, 41 (3): 327–338.
ESRI, 2011. ArcGIS Desktop: Release 10. Redlands, CA: 
 Environmental Systems Research Institute. 
FOX, J., MONETTE, G., 1992. Generalized collinearity 
 diagnostics. Journal of the American Statistical Association, 
 87 (417): 178–183.
GOODEN, B., FRENCH, K., TURNER, P.J., DOWNEY, P.O., 2009. 
 Impact threshold for an alien plant invader, Lantana 
 camara L., on native plant communities. Biological 
 Conservation, 142 (11): 2631–2641.

GOPALASWAMY, A., KARANTH, K., KUMAR, N., MACDONALD, D.,  
 2012. Estimating tropical forest ungulate densities from 
 sign surveys using abundance models of occupancy. 
 Animal Conservation, 15 (6): 669–679. https://doi.org/
 10.1111/j.1469-1795.2012.00565.x 
GORCHOV, D.L., BLOSSEY, B., AVERILL, K.M., DÁVALOS, A., 
 HEBERLING, J.M., JENKINS, M.A., KALISZ, S., MCSHEA, 
 W.J., MORRISON, J.A., NUZZO, V.,  2021. Differential and 
 interacting impacts of invasive plants and white-tailed 
 deer in eastern US forests. Biological Invasions, 23 (9): 
 2711–2727. https://doi.org/10.1007/s10530-021-02551-2 
GRICE, A.C., 2006. The impacts of invasive plant species on 
 the biodiversity of Australian rangelands. The Rangeland 
 Journal, 28 (1): 27–35. https://doi.org/10.1071/RJ06014 
GRIGORESCU, I., KUCSICSA, G., DUMITRAŞCU, M., DOROFTEI, M.,  
 2020. Invasive terrestrial plant species in the Romanian 
 protected areas. A review of the geographical aspects. 
 Folia Oecologica, 47: 168–177. https://doi.org/10.2478/
 foecol-2020-0020 
HAYES, S.J., HOLZMUELLER, E.J., 2012. Relationship between 
 invasive plant species and forest fauna in eastern North 
 America. Forests, 3 (3): 840–852. https://doi.org/10.3390/
 f3030840 
HENGL, T., 2009. A practical guide to geostatistical mapping. 
 Science commons. Amsterdam: University of Amsterdam. 
 270 p.
HUANG, F., LIU, D., TAN, X., WANG, J., CHEN, Y., HE, B.,  2011. 
 Explorations of the implementation of a parallel IDW 
 interpolation algorithm in a Linux cluster-based parallel 
 GIS. Computers & Geosciences, 37 (4): 426–434. https://
 doi.org/10.1016/j.cageo.2010.05.024 
JAVAID, A., SHAFIQUE, S., SHAFIQUE, S.,  2007. Causes of rapid 
 spread of Parthenium hysterophorus L. in Pakistan and 
 possible control measures – a review. Pakistan Journal of 
 Botany, 39 (7): 2611–2618.
JNAWALI, S., 1995. Population ecology of greater one-horned 
 rhinoceros (Rhinoceros unicornis) with particular emphasis 
 on habitat preference, food ecology and ranging behavior 
 of a reintroduced population in Royal Bardia National 
 Park in lowland Nepal. PhD thesis. Oslo: Agricultural 
 University of Norway. 128 p.
JNAWALI, S.R., BARAL, H.S., LEE, S., ACHARYA, K.P., UPADHYAY, 
 G.P., PANDEY, M., SHRESTHA, R., JOSHI, D., LAMINCHHANE, 
 B.R., GRIFFITHS, J., KHATIWADA, A.P., , 2011. The status 
 of Nepal mammals. The National Red List Series. 
 Kathmandu, Nepal: Department of National Parks and 
 Wildlife Conservation. 276 p.
KHADKA, A., 2017. Assessment of the perceived effects and 
 management challenges of Mikania micrantha invasion 
  in Chitwan National Park buffer zone community forest, 
 Nepal. Heliyon, 3 (4): e00289. https://doi.org/10.1016/j.
 heliyon.2017.e00289 
LAMICHHANE, S., KANDEL, R.C., POKHERAL, C.P., DAHAL, 
 T.P., BHATTARAI, S., 2016. Biodiversity profi le of Beeshazar 
 and associated lakes, Chitwan. 39 p. [cit. 2021-10-21]. 
 https://www.chitwannationalpark.gov.np 
LATOMBE, G., PYŠEK, P., JESCHKE, J.M., BLACKBURN, T.M., 
 BACHER, S., CAPINHA, C., COSTELLO, M.J., 
 FERNÁNDEZ, M., GREGORY, R.D., HOBERN, D.,  2017. 
 A vision for global monitoring of biological invasions. 
 Biological Conservation, 213 (2): 295–308. https://doi.
 org/10.1016/j.biocon.2016.06.013 
LEGENDRE, P., LEGENDRE, L., 1998. Numerical ecology. 
 Developments in Environmental Modelling, 20.Amsterdam: 



190

 Elsevier. 853 p. 
LUMLEY, T., MILLER, A., 2020. Package ‘LEAPS’: Regression 
 subset selection. R package version 3.
MACK, M.C., D’ANTONIO, C.M., 1998. Impacts of biological 
 invasions on disturbance regimes. Trends in Ecology & 
 Evolution, 13 (5): 195–198. https://doi.org/10.1016/
 S0169-5347(97)01286-X 
MACK, R.N., SIMBERLOFF, D., MARK LONSDALE, W., EVANS, 
 H., CLOUT, M., BAZZAZ, F.A.,  2000. Biotic invasions: 
 causes, epidemiology, global consequences, and control. 
 Ecological Applications, 10 (3): 689–710. https://doi.org/
 10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2 
MATTOS, A.D.P., TOLENTINO JÚNIOR, J.B., ITAKO, A.T., 2020. 
 Determination of the severity of Septoria leaf spot in 
 tomato by using digital images. Australasian Plant 
 Pathology, 49: 329–356. https://doi.org/10.1007/s13313-
 020-00697-6 
MURPHY, S.T., SUBEDI, N., JNAWALI, S.R., LAMICHHANE, B.R., 
 UPADHYAY, G.P., KOCK, R., AMIN, R., 2013. Invasive 
 Mikania in Chitwan National Park, Nepal: the threat to 
 the greater one-horned rhinoceros Rhinoceros unicornis and 
 factors driving the invasion. Oryx, 47 (3): 361–368. 
 https://doi.org/10.1017/S003060531200124X 
OWEN-SMITH, R.N., 1988. Megaherbivores: the infl uence of 
 very large body size on ecology. Cambridge: Cambridge 
 University Press. 369 p.
PARKS, C.G., WISDOM, M.J., KIE, J.G.,  2005. The infl uence of 
 ungulates on non-native plant invasions in forests and 
 rangelands: a review. In Pacifi c Northwest Region invasive 
 plant program: preventing and managing invasive plants. 
 Vol. III, Appendix D33-D52. Portland, OR: USDA Forest 
 Service, Pacifi c Northwest Region.
POUDEL, A., BARAL, H. S., ELLISON, C. A., SUBEDI, K., THOMAS, 
 S., MURPHY, S.,  2005. Mikania micrantha weed invasion 
 in Nepal. A summary report of the First national workshop 
 for stakeholders held on 25 November 2004, Kathmandu, 
 Nepal. Himalayan Nature and IUCN, Kathmandu, and 
 CAB International, Wallingford, UK.
R CORE TEAM 2018. R: a language and environment for 
 statistical computing. Version 4.0.0. Vienna, Austria: 
 Foundation for Statistical Computing. [cit. 2021-11-12]. 
 https://www.R-project.org/ 
RAI, R.K., SCARBOROUGH, H., SUBEDI, N., LAMICHHANE, B.,  
 2012. Invasive plants – Do they devastate or diversify 
 rural livelihoods? Rural farmers’ perception of three 
 invasive plants in Nepal. Journal for Nature conservation, 
 20 (3): 170–176. https://doi.org/10.1016/j.jnc.2012.01.003 
RAM, A.K., 2008. Impact of Mikania micrantha on Rhinoceros 
 habitat in Chitwan National Park, Chitwan. BSc Forestry 
 thesis. Tribhuvan University, Pokhara, Nepal. 78 p.  
SALA, O.E., CHAPIN, F.S., ARMESTO, J.J., BERLOW, E., 
 BLOOMFIELD, J., DIRZO, R., HUBER-SANWALD, E., 
 HUENNEKE, L.F., JACKSON, R.B., KINZIG, A., 2000. Global 
 biodiversity scenarios for the year 2100. Science, 287 
 (5459): 1770–1774. https://doi.org/10.1126/science.287.
 5459.1770 
SCHIRMEL, J., BUNDSCHUH, M., ENTLING, M.H., KOWARIK, I., 
 BUCHHOLZ, S.,  2016. Impacts of invasive plants on 
 resident animals across ecosystems, taxa, and feeding 
 types: a global assessment. Global Change Biology, 22 
 (2): 594–603. https://doi.org/10.1111/gcb.13093 
SEVERNS, P., WARREN, A., 2008. Selectively eliminating and 
 conserving exotic plants to save an endangered butterfl y 
 from local extinction. Animal Conservation, 11 (6): 476–

 483. https://doi.org/10.1111/j.1469-1795.2008.00203.x 
SHRESTHA, M.K., 2004. Relative ungulate abundance in a 
 fragmented landscape: implications for tiger conservation. 
 PhD thesis. USA: University of Minnesota. 99 p.
SHRESTHA, B.B., 2016. Invasive alien plant species in Nepal. 
 In Frontiers of Botany. Kirtipur, Kathmandu: Central 
 Department of Botany, Tribhuvan University, p. 269–284.
SHRESTHA, B.B., SHRESTHA, U.B., SHARMA, K.P., THAPA-
 PARAJULI, R.B., DEVKOTA, A., SIWAKOTI, M., 2019. 
 Community perception and prioritization of invasive 
 alien plants in Chitwan-Annapurna Landscape, Nepal. 
 Journal of Environmental Management, 229: 38–47. 
 https://doi.org/10.1016/j.jenvman.2018.06.034 
SHRESTHA, U.B., SHARMA, K.P., DEVKOTA, A., SIWAKOTI, M., 
 SHRESTHA, B.B., 2018. Potential impact of climate change 
 on the distribution of six invasive alien plants in Nepal. 
 Ecological Indicators, 95: 99–107. https://doi.org/
 10.1016/j.ecolind.2018.07.009
SIMBERLOFF, D., MARTIN, J.-L., GENOVESI, P., MARIS, V., 
 WARDLE, D.A., ARONSON, J., COURCHAMP, F., GALIL, B., 
 GARCÍA-BERTHOU, E., PASCAL, M.,  2013. Impacts of 
 biological invasions: what’s what and the way forward. 
 Trends in Ecology & Evolution, 28 (1): 58–66. https://doi.
 org/10.1016/j.tree.2012.07.013 
SIWAKOTI, M., SHRESTHA, B.B., DEVKOTA, A., SHRESTHA, U., 
 THAPAPARAJULI, R., SHARMA, K.P., 2016. Assessment 
 of the effects of climate change on the distribution of 
 invasive alien plant species in Nepal. In Building knowledge 
 for climate resilience in Nepal: research brief. Lalitpur: 
 Nepal Academy of Science and Technology, p. 5–8.
SMARTT, P., MEACOCK, S., LAMBERT, J., 1976. Investigations 
 into the properties of quantitative vegetational data: II. 
 further data type comparisons. The Journal of Ecology, 
 64: 41–78. https://doi.org/10.2307/2258684 
SUBEDI, N.,  2012. Effect of Mikania micrantha on the 
 demography, habitat use, and nutrition of greater
 one-horned rhinoceros in Chitwan National Park, Nepal.  
 PhD thesis. Forest Research Institute University Dehradun,  
 Uttarakhand. 183 p.   
TER BRAAK, C., ŠMILAUER, P.,  2012. Canoco 5, Windows 
 release (5.12). Biometris, Plant Research International. 
 The Netherlands and Czech Republic.
THAPA, L.B., KAEWCHUMNONG, K., SINKKONEN, A., SRIDITH, K.,  
 2016. Impacts of invasive Chromolaena odorata on species 
 richness, composition and seedling recruitment of Shorea 
 robusta in a tropical Sal forest, Nepal. Songklanakarin 
 Journal of Science & Technology, 38 (6): 683–689. 
THAPA, T.B., 2011. Habitat suitability evaluation for Leopard 
 (Panthera pardus) using remote sensing and GIS in and 
 around Chitwan National Park, Nepal. PhD thesis. 
 Saurashtra University. 228 p.  
TIMSINA, B., SHRESTHA, B.B., ROKAYA, M.B., MÜNZBERGOVÁ, Z.,  
 2011. Impact of Parthenium hysterophorus L. invasion 
 on plant species composition and soil properties of 
 grassland communities in Nepal. Flora-Morphology, 
 Distribution, Functional Ecology of Plants, 206 (3): 233–
 240. https://doi.org/10.1016/j.fl ora.2010.09.004 
TIWARI, S., 2005. An inventory and assessment of invasive 
 alien plant species of Nepal: Katmandu: IUCN Nepal. 
 115 p.
VAVRA, M., PARKS, C.G., WISDOM, M.J., 2007. Biodiversity, 
 exotic plant species, and herbivory: the good, the bad, 
 and the ungulate. Forest Ecology and Management, 246 
 (1): 66–72. https://doi.org/10.1016/j.foreco.2007.03.051 



191

VILÀ, M., ESPINAR, J.L., HEJDA, M., HULME, P.E., JAROŠÍK, V., 
 MARON, J.L., PERGL, J., SCHAFFNER, U., SUN, Y., PYŠEK, 
 P., 2011. Ecological impacts of invasive alien plants: a 
 meta-analysis of their effects on species, communities 
 and ecosystems. Ecology Letters, 14 (7): 702–708. https://
 doi.org/10.1111/j.1461-0248.2011.01628.x 
VILÀ, M., HULME, P.E., 2017. Impact of biological invasions 
 on ecosystem services (Vol. 12): Cham: Springer
 International Publishing. 290 p.
VILA, M., WEINER, J., 2004. Are invasive plant species better 
 competitors than native plant species? – evidence from 

 pair�wise experiments. Oikos, 105 (2): 229–238. https://
 doi.org/10.1111/j.0030-1299.2004.12682.x
WEGGE, P., ODDEN, M., POKHAREL, C.P., STORAAS, T., 2009. 
 Predator–prey relationships and responses of ungulates 
 and their predators to the establishment of protected 
 areas: a case study of tigers, leopards and their prey in 
 Bardia National Park, Nepal. Biological Conservation, 142 
 (1): 189–202. https://doi.org/10.1016/j.biocon.2008.10.020

Submitted December 12, 2021
Accepted July 13, 2022


