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Abstract
There are numbers of invasive and naturalized alien species in Nepal but studies related to herbivory effects on such species are scarce. 
An issue of debate is whether invasive alien species get benefited by less herbivory damage in their introduced range. In this study, 
we investigated the level of herbivory damage in Alnus nepalensis in an area invaded by Ageratina adenophora in Nepal. The damage 
was compared between invasive A. adenophora and native Alnus nepalensis. Results showed that A. adenophora experienced lower 
level of leaf damage by herbivores than that of A. nepalensis. This indicated that the invasive A. adenophora might have benefited 
from reduced herbivory damage behind its successful invasion in Nepalese forest. Further studies are needed to confirm whether 
controlling of herbivores to lessen the damage in native Alnus nepalensis could enhance its competitive ability against Ageratina 
adenophora in native vegetation of Nepal. 
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Introduction

Enemy release hypothesis (ERH) is commonly accepted 
mechanism for invasion success of alien species, which is 
corroborated by different experimental evidences (Agrawal 
et al. 2005; Vila et al. 2005). ERH predicts that invasive alien 
species (IAS) are capable of attaining vigorous growth at their 
introduced range and exhibit an increase in the distribution and 
abundance due to a decrease in regulation by natural enemies 
(Keane and Crawley 2002; Liu and Stiling 2006; Roy et al. 
2011).

Enemy, in general, represents herbivores of different 
guilds (insects, nematodes, and microbes). In general, if 
native and invasive species are distant phylogenetically, 
the native herbivores (e.g., insects) can hardly switch to the 
invading species (Bertheau et al. 2010). Consequently, IAS 
show competitive advancement over native species by release 
out from natural enemies; i.e. they are benefited, such as in 
allocation of resources for growth and reproduction than 
in herbivore defense activities (Blossey and Notzold 1995; 
Dietz et al. 2004; Lake and Leishman 2004). This strategic 
trait of IAS affects growth and development of native species 
(Gorchov and Trisel 2003; Stinson et al. 2006; Hejda et al. 
2009).

In the context of Nepal, ecological impacts caused by 
aggressively invading and naturalized alien species have 
been documented (e.g. Tiwari et al. 2005; Thapa et al. 
2015; Shrestha 2016; Thapa et al. 2016a), but the studies on 

specific mechanism of alien invasiveness including ERH are 
untouched. In this regard, it would be interesting to study the 
damage caused by natural enemies to native and invasive 
species and explore whether IAS are taking the benefit of less 
herbivory damage for their rapid growth. Studies on ERH in 
invasion ecology generally involve comparing IAS with its 
native congeners regarding their growth and herbivory damage 
(Agrawal and Kotanen 2003). However, for the purpose to 
generate a simple idea on ERH, taxonomically different, but 
co-occurring, native and invasive pairs can also be selected for 
comparing enemy damage level if there is lack of congeneric 
member. 

In this study we compare the level of herbivory damage 
between invasive Ageratina adenophora (Spreng.) King 
& H. Rob. and native Alnus nepalensis D. Don. Ageratina 
adenophora (hereafter referred to as Ageratina) of family 
Asteraceae was introduced in Nepal around 1950s and now 
it has been naturalized in most parts of the country between 
850 and 2200 m asl (Press et al. 2000; Tiwari et al. 2005). 
Alnus nepalensis (hereafter referred to as Alnus) of the family 
Betulaceae was selected as a native species to compare 
herbivory effect along with Ageratina because both grow 
on degraded forest patches with varying climatic and soil 
conditions (Orwa et al. 2009; Tripathi et al. 2011; Thapa et 
al. 2016b). A hypothesis set in the study was that the native 
Alnus suffer from high level of herbivory damage than the 
invasive Ageratina. 
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As the data were not normal, Mann-Whitney-Wilcoxon test was used as a test statistic for analyzing significant 
difference in damage severity and extent of damage in leaf area. Statistical tests were made by using software R 
(R Core Team 2015). 

Results 

PERCENTAGE OF DAMAGED LEAVES 

Alnus exhibited high percentage of leaf damage than that of Ageratina (p<0.001). In Alnus, leaf damage was 91.00 
± 2.62%. Mostly, the damage was by herbivores with characteristics biting signs. In the case of Ageratina, 25.00 ± 
2.18% of leaves showed herbivore damage (Figure 1). The results revealed that there was about 66% less leaf 
damage in Ageratina than in Alnus 

Figure 1 Percentage of damaged leaves in Alnus and Ageratina (the letters above error bar shows significant 
differences). 
 

PERCENTAGE OF LEAF AREA DAMAGE 

The herbivory damaged leaf area in Alnus was 16.00 ± 1.18% of total leaf area. In contrast, the damaged leaf area 
in Ageratina was negligible (i.e., only 0.65 ± 0.26%; p<0.001; Figure 2). On comparing leaf area damage type in 
Ageratina, the area of necrotic spots was significantly greater (9.00 ± 0.88%) than the herbivory bites (p<0.001; 
Figure 3).  
 

Figure 2 Percentage of leaf area damage in Alnus and Ageratina (the letters above error bar shows significant 
differences). 

Materials and Methods

STUDY SITE

The study was conducted in Champadevi Community Forest 
(elevation range: 1400-2300 m asl; location: 27°42’N and 
85°19' E) at southwest of Kathmandu valley. The community 
forest is invaded by Ageratina. The forest was highly degraded 
in the past, but its natural recovery has been achieved after 
conservation efforts of local people for two decades (Thapa 
et al. 2016b). A competition between growing Alnus saplings 
and Ageratina can be observed in field condition. 

DAMAGE ASSESSMENT

The assessment was conducted in August 2016. Leaf damage 
in both native and invasive species was measured in the form 
of damage percentage. The damage was categorized into 
herbivory bites and necrotic spots. A total of 20 individuals 
of each Ageratina and Alnus were selected from Ageratina-
invaded forest patches along a line transect. Distance between 
the patches was approximately 10 m. Alnus saplings having 
similar height as Ageratina (height ranges from 0.5 to 1.5 
m) were selected for the study. Four different branches (one  
branch from base, two from middle and one from top of each 
plant) were selected from each individual of Alnus. Total 
number of leaves and number of damaged leaves were counted. 
In case of Ageratina, four different ramets were selected 
randomly from the same patches where Alnus saplings were 
associated. Afterward, percentage of damaged leaves was 
calculated. 

Results

PERCENTAGE OF DAMAGED LEAVES

Alnus exhibited high percentage of leaf damage than that 
of Ageratina (p<0.001). In Alnus, leaf damage was 91.00 
± 2.62%. Mostly, the damage was by herbivores with 
characteristics biting signs. In the case of Ageratina, 25.00 
± 2.18% of leaves showed herbivore damage (Figure 1). The 
results revealed that there was about 66% less leaf damage in 
Ageratina than in Alnus.

Percentage leaf damage =
Total no. of damaged leaves in all branches

Total number of leaves in all branches × 100

The damage was also calculated in terms of percentage leaf 
area. A total of four damaged leaves from each selected branch 
were collected (20 individuals × 4 branches × 4 leaves = 320 
leaves) for each native and invasive species. Out of 320 leaves, 
100 were selected randomly. The leaves were photographed 
and percentages of leaf area damaged were assessed by using 
following formula. 

Leaf area damage =
Area of damaged portion of leaf

Total area of leaf × 100%

The calculation of leaf area was accompanied with image 
analyzing software ImageJ (version 1.49t). 

STATISTICAL ANALYSIS

As the data were not normal, Mann-Whitney-Wilcoxon test 
was used as a test statistic for analyzing significant difference 
in damage severity and extent of damage in leaf area. Statistical 
tests were made by using software R (R Core Team 2015).

PERCENTAGE OF LEAF AREA DAMAGE

The herbivory damaged leaf area in Alnus was 16.00 ± 
1.18% of total leaf area. In contrast, the damaged leaf area in 
Ageratina was negligible (i.e., only 0.65 ± 0.26%; p<0.001; 
Figure 2). On comparing leaf area damage type in Ageratina, 
the area of necrotic spots was significantly greater (9.00 ± 
0.88%) than the herbivory bites (p<0.001; Figure 3). 
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Figure 1. Percentage of damaged leaves in Alnus and Ageratina (the 
letters above error bar shows significant differences).

Figure 2. Percentage of leaf area damage in Alnus and Ageratina (the 
letters above error bar shows significant differences).

As the data were not normal, Mann-Whitney-Wilcoxon test was used as a test statistic for analyzing significant 
difference in damage severity and extent of damage in leaf area. Statistical tests were made by using software R 
(R Core Team 2015). 

Results 

PERCENTAGE OF DAMAGED LEAVES 

Alnus exhibited high percentage of leaf damage than that of Ageratina (p<0.001). In Alnus, leaf damage was 91.00 
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damage in Ageratina than in Alnus 

Figure 1 Percentage of damaged leaves in Alnus and Ageratina (the letters above error bar shows significant 
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CORRELATION BETWEEN LEAF DAMAGE AND LEAF SIZE

Correlation analysis showed significant relationship between 
leaf size and degree of damage in both the native and invasive 
species. However, the correlation coefficient was much higher 
in native than in invasive species (Table 1).

the fly but they were not severe as compared to the bites of 
herbivores on Alnus leaves (Figure 1 and 2). 

Our results support previous findings; for example, a study 
conducted by Carpenter and Cappuccino (2005) on herbivory 
damage between exotic and native plant species in Ottawa, 
Canada found that the exotics suffered by less herbivores 
than the native ones. MacKay and Kotanen (2008) observed 
release of enemy of ragweed (Ambrosia artemisiifolia), where 
ragweed populations experienced significantly less damage 
relative to within-population plots. Similarly, test of ERH 
on Hypericum perforatum showed 58% of insect damage in 
native range with only 28% damage in introduced range (Vila 
et al. 2005). 

There are several other explanations for prolific growth 
and successful invasion of alien species. Ageratina in their 
exotic range exhibits vegetative means of reproduction and 
allelopathy (Wan et al. 2010; Del Fabbro et al. 2014; Thapa et 
al. 2017). Our study indicates that one of the reasons behind a 
prolific growth and invasion of Ageratina in Nepal is reduced 
herbivory also. 

Invasion of Ageratina in Nepal dates back to 1950s (Tiwari 
et al. 2005). It would be interesting to hypothesize that some 
pests or parasites might have adapted on feeding to Ageratina 
during this course of long time introduction and establishment 
in Nepal (about 70 years). We cannot assure that the bites 
belong to only its natural enemy (Procecidochares utilis), 
they might also belong to other insects that are co-evolved 
pests of native plants. We recommend further studies for its 
confirmation. 

In addition, the stronger correlation of leaf size and 
damage in Alnus and weaker in Ageratina suggest that apart 
from leaf volatiles and other factors, leaf trait (relatively 
smaller size) of Ageratina might have aided them to lowered 
surface area for insects’ ovulation and larval attachment. This 
result creates another opportunity to explore leaf trait and its 
relation with leaf damage in Ageratina. 

Alnus could be a better candidate to compete Ageratina 
prolific growth regarding habitat preference as both of these 
species prefer disturbed and varied soil type. Our explanation 
is that phenological coincidences of native and invasive species 
are also related with herbivory damage. Usually the months 
of August-September represent time of active plant growth 
but at the meantime there is a high herbivore activity during 
this period. With end of these months, winter starts and all the 
plants lower their metabolic machinery, consequently there 
is less chance to recover/compensate the leaf damage/loss 
during whole winter. Thereby growth and development would 
be sufficiently low in herbivory-fed Alnus. As the growing 
season starts Ageratina already makes its way to the soil for 
their germination (March is the flowering month of Ageratina) 
where Alnus may still remain defoliated. After germination, 

Discussion

In accordance with the enemy release hypothesis, Ageratina 
in this study shows minimal herbivory damage. Contrasting 
to this, the damage in co-occurring Alnus was the worst. 
Percentage of damaged leaves was significantly high in Alnus 
in comparison to Ageratina in terms of number of damaged 
leaves (Figure 1). Similarly, comparing leaf area damage 
the difference was also significantly higher in Alnus than in 
Ageratina (Figure 2).

There are natural enemies of Ageratina in its native 
range, such as tephritid gall fly, lepidopteran stem borer and 
curculionid feeding on its shoot tips (Osborne 1924). As a 
biological control of Ageratina, the gall fly (Procecidochares 
utilis) has been introduced to other countries but its effect was 
insignificant, such as in South Africa (Kluge 1991) indicating 
that the introduced enemies may not effectively damage their 
host out of their native range. The gall fly was also observed 
during our field observation but only few numbers of galls 
were seen developed on Ageratina stem. Although we did not 
measure the galls developed in the plants, the condition was 
not likely to cause significant damage in Ageratina. Bites were 
also observed on leaves of Ageratina which might belong to 
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Figure 3 Leaf area damage type in Ageratina (the letters above error bar shows significant differences). 

CORRELATION BETWEEN LEAF DAMAGE AND LEAF SIZE 

Correlation analysis showed significant relationship between leaf size and degree of damage in both the native and 
invasive species. However, the correlation coefficient was much higher in native than in invasive species (Table 
1). 
 
Table 1. Spearman rank correlation between leaf size and damaged leaf area. 

Species Correlation coefficient P value 

Alnus nepalensis 0.64 <0.001 
Ageratina adenophora 0.37 <0.001 

Discussion 

In accordance with the enemy release hypothesis, Ageratina in this study shows minimal herbivory damage. 
Contrasting to this, the damage in co-occurring Alnus was the worst. Percentage of damaged leaves was 
significantly high in Alnus in comparison to Ageratina in terms of number of damaged leaves (Figure 1). 
Similarly, comparing leaf area damage the difference was also significantly higher in Alnus than in Ageratina 
(Figure 2). 

There are natural enemies of Ageratina in its native range, such as tephritid gall fly, lepidopteran stem borer 
and curculionid feeding on its shoot tips (Osborne 1924). As a biological control of Ageratina, the gall fly 
(Procecidochares utilis) has been introduced to other countries but its effect was insignificant, such as in South 
Africa (Kluge 1991), which indicates that the introduced enemies may not effectively damage their host out of 
their native range. The gall fly was also observed during our field observation but only few numbers of galls were 
seen developed on Ageratina stem. Although we did not measure the galls developed in the plants, the condition 
may not be significant in Ageratina damage. Bites were also observed on leaves of Ageratina which might belong 
to this fly but they were not severe as compared to the bites of herbivores on Alnus leaves (Figure 1 and 2).

Our results support previous findings; for example, a study conducted by Carpenter and Cappuccino (2005) 
on herbivory damage between exotic and native plant species in Ottawa, Canada found that the exotics suffered by 
less herbivores than the native ones. MacKay and Kotanen (2008) observed release of enemy of ragweed 
(Ambrosia artemisiifolia), where ragweed populations experienced significantly less damage relative to within-
population plots. Similarly, test of ERH on Hypericum perforatum showed 58% of insect damage in native range 
with only 28% damage in introduced range (Vila et al. 2005). To our knowledge herbivory damage study on 
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Species 
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coefficient 

P value 

Alnus nepalensis 0.64 <0.001 
Ageratina adenophora 0.37 <0.001 

Discussion 

In accordance with the enemy release hypothesis, Ageratina in this study shows minimal herbivory damage. 
Contrasting to this, the damage in co-occurring Alnus was the worst. Percentage of damaged leaves was 
significantly high in Alnus in comparison to Ageratina in terms of number of damaged leaves (Figure 1). 
Similarly, comparing leaf area damage the difference was also significantly higher in Alnus than in Ageratina 
(Figure 2). 

There are natural enemies of Ageratina in its native range, such as tephritid gall fly, lepidopteran stem borer 
and curculionid feeding on its shoot tips (Osborne 1924). As a biological control of Ageratina, the gall fly 
(Procecidochares utilis) has been introduced to other countries but its effect was insignificant, such as in South 
Africa (Kluge 1991), which indicates that the introduced enemies may not effectively damage their host out of 
their native range. The gall fly was also observed during our field observation but only few numbers of galls were 
seen developed on Ageratina stem. Although we did not measure the galls developed in the plants, the condition 
may not be significant in Ageratina damage. Bites were also observed on leaves of Ageratina which might belong 
to this fly but they were not severe as compared to the bites of herbivores on Alnus leaves (Figure 1 and 2).

Our results support previous findings; for example, a study conducted by Carpenter and Cappuccino (2005) 
on herbivory damage between exotic and native plant species in Ottawa, Canada found that the exotics suffered by 
less herbivores than the native ones. MacKay and Kotanen (2008) observed release of enemy of ragweed 
(Ambrosia artemisiifolia), where ragweed populations experienced significantly less damage relative to within-
population plots. Similarly, test of ERH on Hypericum perforatum showed 58% of insect damage in native range 
with only 28% damage in introduced range (Vila et al. 2005). To our knowledge herbivory damage study on 

Table 1. Spearman rank correlation between leaf size and damaged 
leaf area.
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Ageratina gets well adapted even under Alnus canopy and may 
develop shade tolerant ability.

In conclusion, all these results imply that native Alnus 
which co-occur with invasive Ageratina is affected by severe 
herbivore damage. Native herbivores rarely switch to the 
invasive Ageratina even for these numbers of years since 
invasion. All the strategic development for escape, defense 
tolerance from herbivore is well developed in Ageratina that 
makes them successful invader in Nepalese forests. Therefore, 
constrain on Alnus due to herbivory might have hindered its 
competitive ability against Ageratina prolific growth. 
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