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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.
Key-words: alien invasion, enemy release hypothesis, herbivory damage, native species.

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
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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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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
× 100%
Total area of leaf

The calculation of leaf area was accompanied with image
analyzing software ImageJ (version 1.49t).Figure 2 Percentage of leaf area damage in Alnus and Ageratina (the letters above error bar show
differences).
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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).
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et al. 2005). It would be interesting to hypothesize that some
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with the enemy release hypothesis, Ageratina in this study shows minimal herbivory damage.
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with only 28% damage in introduced range (Vila et al. 2005). To our knowledge herbivory damage study on
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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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