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ABSTRACT

Insect-plant interactions are fundamental ecological processes that form plant survival and insect community
dynamics. Parthenium hysterophorus L. (Asteraceae), commonly known as congress grass, is an aggressively
invasive weed that creates significant ecological and agricultural challenges. This study aimed to record
the diversity of insect visitors associated with Parthenium hysterophorus, their spatial distribution, and feeding
behaviour across the plant parts. Field surveys were conducted over three seasons in the agricultural field
of Amarkantak, Madhya Pradesh, India. Observations are focused on leaves, flowers, and stems to find
visitor preferences for feeding and resting. Besides its invasive nature, P. hysterophorus supported a diverse
collection of insect visitors, including generalist pollinators such as bees, butterflies, and beetles etc. which
may contribute to pollination and seed dispersal. Herbivores insects were also compiled most of which
being biocontrol agents. These findings disclose the complex ecological relationships between Parthenium
weedand their insect visitors, and highlight the management strategies should consider both the conservation
of biodiversity along with successful control of weeds. This research contributes to our knowledge of the

ecology of invasive speciesand their role within insect communities.
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Introduction

Plant-insect interaction has coexisted for at least 100
million years and, throughout that time, has evolved
a wide array of mutualistic and antagonist interac-
tions. Mutualism involves the relationship between
flowering plant pollination and insect pollinator sys-
tems. In antagonist relationships, one benefits and
the other is harmed. The vast majority of interac-
tions between insect and plant is mutualistic on both
sides such as insects provide services in terms of
pollination and defence, while plants provide the
food, shelter, and oviposition sites required by the
insect. (Panda and Khush, 1995). Plant-phytopha-
gous insect interactions are dynamic and continually

adapted. Plants have developed several mecha-
nisms to defend against herbivory, which includes:
barriers, production of defensive proteins (Haruta et
al., 2001); synthesis of secondary metabolites
(Baldwin, 2001; Kliebenstein, 2001); and emission of
volatile compounds that attract natural enemies of
phytophagous insects (Birkett et al., 2000). Plant in-
sect interaction majorly interdependent with ecosys-
tem functioning, influence plant fitness and insect
community dynamics. Pollinators insects including
bees, butterflies beetles, etc. transfers the pollens
between flowers which is responsible for the plant
reproduction, fruit, and seed dispersal and main-
tained the plant populations (Fufa and Getu, 2023).
Bees, for example, pollinate flowers when they are
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searching for nectar through the transfer of pollen a
critical catalyst for fertilization and seed formation.
In contrast, herbivorous insects can be damaging to
plants by consuming leaves, stems, flowers, rootsor
sap leading to stunted growth, suppressant repro-
duction or death of the plant. Serious incidents are
caterpillars that eat the leaves and aphids that suck
out phloem sap in doing so harm metabolic pro-
cesses (Strauss and Zangerl, 2002).

Parthenium hysterophorus is known to be present
in at least 70 countries. The native range of this plant
encompasses 30 countries, spanning from the
United States to Mexico and throughout Central
America and South America (Rollins, 1950).
Parthenium hysterophorus L. (Asteraceae), commonly
known as congress grass, is a weed of global signifi-
cance because of its widespread distribution, its ag-
gressive invasive nature, its detrimental impacts on
agricultural production, animal and human health,
and the environment (Chippendale et al., 1994;
Jayachandra, 1971; Navie et al., 1998; Navie, Navie
et al.,1996). Its rapid proliferation, allelopathic prop-
erties, and ecological versatility make it a serious
threat to agriculture, biodiversity, and human health
(Nawaz et al., 2025). Apart from the invasiveness, P.
hysterophorus is visited by various insects’ species
including pollinators, herbivores, natural enemies
and other associated plants visitors that influence
the biology of the plants and ecological relationships
(Hlabisa, 2022; McClay et al., 1995). Its flowers
heads having pollen and nectar which fascinate a
wide range of pollinators and herbivorous insects
such as beetles, ants, moths, bugs, flies, bees etc. The
generalist pollinators enhances its level of outcross-
ing, thereby improving its production as a prolific
seed producer. Simultaneously, the plants hosts dif-
ferent insects and pathogen, some of them explored
as potential biocontrol agents to control its
invasiveness.The present study aim to investigate
the diversity, behaviour, and ecological roles of in-
sects interact with the P. hysterophorus. By analysing
theses interactions across the plant parts part, this
study provides insights biology of weed, its role in
supporting local insects community and potential
relationships for integrated managements strategies.
By understanding these complex interactions is cru-
cial for developing effective strategies to manage
this invasive species while preserving ecological
balance.
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Materials and Methods

Field survey was carried out at multiple locations in
Amarkantak, Madhya Pradesh, India (22° 40°N, 81°
45’E). Three distinct seasons were taken for investi-
gating insect associated with Parthenium
hysterophorus. The selected place comprised pre-
dominantly agriculture field, where the Parthenium
weed occurred naturally and which attracts differ-
ent insect’s species. Systematically observation was
done to document the visitors of Parthenium plant,
their feeding behaviour, feeding sites across the
plants including stem, leaves, flower etc. Survey
was carried out at specifically morning and evening
hours to get maximum visitors. Insects collected
were identified, using standard keys (e.g.,Panda and
Khush, 1995; McClay et al., 1995). Quantitative
analysis was conducted on the diversity, frequency
of visit and distribution of insect on plants as well as
their ecological function (pollinator, herbivore or
casualvisitor) registered. The diversity of insects
(species richness and evenness) was calculated
based on the Shannon and Simpson indices.

Collection of Insect visitors

Visitors of the Parthenium hysterophorus were sys-
tematically sampled using the standard entomologi-
cal methods such as sweep nets and aspirators dur-
ing morning and evening time in order to peak in-
sects activity. Care was taken to minimise the distur-
bance in surrounding ecosystem during the collec-
tion process. Representative specimens from each
sampling session were carefully transferred to la-
belled collection vials and preserved for subsequent
identification. Captured insect specimens were
transported to the Behavioral and Molecular Ecol-
ogy and Biocontrol Research Laboratory, Depart-
ment of Zoology, Indira Gandhi National Tribal
University IGNTU), Amarkantak (M.P.). Identifica-
tion was carried out using standard taxonomic keys,
entomological references (mentioned above), and a
Cilika Zoom Digital Trinocular microscope. When
required, identifications were cross-verified with lit-
erature and the laboratory’s reference collections to
ensure accuracy.

Results
Visitors were recorded from the leaves, stem, buds,

and flowers of P. hysterophorus, however no any in-
sects species were found associated with the roots
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(Plates 1-2). The arthropod assemblage collected
from the surveyed sites comprised representatives
of seven distinct orders (Fig. 1). Among these, co-
leoptera (beetles) and hemiptera (true bugs) were
the most dominant groups, together constituting 75
% of the total species observed, and which is
categorised as major and minor visitors depending
frequency of visitation (Table 1). Other five orders,
araneae, diptera, hymenoptera, lepidoptera, ortho-
ptera, mantodea, and acariformes, were each repre-
sented by a single species, contributing 25% each to
the overall diversity, and were thus considered mi-
nor visitors (Table 2). Analysis of feeding strategies
revealed that out of the 30 identified species, 14 spe-
cies (44.8%) were oligophagous (specialist feeders),
while 16 species (55.2%) were polyphagous (gener-
alist feeders) (Fig. 2). In terms of biogeographical
origin, 16 species (52.9%) were native, whereas 16
species (47.1%) were exotic. The oligophagous
group comprised seven native and seven exotic
taxa, while the polyphagous group included eight
native and eight exotic taxa (Table 1-2). The
Simpsons index value for the present data shows
that the D value is found to be 0.335,< 1. So from
these we conclude that diversity is present in the
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Plate 1. Photographic representation of frequent major
insect visitors associated with Parthenium

hysterophorus
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sample, while the Simpsons index of diversity calcu-
lated by (1-D) was is found to be 0.665 shows diver-
sity of insect’s species validate the given data. Simi-
larly, as the Shannon diversity index value is 1.2894,
which indications increase in value ultimately in-
crease in diversity of organism from sample data.

Key Insect Species

Among the 30 insect species collected from the
Parthenium weed, the majority were considered as
potential agents for most of the weeds due to their
population dynamics and host range. The insect
visitors directly affects through pollination, her-
bivory, oviposition, and indirectly interact with the
plants microenvironment as well as interaction
within the organism. This interaction affects the
plants growth, reproduction and fitness. Similarly
reproductive success, herbivory, photosynthetic ef-
ficiency and resource allocation enhanced by this
pollinators resulting in dynamic balance between
mutualists and antagonistic interactions (Strauss
and Irwin, 2004; Schmitz, 2008). Insect visitors of
host plants were classified as major or minor based
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Plate 2. Photographic representation of occasional minor
insect visitors associated with Parthenium
hysterophorus.
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on their frequency and duration of visits. Besides the
30 insect species collected from the Parthenium
weed, some of these species were regarded as major
visitors, while others were considered minor plant
visitors due to their infrequent visits to the plant.
Major visitors have an important role on plant re-
productive andphysiological processes by means of
multiple interactions (herbivory, pollination) while
minor flower visitors are less frequent but contribute
to the plant’s pollen export function and herbivory
or ecosystem functioning. Theirbehaviour usually
reflects fighting effort, resource availability, flower
characteristics and environmental conditions
(Herrera, 1989; Fenster et al., 2004). Knowledge of
these patterns is crucial to evaluate plant”insect in-
teractions and theirecological importance.

Index

O: Occasionally found; F: Found frequently or re-
16

14
12

10

Number of species
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corded in multiplesites (pers. observ.). (Adult) and
its Larva of Zygogramma bicolorata are established
biocontrolagents on the noxious weed P.
hysterophorus and feed frantically thereby effectively
curtailing the growth, flowering and seed set
(Dhileepan, 2001; Jayanth and Bali, 1993). In addi-
tion to these beetles, a number of phytophagous in-
sects including aphids, bugs and thrips have been
implicated in the direct or indirect effectson the
growth and vigour of P. hysterophorus (Evans, 1997;
Dhileepan and McFadyen, 2012). Furthermore, a
variety of predatory arthropods, including ladybird
beetles, ants, moths, spiders, and other generalist
predators, exert additional ecological pressure on
the weed, which may lead to physiological stress
and reduced competitive ability (Kaur et al., 2014;
Kumar and Varshney, 2010).

W Coleoptera MHemiptera [Araneae [ Hymenoptera [OLepidoptera [ Mantodea O Acariformes

Insect Orders
Fig. 1. Species richness of insect orders associated with Parthenium hysterophorus.

Number of species
=

m Oligophagous

m Polyphagous

u Exotic Native

Feeding guild and Origin

Fig. 2. Species distribution by feeding guild and origin on Parthenium hysterophorus.
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Discussion and Conclusion

A total of 30 arthropod species were recorded, and
represented a resident community composed of in-
sect feeding and biogeographic group. The visitors
belonged to seven orders with higher number of
coleoptera and hemiptera. In contrast the relative
abundance of all other orders were very low (Fig. 1).
This trend indicates a moderate ecological adapta-
tion or habitat preference for coleoptera and
hemiptera to the ambient environments at the col-
lecting site (Villet, 2005; Gullan and Cranston, 2014;
Hsu et al., 2021; Conifers and Non-native Tree
Study, 2023). Despite their least occurrence the
predatory taxa such as Araneae and Mantodea re-
flects a certain level of trophic complexity, indicat-
ing interspecific interactions and potential regula-
tory roles in the ecosystem (Foelix and Erb, 2011;
Prete et al., 2013; Guo and Potter, 2025).

Feeding strategies analysis showed that 14
(44.1%), and 18 species (55.9%) were oligophagous
(specialist feeder) and polyphagous (general-green
feeder), respectively (Fig. 2). Preponderance of
polyphagous taxa may indicate that the sample eco-
system provide a broad spectrum of food source
available for generalist feeders (Gullans and
Cranston, 2014; Lucas-Barbosa et al., 2005; Hsu et al.,
2021; Ameline et al., 2023). This high abundance is
suggestive of superior eco-physiological flexibility
and it may influence the robustness of the arthropod
community through scenarios trophic interaction
complexity and increase capacities for natural pest
control (Futuyma and Mareno, 1988; Symondson et
al., 2002; Pest consumption by Generalist Arthropod
Predators, 2021).

Among the 30 insects found with Parthenium
hysterophorous, exotic and native insect (50%) were
almost equal in their species proportion. Of these,
oligophages consisted of 7 native and 7 exotic taxa
and a similarity equal representation of feeding type
and origin was observed among polyphages with
value of 9 for both native and exotic species (Table
1-2). The presence of exotic specialist feeder could be
due to their co-introduction with particular host
plants or intentional released for biocontrol (Kenis et
al., 2009; Simberloff and Stiling, 1996; Yi et al., 2024,
2024). However, the relatively greater abundance of
native polyphagous species indicates that native
generalists are seeded and maintain ecosystem sta-
bility and functional resilience (Strong et al., 1984;
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Loreau et al., 2001; Galle et al., 2023).

The structure of the arthropod community stud-
ied here mirrors a functionally rich, and
biogeographically even system. The relative higher
proportion of polyphagy points to ecological flex-
ibility, whilst a high number of native generalists
emphasizes the resilience and ecological function
that local arthropods provide. (Futuyma and
Moreno, 1988; Gullan and Cranston, 2014; Berthelot
et al., 2023). However, the high frequency of exotic
oligophagous species indicates further ecological
monitoring. These species may disrupt native net-
work structures by competing for specialized niches
or altering existing plant-insect interactions (Kenis et
al., 2009; Simberloff and Stiling, 1996; Galle et al.,
2023). Such interactions lie at the heart of agro eco-
system in which ecosystem functions as pollination
and pest control have to be sustainably upheld
(Kremen and Chaplin-Kramer, 2007; Losey and
Vaughan, 2006).

Overall, the arthropod community examined in
this study exhibits a functional and biogeographical
balance between specialist and generalist strategies,
as well as between native and exotic origins. While
the community composition suggests ecological ro-
bustness, further research is recommended to assess
the long-term impacts of exotic species, particularly
specialists, on native biodiversity and ecosystem
functionality (Van der Putten et al., 2007; David et al.,
2013; Guo and Potter, 2025). This study highlights
diverse arthropod community characterised by
function and ecological balance. The dominancy of
Coleoptera and hemiptera reflects strong ecological
adjustment to the local condition while the presence
of prefatory taxa shows trophic complexity and
regulatory roles within the ecosystem. The higher
proportion of polyphagous species indicates ecologi-
cal flexibility and resilience, with native generalists
playing a crucial role in maintaining ecosystem sta-
bility and pest control.

However, the considerable number of exotic oli-
gophagous species reflects major ecological con-
cerns, particularly in potential displacement of na-
tive specialist and disruption of established interac-
tions. Overall, the observations suggest a robust but
dynamic community where native generalists un-
derpin ecological stability, yet continued monitoring
is require evaluating the long-term impacts of exotic
specialists on biodiversity and ecosystem function-
ality.
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