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ABSTRACT

Background and Objective: The highly invasive Chromolaena odorata (Siam weed) is well recognized as
a plant that alters ecosystem composition and trophic functionality. Although these changes are mostly
deleterious to native plant species, little is known about their impact on associated arthropod
communities. This study investigated how C. odorata invasion influences arthropod community
assemblage. This study compared the diversity, richness and evenness of arthropods in sites without
C. odorata (0% C. odorata-infested site) and with C. odorata (>50% C. odorata-infested sites).
Materials and Methods: Pitfall traps and beating tray sampling techniques were used to sample both
epigeal and arboreal arthropods, respectively and collected arthropods were identified at the family level.
Diversity at the family level was analyzed using richness, Shannon and Simpson indices, calculated in PAST
software (version 4.03). Results: The results suggest that sites with >50% C. odorata coverage supported
higher arthropod family richness, diversity and evenness compared to the 0% C. odorata uninfested site,
contradicting the initial expectations. Although a 51% Jaccard similarity index suggests a moderate overlap
in family composition within the two study sites, this study contrasts the typical expectation of reduced
arthropod diversity following the invasion of an aggressive plant species. Conclusion: The study uniquely
demonstrates that C. odorata invasion may enhance certain aspects of arthropod community structure,
providing new insights into the complexity of ecosystem responses to invasive species.
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INTRODUCTION

Chromolaena odorata, commonly known as Siam weed or bitter bush, is an herbaceous to woody
perennial shrub belonging to the family Asteraceae (the sunflower family) and is native to
North America'?. This plant typically reaches heights of 1-3 m and produces dense clusters of small, pale
blue to purple flowers®. When crushed, its leaves release a strong odor, thought to deter herbivores and
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enhance their resilience in various environments*. This plant has gained attention for its medicinal
properties, being widely used to treat wounds, burns and skin infections. It has demonstrated anticancer,
antidiabetic, antinociceptive, anti-hepatotoxic, anti-inflammatory, antimicrobial and antioxidant effects®.
However, C. odorata is often regarded as a weed and a matter of global concern, especially in exotic
regions.

The earliest recorded case of C. odorata as an invasive species dates back to 1872 in India, followed by
its spread to Sumatra, Indonesia, in 1934. Today, C. odorata is widespread across numerous countries in
Asia, Western and Southern Africa and Australia™®. In South Africa, it has been regarded as the second
most prevalent invasive plant species and is considered one of the world's most destructive weed
invaders’®. Following its introduction from Sri Lanka into Southern Nigeria in 19377, it has reached critical
levels in Nigeria'®"?, Cameroon, Ghana and other African regions™ and is now recognized as one of the
worst weeds in Nigeria and West Africa. The plant was first documented in Nigeria near Enugu State in
1942 and has since rapidly expanded throughout Southern Nigeria, particularly in areas with high rainfall
and humidity'* . The radical spread of C. odorata in Nigeria can be attributed to several factors: Its
exceptional reproductive capacity, adaptability to the local climate, ability to alter soil properties in ways
that render the soil unsuitable for other competing species and its tendency to form dense thickets that
out-compete native plants, leading to reduced abundance or even elimination of indigenous species'*'"*,
Such large-scale plant invasion contributes to ecological homogenization, disrupting food chains that
support higher trophic levels'.

The proliferation of invasive alien weeds remains a paramount concern for preserving natural
habitats and their resident species. Invasive plants, like C. odorata, sometimes unpredictably impact
ecosystems in multiple ways, such as increasing soil nitrogen, altering soil eco-hydrological conditions,

trapped sediment composition and microclimatic factors®'

. By forming dense populations, these
invaders outcompete native plant species, reducing biodiversity through direct competition and disrupting
multiple trophic levels within ecological communities™'®?, Limited attention has been devoted to
understanding the impact of C. odorata on community-level dynamics of higher trophic feeders in Nigeria,
with few studies exploring these interactions. For instance, Mgobozi et al** studied the effects
of C. odorata on spider diversity, Rizali et al?

Buchori et al.* documented the local arthropod fauna associated with this invasive plant. However, studies

examined how ants respond to C. odorata and

within the study area have yet to investigate the response of arthropods to the presence of the invasive
plant.

Arthropods are particularly valuable for studying community-level responses to plant invasions. As a
diverse and ecologically significant taxonomic group with a global presence, they respond quickly to
environmental changes, making them effective indicators of both local and broader landscape changes.
Plant invasions can alter arthropod composition by modifying resource availability, affecting both
herbivores that feed on the plants and the higher trophic levels that depend on these herbivores as
prey?”*° A change in the resource-availability dynamics may force shifts in the community composition
of associated arthropods through three major mechanisms: (1) Selection, favoring species best adapted
to the remaining resources, (2) Migration or dispersal of species to other areas and (3) Eventual speciation
as some species evolve over the long term to adapt to the altered conditions. Selection occurs as some
arthropods may be able to survive and reproduce within this altered landscape, benefiting from the
changes introduced by the invasive plant. In resource scarcity, they may die out or take the
alternative: Dispersal. Arthropods may tend to migrate outside their zones of resthece unavailability,
typically to more resource-available regions. Furthermore, changes in the plant composition change the
landscape, which, over time, may evolutionarily drive the formation of new species.
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Although C. odorata has been in Nigeria for eight decades, no scientific evidence yet indicates that it has
driven speciation among arthropods. Any small evolutionary changes may be too subtle to produce
noticeable taxonomic divergence. Since arthropods can be efficiently sampled and have relatively short
lifespans, they offer a practical way to observe responses to C. odorata invasion, allowing one to detect
ecological changes and species turnover within a relatively short time frame. Current studies
hypothesize that C. odorata invasion will result in lower arthropod diversity, evenness and overall
community homogenization. To test this, the current study selected rural areas in Edo State, Southern
Nigeria, where C. odorata has been well-established. In these minimally disturbed areas with low
anthropogenic activity, the current study will assess and compare arthropod abundance and diversity
between C. odorata-infested and un-infested sites. Specifically, the current study will evaluate the family
richness, evenness and diversity of foliage-dwelling and ground-active arthropods across invaded and
non-invaded sites.

MATERIALS AND METHODS

Study area and sample site: The study was conducted from October to November 2023 in Ogua
community, Ovia North East Local Government Area, Edo State, Nigeria. One large fallow land
(GPS: Latitude 6°31'30"N and Longitude 5°32'25"E) with ~0% C. odorata infestation and another
(GPS: Latitude 6°31'27"N and Longitude 5°32'26"E) with >50% C. odorata were investigated in this study.
To ensure independence in the arthropod community, each site was separated by at least 500 m, as
suggested by Effah et al.?'. For better reference, the site with 0% C. odorata will subsequently be referred
to as site 1 and that with >50% C. odorata, site 2.

Site 1 is a forested area with huge trees, crawling plants, shrubs, grasses and floor litter and measures
about 100x 100 m?. It consisted of a partial canopy cover and was dominated by Cyphostemma adenocaule
(Vitaceae) and Palisota hirsuta (Commelinaceae).

The dominant vegetation at site 2 were Chromolaena odorata, Croton hirtus (Euphorbiaceae), Myrianthus
arboreus (Urticaceae), Setaria barbata (Poaceae) and Centrosema pubescens (Fabaceae).

Arthropod sampling: Two sampling techniques, pitfall trapping and beating-tray, were used in the
arthropod collection. Afterward, all arthropods collected were stored using paper envelopes or vials
containing 70% ethanol where appropriate. All collected arthropods were sorted into morpho-species
using morphological differences®'. Subsequently, they were identified as part of the taxa group (Order,
Family) using the help of standard insect guides™.

Pitfall trapping: At each site, 15 transparent pitfall traps (75 mL plastic cups, 8 cm diameter and 9 cm
depth) were installed on the ground and flushed to the surface. Each trap was placed 2 m apart. Traps
were covered for 5 days before sampling began to eliminate the digging-in effect”, after which about
25 mL of water containing a few drops of liquid soap to break surface tension was added to each trap.
Trapped arthropods were collected three times (i.e,, at 24, 48, 72 hrs after the opening of the trap).

Beating tray technique: A white kite-like tray measuring about 1 m* was placed below randomly selected
C. odorata plants in the >50% C. odorata region and gently beaten with a beating stick continuously for
about 5 min. Quick collection of all arthropods on the beating tray was done using an aspirator and put
in a killing jar. The same was done on random plants on the 0% C. odorata plots. Ten collections were
made for each site, making a total of twenty collections. The insects were collected between
8:00-10:00 hrs.
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Data analysis: The arthropod families were organized and tabulated in Microsoft Excel. For diversity
analysis at the family level, richness, Shannon and Simpson indices were calculated using PAST software
version 4.03*. The Shannon diversity index, calculated in PAST*, measures diversity on a scale from 0,
where one family dominates, to higher values indicating a wider variety of families with a more balanced
representation. To estimate uniformity in family distribution, the current study calculated the
evenness index, standardizing Shannon's measure from 0-1, with values close to 1 indicating equal
representation across families. Lower evenness values reflect uneven representation, while higher
values suggest more balanced distributions. As an inverse measure, dominance highlights species
dominance within the community, where higher dominance values indicate less even distribution across
species. Also, the current study plotted a rarefaction curve that represents the cumulative family
richness with increased sampling coverage and sampling effort. Finally, the current study calculated the
Jaccard index to assess the compositional similarity between C. odorata-infested and non-infested
areas.

RESULTS

A total of 488 arthropods belonging to 54 families were sampled from both sites (0 and >50% C. odorata).
Site 1 (0% C. odorata infestation) had 34 families, while 42 families were found in the infested site
(Table 1). The most abundant family was Formicidae, with 183 individuals (37.5%), followed by
the family Evaniidae with 36 individuals (7.4%). Family Scarabaeidae and Muscidae both
had 24 individuals each (4.9%) and every other family had a relative abundance of less than 5%. With
pitfall and beating tray sampling methods being the only sampling methods used, 346 individuals
belonging to 38 families were captured using the pitfall technique, while the beating tray technique
sampled 142 individuals belonging to 28 families from both sites. From site 1 (0% C. odorata),
202 individuals were recorded and 286 from site 2 (>50% C. odorata). From site 1 (0% C. odorata),
202 individuals were recorded and 286 from site 2 (>50% C. odorata). The most abundant family in site
1 and 2 was the Formicidae family, with 102 and 81 individuals in site 1 and 2, respectively (Table 1).
Finally, the Jaccard index was 0.511, indicating that around 51.1% of the arthropod families are shared
between the two sites.

Diversities of foliage and ground-dwelling arthropods are shown in Table 2. Family richness was
generally higher in the infested site (site 2) across both sampling methods, with 17 families
recorded from foliage samples in site 2 compared to 15 in site 1 and 32 families from ground
samples in site 2 compared to 24 in site 1. In terms of individual arthropods, ground arthropod abundance
was higher in the infested site compared to the uninfested site, while foliage arthropods demonstrated
the opposite trend. Irrespective of the sampling method, the dominance, evenness, shannon and
simpson’s diversity indices were higher in the infested area for both foliage and ground-active arthropods.
However, the Chao-1 estimator for family richness showed mixed results: In foliage samples, site 1 had
a notably higher Chao-1 value compared to site 2. Conversely, ground samples revealed a higher Chao-1
value in site 1 (46) compared to Site 2 (37), whereas the overall Chao-1 estimates were higher for site 1
than site 2.

The rarefaction graph shows family richness across the two sites (0 and >50%). Each curve
represents the cumulative family richness with increased sampling effort. Site 1, with 0% C. odorata
invasion, shows lower family richness while site 2, with >50% C. odorata invasion, shows the
lowest family richness. However, both curves are ascending, which indicates insufficient sampling
depth or effort, hence, more sampling will lead to the discovery of new species as shown in
Fig. 1.
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Table 1: Arthropod families collected using pitfall traps and beating trays in sites infested without C. odorata (site 1) and that with
infestation (site 2)

Family Site 1 Site 2 Abundance R.A (%)
Blaberidae 0 1 1 0.2
Bruchidae 0 1 1 0.2
Calliphoridae 0 3 3 0.61
Carabidae 8 16 24 49
Cerambycidae 1 2 3 0.61
Ceratopogonidae 1 0 1 0.2
Chrysomelidae 1 1 2 0.41
Coccinellidae 0 2 2 0.41
Crabronidae 4 5 9 1.8
Curculionidae 3 10 13 2.7
Ctenidae 0 2 2 0.41
Cydnidae 1 4 5 1.02
Cyrtaucheniidae 1 1 2 0.41
Dinidoridae 1 0 1 0.2
Ectobiidae 2 0 2 0.41
Elateridae 1 0 1 0.2
Endomychidae 0 2 2 0.41
Evaniidae 0 36 36 74
Forficulidae 0 2 2 0.41
Formicidae 102 81 183 375
Gryllidae 8 0 8 1.64
Glossinidae 0 5 5 1.02
Gnaphosidae 0 15 15 0.31
Hodotermopsidae 0 1 1 0.2
Lampyridae 1 4 5 1.02
Linyphiidae 1 2 3 0.61
Lycosidae 1 0 1 0.2
Meinertellidae 2 3 5 1.02
Melolonthinae 1 0 1 0.2
Membracidae 0 1 1 0.2
Muscidae 16 7 23 4.7
Nemonychidae 1 0 1 0.2
Nitidulidae 1 7 8 1.64
Oniscidae 0 1 1 0.2
Pentatomidae 1 1 2 0.41
Pholcidae 1 0 1 0.2
Plataspidae 0 2 2 0.41
Pyrgomorphidae 0 1 1 0.2
Pyrrhocoridae 1 0 1 0.2
Reduviidae 1 3 4 0.82
Salticidae 1 8 9 1.84
Scarabaeidae 14 10 24 4.92
Segestriidae 0 1 1 0.2
Spirostreptidae 4 4 8 1.64
Staphylinidae 2 0 2 0.41
Stratiomyidae 0 1 1 0.2
Tenebrionidae 2 1 3 0.61
Tetrigidae 0 1 1 0.2
Tettigoniidae 1 2 3 0.61
Theridiosomatidae 10 1 11 2.25
Thyreocoridae 0 4 4 0.82
Tingidae 0 3 3 0.61
Titanoecidae 1 0 1 0.2
Unidentified 5 28 33 6.76
R.A: Relative abundance, Site 1: Uninfested site (0% C. odorata) and Site 2: Infested site (>50% C. odorata)
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Fig. 1: Rarefaction graph of family richness in sample sites (0 and >50% C. odorata)
Abundance: Percentage

Table 2: Family level diversity indices of arthropods sampled in site 1 and 2

Ground arthropods Foliage arthropods Overall
Indices Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
Family richness 15 17 24 32 34 42
Individuals 81 61 121 225 202 286
Dominance_D 0.5428 0.326 0.1662 0.0979 0.2741 0.1183
Simpson_1-D 0.4572 0.674 0.8338 0.9021 0.7259 0.8817
Shannon_H 1.202 1.864 2.374 2.791 2.153 2.804
Evenness_e”~H/S 0.2218 0.3794 0.4473 0.5092 0.2533 0.393
Chao-1 48 21 46 37 72 52.11

DISCUSSION

The effect of C. odorata invasion on arthropod communities has important consequences for nature
conservation and assessing potential ecosystem impacts. This study examined this effect by examining
arthropod abundance and diversity using various diversity indices. At a family level, the current study
compared the abundance and diversity of arthropods between an area with no C. odorata infestation (0%)
and one with over >50% C. odorata coverage. Contrary to the expectations that arthropod abundance and
diversity would be lower in the >50% C. odorata site, the results revealed higher dominance, diversity,
abundance and evenness in the infested area. These findings contrast with those of van Hengstum et al.?,
who reported that arthropod communities in invaded habitats tend to be smaller and less diverse and
Mgobozi et al*
compared to uninfested ones. The C. odorata-infested area showed an increased abundance of certain
spider families, including Salticidae and Gnaphosidae, in comparison to the uninfested site. This finding
contradicts Mgobozi et al**, who observed that C. odorata infestation led to a decrease in the number of

, observed lower diversity and species richness of spiders in C. odorata-infested sites

spiders and altered spider community patterns, species richness and diversity. However, they also found
that the arthropod community recovered after clearing the invasion.

The 51% similarity, as shown by the Jaccard index, indicates a moderate overlap in arthropod family
composition between the two sites, with approximately half of the families shared. This suggests that while
C. odorata infestation modifies the structure of the community, it does not completely transform family
composition, indicating that certain families may have adaptive traits that allow them to persist in infested
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environments. Generally, plant invasions are thought to reduce native plant richness. Since arthropods
often depend on these plants for food and shelter and as sites to rear their young, the invasions may have
positively impacted their populations®. The higher arthropod diversity observed in the C. odorata-infested
area could be due to the additional shelter provided by C. odorata, which might attract arthropods that
feed on surrounding native plants. The hypothesis that this increased shelter availability could lead to a
larger and more diverse arthropod community in the >50% C. odorata site remains unproven but offers
a plausible explanation.

The focus on arthropod communities at the family level provided a broad view of the composition; studies
conducted at species or genus levels may reveal more intricate differences in arthropod composition
between infested and uninfested sites®”®. For example, it is plausible that there would be high taxonomic
variations from the samples collected, which in turn may or may not outweigh the functional relevance
of the resident species. Furthermore, the current study also recognizes that pitfall and beating tray
sampling may only capture part of the arthropod community, as shown by the rarefaction curves and
some variations may be missed in the samples. For example, in dense C. odorata infestations, fast-flying
insects could quickly leave the beating tray and some small arthropods may escape detection, especially
in thick vegetation.

CONCLUSION

This study highlights the impact of C. odorata invasion on arthropod communities by assessing their
community composition across infested and uninfested sites. Contrary to expectations of reduced
arthropod diversity and abundance in infested areas, the site with over >50% C. odorata coverage showed
higher arthropod family richness, diversity and evenness compared to the uninfested site. This finding
suggests that C. odorata invasion may enhance certain aspects of arthropod community structure,
potentially due to the additional shelter and complex habitat provided by the invasive plant. The study
has shown an overlap in family composition between the two sites, indicating that while C. odorata
modifies community structure, it does not entirely displace native arthropod families. Further research on
the invasion duration of C. odorata and species-level responses would be valuable to deepen the
understanding of the ecological effects of this invasive plant. Nonetheless, these findings contribute
important insights to ongoing discussions on faunal community compositional responses to C. odorata
invasion.

SIGNIFICANCE STATEMENT

Chromolaena odorata displaces native plants and modifies plant community structure. However,
there is limited knowledge of its impact on arthropods associated with native flora. This study
assessed the effect of C. odorata invasion on arthropod community assemblage. Samples were collected
using pitfall traps and beating tray (foliage beating) methods. Current study results revealed that the
presence of C. odorata increased family diversity, richness and evenness, probably due to the shaded
habitat it provides when compared with sites without C. odorata. Further research on species-level
responses would be valuable to deepen the understanding of the ecological effects of this
invasive plant.
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