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ABSTRACT

Urban development is a significant contributor to the loss of biodiversity. Biological invasion is a
consequence of urban development where invasive species appear singly or in multiple following
unprecedented disturbance. The current study was carried out to assess the presence and impact
of the prevailing invasive non-native plant species co-habiting in the Federal University of
Technology, Akure, Nigeria. Thirty-two (32) quadrants were systematically laid out to measure the
species diversity and species composition of non-native plants across the University landscape. The
species abundance of invasive non-native plants found within the quadrants was measured using
the diversity indices. The Shannon-Wiener index (H) value was low in all the sites except Centre
for Research and Development (CERAD) which was relatively high with 0.31 values. A one-way
ANOVA (Duncan, P>0.05) shows that the Shannon-Wiener value and the relative density of the
invasive non-native species had no significant difference among the nine selected sites; Forest
Plantation (FP), Wild Park (WP), Teaching and Research Farm (T&RF), West African Science
Service Centre on Climate Change and Adapted Land Use (WASKA), Centre for Research and
Development (CERAD), University Senate (US), New Undergraduate Hostel (NUH), New
Postgraduate Hostel (NPH) and New Road (NR). It was observed from the result that ten different
instances of invasive non-native species colonized and dominated a particular study area following
disturbance. In summary, it was observed that the infestation of these plant species is currently
affecting the indigenous plant growth and survival at every season of the year. However, the study
shows that biological control is easier done when a single species forms a colony in a site than
when it is systemically spread across all areas.

Keywords invasive species, non-native plant species, conservation ecology, ecosystem disturbance,
complex systems.
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INTRODUCTION

A large variety of exotic species in urban areas
were absolutely related to urban afforestation
(Silva et al., 2021). With increasing
urbanization and globalization, prior studies on
the species of urban forests were proportionally
ascribed to continuously increase in invasive
tree species at the global level (Doroski et al.,
2020). Consequently, various drivers influence
biological loss. One dynamic change in urban

forest development is people’s choices of trees
to plant and promote. Based on geographical
gaps in ecological knowledge and benefits, the
proportion of tree species composition and
distribution in urban cities have contributed to
change in urban ecosystems. Urban ecosystem
changes can adequately be handled and
controlled when different land uses and existing
land covers including the national park, natural
heritage =~ museum, botanical ~ garden,
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recreational centre, arboretum, permanent
sampling plot and strict nature reserve are
professionally addressed globally (Divakara et
al., 2020; Esperon-Rodriguez et al., 2022;
Omomoh et al.,, 2019). As illustrated by
Doroski et al. (2020), monoculture planting is
incidental to the ecosystem imbalance and
biological invasion in the urban forest.
Biological invasion in connection with forest
disturbance changes in the forest ecosystem
have affected a large proportion of the world’s
biodiversity (Richardson and Rejmanek, 2011,
Charly et al., 2021). Information on the
biological loss and damage caused as a result of
non-native species invasion were reported as
affecting the species composition of specific
regions (Lone et al., 2019) and accompanied a
rapid expansion. For example, Chytry et al.
(2008)  reported  unprecedented  habitat
invasions in Europe.

A positive relationship of biological invasion in
selected regions and habitats was recorded with
prediction of higher future invasions due to the
large proportion of invasions found at specific
habitats. Ecological impacts of biological
invasion based on climatic conditions vary
among different regions of the forest ecosystem
Chytry et al. (2008). Woody species
performance in different ecosystems of the
world require certain conditions for survival,
and thus, acclimation to a new climate or new
conditions would result in introduced species
depending on whether they have been invaded
before (Richardson and Rejmanek 2011).
Similarly, such was the case of a single species
and non-native plant,  Clerondendrum
paniculatum. In many parts of the world, this
species composition is well-known as invasive
and in some parts of the world (Englberger
2009) such as Asian continent, it is highly
known and well distributed as native. Recent
research revealed the species to be understated
due to its low impact on the rainforest region of
Nigeria (Omomoh et al., 2021a). Nevertheless,
most non-native plants are capable of
outcompeting native species and thriving in
their new environment. In addition to
negatively affecting native biodiversity, the
invasion of non-native plants influences the
socioeconomic status level of rural households
that rely on non-timber forest products (Nufiez
and Pauchard 2010). Therefore, invasion of
non-native plant species is established as a great
threat to tropical areas (Castro-Diez et al.,
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2019). Meanwhile, in Nigeria, the impacts of
the distribution of non-native plant species in
rural communities are relatively unknown,
suggesting that more studies are needed to
unravel the interplay of these important
variables (Omomoh et al., 2021a, 2021b). The
aim of this research was to construct an
inventory of invasive non-native species within
selected locations on the university landscape.
This was accomplished by assessing the non-
native species present, their co-occurrence,
abundance, and distribution as they are spread
across the selected areas of the Federal
University of Technology, Akure’s campus.

MATERIALS AND METHODS

Study Area

The study was carried out at the Federal
University of Technology, Akure, Nigeria with
a total land mass of 640 ha. The annual climate
and ecological zone of this area followed the
description given in the previous studies
(Omomoh et al. 2019, 2020) as a tropical humid
lowland ecosystem. The research study consists
of nine selected sites: Forest Plantation (FP),
Wild Park (WP), Teaching and Research Farm
(T&RF), West African Science Service Centre
on Climate Change and Adapted Land Use
(WASKA), Centre for Research and
Development (CERAD), University Senate
(US), New Undergraduate Hostel (NUH), New
Postgraduate Hostel (NPH) and New Road
(NR) (Figure 1). The sites were selected with
respect to their degree of an anthropocentric
disturbance. These were grouped into two
categories. The first category is post-
disturbance areas such as the Secondary Forest
and Forest Plantation (FP), Wildlife Park (WP),
and the Tectona/Gmelina Plantation. The
second category is degraded areas with
incessant disturbance related to activities
associated with building construction. The first
category consists of the close canopy and
vegetation cover, whereas the second section is
an open area adjacent to forest vegetation sites
(e.g., Ochroma lagopus) along the New Road
(NR), and the built-up areas of the University
campus. These areas include the West African
Science Service Centre on Climate Change and
Adapted Land Use (WASCA), the Centre for
Research and Development (CERAD),
University  Senate  (US), the New
Undergraduate Hostel (NUH), the New
Postgraduate Hostel (NPH) and the Teaching
and Research Farm (T&RF).
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The Wildlife Park late-successional

is a
secondary forest absolutely devoid of Tectona

grandis and Gmelina arborea, but
characterized by diverse indigenous plant
species encompassing categories of threatened
wildlife for conservation (Omomoh et al.,
2021b). The university forest plantation is a
large-scale plantation consisting of Tectona
grandis and Gmelina arborea and was
established for teaching and research. It was
influenced by anthropogenic disturbance,
exposing the current stage to plant succession
for over three decades. Cohabitation of invasive
native species and non-native species were
major challenges facing the plantation. This
mixed plantation (Tectona grandis and
Gmelina arborea trees) are currently estimated
at a range between 20m to 24m tall, while their
diameters, at a breadth height of 1.3m, were
between 0.18m to 0.55m, with a relatively thick
canopy cover and low sunlight. The natural
regeneration of this forest plantation
encompassed the understory plants which were
co-dominated by various resident indigenous
species. The sites from the second category
were selected based on their characterized open
cover ground habitat, consisting of six sites
with common features. This open habitat
harbours well-known tropical light-tolerant
plant species with diverse invasive plants of
native and non-native plant species.

Shudy Aez_modied

Figure 1: Map of the Study Location

Study area sampling

The sampling units such as the locations used
were obtained from the experimental unit, the
university landscape. The experimental design
was a completely randomized design (CRD)
comprising nine selected locations as
experimental treatments. The raw data from the
sampling unit were statistically treated using
analytical methods. The density and
distribution of invasive non-native plants
absolutely vary from one site to another
following disturbance. These plant species were
however enumerated and estimated in order to
record the ecological variation of each site. A
temporal sample plot of 2500 m? square was
laid out. Four quadrants of 2m? were also
positioned at the four corners of each plot, and
one at the centre in an alternate format along a
24 m line transecting at 5m intervals, resulting
in 32 quadrants distributed across the 9 sites of
the University. The identification of these
invasive non-native plant species was done by
the first author from the species to family level.
The plant voucher specimen of each plant was
prepared and deposited at the University
herbarium (FUTA herbarium) with their
voucher herbarium number. The abundance and
the distribution of each invasive non-native
plant across the selected sites were also
measured using the DAFOR scale of
preference.
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Procedural database techniques adopted

Online database search engines such as the
Integrated Taxonomic Information System
(ITIS) updated database (2020), Kew Science,
and Google Scholar were consulted using the
keywords ‘non-native’, and ‘introduced’ in
combination with  ‘species’.  Additional
searches on plant species’ origin, species
taxonomy, scientific citation authority, and
plant geographic origins were compiled using
JSTOR Global for plants, flora of West
Tropical Africa object and grey literature such
as Flora of West Tropical Africa text
(Hutchinson et al., 1963) to consolidate the
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jurisdiction findings of invasive non-native
species. Part of the query list of Drake et al.
(2003) for invasive species was adopted in
assessing and characterizing the invasive non-
native species found in this study. The basis for
this study is to identify: 1) the hotspot of non-
native invasive species in the University
campus, 2) the number of non-native invasive
plants that can tolerate one another by the way
of cohabitation, and 3) the invasive non-native
species distribution and abundance in the
University campus following anthropogenic
disturbance. GPS (Garmin GPS 60) coordinates
for each location were taken.
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Key: (A) =Tithonia diversifolia a Hemsl, (B) = Alternanthera brasiliensis Hort ex. Vilmorin, (C) = Chromolaena odorata (L.) R. M. King &
H. Rob, (D) = Euphorbia graminea Jacq, (E) =Manihot glaziovii Miill. Arg, (F) =Leucaena leucocephala (Lam.) de Wit (G) = Gmelina
arborea Roxb, (H) = A matured tree of Tectona grandis Linn. F (1) = A mature tree of Gmelina arborea, (J) = Ochroma lagopus Sw, (K) =

Open herbaceous grassland

Data analyses

One-way ANOVA (Duncan test) was carried out
to obtain the significant differences between the
variables. Moreover, the data obtained were
computed and processed using Microsoft Excel
2007 to get the mean and the standard error (SE).
The 1000 bootstrap replicates in the PAST
software 3.0 were also used to observe the
diversity indices of the study area to understand
the forest structure. To study the variance of
analyses, the principal component analysis (PCA)
ordination was used to explain the variations in
the distribution of invasive non-native plant
species of the study area. The plant species were
categorized into their life forms using
Hutchinson et al. (1963). The species relative
density (Kent and Coker 1992) was calculated
using:

Relative Density:

RD =% %100 ..... (1)
N

Where RD = species relative density, ni =
number of individuals of species i, N = total
number of all plant species in the entire
community.

Shannon-Wiener diversity index (Michael 1990):

S
H=->pIn(p) ...
i=1

Where H' = Shannon diversity index, S = the total
number of species in the community, pi =
proportion S (species in the family) made up of the
ith species and In = natural logarithm.

(iii). Species richness index (Margalef 1958):

R=5-1
LN(N).....(3)

Where S = the total number of species in the
community, Ln = natural logarithm and N = total

number of all plant species in the entire
community.

RESULTS

A total number of 23 invasive non-native species
(seven trees, four shrubs, and eleven forbs) were
found and recorded in 11 families in 9 different
locations of the University campus (Table 1). The
species frequency distributions across the study
areas are shown in Figure 2a whereby one to two
species of plants were predominant. The
subfamily Leguminosa,e such as
Caesalpinioideae and Papilionoideae (LPWG
2017), consists of the highest contributing
invasive non-native members in the area study,
followed by Verbenaceae. There were no areas
without presence of two to three non-native plants
activities. However, one species of non-native
plant was observed in the following areas of
study: Forest Plantation, New Road, Wildlife
Park, and CERAD, as shown in Table 2. From our
result, three invasive non-native species cohabited
in the same community within nearly 0.5-4.0 mm
of close range. These were mainly found in the
Forest  Plantation and  WASCA, the
herbaceous/grassland open field adjacent to the
Forest Plantation, and around the Wildlife Park
and built-up area (University Senate). The
outcome of the plant identification carried out in
this study according to Table 2 shows that two
non-native plants species, Chromolaena odorata
and Leucaena leucocephala, were identified in all
the nine locations within the University
landscape. The canopy covers areas such as the
Forest Plantation, Wildlife Park and New Road,
increasing and supporting the dense shade of the
forest floor which thereby affects the natural
regeneration of most native ground flora.
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Table 1 showing the nine different locations in the study area of the University

Study sites

Families Scientific names FP WP T&RF WASCA CERAD US NUH NPH

Amaranthaceae  Alternanthera brasiliensis Hort ex. X X X X X X X X
Vilmorin
(FUTA Herbarium Voucher: 0267)
Asteraceae Chromolaena odorata (L.) R. M. King X X X X X X X X
& H. Rob
(FUTA Herbarium Voucher: 0268)
Ageratum houstanianum Mill. X
(FUTA Herbarium Voucher: 0269)
Tithoniadiversifolia Hemsl| X X X X X X X
(FUTA Herbarium Voucher: 0270)
Bombacaceae Ochroma lagopus Sw.
(FUTA Herbarium Voucher: 0272)
Caesalpinioideae  Mimosa diplotricha C. Wright ex X X
Sauvalle (synMimosa invisaMart)
(FUTA Herbarium Voucher: 0271)
Mimosa pudica Linn X X X X X X X
(FUTA Herbarium Voucher: 0273)
Leucaena leucocephala(Lam.) de Wit X X X X X X X X
(FUTA Herbarium Voucher: 0274)
Schrankia leptocarpa DC X X
(FUTA Herbarium Voucher: 0275)
Senna hirsute (L.) H.S. Irwin &Barneby X
(FUTA Herbarium Voucher: 0276)
Senna siamea (Lam.) H.S. Irwin X
&Barneby
(FUTA Herbarium Voucher: 0271)
Cannaraceae Canna indica Linn X
FUTA Herbarium Voucher: 0278)
Euphorbiaceae Manihot glaziovii Mull. Arg X X X X X
(FUTA Herbarium Voucher: 0279)
Lamiaceae Clerodendrumx speciosum X
(FUTA Herbarium Voucher: 0288)
Euphorbia graminea Jacq X
(FUTA Herbarium Voucher: 0280)
Gliricidia sepium (Jacg.) Walp X
Papilionoideae (FUTA Herbarium Voucher: 0281)
Phytolaccaceae Hilleria latifolia (Lam.) H. Walt X
(FUTA Herbarium Voucher: 0282)
Portulacaceae Talinum triangulare(Jacg.) Willd X X X X X
(FUTA Herbarium Voucher: 0283)
Solanaceae Physalisangulata Linn. X X X
(FUTA Herbarium Voucher: 0284)
Physalis peruvianaLinn X
(FUTA Herbarium Voucher: 0285)
Verbenaceae Tectonagrandis Linn. F X
(FUTA Herbarium Voucher: 0286)
GmelinaarboreaRoxb X X X X
(FUTA Herbarium Voucher: 0287)
Stachytarphetacayennensis (L. C. Rich.) X X
Schau
(FUTA Herbarium Voucher: 0289)

Table 1. FUTA Herbarium Voucher= Federal University of Technology Akure Herbarium Voucher, FP= Forest Plantation,
WP=Wild Park, T&RF=Teaching and Research Farm, WASCA= West African Science Service Centre on Climate Change and
Adapted Land Use, CERAD=Centre for Research and Development, US=University Senate, NUH=New Undergraduate Hostel,
NPH=New Postgraduate Hostel, NR=New Road. X = Present
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Table 2 showing the mean and standard error frequency distribution of the invasive non-native
species existing in the study areas

SITES
Species names Habitat [ FP | WP | T&RF [WASCA| CERAD | US [ NuH [ NPH [ NR
Ageratum houstanianum Mill. Forb 39.5+14
Alternanthera brasiliensis Hort  Forb 115455  16+1.1 244442 29.4+45 10.840.8 19.8+1.74  2.8+0.57 42411
ex. Vil
Canna indica Linn Forb 9.6+3.1
Chromolaena odorata (L.) R. M.  Forb 9.8+3.2 13+0.8 37.4+6.3 18.6x3.1 20.2#485 8.5+1.75 61.4+13.8 65.8+20.3 37.1x1.11
King
Clerodendron speciosa Shrub 3.6+0.38
Euphorbia graminea Jacq Forb 339+135
Gliricidia sepium (Jacg.) Walp Tree 9.0+1.87
Gmelina arborea Roxb Tree 16.843.2  7.3+2.3 3 2.23+0.47 4+0.91
Hilleria latifolia (Lam.) H. Walt ~ Forb 16.6+3
Leucaena leucocephala (Lam.) Tree 72+16.2  8.7+25 14.6+1.7 3+0.4 5.4+0.81 5 2.75+0.47  43.8+9.87
de Wit
Manihot glaziovii Mill. Arg Tree 12+2.3 2 2 1 22.5+2.5
Mimosa diplotricha C. Wright ~ Shrub 2 3 2.66+0.33
ex
Mimosa pudica Linn Forb 8 3.0+£2.0 4+0.57 1.5+0.33 2.5+0.64 7 4.8+0.4
Ochroma lagopus Sw. Tree 16.8+3.95
Physalis angulata Linn. Forb 3.5+0.5 3+0.57 2.8%0.66
Physalis peruviana Linn Forb 2.7+0.6
Schrankia leptocarpa DC Shrub 2.840.91 2.0+04
Senna hirsuta (L.) H.S. Irwin &  Shrub
Barn 2.4+0.7
Senna siamea (Lam.) H.S. Irwin ~ Tree
& Bar 4.0+1.0 4.6+0.81
Stachytarpheta cayennensis (L. Forb 2.7+0.8 4 7
C.R)
Talinum triangulare (Jacq.) Forb 24442
Willd 39.3+10.5 3 2.75%1.03 4.25+0.62
Tectona grandis Linn. F Tree 45.2+16.5
Tithonia diversifolia Hemsl Forb 5.0+05 3.75+1.7 2.3+0.3 2345.1 444112  18.4+3.17 154223  11.2+1.75
Total 2904161 511 375 300 349 181 422 483 692
Key: FP= Forest Plantation, WP=Wild Park, T&RF=Teaching and Research Farm, WASCA= West African Science Service Centre on
Climate Change and Adapted Land Use, CERAD=Centre for Research and Development, US=University Senate, NUH=New
Undergraduate Hostel, NPH=New Postgraduate Hostel, NR=New Road
Table 3: The statistical summary of the study areas
FP WP T&RF WASCA CERAD us NUH NPH NR
Species Number | 290+161 39.3+9.49 41.7%19.17 50.0+25.7 31.7+104 25.9£12.9 60.3+42.9 60.4£39.0  76.9+26.3
Shannon Wiener | 0.14+0.03 0.17+0.03 0.03+0.05 0.19+0.05 0.31+0.15 0.19+0.04 0.11+0.06 0.14+0.03  0.19+0.04
Relative Density | 10.0+5.55 7.69+1.86 11.1#5.11 16.74856  9.09+2.98 14.3£7.11 14.3£10.2 125¢8.08 11.1¥3.79
Elevation 392m 414m 401m 388m 389m 392m 378m 371m 394m
Latitude N07°308.43 N07°295.46 N07°297.57  NO07°30773 N07°300.67 N07°301.29 N07°.295.86 NO7° N07°.296.79
295.98
Longitude E005°139.55 E005°142.29 E005.143.80 E005°13018 E005°135.22 E005°139.60 E005°.135.58  E005° E005°.140.33
131.15

Key: FP=Forest Plantation, WP=Wild Park, T&RF=Teaching and Research Farm, WASCA= West African Science Service Centre on Climate

Change and Adapted Land Use, CERAD=Centre for Research and Develo|
NPH=New Postgraduate Hostel, NR=New Road

According to Table 3, the DAFOR scale of
preference shows that 39.4% of taxa in the
University campus were rare, 33.6% were
occasional, and 27.3% were frequent. No result
was recorded for dominance and abundance.
Species under rare status (DAFOR) were found
in most of the locations (Table 3). For example,
Alternanthera brasiliensis, an invasive non-
native plant species in tropical Africa, and
usually a perennial herbaceous plant in the open
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pment, US=University Senate, NUH=New Undergraduate Hostel,

areas, is the most abundant non-native species
(147 and 99) common within WASCA and the
University Senate (US) only. Alternanthera
brasiliensis and Tithonia diversifolia are
identified in eight (8) of the nine locations
within the University landscape, and only
Mimosa pudica was identified in seven
locations. A diminished presence of the non-
native plant species Manihot glaziovii was
identified in six locations, Gmelina arborea and
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Talinum triangulare in five locations, Mimosa
diplotricha, Physalis angulata and
Stachytarpheta cayennensis in three locations,
Schrankia leptocarpa and Senna siamea in two
locations. Meanwhile Ageratum
houstanianum, Canna indica, Euphorbia
graminea, Gliricidia sepium, Hilleria latifolia,
Ochroma lagopus, Physalis peruviana, Senna
hirsuta, and Tectona grandis had a minor
presence in only one location each. Among the
sites studied (Table 2), only the Forest
Plantation had the highest relative density of
290+161. However, a low proportion of
Alternanthera brasiliensis was found in all the
study locations, except in WASCA and New
Undergraduate Hostel, with high numbers of
147 and 99 (Table 2) of the same species.
Another invasive non-native, Chromolaena
odorata, was discovered and was also found to
have the highest number of individuals in all the
selected sites, most especially in the New

*Chremolaenh odorata
3751

3007

225
Undergraduate Hostel
150

754 New Road

Component 2

Tithonia diversifolia

-500 ®Senna siame;
0 .
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u
pheta
gl aziovi

*Mimosa pudi
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New Postgraduate Ho!

Teaching & Research Farm
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Postgraduate Hostel (328), followed by the
New Undergraduate Hostel (307). These
species had become naturalized in Africa for
many decades. In Table 4, the Shannon-Wiener
index (H") value was low in all the sites except
CERAD which was relatively high with
0.31+0.15 values, as seen in Table 3. A one-
way ANOVA (Duncan, P>0.05) showed that
the Shannon-Wiener value and the relative
density of the invasive non-native species have
no significant difference among the nine
selected sites. The statistical summary of all the
study areas were shown accordingly in Tables
1 and 2. Looking at the species variation
(Figure 4) among the invasive non-native plant
species, the result from the PCA showed there
was a small variation of these species between
the study areas including New Undergraduate
Hostel (NUH), New Postgraduate Hostel
(NPH), CERAD, and WASCA.

.Euphorbia graminea

1000 1500 2000

Component 1

Figure 4: Principal components analysis showing variations in the distribution of invasive non-

native plant species

The larger percentage of the variation in the
species composition was observed at the Forest
Plantation. The outliers of the 95% eclipse were
the Chromolaena odorata and Euphorbia
graminea. Invasive non-native species were
investigated across the study location; the two
locations at CEARD and Wildlife Park had a
high frequency distribution across the sites
studied and a similarly high species abundance
was only observed in the Forest Plantation from

the same study (Figure 3a, Table 2). The
number of invasive non-native species
increased across the study area with an increase
in Forest Plantation, followed by New Road,
Wildlife Park, and Post Graduate Hostel (Table
2). However, the increase in individual species
varies from one location to another. For
example, Euphorbia graminea (339+135) had a
high number frequency in Table 2 as it is
denoted in Figure 3.
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Figure 3a: Graph A to | showing the invasive non-native species distribution in each study area.
NUH=New Undergraduate Hostel, NPH= New Postgraduate Hostel, US= University Senate, FP= Forest
Plantation, T&RF= Teaching and Research Farm, WASCA= West African Science Service Centre on Climate
Change and Adapted Land Use, NR= New Road, CERAD= Centre for Research and Development and WP=
Wildlife Park
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Figure 3b: Showing different frequency distribution and abundance in the study area.
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Table 4: Relative occurrence of alien invasive species in the study area based on DAFOR scale

of preference

Species name Habitat Freq (%) DAFOR
Ageratum houstanianum Mill. Forb 4.3 Rare
Alternanthera brasiliensis Hort ex. Vilmorin Forb 7.9 Rare
Canna indica Linn Forb 0.5 Rare
Chromolaena odorata (L.) R. M. King & H. Rob Forb 215 Occasional
Clerodendron speciosa Forb 0.2 Rare
Euphorbia graminealacq Forb 27.3 Frequent
Gliricidia sepium (Jacq.) Walp Wildling 0.7 Rare
Gmelina arborea Roxb Wildling 2.2 Rare
Hilleria latifolia(Lam.) H. Walt Forb 1.3 Rare
Leucaena leucocephala (Lam.) de Wit Wildling 12.1 Occasional
Manihot glaziovii Mull. Arg Wildling 24 Rare
Mimosa diplotricha C. Wright ex Sauvalle Forb 0.2 Rare
Mimosa pudica Linn Forb 11 Rare
Ochroma lagopus Sw. Wildling 1.4 Rare
Physalis angulata Linn. Forb 0.5 Rare
Physalis peruviana Linn Forb 0.2 Rare
Schrankia leptocarpa DC Forb 0.4 Rare
Senna hirsute (L.) H.S. Irwin & Barneby Wildling 0.2 Rare
Senna siamea (Lam.) H.S. Irwin & Barneby Wildling 0.5 Rare
Stachytarpheta cayennensis L. C. Rich. Forb 0.4 Rare
Talinum triangulare (Jacg.) Willd Forb 4.4 Rare
Tectona grandis Linn. F Wildling 45 Rare
Tithonia diversifolia Hemsl Forb 6.1 Rare

The following categories are based on DAFOR scale: D=Dominant (> 75%), A=Abundant (51 - 75%), F=Frequent (26 - 50%),

O=Occasional (11 - 25%), R=Rare (1 - 10%)
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Table 5 showing species origin and mode of dispersal
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Scientific name Common Name Species’ Origin Dispersal Reference
Mode

Blue Billy Mexico Seeds Akobundu (1987)
Ageratum houstanianum Mill. goatweed
Alternanthera brasiliensis Hort ex. Vilmorin Nil South America Seeds Llamas (2003), GBIF (2021).
Canna indica Linn Indian shot Tropical America Rhizomes GISD (2021)

South East Asia, Central & South Seeds GBIF (2021), Isichei and Akin-Fajiye, (2013),
Chromolaenaodorata (L.) R. M. King & H. Rob Siamweed tropical America Akobundu (1987)
Clerodendrumx speciosum Pagoda flower Stem DBrito de Almeida et al (2010)
Ochroma lagopus Sw. Balsa wood tree central America Seeds Aikman (1955)
Seeds Vincent (2013), Scafidi et al (2016), Aigbokhan &

Euphorbia graminea Jacq Brazilian joyweed  North America Agyakwa (1998)
Gliricidia sepium (Jacq.) Walp Tropical America Stems GBIF (2021)
Gmelina arborea Roxb Gmelina Tropical Asia Seeds GBIF (2021)
Hilleria latifolia (Lam.) H.Walt. South America Seeds GBIF (2021)
Leucaena leucocephala (Lam.) de Wit, America Seeds GISD (2015), Hutchinson et al (1963)
Manihot glaziovii Mull. Arg. Ceara Rubber Brazil Seeds Burkill HM (1985)
Mimosa diplotricha C. Wright ex Sauvalle (syn) Mimosa ~ Giant sensitive Tropical America Seeds Isichei and Akin-Fajiye, (2013), Akobundu, (1987)
invisa (Mart) plant
Mimosa pudica Linn Sensitive plant Tropical America Seeds Akobundu (1987)

Wild cape Tropical America Seeds Hunziker (2001), Toledo & Barboza (2005)
Physalis angulata Linn gooseberry
Physalis peruviana Linn South America Seeds Hunziker 2001, Toledo & Barboza (2005)
Schrankia leptocarpa DC Sensitive plant Tropical America Seeds GBIF (2020)
Senna hirsute (L.) H.S. lIrwin &Barneby Tropical Asia Seeds GBIF (2020)
Senna siamea(Lam.) H.S. Irwin &Barneby Cassia Tropical America Seeds Tropical Plants Database (2021)
Stachytarpheta cayennensis (L. C. Rich.) Schau Blue rat’s tail Tropical America Seeds Akobundu (1987)
Talinum triangulare(Jacqg.) Willd Waterleaf Tropical America and West Indies Seeds Akobundu (1987)

Teak Tropical Asia Seeds, GBIF (2020)
Tectona grandis Linn. f. Coppice

Ajao and Moteetee (2017), Akobundu (1987),

Mexican North & Central America Seeds Lordbanjou (1994)

Tithonia diversifolia Hemsl sunflower
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DISCUSSION

The higher numbers of invasive non-native
plant species were brought about by the
university landscape architecture following
infrastructural development, which led to
ecosystem disturbance and vegetation removal
of many indigenous species in the university
(Charly et al., 2021). The bulk of disturbances
were centred on the anthropocentric praxis of
building on existing ecosystems a long time
ago. However, this disturbance has left the
cutover area to invasive species, Viz.
widespread of wildling in the area met for forest
reserve, and invariably making it difficult for
natural regeneration to occur in this region
(Sample et al., 2019). This research studied the
invasive non-native species colonizing the
University landscape. From our assessment, the
vegetable origin or native ranges of these
invasive non-native plant species were not
known in the course of this research but were
related to recent studies on tropical soil seed
banks (Omomoh et al., 2019; 2020), forest
disturbance (Omomoh et al., 2021; Shackelford
et al, 2012), and contemporary inward
dispersal (Crawley 2020) in recent times.
However, the literature studies of the origins of
the non-native trees in the region i.e., Leucaena
leucocephala, Gmelina arborea, Ochroma
lagopus, Tectona grandis, etc. (Richardson and
Rejmanek 2011, Aikman, 1955) were
nevertheless peculiar to anthropocentric
methods introduced in the colonial era to
tropical countries in Africa for the purpose of
wood productivity. Moreover, many other
possible and alternative mediums were further
mentioned in Richardson and Rejmanek’s
(2011) results.

Further, other inhabitants such as annual and
perennial forbs (Chromolaena odorata,
Tithonia diversifolia, Canna indica,
Clerodendron speciosa, Euphorbia graminea)
also have their seeds residingd in the soil seed
bank (Omomoh et al 2019, 2020). Different
soils piled for horticultural uses are home to
seeds of the non-native plant species for very
long time periods (Crawley 2020; Omomoh et
al., 2020, 2019; Ajao and Moteetee 2017
Aigbokhan and Ekutu 2012; Inderjit and
Callaway 2008; Reichard and White 2001).
From recent studies, all the plants studied were
non-native to the flora of West Tropical Africa.
Naturally, many of the species are common
colonizers not new to the area where they were
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found while some are both novel and
introduced (Omomoh et al., 2021b). According
to Davis and Thompson (2000), a species is
novel to a new region when the species range
has no expansion at a given time. A different
type of colonizer was observed, and many of
these invasive non-native colonizers were
found to possess the type one character
described in Davis and Thompson 2000 viz
Ageratum houstanianum, Ochroma lagopus,
Senna hirsuta, Canna indica, Euphorbia
graminea, Gliricidia sepium, Hilleria latifolia,
Physalis peruviana, Tectona grandis, and
Clerodendron speciosa with no range
expansion to other area studied. Chromolaena
odorata is a fully naturalised invasive non-
native plant in a disturbed tropical or degraded
forest. It was recorded as one of the common
early-succession plants in the tropical areas
(Omomoh et al 2021a; Isichei and Akin-Fajiye
2013) of this region. It is an aggressive fast-
growing invasive non-native species, currently
ravaging the vegetation in Africa (Akin-Fajiye
and Akomolafe 2021; Omomoh et al., 2020).
However, fractions of it were found scattered
all over the study locations.

Moreso, another non-native species found
across the university campus was Tithonia
diversifolia, originally from North and Central
America. Today, this non-native forb was
reported to be a widespread common weed in
the whole of South West Nigeria (Isichei and
Akin-Fajiye 2013). Small patches of this
species were noticed scattered in every area of
all the selected locations with the highest
number of individuals and highest relative
density only in CERAD (82, 23.5) and New
Undergraduate Hostel (92, 21.8). Leucaena
leucocephala (Lam.) de Wit, or jumbie bean, is
a native of America (Hutchinson et al., 1963),
and widely distributed as a weed and tree over
20 countries across all continents (Global
Invasive Species Database 2015). This
individual tree species was initially an
introduced species in Africa and half
naturalized in the tropical forest as it simply
supplies nitrogen to the soil for agricultural
growth. The seeds are in pods and dehiscent
when mature and dried. It is often dispersed by
wind and flowing water to form the next
generation of community trees in the new area.
It is an aggressive, invasive non-native in a
tropical or subtropical forest with a natural or
semi-natural habitat. Within its habitat, a fast-
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growing tree causes a substantial change in the
new community as it spreads its seedlings and
saplings across all the eight selected sites, and
typically adapts to all habitats (open field or
intact forest) of this region. The ecological
characteristics of invasive non-native species,
such as dispersal, singularity, and environment
impact, appeared singly in one location at the
time of this study. Owing to these
characteristics, it can be generalised that the
invasive non-native plant species were found in
a small proportion of space in a single
community, which was called short dispersal
distance (Davis and Thompson, 2000). For
example, Euphorbia graminea, an invasive
non-native species, and a shade-tolerant
herbaceous plant, was discovered to have a
unique affinity for either Tectona or Gmelina
plantation and a preference for mixed plantation
(Tectona and Gmelina plantation, Table 2). In
spite of this, the interaction between Forest
Plantation as non-native trees, i.e., Tectona and
Gmelina, habituating with herbaceous species,
Euphorbia graminea, as non- native forbs were
similarly described by Kuebbing et al. (2013)
as multiple invasive non-native species co-
existing in the same community. The ability of
multiple non-native species to successfully
tolerate the new areas was noted as the only
prevailing association that facilitated the
mutual interaction for their co-existence.

Similarly, our studies also show that the
Wildlife Park, a secondary forest in this area,
has created a favourable environment for a non-
native herb, Hilleria latifolia, to establish in this
new habitat. The impact of this invasive non-
native herb in the new environment is minute
and with no range expansion to other habitats
(Davis and Thompson 2000). Other species
with the Dafor’s scale of ‘rare’ which did not
have their spread across all the other nine sites
were as follows: Mimosa pudica (7 sites),
Manihot glaziovii (6 sites), Talinum triangulare
and Gmelina arborea (5 sites), while other
invasive non-native species such as Ageratum
houstanianum, Schrankia leptocarpa, and
Mimosa invisa fall within the range of 1 site to
3 sites. Some other single species not co-
occurring with other non-native species were
found singly colonizing a particular site. This
was possible because of the environmental
condition of the specific area, e.g., Ageratum
houstanianum, a blue billygoat weed, is an
annual or biennial fugacious herbaceous plant
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often found in disturbed or waste areas of
mostly waterways or marshland. It is native to
Mexico, Central America, and the Caribbean. It
is extensively distributed in the coastal districts
of eastern Australia and widely naturalised in
the tropical region of the world. This plant
species is currently found only in the Forest
Plantation along the waterlogged marshes
region where it poses a negligible threat. The
spread is broadly controlled by the seasonal
watercourse of the area, especially in the dry
season where it is reduced to an extremely small
range.

Another species singly crown dominating
another area is Manihot glaziovi., a ceara rubber
tree widely known and cultivated from Brazil,
and introduced to Africa as an ornamental
(Burkhill, 1985; Hutchinson et al., 1963) for
wood production. It is recorded as a mid-
successional tree in the tropical regions of a
degraded or disturbed forest (Omomoh et al.,
2021b). This is followed by Ochroma lagopus,
or balsa wood tree, an introduced species from
Central America to Africa. It is also a transient,
fast-growing tree with heart shaped leaves and
mostly found as a pioneer species following a
disturbance in a cutover area of land in the
tropical forest (Burkhill 1985; Aikman 1955;
Hutchinson et al., 1963). Of the 23 non-native
invasive species studied, only Forest Plantation
and Wildlife Park had the numbers of three non-
native invasive species matched in a
community at the same time. Euphorbia
graminea, or seasonal Brazilian joy weed, is a
stout annual to perennial herb, and a native of
North America (Hutchinson et al. 1963; Yang
et al. 2005), and a naturalised herb in some
other parts of the world (Steinmann and Porter,
2002; Rzedowski and Rzedowski, 2004). It is
widely distributed in lowland or regrowth
forests at the early succession stage under a
moderate shaded canopy and extensively
colonizes a single or mixed Forest plantation of
Tectona grandis and Gmelina arborea in
tropical regions. This perennial species was
specifically found cohabiting with two other
non-native invasive species (Alternanthera
brasiliana and Leucaena leucocephala) in the
same habitat.

In certain situations, some invaders are
aggressively intrusive plant species and others
are not. In this study, an interaction was
successfully established as multiple invasive
non-native species coexisted with one another
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(Kuebbing et al. 2013), at the same time
providing an enabling environment for
externality to strive well. The beneficence of
this is to the entire plant community. A typical
example of this is Leucaena leucocephala. It is
best known for this form of interaction among
multiple species because of its nitrogen-fixing
ability (Kuebbing and Nufiez 2015; Sample et
al. 2019). Nitrogen is an important soil nutrient
beneficial for plant growth. Apparently, there
are no plant species that cannot be tolerated by
this plant. This is not in contrary to the
Kuebbing et al. (2013) report of finding
multiple invaders in conservation areas;
instead, this result also reported multiple
invasive non-native species at all habitat levels,
such as the Forest Plantation, open field area,
and Wildlife Park, etc. This was in agreement
with the report of Chytry et al. (2008), whereby
different habitats such as areas of human
disturbance, the littoral zone, and the coastal
water habitat accounted for a higher number of
alien species in Peshawar. Even so, some
studies from the temperate region are of the
opinion that the tropical areas are less
susceptible to biological invasion than the
temperate areas (Petruzzella et al. 2020;
Freestone et al. 2013). Other areas are
specifically invasive species-based e.g., North
America and Europe (Shackelford et al. 2021).
Nevertheless, our study revealed that those
invasive non-native hotspots are highly
susceptible to biological invasions as in other
areas in the world (Mack et al. 2000).
Consequently, natural resilience is affected as
natural regeneration operations are hindered.
The Shannon-Wiener value from our study was
not in any way disconfirming what Akomolafe
et al. (2021) revealed about the ecological
impact of invasive non-native species from
their study; instead, this study revealed the
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