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ABSTRACT
Chromolaena odorata (L.) King & H.E. Robins and Tithonia diversifolia (Hemsl.) A.Gray are highly aggressive
invaders in many parts of the tropics, especially in South-West Nigeria. The impact of both species on the
diversity and floristic compositions of native species was evaluated. Relative to the uninvaded (control) plots,
the average number of plant species in Chromolaena and Tithonia invaded plots was reduced by 31.6 % and
25.4 % respectively; Shannon-Wiener diversity was reduced by 13 % and 27 % respectively; species evenness
was reduced by 10.5 % and 24.9 % respectively. Sorensen similarity of index between invaded and uninvaded
plots for Chromolaena and Tithonia were 43.8 % and 32.6 % respectively. The number of native species was
greatly reduced in areas invaded by C. odorata than in T. diversifolia invaded areas, leading to reduced species
diversity and evenness. Reproductive parameters including mean number of flowers per plant, mean number of
fruits per plant, mean number of seeds per fruit, mean weight of seeds and mean weight of each seed of the
native species in the uninvaded plots were higher than those of the invaded plots for Tithonia diversifolia and
Chromolaena odorata. The height of all native species in the uninvaded plots were taller than those of the
invaded plots for T. diversifolia and C. odorata. It was concluded that invasion by C. odorata and T. diversifolia
greatly affected the diversity of the native plant species with a corresponding reduction in their growth and
reproductive parameters.
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homogenization of biological communities by
exotic species are two key issues under debate
in invasion ecology (Richardson et al., 2005;
Olden, 2006). Invasive plants are important
threats to biodiversity that influence natural
ecosystems through both direct and indirect
impacts on communities (Mattos, 2009), they
alter the structure and composition of
vegetation (Sakai et al., 2001). Changes in
habitat structure caused by introduced invasive
plant species can have effect on the resource
distribution and vegetative allocation of native
species. Invasive species are considered by the
International Union for Conservation of

INTRODUCTION
Biological invasions have become a
major focus in the fields of ecology,
biogeography and conservation biology
(Richardson and Pysˇek, 2008). It is widely
recognized that invasive exotic species
threaten biological diversity and ecosystem
function (Crawley et al., 1999; Mack et al.,
2000; Mooney and Hobbs, 2000), but their
specific impacts on, and their relationship
with, diversity remains insufficiently studied
across spatial scales (Stohlgren et al., 2008;
Spyreas et al., 2010). The relationship between
native and exotic richness and the
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Nature (IUCN) as the second leading cause of
species extinction after fragmentation and
habitat destruction.
The Convention on Biological
Biodiversity (CBD) recognised the need for
the “compilation and dissemination of
information on alien species that threaten
ecosystems, habitats, or species to be used in
the context of any prevention, introduction and
mitigation activities”, and calls for “further
research on the impact of alien invasive
species on biological diversity” (CBD, 2000).
The objective set by Aichi Biodiversity Target
9 is that “by 2020, invasive alien species and
pathways are identified and prioritized,
priority species are controlled or eradicated,
and measures are in place to manage pathways
to
prevent
their
introduction
and
establishment”. This reflects Target 5 of the
EU Biodiversity Strategy (EU, 2011). With
limited funding, it is necessary to prioritise
actions for the prevention of new invasions
and for the development of mitigation
measures. This requires a good knowledge of
the impact of invasive species on ecosystem
services and biodiversity, their current
distributions, and the pathways of their
introduction
(Molnar
et
al.,
2008;
Katsanevakis et al., 2013; Galil et al., 2014).
Notably among these species is
Tithonia diversifolia (Hemsly) A. Gray
(Asteraceae), commonly called Mexican
sunflower, is a common shrub (weed) native to
Central America but has become naturalized in
many parts of the tropics, notably in southwest of Nigeria. Tithonia diversifolia is an
invasive, annual weed, growing aggressively
along road path, abandoned farmlands and
hedges all over Nigeria (Shokalu, 1997).
Chromolaena odorata is one of the worst
weeds in the world, affecting agriculture and
biodiversity in the tropical and subtropical
regions of the Old World (Zachariades et al.,
2009). Chromolaena odorata is fast spreading
throughout the country especially in humid
areas and displacing the native species from its
habitat.
.

Since the introduction of invasive alien
species, they have become established in
Nigeria and are fast spreading in the country.
The existence, distribution and effects of these
alien species on native species and ecosystem
functions have not been investigated in
Nigeria. However, there is paucity of
knowledge on the effect of C. odorata and T.
diversifolia on native plant terrestrial
ecosystem, hence this study. The objectives
for this study are to determine the effect of
invasion by C. odorata and T. diversifolia on
species diversity and richness and assess the
impact of invasion on species composition,
growth and reproductive parameters of
resident species.
MATERIALS AND METHODS
Study Area
This study was carried out in Ile-Ife in
southwestern Nigeria. Ile-Ife lies within
latitudes 07°30' N to 07°35' N and longitudes
04°30' E to 04°35' E. The original vegetation
of Ile-Ife has been described as lowland forest
zone (Keay, 1959), semi deciduous moist
forests (Charter, 1969) and Guineo-Congolian
forest drier type (White, 1983). Hall (1969)
also described the vegetation as the dry forest
sub-group.
There are two prominent seasons in
Ile-Ife area: rainy and dry season. The dry
season is short, usually four months from
November to March, and the longer rainy
season prevails during the remaining months
of the year. The weather report from the
meteorological stations located within OAU
Teaching and Research farm showed the
annual rainfall at Ile-Ife averaged 1400 mm
year-1 in a 5-year survey (Oke and Isichei,
1997) and mean annual temperature ranges
from 22.5 to 31.4°C (Odiwe et al., 2012). The
relative humidity in the early morning is
generally high, usually over 90 % throughout
the year. At mid-day it is rather lower, around
80 % in the wet season, as low as 50-60 % in
the dry season (Hall, 1969)
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Figure 1: Location of Ile-Ife in Osun State, Nigeria.
Vegetation analysis An extensive search
of sites heavily invaded by C. odorata and
T. diversifolia in different locations at IleIfe was carried out. The choice of the
sampling plots was based on the
availability of C. odorata or T. diversifolia
invaded plots with adjacent uninvaded
plots for both species. Ten sampling
locations were established for each of C.
odorata and T. diversifolia. In each
sampling location, a 10 m x 10 m transect
was laid within the invaded and uninvaded
portion. The invaded vegetation/ plot is
where C. odorata or T. diversifolia was
dominant and with >50% aerial cover,
while the adjacent uninvaded portion is
where neither C. odorata nor T.
diversifolia had no cover (uninvaded plot).
The uninvaded plot was chosen to have

similar site conditions as possible to the
invaded plot. In each plot, all species of
vascular plants were identified to the
species level. Specimens of plant species
that could not be identified in the field
were collected, pressed and identified in
the IFE Herbarium. The species
composition of the plots was established
by listing the plant species encountered in
each plot, summing up to get the total
number of plant species for the plot.
Authorities of botanical nomenclature
follow the Flora of West Tropical Africa
(Hutchinson and Dalziel, 1954-72). Three
10-m line transects were randomly
established in each plot. Ground cover of
plant species in the plot was measured at
every 1 m interval along the transect. The
number of ‘hits’ on each species was used
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species composition and structure of
invaded communities
The invasion of Tithonia diversifolia reduced
the species composition of the invaded
communities by 25.4 %, from 59 species in the
uninvaded area to 44 species in the invaded
area (Table 1). The invasion of Chromolaena
odorata affected the species diversity and
species composition of plant communities.
The number of plant species was reduced from
57 (in the uninvaded communities) to 39 (in
the invaded communities) (Table 2). This
accounted for 31.58 % reduction the number
of species in the C. odorata invaded area
compared to the uninvaded area. The
similarity index of the communities in the
invaded and uninvaded areas was only 32.6 %
(Table 3), which shows a clear indication of
loss of species due to invasion of T.
diversifolia. The Shannon-Weinner diversity
of the T. diversifolia for uninvaded sites was
2.984 while it was 2.179 in the invaded sites.
This is a reduction of 27.0 % in species
diversity as a result of invasion (Table 3). The
similarity index of the invaded and uninvaded
areas was 43.75 %, showing a decrease in
species composition due to invasion of C.
odorata. The Shannon-Weinner diversity
decreased by 13.0 % from 2.7494 in
uninvaded communities to 2.3927 in C.
odorata invaded communities (Table 3). The
index of evenness in species distribution
showed that the species were more evenly
distributed in the uninvaded communities
(0.7404) than in the C. odorata invaded
communities (0.6627) (Table 3). The
difference in index of evenness of species
accounted for 10.5 % reduction in the invaded
area. Species evenness was significantly
decreased from 0.8036 in uninvaded to 0.6035
in invaded communities (24.9 % reduction)
due to the invasion of Tithonia diversifolia
(Table 3). Of the 34 families enumerated in T.
diversifolia invaded and uninvaded sites,
Fabaceae had the highest number (9) of
species. Twenty-five (25) of these families
were present in uninvaded plots while the
invaded plots had 24 species. Fifteen families
common to both the invaded and uninvaded
plots of T. diversifolia are Acanthaceae,
Amaranthaceae,
Apocynaceae,
Araceae,
Celastraceae, Combretaceae, Cucurbitaceae,
Euphorbiaceae,
Fabaceae,
Icacinaceae,
Malvaceae, Piperaceae, Poaceae, Sapindaceae
and Sterculiaceae. A total of 34 families were

to calculate the percentage cover of the
species in the plot. Species cover was used
as importance values for calculating the
Shannon-Wiener diversity index (HꞋ) and
evenness (JꞋ).
The Shannon diversity index (HꞋ) was used to
characterize species diversity in each
community or plot using the formula:
HꞋ = -∑piInpi
Where pi = ni
N
ni = number of individuals of the
species and N = Total number of individuals
Evenness was calculated as HꞋ/InS, where S is
the species richness expressed as the number
of species. Differences in species richness,
Shannon-Wiener index (HꞋ) and evenness (JꞋ)
between invaded and uninvaded plots were
used to measure the effect of invasion on these
community characteristics.
The impact of invasion on species composition
of resident species was assessed using
Sorensen index of similarity (ISs) between the
invaded and uninvaded plots was calculated
based on species presence using the formula:
ISs = 2C X 100
A+B
Where C = number of species common to the
plots
A = total number of species in invaded plot
B = total number of species in uninvaded plot
The total number of species recorded in all
plots with invaded and uninvaded vegetations
(Stotal) of C. odorata and T. diversifolia were
used as a measure of the impact of the
invasion on species richness, S. This was
expressed as the percentage reduction of the
total number of species in invaded plots (Stot
inv) compared to that recorded in uninvaded
plots (Stot uninv = 100%). Positive value
indicates a higher species number in
uninvaded, negative in invaded vegetation.
The effects of population characteristics of the
invading species on species richness at the plot
scale was assessed using the invader’s (C.
odorata and T. diversifolia) height (cm) and
cover (%) measured in each invaded plot. The
impact of the invasive species on the height
and ground cover of the native plant species
was determined.
RESULTS
Impact of Tithonia diversifolia and
Chromolaena odorata invasion on plant
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enumerated in both the invaded and uninvaded
sites for C. odorata. Eighteen families
common to C. odorata invaded and uninvaded
sites are Acanthaceae, Amaranthaceae,
Apocynaceae, Asteraceae, Combretaceae,

Connaraceae, Convolulaceae, Dioscoreaceae,
Euphorbiaceae,
Fabaceae,
Malvaceae,
Menispermaceae, Moraceae, Papilionaceae,
Poaceae, Rubiaceae, Tiliaceae, Verbenaceae,
and Vitaceae.

Table 1: Species composition in Tithonia diversifolia invaded (I) and uninvaded (U)
plant communities in Ile-Ife, southwest Nigeria
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*KEY: U: UNINVADED, I: INVADED
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Table 2: Species composition of Chromolaena odorata invaded (I) and uninvaded (U)
plant communities in Ile-Ife, Southwest Nigeria
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Table 3: Impact of Chromolaena odorata and Tithonia diversifolia on community
characteristics of invaded sites
Parameters
Total Species
Richness
Shannon's Index of Diversity (H')
Index of Evenness (Es)
Similarity Index
Dissimilarity Index
*KEY: U: UNINVADED, I: INVADED

Chromolaena odorata
U
I
Impact
57
39
(-)31.6
41
37
(-)9.8
2.7494 2.3927 (-)13.0
0.7404 0.6627 (-)10.5
43.8%
56.3%

Tithonia diversifolia
U
I
Impact
59
44
(-)25.4
25
24
(-)4.0
2.9836 2.1787 (-)27.0
0.8036 0.6035 (-)24.9
32.6%
67.4%

Table 4: Reproductive parameters of native species in invaded and uninvaded sites of
Tithonia diversifolia
Reproductive
parameter

Euphorbia heterophylla
Inavded
Uninvaded
a
28.4 ± 6.9c
of 17.1±5.7

Mean number
flowers per plant
Mean number of
fruits per plant
Mean number of
seeds per fruit
Mean weight of 100
seeds (g)
Mean weight of each
seed (g)
Height (m/plant)

Aspilia africana
Invaded
Uninvaded
24.8± 9.6a
56.7 ± 8.7b

Sida acuta
Invaded
Uninvaded
11.3±5.7b
19.1±9.2c

8.3± 3.1a

12.4± 4.1a

18.1±3.7b

21.4± 9.3b

6.4± 1.6c

10.8± 6.1c

19.7±2.3a

32.6 ± 4.3a

28.2± 3.1a

39.1 ± 5.7b

17.4±2.1c

19.9± 4.1c

0.21±0.1a

0.39± 0.14a

0.33±0.05a

0.49 ± 0.05b

0.23±0.09c

0.41± 0.09b

0.002

0.004

0.003

0.005

0.002

0.004

2.08±0.11b

2.32±0.40b

1.18±0.26c

1.37±0.43c

1.85±0.21a 2.19±0.80a

*Values are mean ± 95% Confidence Interval. **Values with the same superscript along
the same row are not significantly different
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Table 5: Reproductive parameters of native species in invaded and uninvaded sites of
Chromolaena odorata
Reproductive
parameter
Mean number of
flowers per plant
Mean number of
fruits per plant
Mean number of
seeds per fruit
Mean weight of
100 seeds (g)
Mean weight of
each seed (g)
Height (m/plant)

Aspilia africana
Inavded
Uninvaded
20.7±8.2a
42.3 ± 7.2b

Securinega virosa
Invaded
Uninvaded
18.4 ± 6.8a
31.4 ± 5.4c

Asystasia giangitica
Invaded
Uninvaded
21.3 ±9.5a
40.5 ± 6.3b

13.2±4.1a

20.6±7.4a

10.5± 2.8b

16.7±4.8b

13.8± 3.4c

18.5±6.1c

21.5±2.7a

33.4 ± 7.9b

17.8 ± 3.2a

31.2 ± 6.1b

20.1 ± 3.0a

28.5 ± 5.9c

0.23±0.06a

0.36±0.05a

0.19±0.04b

0.29±0.06b

0.29±0.09c

0.38±0.14c

0.002

0.004

0.002

0.003

0.003

0.004

1.51±0.23a

1.96±0.54a

0.83±0.12b

1.21±0.37b

1.04±0.37c

1.17±0.43c

*Values are mean ± 95% Confidence Interval. **Values with the same superscript along the
same row are not significantly different
All the reproductive parameters (mean number
of flowers per plant, mean number of fruits per
plant, mean number of seeds per fruit, mean
weight of seeds and mean weight of each seed)
of the natives in the uninvaded plots were
higher than those of the invaded plots for T.
diversifolia and C. odorata (Tables 4 and 5).
The height of all the native species in invaded
and uninvaded plots for T. diversifolia and C.
odorata showed no significant difference but
all the native species in uninvaded plots were
taller than those of the invaded plots for T.
diversifolia and C. odorata (Tables 4 and 5).

Reproductive parameters and height of
native species in invaded and uninvaded
sites
by
Tithonia
diversifolia
and
Chromolaena odorata
There was significant difference in the
mean number of flowers per plant, mean
number of seeds per fruit and mean weight of
seeds for all the native species compared in the
invaded and uninvaded plots for Tithonia
diversifolia and Chromolaena odorata. The
mean number of fruits per plant showed no
significant difference for all the native species
between invaded and uninvaded plots for T.
diversifolia and C. odorata (Tables 4 and 5).

1992; Lonsdale, 1999 and Mack et al., 2000).
It is likely that the vigorous growth of these
two invasive species, with higher cover and
taller height than native members of the
invaded communities, might be responsible for
their strong impact on the species richness and
evenness. The decrease in species richness,
and subsequently species diversity upon the
invasion of Tithonia and Chromolaena might
be related to the cover and height of these
invading species.
Also, changes in species evenness
may
influence
invasion
resistance,
productivity and most especially increase in
local plant extinction rates as observed in this
study which is in agreement with the findings
of Wilsey and Potvin (2000) and Smith et al.
(2004). This study showed that the invasion of
T. diversifolia and C. odorata reduced the
species composition of the invaded
communities which might be due to

DISCUSSION
Chromolaena and Tithonia being very
competitive and allelopathic possess the ability
to suppress existing vegetation and natural
succession, ultimately reducing species
richness (Goodall and Zacharias, 2002) which
was noticed in the invaded sites of the two
species in this study.
The result of higher species
composition, diversity and evenness recorded
in the uninvaded sites compared to the invaded
site in T. diversifolia and C. odorata might be
due to the competitive interactions and
dispersal limitation (natural or anthropogenic
disturbance) which favors non-native over the
native thereby causing reduction in the species
composition of the invaded sites for Tithonia
and Chromolaena. Disturbances are known to
play a key role in promoting plant invasions
(Seabloom et al., 2003; Hobbs and Huenneke,
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competitive dominance of these invasive
species on the native species. The findings of
this study on the effect of these two invasive
species showed they suppress the established
native species through competitive dominance.
This assertion is in agreement with the
findings of Maron and Marler (2008) which
showed that three non-native grassland
invaders in the western U.S. directly
suppressed established native species through
competitive dominance.
The establishment of T. diversifolia
and C. odorata in the invaded sites might
indicate that these invasive species are threat
to the sustainability of native communities in
that they alter their structure, composition and
functions. The decrease in plant diversity and
composition observed in this study in invaded
sites of both T. diversifolia and C. odorata is
in agreement with the findings of Norgrove et
al. (2008) who reported that community
composition was affected as a result of loss of
monocotyledonous species and co-invasion by
some dicotyledonous alien weed species which
resulted from invasion of C. odorata in
Cameroon.
It must be pointed out that invasion by
T. diversifolia had higher impact on evenness
and diversity of the native species compared
with C. odorata. This can be due to the ability
of T. diversifolia to form homogenous stands
which seems to be another effective means of
suppressing native vegetation thereby reducing
the evenness and diversity of the native
species as observed. This findings is in
agreement with the observation of Hejda et al.
(2009) where Heracleum mantegazzianum
invasion suppressed the native vegetation due
to its ability to form homogenous stands.
The observed reduction in the height
of the native species in the invaded sites of
Tithonia and Chromolaena might be attributed
to the competitive effect of these invasive
species on the native species by forming
homogenous stand and their spread which
hinder sunlight needed for production of food
which aids growth. This might have been
made possible because most of these native
species in the invaded sites have been shaded
by the canopy structure of these invasive
species thus affecting light interception which
is necessary for their photosynthesis to occur
and for an appreciable growth in the native
species. The reduction in the height of the
native species in the invaded sites as compared

to their height in the uninvaded sites for both
Chromolaena and Tithonia as observed in this
study can be linked to the findings of Woods
(1993) who suggested that competition for
light was responsible for the impact of
Tatarian honeysuckle on the height of native
understory herbs in a New England forest.
Tithonia
diversifolia
and
Chromolaena odorata are observed to have
canopy structure due to their large or higher
leaf area which has helped them in production
of larger photosynthetic product because leaf
is known to be the part of the plant where
larger proportion of photosynthesis takes
place.
In the similar trend, the reproduction activity
of the native species in the sites invaded by T.
diversifolia and C. odorata have been affected
in relation to their number of flower per plant,
number of fruit per plant, number of seed per
fruit and most especially, weight of the seeds.
There is observed larger seed in terms of
weight in the native species of the uninvaded
sites being their native community which
explain why they are fit and continue to spread
in the uninvaded sites as compared to their
small sized seeds which further leads to the
reduction in species richness in the invaded
sites. Larger seeded species might survive
better in any environment because the
additional metabolic reserves present in large
seeds can buffer a carbon loss which is in
support of the findings of Moles et al. (2005).
The larger seeds may reflect an adaptation to
dispersal by agents of dispersal some of which
are extinct because large-seeded species are
predicted to be better adapted to the
catastrophic events encountered by seedlings
because they can compensate for damage
using seed reserve. The large heavier seed of
native species in the uninvaded sites for
Tithonia and Chromolaena as observed in this
study implies that its embryo is large and it
carries large food reserves. The large embryo
and large food reserves of the seed of the
native species in the uninvaded sites make it
possible for the seedlings to emerge as a more
completely developed plantlet, survive for
longer and grow to a more appreciable size in
an environment that is starved of resources.
Johnson and Cook (1998) have reported that
since major proportion of the weight of a seed
is food storage tissue, one may conclude that
there is some optimum amount of food reserve
which will normally insure the necessary
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seedling vigor. This probably accounts for the
high species richness of the native species in
the uninvaded sites for the two invasive
species studied.
Indeed, larger-seeded woody species
possess suites of attributes, such as greater leaf
longevity and lower specific leaf area, which
confer shade tolerance. In addition, large seeds
tolerate both insect infestations of seed
reserves as well as shoot damage which is in
support of the findings of several authors such
as Dalling et al. (1997) and Green and Juniper
(2004). The results of this study in which the
native species in the invaded sites with smaller
seeds in size grow slower and have smaller
height compared to those of the uninvaded
sites for both Tithonia and Chromolaena is in
contrary to the findings of Paz and MartinezRamos (2003) and Baraloto et al. (2005)
where they expect that the smaller-seeded
species will generally grow faster than largerseeded species and thus overcome the initial
size advantage associated with larger seed
size. Our results suggest that large seed size is
part of a suite of traits that enable the seedling
to tolerate low resource availability and
plasticity in root allocation in response to light
availability which may enable the seedling to
save resources for future growth.

obvious effects on reproductive allocation
strategy but not total biomass.
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