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Abstract: Chromolaena odorata is a dominant invasive weed with capacity for extensive spread in Ghana. An
mvasion risk assessment focusing on the distribution and spatial abundance of seedlings and mature plants
was conducted across 26 sites covering the major ecological zones of Ghana. High plant coverage within
10 mx10 m plots occurred m the tropical ramnforest (65%) and tropical deciduous forest (60%). These
percentages were significantly (p<t0.001) higher than those of the coastal savanna (18%) and Interior Guinea
Savanna (IGS) (5%). There were no plants (0%) recorded for the Sudan savanna and mangrove swamp zones.
A comparison was made between the density of the species (per hectare) within fragmented forest patches
(49.4%), continuous forest patches (34.5%) and abandoned wastelands described as marginal lands (41.9%).
The results show that C. odorata was abundant and widely distributed within the forest zone. The densely
populated colomes m the forest zone could be the source of rapid spread to non-colomzed habitats within the

savanna and adjacent arid zones.
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INTRODUCTION

C. odorata [(L.) King and Robinson] is an invasive
weed of the flowering shrub family Asteraceae. The
species i3 native to the Americas and has been
introduced to tropical Asia, West Africa and the northern
parts of Australia (Tefera et al, 2008; Brooks, 2009,
Dijietror et al., 2011a). Tt is reported that the weed was
firstly introduced to West Africa in the early 1960s
(Goodall and Zacharias, 2002, McFadyen, 1996;
Timbailla, 1996, Timbilla and Braimah, 1992; Agubretu,
2002). C. odorata is known to be a prominent weed that is
well established across the forest ecological zone of West
Africa (Abdulai et al., 2006, Anning and Yeboah-Gyan,
2007, Dzomeku et al, 2009). This weed has been
described as a fast spreading invasive plant species
of the tropics (McFadyen and Skarratt, 1996;
Nawaz and George, 2004; Anning and Yeboah-Gvyan, 2007,
Brooks, 2009; Djietror et al., 2011b).

In many parts of West Africa, the growth is rapid
through the rainy season (Weise, 1994) and flowers
appear towards the end of the period. C. odorata easily
invades disthwbed habitats and smothers native plant
stands. The species is entomophilous and yields a mass
of light-weight seeds that are easily dispersed by wind
courtesy the aviation of a buoyant pappus. The fruits
have hooks and could be transported to other locations
by sticking to the bodies of fauna and to farm machinery
(Adebayo and Uyi, 2010).
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C. odorata 1s common within large tracts of disturbed
habitats, agricultural land and riparian zones and along
major highways i1 West Africa (Erasmus and Van Staden,
1986; Diietror et al., 2011b). Then it 1s considered a
serious threat to the balance of biodiversity n the forest
zones (Tefera er al., 2008). In addition, significant
infestations are already established m farmlands where
the species smother food crops and native plants and
spread rapidly in the forest ecological zones of the
sub-region (Djietror et al., 2011a). Though there is a large
volume of general information about the distribution
characteristics across the larger geographical area of
West Africa, mvasion risk assessment of C. odorata in
(Ghana 1s compounded by the lack of adequate and current
information on the spatial distribution and abundance of
the species in confined catchments withn specific
ecological The non-existence of specific
information on the current species distribution and
abundance within limited eco-geographical boundaries
hinders proper research planmng and complicates the
planning and implementation of management strategies to
limit the spread of the invasive weed within a spatially
scaled range. Detailed information on the distribution and
abundance should be recorded in order to facilitate the
creation of models that can serve the basis in designing
the control protocol. In Ghana, research has largely
been focused on presumably, the region widest
believed to be, the heaviest infestation locations which
persist within the Brong-Ahafo and Ashanti forest
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enclave (Timbilla and Braimah, 1992; Anning and
Yeboah-Gyan, 2007). The earliest infestation was officially
reported to have existed within experimental plots in the
Legon Botanical Gardens (Hall et af., 1972). However,
there has been only one published work (Timbilla and
Braimah, 1992) on the countrywide distribution and
spread of C. odorata of Ghana, over the last two decades
and the exact mode of introduction of the weed to the
country is not yet clarified.

In the case of Ghana, the important questions to
consider are; (1) What 1s the current distribution and
abundance pattern of C. odorata within the ecological
zones? (2) Currently, has the spread of C. odorata
become adapted to environmentally extreme
eco-zones, such as the arid Sudan savanna and highly
saline mangrove swamp zones? These questions are
important to both understand the ecological adaptation
of the species and to provide reliable information that
could serve as a reference to plan control programs in
limited or confined agricultural areas. It 1s expected that
the original distribution in the native range of C. odorata
would provide verifiable research information to resolve
these critical research questions.

Information on the current distribution, extent and
trajectory of spread within the different ecological zones
is acutely limited, if any. In addition, very few specific
attempts have been made to study the population
characteristics pertaining to the specific plant density and
distribution along clearly defined spatial dimensions.
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Habitat fragmentation has been also shown to affect
the spread of a species (Fahrig, 2003; Alofs and Fowler,
2010). To understand the impact of habitat fragmentation
and disturbance on the spread of the species, the study
used specific plant cover variations within continuous
vegetation, fragmented forest patches and marginal lands
which included abandoned mine lands, wastelands and
highway peripheral lands.

These ecological variables are among the most
important indicators that could help explain questions
about the distribution, abundance and projectile spread of
C. odorata in Ghana. The aim of this study was therefore,
to empirically investigate and provide current and
reliable information on the distribution and abundance of
C. odorata within all the major ecological zones of the
country. The findings reported are expected to provide a
clear verifiable benchmark that could guide C. odorata
control, management decisions and programs.

MATERIALS AND METHODS

Study site: Between April 2009 and November 2011
(spamming two successive major and minor rainy seasons)
the plant density in terms of cover of C. odorata was
measured at all the study sites over the period. A total of
26 study sites including 3 mined wastelands, 3 highway
edge areas and 3 fragmented forest patches (Fig. 1) were
surveyed across the major agro-ecological zones of Ghana
(5°3527. 26" N, 0°11' 43. 69"W). Due to the limitation of
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Fig. 1: Map of Ghana showing the major ecological zones, Study sites are marked by black (colonized) and red
(non-colonized) dots. Due to mconsistencies between available data, observable current spatial characteristics
of the vegetation, the forest-savannah transitional zone 15 a not distinctively presented on this map
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considerable vegetation area and geographical obstacles,
only one study site was surveyed in the arid Sudan
savanna. However, enough information was assembled to
make an accurate conclusion about the absence of the
species in this zone. The average distance between study
sites was 150 kin. The factors considered mn locating the
study sites included:

The presence or absence of considerable colonies
of different plant species (7ridax procumbens,
Striga  hermonthica,  Axonopus — compressus,
Boerhavia diffusa, Lantana camara and Sida acuta)
with similar distributive traits as C. odorata and that
normally grow within the immediate environment of
C. odorata

The homogeneity m the pattern of existing vegetation
reflected that the characteristics of a specific
ecological zone over a 200 km radius. Example, the
dominance of grassland signifying the savanna or
forest species strata representing a forest

The state of habitat disturbance and fragmentation.
Example, continuous forest, fragmented patch or
marginal land

Survey design: Three swvey plots (10 m*10 m) were
established at most study sites to ensure the
homogeneity of information about the abundance of
C. odorata plants within the site. The mimmum distance
between the plots in a site was 50 m. The plant cover in
each survey plot was measured twice, within the same
plots, over 2 years. Though randomly marked within a
site, the location of the survey plots was selected based
on vegetation structure and composition that closely,
reflected the general vegetation pattern within the larger
geographical area. This mncluded areas where C. odorata
colomes were observed within 3-20 ki radius of each of
the study sites.

Data collection: Ecological zones were demarcated based
vegetation records and maps available from the Ghana
Forestry Commission (Gobind et al., 2006; GOG, 2004).
The wuse of digital geographical maps to identify
C. odorata colonies were similar to the GPS systems
applied on the location of Siam weed colomes at the
Center for Tropical Agriculture, South Johnstone,
Queensland Australia (Brooks, 2009). Questionnaires were
administered to gather data on existing C. odorata
colomes from local farmers. There were mterviews done
for commercial vehicle drivers who ply the highways to
locate C. odorata colonies mn very remote farming areas.
The feedback information and field observation data were
synchronized with Global Information System (GIS)
mapping to locate the study sites.
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Vegetation cover measurement: The negative competitive
impact of C. edorata on neighboring plant hinges on, in
addition to the allelopathic effects, the ability to form
dense thickets from profuse branching and from the
luxuriant foliage formation that overshadow the other
plants within its range (Abaye, 2003). Therefore, the plant
density per plot was measured in terms of cover (%) per
umit area, rather than m terms of the number of individual
plants per stand. The structure of the vegetation i some
areas included a mixture of live and dead vegetation, bare
soil and stony materials which could compromise the
resolution of remotely sensed data. Therefore, to prevent
obstacles associated with the use of GIS-based poor
models which integrate spectral characteristics recorded
by remote sensors with vegetation cover. Vegetation
images were obtained using an automated digital camera
which was mounted on 15 m high (mature plants) and 6 m
high (seedlings/juveniles) wooden platform and
controlled using a portable digital remote controller. The
pixel resolution of the acquired color images was
640x480x%24 bit.

To mcorporate contextual information mto the
interpretation of vegetation images, a relaxation labeling
technique was used for the unage processing. The cover
(%) was determined using the image processing software
Research System ENVI/IDL.

The plant cover (%) of C. edorata (20C0O) within the
survey plots was derived as:

COA-TOPS %100

€O ropatra
Where:
COA = Areaof the plot covered by C. odorata
TOPS = Total area of the plot covered by other plant
species
TOPA = Total unit plot area-10x10 m
EPA = Empty patch area or non-colonized space

within the total unit plot area

The same method was applied to determine the cover
(%) of C. eodorata m the continuous forest patch,
fragmented forest patch and marginal land experimental
plots.

The population surveyed included the percentage
cover of the seedlings, juveniles and mature C. odorata
plants. The maturity parameters were; (1) =100 cm tall,
based on the fact that, the average mature height of the
Ghana ecotype of C. odorata, irrespective of the
prevailing edaphic conditions, was measured to be
between 1-3 m m open conditions and 6-10 m when
scrambled up other taller vegetation under dense forest
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canopies (Timbilla and Braimah, 1992; Djietror et al.,
2011a), (2) Average leaf density is 80 leaves plant™;
average leaf area is 15 cm’ and (3) flower and fruit
production.

Statistical analysis: To determine the ideal location of the
C. odorata colonies n inaccessible areas, logistic
regression was used to determine the significance of local
farmers’ response to the question of C. odorata presence
(ves) or absence (no). This was important to determine the
geographical range of the species within specific areas in
some ecological zones where some sites were established.

The mean cover (%) of a site was determined from
cover data analyzed using the set of images from all the
survey plots of each site.

The mean cover percentages of the different sites
within an ecological zone were averaged to determine the
cumulative mean cover (%) of the sites witlhin that
ecological zome. The statistical significance (p<0.05;
Tukey post hoc HISD test) of the mean cover (%) between
the ecological zones was statistically evaluated using the
IMP Statistical Discovery Software (Version 4), SAS
Institute Inc. The mean values were statistically shown on
graphs as Mean+SE bars.

RESULTS

Mature plant distribution and abundance: Assessment of
the distribution and abundance pattern shows that
C. odorata has spread across all the major ecological
zones except the Sudan Savanna (11°01'37.90” N, 0°09'
44.45” W) and Swamp and Mangrove (5745 09. 587 N,
0°46' 57. 90” E) ecological zones (Fig. 1). The cover (%) of
seedlings and mature stands were similar within all the
study sites across the ecological zones. There were no
stands or colonies (0%) of C. odorata recorded for these
two ecological zones. The highest percentage plant cover
plot ~ was recorded within the tropical forest zone (60 %)
and deciduous tropical ramforest (65 %) zones (Fig. 2a).
The highest mature plant mumber per 10x10 m
experimental plots were recorded within the deciduous
tropical forest (108-140 plants plot™) and the lowest was
(36-50 plants plot™) within the IGS ecclogical zene (plant
number plot™ not shown). The percentage plants cover
in the savanna zones was significantly (p<<0.001) lower
than in the forest zones. The mean plants cover
percentages were, 5 and 18% within the, IGS and coastal
savanna zones respectively. Colonies within these zones
were sparse or isolated. However, dense thickets were
common within the coastal savanna zone, especially along
major highways and in fallow farmlands. The percentage
C. odorata cover for measured in the forest-savanna
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Fig. 2(a-b): The variation in mean cover of (a) Mature

plants and (b) Seedlings/juveniles, surveyed
in all the major ecological zones of Ghana,
Standard error 15 shown on bars, bars with
different letters show the occurrence of
significant difference (p<0.05, Tukey test)
between ecological zones

transitional zone (28%) was higher but not sigmificantly
different (p<0.213). The C. odorata stands in the
transition zone were mterspersed around the taller woody
tree species and the thickets were relatively denser than
1n the main savarma zones.

The survey to understand the impact of habitat
fragmentation and habitat disturbance on the spread of
C. odorata within the forest patches revealed that the
spatial distribution of the species was covered wide areas
and plant cover was denser within the fragmented patches
(Fig. 3a). There was significant (p<0.0001) variation in the
cumulative mean plants cover (in all ecological zones)
between the fragmented forest patches (49.4%) and
continuous forest patches (34.5%). Similarly, the plant
cover within marginal lands (41.9%) was significantly
(p<0.0001) higher than that of the continuous patches
but not different from the fragmented patches, when
C. odorata covers, within all the ecological zones were
averaged.

Dense colonies of between 60-69.7% plant cover per
plot of C. odorata were observed to have extended from
farmlands and in some cases abandoned mined lands, to
the peripheral regions along the major highways. This was
typically consistent within the forest ecological zones
spread across the Ashanti, Brong-Ahafo, Eastern and
Western admimstrative regional areas.
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Fig. 3(a-b). The variation in mean cover of (a) Mature
plants and (b) Seedlings/juveniles, randomly
surveyed in the fragmented patches within
the colonized ecological zones, Standard error
1s shown on bars, bars with different letters
show the occurrence of sigmficant difference
(p=0.05, Tukey test) between zones

As shown m Fig. 3a, the extent of spread within
fragmented patches extended across the zones. The
deciduous tropical forest (70.4%) tropical rainforest
(67.3%) and transition zone (55.8%) were significantly
(p<0.0001) higher than the coastal savarma (47.5%) and
IGS zone (6.0%). The forest zones were again relatively
higher in plant cover per plot.

The plant cover within the continuous patches across
the ecological zones depicted a general reduction in total
plants cover as the species spread from the forest
ecological zones towards the savanna. Figure 4a shows
that the cover percentages recorded both within and at
the edge of the patches of the deciduous tropical forest
(44.6%), tropical rainforest (45.3%) and transition (47.0%)
were not substantially different. However, these mean
percentage values were significantly (p<t0.0001) higher
than those of the coastal savanna (32.8%) and the IGS
zone (3.0%).

The highest mean plant cover percentages surveyed
within the three mined wastelands and 3 highway marginal
lands was within the tropical ramnforest (61.5%) and
tropical forest (55.1%). This mean cover (%) was relatively
higher than in plots along the highway peripherals and
abandoned farmlands within the transition zone (49.4%)
and significantly ligher than the coastal savannah
(41.3%). The lowest percentage plants cover plot™ was
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in the patches within the
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continuous

registered within the Guinea savanna zone (2.4%), where
most colonies were either established as isolated stands
or sparse clusters (Fig. 5a).

Seedlings and juvenile plants distribution and
abundance: Overall the range of distribution of seedlings
and juveniles covered all the major ecological zones
except the Sudan savanna and the Mangrove swamps
zones. The abundance data showed high C. odorata
cover percentages of 66% and 45% in the rainforest and
deciduous tropical forest respectively (Fig. 2b). Across
the ecological zones, there was very low (8%) seedling
and juvenile C. odorata abundance within the IGS
ecological zone (Fig. 2b).

Within the tropical rainforest, the abundance in the
plots within the fragmented habitat was 56% (Fig. 3b). The
3 mine wasteland plots and 3 highway peripheral plots
collectively classified as marginal lands (Fig. 5b), depicted
the highest plant abundance (66%). The seedling
abundance in the tropical rainforest was lowest (35%)
within the continuous forest (Fig. 4b). The pattern of
abundance within the tropical forest was; fragmented-47%
(Fig. 3b) and continuous habitat-46% (Fig. 4b) and
marginal-56% (Fig. 5b). The pattern across the other
ecological zones showed that between fragmented
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Fig. 5(a-b). The variation in mean cover of (a) Mature
plants and (b) Seedlings/juveniles, randomly
surveyed in 3 the mined wastelands and
3 highway peripheral plots, Standard error is
shown on bars, bars with different letters
show the occurrence of significant difference
(p<0.05, Tukey test) between zones

patches, continuous habitats and marginal land areas. The
marginal land areas showed the sigmficantly (p<0.0001)
highest seedling abundance. The distribution and
abundance across ecological zones was; transitional-68%,
coastal savanna-53% and 1GS zone 22% (Fig. 5b).

DISCUSSION

Presently, the range of C. odorata infestation span
the low coastal savamna in the south, the interior
forest-savarna transitional zone and the tall grass
dominated Guinea Savanna zone that extends to the
southeast and a greater part of the northern region of
Ghana. This distibution confirms earlier
conducted by Timbilla and Braimah (1992).

studies

Distribution characteristics in forest and patch: High
matures plant cover (%) plot™ was recorded in the
tropical ramforest zone. A high density of C. odorata in
the forest zones has been reported in related studies by
Gautier (1996). The tropical rainforest vegetation cover
contributes to high relative humidity and precipitation
(mean ramnfall, 2200 mm pa). The monthly temperature
range is between 22.8 and 25.5°C. Kankam and Oduro
(2012) reported that the temperature range from 20.5°C in
July to August to 34°C in February to March. The soil
type varies across the forest zone; oxisols and acid
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gleysols. The topsoil depth is typically 8-20 cm deep, very
rich in organic matter and humus. The tropical rainforest
ecological zone 1s characterized by ligh evergreen forest
tree species with dense canopy cover and reduced light
intensity reaching the forest floor (Djietror et al., 2011b).
Many have described C. odorata as
shade intolerant (Muniappan and Marutam, 1988,
Honu and Dang, 2000) and therefore the mature plants
may not be expected to be widely distributed underneath
the dense canopy vegetation of the tropical rainforest.
However, the results of the mature plant cover showed
that, n comparison to the savamma ecological zones,
higher mean percentage cover occurred in fragmented and
to a lesser degree, the continuous patches within the
forest zones. This result supports the findings n related
studies by Parsons and Cuthbertson (2001) and Awanyo
(2007) who reported that the species can thrive under
dense canopy forests but with less success in comparison
to growth in the open sunlit areas.

The seedling abundance was higher in the tropical
rainforest forest zone than in other zones. However, the
abundance of mature plants was higher in fragmented
forests where the ground level wvegetation cover
obviously was more exposed sunlight than in continuous
forests. Though the savanna zones comparatively
received higher light intensity (Hoffmann et ., 2009), the
abundance and distribution of seedlings were relatively
low. The high density of the domiantly tall savanna
grass vegetation might have inhibited the abundance of
C. odorata seedlings (Codilla and Metillo, 2011).

Though there were dense within-patch stands of
mature C. odorata in continuous patches, high density
colonies were mostly restricted to the edge of these forest
patches that were surveyed. Furthermore, the plant
cover (%) within and around the edge of fragmented
forest patches was relatively higher compared to
contimious forest patches. The fragmented patches
consisted of wide open spaces and narrower shade areas
and an under storey vegetation cover that was exposed to
increased light mtensity. The results suggested that a
combination of optimum climatic (light intensity, rainfall,
temperature) edaphic and ecological factors (edge effect,
size of open spaces, shade cover), rather than a single
climatic factor (Kriticos et al., 2005) that prevailed within
the forest zones, could contribute to the rapid spread and
wide distribution of C. odorata.

Similarly, the tropical forest 1s characterized by the
dense canopy cover m continuous patches and bimodal
rainfall pattern that averages 1500 mm pa. Monthly
temperature of between 25.8 and 26.5°C persist from May
to July during the major ramy season. The soil and
climatic conditions in the tropical rainforest are not

researchers
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drastically different from the tropical forest conditions.
This sumilarity 1s consistent with the observation that the
percentage of C. odorata cover in the semi-deciduous
tropical forest was found to have been parallel to that of
the evergreen tropical rainforest.

Distribution characteristics in savanna and coastal
ecosystem: The spread of both seedlings and mature
C. odorata to the arid and perennially hot Sudan savanna
and the lighly saline mangrove swamp ecological zones
has by far been truncated, since no stands of C. odorata
were recorded in these zones. Prolonged high temperature
conditions, low moisture soils resulting from long
droughts and low single season precipitation of the
Sudan savanna, might have stymied the colonization of
the arid Sudan savamma ecological biomes. This 1s
consistent with the findings of Euston-Brown et al. (2007)
that, extreme temperature and prolonged drought could
inhibit infestation and spread of the species.

It 18 assumed that the ligh salimty conditions of
water and soil within the mangrove swamp could hamper
the establishment and spread of the species within
this zone. However, highly dense isolated colonies of
C. odorata were 1dentified at the Kpone site
(5741'51.657N, 0°02' 46, 29" E, 6 km to the Atlantic coast).
Djietror ef al. (2011a) reported that C. odorata seeds
could germinate in NaCl concentration levels of
between 0.02 and 1.2 mol L™". This fact points to the
potential spread of the species towards and colonize
mildly-saline ecosystems i1n the coastal savanna
ecological belt. A potential adaptation to colonize saline
ecosystems was confirmed mn studies by Tumbilla (1996) in
which a colony as close 5 m to the Atlantic seashore was
identified.

The forest-savanna transitional and the IGS zones
identical in abundance, except for mature plant
cover (%) in the continuous patches within these zones.
The seedling abundance was relatively lower in the 1GS
zone. The C. odorata colonies in these zones were sparse
and less dense, compared to the forest colonies. Tn the
Sudan savamna, grass dominates the vegetation, lower
mean annual ranfall of 1100 mm, ligh monthly
temperature range of 27.8- 38.6°C (De Rouw, 1991b) and
the soil dries up rapidly. This microclimate could
potentially mhibit the spread of C. odorata. Both
seedlings and the mature plants cover (%) within the
marginal lands (mined wasteland sites and highway
peripheral areas) were as high as the fragmented patch
plant cover (%). In a related study, C.
been reported as capable of displacing the secondary
vegetation to become the dominant species in fallow
farmlands (De Foresta and Schwartz, 1991; De Rouw,
1991 a; Gautier, 1992; Roder ef al., 1995, Slaats, 1995).

were

odorata has
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Ecological implications of distribution for C. odorata
management: This study focused on the distribution of
C. odorata across the major ecological zones of Ghana.
The highest density of the species was within the forest
zone. The dense colonies of C. odorata in the forest
zones remain the highest risk zones for the rapid invasion
of the yet non-colonized isolated forest regions, high
savanna and adjoining arid transitional zones. Tt is
expected that, the spread of C. edorata will persist and
spread along the non-colonized continuous and
fragmented patches within the humid and shady tropical
forest zones.

Marginal land areas especially, fallow agricultural
fields and highway peripherals, could become source
pools for new infestations and spread from already
established colonies. In spite of the reported medicinal
(asthma, wound treatment) nutritional (feedstuff for
livestock) and agronomical (easy to clear, suppressor of
other noxious weeds Imperata cylindrica, soil
fertility recovery agent) benefits, the ecological impact of
C. odorata in biodiversity change is crucial. The proper
management of this invasive species is pertinent to the
maintenance of the ecosystem balance within the wider
ecological biomes. This study did not directly investigate
the actual origin and specific direction of the current
C. odorata spread on the spatial scale. Tt is important
therefore, to explore the trajectory of C. odorata spread
through genetic assessment such as microsatellite
analytic profiling and genome sequencing analysis. Also
a morphological trait comparison of different ecotypes
across the ecological zones throughout the country could
provide a basis for identifying variables that could be
incorporated into effective management protocols.
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