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Abstract: Lantana camara L. (Verbenaceae) is an exotic plant considered a serious problem in protected ecosystems globally. Despite
this, information about its impact on native plant species in Nairobi National Park is limited yet its invasion is an important
conservation and management challenge. We tested the impact by randomly sampling plant species in invaded and un-invaded sites of
the park using Modified Whittaker plot design. Two sample t-test results on Shannon diversity values of plant species sampled from
invaded (H' = 3.592) and un-invaded (H" = 4.003) riverine indicated significant variations (t;»; = 2.01; p = 0.047) but no significant
differences were recorded on data of plant species sampled from invaded and un-invaded shrub-grassland and forest (p < 0.05).
However, the results showed that the un-invaded riverine and shrub-grassland were more diverse and abundant in species richness. The
sites were also more homogenous in spatial distribution of native species compared to the invaded ones. The results of this study suggest
that Lantana camara has remarkable negative impact on native plant species and may gradually reduce the endemic species which are
the main source of forage and browse for the herbivores in the conservancy.
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significant impact on global ecosystems is Lantana camara
L. The invasive weed has been ranked top 100 most
impacting among the invasive species on earth [26], [10]
which has impaired agriculture and devastated many

1. Introduction

Alien plants predominantly known to invade island habitats
[4] have of recent expanded their invasions to terrestrial

ecosystems where they cause irreversible damage on
biodiversity [14]. There is evidence to show that the
invasive plants which are generally considered to be a major
threat to wild ecosystems globally are of great continental
concern especially in arid and semi arid parts of Africa,
Asia, Australia and North America [5], [6]. Recent
investigations have reported that exotic plant invasions alter
soil nutrient pools by changing their direction of flow [37],
[38] reduce biodiversity, decrease production, degrade bios-
systems, displace indigenous plants and alter community
functions [34], [29], [7]. As a result, they exploit the soil
nutrients well compared to their native counterparts [23].
Consequently, they alter the rates of important nutrient
cycling processes which include litter decomposition,
mineralization and nitrification [19] on the invaded sites and
subsequently reduce the quality of the habitats by inhibiting
the acquisition of the nutrients by native plants. The global
scale of the negative effects of the alien plants on terrestrial
ecosystems is alarming to the extent that they are considered
to be a serious threat to loss of biodiversity only second to
habitat destruction [2], [4] and number one in islands [20].
Among the most pervasive and malignant exotic plant with

ecosystems in over 47 countries around the global [15].
Since the introduction of L camara in Kenya in 1930 [35],
the insidious invasive shrub has spread and become a
naturalized weed in many ecosystems including the Kenyan
nature reserves [36]. Despite well knowledge of allelophatic
effects of Lantana camara L. on native species in protected
areas globally [11] studies to quantify its impact in Nairobi
National Park are limited. This study attempted to evaluate
the impact on native plant species abundance in the park.
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2.Materials And Methods
2.1 Study Area

The study area (Fig 1) was the Nairobi National Park.
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Figure 1: Map of Nairobi National Park showing locations
of the sampling points.

The park was gazetted in 1947 [9] and is located 10km south
of the city of Nairobi. It covers 117km? and lies between
latitudes 2718' to 2'20'S and longitudes 3623' to 36 28’E.
The park has an electric perimeter fence leaving a length of
about 20km to the South which opens to the Athi-Kapiti
plains for animals’ dispersal. However, increased human
activities along this corridor, has of recent been a source of
human-wildlife conflicts [18].The rainfall pattern is
bimodal. The long rains (150mm mean per annum) occur in
March to May and the short rains (90mm mean per annum)
come in the months of November to December [24]. The
annual mean temperatures range from a minimum of 13.6 C
to a maximum of 25.3C.

The terrain of the park is gentle undulation from elevation of
1500m in the South East to 1800m to the north. It comprises
three main habitat types: the forest which occupies the
western parts, open grassland scattered with several shrubs
found within the central and southern parts while the
riverine occurs to the south and central parts of the park [9].
Most of the park is covered by neutral to alkaline clay soils
commonly described as “black cotton soils’. The soils crack
on drying and become sticky when wet. They are
characterized by poor drainage. The common invasive plants
in the park include Lantana camara L., Parthenium
hysterophorous (L.), Opuntia valgaris (L). Mill, Opuntia
ficus indica (L.), Mill, Datura stramonium (L.), Ceasalpinia
decapetala (Roth Alston), Argemone mexicana (L.),
Opuntia exaltata (A. Berge), Tagetes minuta (L.) and
Ricinus communis (L.). The forest is predominated by
Croton megalocarpus (Hutch.), Brachylaena hutchinsii
(Hutch.), Olea africana (L.) [9] and Themedia triandra
(Forsk). The riverine is marked by Acacia xanthophloea
(Benth.) and Acacia kirkii (Oliv.) with Themedia triandra
(Forsk) as the dominant grass while the shrub-grassland is
dominated by Acacia drepanolim (Sjostedt ex Harms),
Themedia triandra (Forsk), Pennisetum mezianum (Leeke),
Digitaria macroblephara (Hack) and Panicum maximum
(Jacg.). The common animal species in the plains include
wildebeest, Connochaetes tyaurinus Burchell; Zebra, Equus
burchelli Gray; Eland, Taurotragus oryx Pallas and

Kongoni, Alcelaphus buselaphus Pallas [13]. The other
animal species found in the park are Thomson’s gazelle,
Gazella thomsonii Gunther; Impala, Aepyceros melampus
Lichtenstein; Giraffe, Giraffa camelopardalis Linn; Granit’s
gazelle, Gazella granti Brooke; Buffalo, Syncerus caffer
Sparrman; Lion, Panthera leo Linn.; Leopard, Panthera
pardus L. and Black rhinoceros, Diceros bicornis michaeli
Groves 1967.

2.2 Data collection
Data was collected using Modified Whittaker plot design

[32] (Fig 2) in the months of October, November and
December, 2011.
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Figure 2: Modified Whittaker Plot design [32].

The plot is modified to use rectangular subplots dispersed
within the main plot. They capture more environmental
variation than the original plot with ten 1m? subplots placed
linearly at the centre of 10mx10m plot within 1000m* main
plot [28]

Sampling was done in both invaded and un-invaded sites of
each habitat type within the park (Fig 1).Three, four and two
plots were randomly laid in the invaded sites of the forest,
shrub-grassland and riverine respectively and all the plant
species falling within the 1m? sub-plots of each Modified
Whittaker plot were collected, identified, counted and
recorded in a prepared data sheet. The procedure was also
repeated in the un-invaded sites. Identification and
nomenclature of plant species was done according to Agnew
[1] and Bentje [3].

2.3 Data analysis

Simpson’s (3) [30] and Shannon-Weaver indices [25] were
performed in order to estimate and compare species
dominance, richness and diversity between invaded and un-
invaded sites. Simpson’s index is more weighted towards
abundant species but less sensitive to species richness while
Shannon’s index evaluates species richness and evenness.
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Therefore both indices were used. Shannon index (H") was
calculated using the following formula:
H'=3 (Pi x Loge (pi)

Where:

H' = Diversity index

Pi = proportion of each plant species in the sample

Loge (pi) = natural logarithm of the proportion of each
species in the sample

The Simpson index () was calculated using the formula:

3= Y (Ni (Ni-1)/N (N-1)

Where: 3 = Simpson index

Ni = Total number of individuals of all species found in the
sample. N = Total number of individuals of each species in
the sample

Since the Simpson’s index (3) increases with increase in
diversity, 1/ x was used to quantify dominance and evenness
[20]. However, the two indices are known to give
inadequate information to order sites in diversity and
categorically state them in order of diversity ranks, [16],
thus species abundance distributions curves (SADCs) of
species log abundance against species rank were also plotted
using Zipf-Mandelbrat model [22]. The hypothesis that
abundance of plant species was not different between the
invaded and un-invaded sites of was statistically tested by
carrying out two sample t-test. All the analyses were done
using Gen Stat software.

3.Results and Discussion

3.1 General introduction

Although protected areas are widely accepted globally as
rich in biodiversity due to their natural landscapes and high
soil fertility, alien plants species continue to threaten these
areas especially in developing countries in Africa including
Kenya.

These plants have recurrently become harmful in altering the
habitat structure by decreasing biodiversity, reducing
productivity, degrading wildlife habitats and displacing
native species [6]. Therefore, estimating the impact by
comparing invaded and un-invaded sites with respect to
abundance of plant species may provide sufficient data to
compare the effects of plant invasion in ecosystems [12].
The current study evaluated the impact of Lantana camara
on the abundance of plant species in three habitats namely
forest, riverine and shrub-grassland in Nairobi National Park
and the possible implications of the results for the
conservation of wildlife in this protected ecosystem.

3.2 Abundance of plant species

The plot of the species cumulative count of all the plant
species collected from the eighteen modified Whittaker plots
revealed that the species richness approached an asymptote
around the 10" plot (Fig 3). This indicated that only ten
plots randomly laid within the study habitats were sufficient
in our sampling efforts. Also analysis of results from two
sample t-test (Table 2) suggested that invasion of L. camara
in the riverine habitat had a substantial negative impact on
species abundance in the invaded sites. Two sample t-test on

Shannon diversity values of plant species sampled from the
invaded riverine (H' = 3.592) and un-invaded site
(H'=4.003) (Table 1) were significantly different (p = 0.047)
(Table 2).
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Figure 3: Species accumulation curve based on species

count within the 18 sampled Modified Whittaker plots

Table 2: Two sample t-test results of plant species sampled
from invaded and un-invaded riverine, forest and shrub-

grassland
Mean
Site Species | Abundance+ | df | t [P value
richness SE
Invaded riverine 50 1.484+ 0.063 [121 |-2.01| 0.047
Un-invaded
Riverine 73 1.638+ 0.047
Invaded shrub-
grassland 56 1.558+ 0.053 |129 |-0.56 | 0.575
Un-invaded shrub-
grassland 75 1.599+ 0.050
Invaded forest 71 1.623+ 0.044 |146 |0.05 | 0.957
Un-invaded forest 77 1.629+ 0.051

However, Shannon values of 3.762 and 3.993 of plant
species sampled from invaded and un-invaded shrub-
grassland respectively (Table 1) were not significantly
different (p = 0.575) (Table 2). Similarly, abundance of the
plant species sampled from the forest site harbouring L.
camara and the site without the invasive plant did not vary
significantly (p = 0.597) (Table 2).These results suggest that
the riverine could be more affected by the invasion than the
forest and shrub-grassland habitats. Lantana camara is a
better competitor of water resources and reduces dispersion
of light to the ground level where grasses and herbs grow
[11]. Thus its proximity to the riverine habitat hence water
resources could have been conducive for its spread in this
area. This facor coupled with increased disturbance in this
watering point accelerated its regeneration and growth hence
inhibiting the native plant species due to its heavily
branched thickets [27].
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Table 1: Results of Diversity Indices

Riverine Shrub-grassland Forest
Parameter - N -
Invaded [Un-invaded |Invaded [Un-invaded |Invaded |Un-invaded
Total
individuals | 2310 4596 2747 4711 4035 5045
(N)
Shannon's | 5 5q5 | 4003|3762 | 3.993 |4.007 | 3.976
index (H")
SIMPSONS | 3 gg | 4629 |36.91 | 45.75 |45.66| 42.06
Index (1/ 3)

Plant species data obtained from the invaded riverine
recorded a lower value of Simpson's index (1/3) (30.88) than
the value obtained on data from the un-invaded site (46.24)
(Table 1).Similarly, data of plant species collected from the
invaded shrub-grassland recorded a lower index of 36.91
compared to Simpson's index of 45.75 of the data from the
un-invaded sites. Likewise, results of the species
accumulation distribution curves (SADCs) indicated steeper
and fast declining curves of ranked abundance in invaded
riverine (Fig 4) and shrub-grassland (Fig 6) whereas the un-
invaded riverine (Fig 5) and shrub-grassland (Fig 7) had
relatively long and less steep curves. However, the invaded
and un-invaded forest sites showed minimal differences in
diversity indices (Table 1) and these values were not
significantly different (P = 0.957) (Table 2). The SADCs
results indicated that the curve was less steep in the invaded
forest (Fig 8) than the un- invaded one (Fig 9).
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Figure 5: Species abundance distribution curve for un-
invaded riverine.
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Figure 6: Species abundance distribution curve for invaded
shrub-grassland
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Figure 9: Species abundance distribution curve for un-
invaded forest
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Overall, the results (Table 1) showed that the un-invaded
riverine and shrub-grassland were more diverse and
abundant in species richness than the invaded sites.
Similarly, the spatial distribution of the plant species in the
un-invaded riverine and shrub-grassland were also more
homogenous compared to the invaded sites as indicated by
the species accumulation distribution curves (viz. Figs 4-9)
where a less steep curve indicates homogeneity in species
distribution. In the forest, homogeneity was more depicted
in invaded site than un-invaded one (Figs 8, 9). However,
this site generally showed slightly greater diversification of
species richness compared to riverine and shrub-grassland
(Table 1).

The results of this study suggest that the impact of an
invasive species does not only depend on the ability of the
invasive species to invade but also on the type of the site
invaded. Smith et al. [31] suggested that species evenness in
a site facilitates invasion resistance, production and native
species extermination. In the present study, species evenness
and diversity in the forest habitat were more less the same in
the invaded sites and un-invaded ones suggesting that the
forest habitat was more resistant to invasion than the
riverine and shrub-grassland. The different species in a
diverse site are likely to utilize resources more efficiently
thus creating a strong competitive environment for the
invasive species to flourish [33].

3.3 Implications for the conservation of wildlife

The results of this study suggest that invasive species can
reduce species abundance and diversity. The reductions in
species diversity and abundance have profound impact on
forage diversity. Tracy and Sanderson [33] further reported
that forage diversity and weed invasion are negatively
correlated. This can be a potential hazard in an ecosystem
like Nairobi National Park which is expected to provide long
term production of pasture for its enormous animal species.
Lantana camara is known to exude allelochemicals from its
roots which severely damage recruitment of nearly all plant
species in its understory [18]. This accompanied with its
high litter accumulation, high ability in nutrient acquisition,
and smothering effect as a result of its dense thickets may
cause local plant species declines [27]. Consequently, it
causes decline in wildlife forage, quality and abundance.
The invasion of L. camara in Nairobi National Park is
therefore a serious conservation challenge which needs to be
addressed urgently because the invasion has negative impact
on species diversity, abundance and slowly will degrades the
quality of the habitat.

4.Conclusion

The results obtained in this study demonstrate that invasion
of L. camara can initiate significant changes in the invaded
ecosystem. The changes which manifest in the form of
uneven distribution of native species and reduction in
abundance as noted in this study have important
conservation bearings. The fast acquisition of monolithic
stands after invasion coupled with exudation of chemical
substances from its roots have been of important value in its
invasion success but harmful to the native plant species
within its vicinity. Apart from blocking free movement of

wildlife animals in search of palatable and preferred forage,
Lantana camara thickets smothers understory endemic
species thus causing biodiversity loss. The results from this
study should therefore be interpreted in form of global
biodiversity conservation and form the basis in the
conservation of pasturelands especially in protected areas.

5. Acknowledgement

We thank Dr. Samwel M. Kasiki of Kenya Wildlife Service
for allowing us to carry out this research in Nairobi National
Park. We also acknowledge the technical staff of National
Museums of Kenya for their help during the physical and
chemical analysis of soil samples. We are grateful to the
zoology department, Jomo Kenyatta University of
Agriculture and Technology for their co-operation
throughout the process of preparing this research paper

References

[1] D. Q. Agnew, Upland Kenya Wild Flowers. Oxford
University Press, London, 1974.

[2] J. E. M., Baillie, C. Hilto-Taylor, & S. N, Stuart,
‘IUCN Red list of Threatened species: A global
species assessment’, (eds), 2004, Switzerland and
Cambridge, UK, p. 217.

[31 H. J. Beentje, Kenya Trees, Shrubs and Lianas,
National Museums of Kenya. Majestic Printing
Works Ltd, Nairobi, 1994

[4] CBD, Invasive Alien species Convention on
Biological  Diversity, = 2005.  Accessed at
htt://www.biodive.org/progamme/cross-cutting/alien
on Oct. 19, 2010

[(] K. W. Davies & T. J. Svejcar, ‘“‘Comparison of
medusahead invaded and non-invaded Wyoming big
sagebrush steppe in southeastern Oregon. Range’’
Ecol Manag, (61), pp. 623-629, 2008.

[6] W. K. Davies, “‘Plant community diversity and native
plant abundance decline with increasing abundance of
an exotic annual grass’’.Oecologia, (167), pp. 481-49,
2011

[71 Flory, S. L., Clay, K. ““Non-native grass invasion
alters native grass composition in experimental
communities’ Biol invasions, (12), pp. 1285-1294,
2010

[8] J. B. Foster, & D. Kearney, ‘*Nairobi National Park
game census, 1966’°’. East African Journal of
Wildlife, (5) pp. 112-120, 1967.

[91 J. B. Foster, & M. J. Coe,. ““The biomass of game
animals in Nairobi National Park, 1960-1966"".
Journal of Zoology, (London), (155), 413-425, 1968

[10] GISP. ““The Invasive Alien Species problem. The
Global Invasive Species Programme’’. 2003
http://www.gisp.org/about/IAS.asp. Accessed on 8
November, 2010

[11] L. Hakim, S. A. Leksono, D. Purwaningtyas & N.
Nakagoshi, “‘Invasive Plant Species and the
Competitiveness of Wildlife Tourism Destination: A
Case of Sadengan Feeding Area at Alas Purwo
National Park’’, Indonesia. Journal of international
development and cooperation, 12(1), pp. 35-45, 2005

Volume 2 Issue 8, August 2013

WWW.ijsr.net

298



International Journal of Science and Research (1JSR), India Online ISSN: 2319-7064

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

M. Hejda, P. Pysek, & V. JaroSik, “‘Impact of
invasive plants on the species richness, diversity and
composition of invaded communities’’. Journal of
Ecology, (97), pp. 393-403

C. J. Hillman, “*Home range and movement of the
common eland (Taurotragus oryx) Pallas 1766) in
Kenya’’. African Journal of Ecology, (26), pp. 73-
88, 1988.

L. Holm, J. Doll, E. Holm, J. V. Pancho & J. P.
Herberger, ‘“Word weeds: Natural Histories and
Distribution’’, John Wiley and Sons inc., New York,
1997.

P. E. Hulme, ““Trade, transport and travel: managing
invasive species pathways in an era of globalization’’.
Journal of applied Ecology, (46), pp. 10-18, 2009.

R. Kindt, & R. Coe, ““Tree diversity analysis. A
manual and Software for some common Statistical
Methods  for  Biodiversity —and  Ecological
Analysis’”’,World  Agroforestry Centre (ICRAF),
2005.

J. W. Kiringe, & M. M. Okello, ““Threats and relative
severity to wildlife protected areas of Kenya’.
Applied Ecology and Environmental Research, 5(2),
pp. 49- 62, 2007.

C. Lwando, & E. Russell, ““Effect of Lantana camara
on plant diversity in Zambia’’.
Worldwildlife.Org/efn/amazon, 2005.

J. M. Levine, M. Vila C. M. D’Antonio, J. S, Dukes,
K. Grigulis & S. Lavorel et al. ‘“Mechanisms
underlying the impacts of exotic plant invasions’’.
Proc R Soc Lond B, (270), pp. 775-778, 2003.

R. N. Mack, D. Simberloff, M. Lansdale, H. F.
Evans, M. Clout & F. A. Bazzaz, ‘‘Biotic invasions:
causes, epidemiology, global consequences and
contro’’, Ecological applications, pp. (10), pp. 689-
710, 2000.

A. E. Magurran, ‘‘Ecological Diversity and its
Measurements’’.Princeton University Press,
Princeton. Pp. 35-39, 1988.

A. E. Magurran, ‘“‘measuring biological diversity.
Black well publishers’”, Oxford, UKs. Pp. 20-23,
2004.

Meisner, W. Beor, F. J. K. Verhoeven, T. S. H.
Boschker, & H. W. Putten der van, ‘“‘Comparison of
nutrients acquisition in exotic plant speciesand
congeneric natives’’, Journal of Ecology, (99), pp.
1308-1315, 2011.

S. M. Muya, & N. O. Oguge, ‘‘Effects of browse
availability and quality on black rhino (Diceros
bicornis michaeli Groves 1967) diet in Nairobi
National Park, Kenya’’, African Journal of Ecology,
(38), pp. 62- 71, 2000.

C. E. Shannon, & W. Weaver,““The mathematical
theory of communication’’, Urbana, IL,University of
Ilinois Press, USA, pp. 31-35, 1963

G. P. Sharma, A. S. Raghubanshi, & J. S Sing,
Lantana invasion: an overview. Weed Biology and
Management, (5), pp. 157-165, 2005

G. P. Sharma & A. S. Raghubanshi, *‘Lantana camara
L. invasion and impact on herb layer diversity and
soil properties in a dry deciduous forest of India’’,
Applied Ecology and Environmental Research, 9(3),
pp. 253-264, 2011.

[28] A. Shimda, ‘‘Whittaker’s plant diversity sampling
method’’, Israel journal of botany. Pp. 33, 41-46,
1984,

D. Simberloff, ““‘Non-native species do threaten the
natural environment’’, J Agric Environ Ethics, (18),
pp. 595-607, 2005.

E. H. Simpson, ‘‘Measurement of diversity’” Nature,
pp. 63, 688, 1949.

M. D. Smith, J. C. Wilcox, T. Kelly & A. K. Knapp,
““Dominance not richness determines invisibility of
tallgrass prairie”’. Oikos, (106), pp. 253-262, 2004.

T. J. Stolhgren, M. B. Falkner & L. D. Schell, A
““Modified-Whittaker Nested Vegetation Sampling
Method’’, Vegetatio, 117 (2), pp. 113-121, 1995.

F. B. Tracy, & A. M. Sanderson, ‘‘Forage
productivity, species evenness and weed invasion in
pasture communities’’. Agriculture, Ecosystems and
Environment, (102), pp. 175-183, 2003.

D. Tilman, *“The ecological consequences of changes
in biodiversity: A search for general principles’,
Ecology, (25), pp. 22-52, 1999.

Verdcourt, “‘Flora of Tropical East Africa.
Verbenaceae’” P. 37-47, Rotterdam, Netherlands,
1992,

K. J. Wambua, *“‘The distribution, abundance and
ecological impacts of invasive plant species at Ol-
donyo Sabuk National Park, Kenya’’. Msc. thesis,
University of Nairobi.

B. L. Wang, J. B. Shen, W. H. Zhang, F. S., Zhang,
& Neumann, ““‘Citrate exudation from white lupin
induced by phosphorous deficiency differs from that
induced by aluminium’’. New phytologist, (7),
pp.558- 589, 2007.

J. D. Weidenhamer & R. M. Callaway ‘‘Direct and
indirect effects of invasive plants on soil chemistry
and ecosystem functions’’, Journal of Chemistry and
Ecology, (36), pp. 59- 60, 2010.

[29]

[30]

[31]
[32]

[33]

[34]
[35]

[36]

[37]

[38]

Author Profile

Mr. Simba is a long term experienced high school

teacher of Biology and chemistry who has immensely

contributed to the enhancement of science education

in Kenyan secondary schools. His current interest is

biodiversity conservation. He graduated with a Bsc
(Chemistry & Biology) from Mohan Lal Sukhadia University,
India and currently completing his Msc. (invasive species) from
Jomo Kenyatta University of Agriculture and Technology.

Dr. Abel Kamweya is a senior Lecturer at Jomo

Kenyatta University of Agriculture and Technology

whose research contribution span from 1989 to date.

He teaches ecological courses and supervises several

graduate students. Dr. Kamweya graduated with a
PhD degree from Kenyatta University.

Dr. Peter Mwangi is a Senior Lecturer (Plant
Ecologist) and Head of the Department of Botany in
Jomo Kenyatta University of Agriculture and
i, Technology. His research interests is in relationship
between biodiversity and ecosystem functioning and mechanisms
behind those relationships. He teaches ecology courses and
supervises several graduate students. Peter attained his PhD in
Plant Ecology from University of Zurich in Switzerland.

Volume 2 Issue 8, August 2013

WWW.ijsr.net

299



International Journal of Science and Research (1JSR), India Online ISSN: 2319-7064

Professor John Ochora is a Professor of Botany
(developmental botany) who has held several
administrative duties in several bodies and in his
current university. Currently is the Director, Jomo
: Kenyatta University of Agriculture and Technology,
Kisii CBD Campus. As a professor, he has published several
research papers despite supervising many graduate students. Ochora
graduated with PhD degree from the University of Cape town,
South Africa.

Volume 2 Issue 8, August 2013
WWW.ijsr.net 300





