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Abstract: Variation in allocation of mechanical defence resources in Acacia drepanalobium plants in different
foraging regimes was investigated around Hell’s Gate National Park, Kenya. The aim of this study was to find
out how individual A. drepanalobium plants around Hell’s Gate National Park allocate their mechanical defence
resources with varying foraging pressure. Plant architectural attributes (representing mechanical defence) were
sampled in 90 individual trees located along transects placed within three foraging regimes: heavily-browsed,
moderately-browsed and un-browsed. Thirty trees were sampled in each category. There was a significant
increase in defence attributes (thorn size and density) with increasing browsing intensity. On the contrary, trees
in the unbrowsed and moderately-browsed area had larger leaf sizes than those in the heavily browsed areas.
The study concluded that plants allocated more defence resources with increasing browsing intensity, which
had ramifications on plant growth through reduced leaf production. This could have produced the stunted tree
growth that was found in the highly browsed area. Thus, our findings suggest that foraging intensity does
influence plant architecture.

Key words: Acacia drepanalobium, browsing, mechanical defence, thorns

INTRODUCTION

Various plants have evolved different anti-herbivory
strategies that minimize their foraging susceptibility and
maximise their survival chances (Krebs, 1985). Such
strategies are evident in Acacia drepanalobium tree. Use
of thorns and obligate symbioses between specialized
arboreal ants represent elaborate strategies to protect A.
drepanalobium from potential herbivores. Plants may
respond to herbivore attack by initiating or increasing
their production of defensive structures or chemicals and
vice versa (Begon et al., 1990; Palmer et al., 1999).
Consequently, individual plants may allocate more
resources to leaf and flower production when exposed to
lower foraging and predation levels (Krebs, 1985).
Several studies have been conducted to examine the ant-
A. drepanalobium relationships and how they mutually
co-exist to benefit each other (Stanton et al., 1999;
Stanton et al., 2002). However few studies have examined
how individual plants allocate their mechanical defence
resources under different foraging regimes. The aim of
this study was to find out how individual A.
drepanalobium plants around Hell’s Gate National Park
allocate their defence resources with varying foraging
pressure.

Research question: Does A. drepanalobium vary its
allocation of mechanical defence resources depending on
the browsing pressure?

Study hypotheses: We predicted that:

C The mean thorn sizes in Acacia drepanalobium
plants would be higher in a highly browsed habitat
than in moderately browsed and un-browsed habitat.

C The leaf densities and leaf lengths in A.
drepanalobium plants would be lower in a highly
browsed habitat than in un-browsed habitat.

C The mean tree heights in A. drepanalobium plants
would decrease with increasing foraging pressure.

MATERIALS AND METHODS

Study area description: This study was conducted in
August, 2008 at Hell’s Gate National Park and at
Fisherman’s Camp located close to Lake Naivasha,
Naivasha region, Kenya. Hell’s Gate National Park was
gazetted in 1984 and covers an area of 685 KM2. It lies at
the floor  of  the  Kenyan  Rift  Valley,  approximately
2000  m above   sea  level. The dominant  vegetation
cover comprises  of  Tarchonanthus    camphoratus,   A.
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drepanalobium, Solanum scrub and low grasses (mainly
Cynodon) some Acacia xanthophloea. The mega-
herbivores include Giraffes (Giraffa camelopadalis),
Buffaloes (Syncerus caffa caffa), medium-sized ungulates
include Impala (Aepyceros melampus), Grant’s Gazelles
(Gazella granta) and Thomson’s Gazelles (G. thomsoni).
The Fisherman’s Camp lies at the same altitude and is
located in the Naivasha-Kongoni Road (about 6 km from
Hell’s Gate National Park). The camp is privately owned
and has been fenced off, thereby keeping both large and
medium-sized herbivores out.

Study sites and species: Three different sites
representing three foraging regimes were identified
following a short reconnaissance survey prior to the main
study. Two of these sites were located at Hell’s Gate
National Park and one was located at the privately-owned
Fisherman’s Camp. We defined three foraging regimes
based on the following characteristics:

Site 1: Heavily browsed: The savannah grassland of
Themeda triandra and Cynodon dactylon with
Acacia drepanalobium stands with previously
observed foraging pressure of large mammals like
Giraffes. The site was located at Hell’s Gate
National Park in areas thought to contain the
highest density of mega-herbivores. The area also
had large stands of Acacia drepanalobium trees.

Site 2: Moderately browsed: Woodland with mixed
Acacia drepanalobium and Tarchonanthus
camphoratus trees with few herbivores seen and
where geothermal steam pipes were probable
barriers to Giraffe access. The site was also
located at Hell’s Gate National Park, in an area
with mixed Acacia drepanalobium-
Tarchonanthus camphoratus trees. Few
herbivores were observed here, and the KENGEN
geothermal steam pipes were probable barriers for
large herbivores, especially Giraffes. The
geothermal pipes have been erected at a height of
between 2-4m from the ground and run in loops
to the turbine engines. Few U-shaped loops have
been created to allow selective movements of
animals into the enclosures surrounded by the
pipes. This area was designated as an area of
moderate browsing.

Site 3: Un-browsed: Fenced enclosure with large
herbivores assumed absent. The site was located
at the Fisherman’s Camp located near Lake
Naivasha. The camp is fully fenced hence thought
to contain no large mammals, because no dung
was observed during the study. The site was used
as a control since it represents an area of very
limited browsing.

Study species: A. drepanalobium is a small tree defended
by stipular spines, symbiotic ants and perhaps leaf
chemistry (Young et al., 1997; Stanton et al., 1999).
These Acacia trees produce a pair straight sharp spines at
each node. Approximately one node out of every 10-20
has a swollen structure, up to 5 cm in diameter, located at
the base of the spine pair. They usually houses resident
ants that feed in part from extrafloral nectaries at the leaf
bases (Palmer et al., 1999; Stanton et al., 1999).

Sampling design: In each site three 100 m line transects
were set up. We then randomly selected two sampling
plots each measuring 10 × 10 m along each transect. In
total   there  were  nine  transects  and 18 sampling plots.
In   each   study    plot    we    counted    the   number   of
A. drepanalobium plants of which five were randomly
selected and tagged. A ruler was used to measure 20cm of
each branch from the tip and clipped off this terminal
length. For each clipped branch we counted the number of
pairs of thorns and measured the length of one thorn in
each pair. We also measured the length of 10 leaves on
the clipped branch, counted the total number of leaves and
the number of active and deserted pseudo-galls. The
number of leaves and thorns are represented as density per
each 20 cm branch-clip.

Statistical analyses: The raw data was tested for
normality using the Kolmogorov-Smirnoff goodness of fit
test. In cases where the data were not normally distributed
(p<0.05), they were log or square root-transformed in
order to conform to the normality test assumptions.
ANOVA tests were performed to test how the thorn
density, leaf density, leaf length and active pseudo-galls
were affected by the different foraging regimes. Kruskal-
Wallis tests were performed in cases where the data could
not conform to normality tests. When the ANOVA was
significant, Tukey’s test was used to perform pair wise
comparisons.

RESULTS

Mean thorn length vs foraging regimes: There was a
significant difference in the mean thorn lengths in A.
drepanalobium plants across the three foraging regimes
(GLM: F2, 267 = 26.9, p<0.001). All two-way
comparisons were significantly different (Tukey’s test,
p<0.05) (Fig. 1). 

Mean thorn density vs foraging regimes: The mean
thorn density in A. drepanalobium plants was
significantly higher in the heavily browsed habitat than in
moderately browsed and un-browsed habitat (GLM: F2,
264 = 68.02, p<0.0001) (Fig. 2). 

Leaf density and mean leaf length vs foraging regime:
There was a significant difference between the median
leaf densities across the three foraging regimes (Kruskal-



Curr. Res. J. Bio. Sci., 4(2): 225-228, 2012

227

Th
or

n 
le

ng
th

 (c
m

) 

3.5

 Heavily 
browsed 

Intermediately 
     browsed  

Un browsed  

Foraging regimes 

0

0.5

1.5

2.5

1.0

2.0

3.0

M
ea

n 
th

or
n 

de
ns

ity
 

 Heavily 
browsed 

Intermediately 
     browsed  

Un browsed  

Foraging regimes 

0

5

15

25

10

20

30

Fig. 1: Mean thorn lengths in acacia drepanalobium trees
sampled from 90 A. drepanalobium trees in three
habitats subject to three different foraging regimes
around Hell’s Gate National Park, Kenya

Fig. 2: Mean thorn density sampled from 90 A. drepanalobium
trees in each of the three habitats subject to three
different foraging regimes at Hell’s Gate National Park
and Fisherman’s Camp, Kenya

Wallis test, H = 41.05, df = 2, p<0.0001). Median leaf
density per branch was 11.0 for heavily browsed, 13.0 for
intermediate and 18.0 for unbrowsed. In addition, there
was a significant difference between the median leaf
lengths across the three foraging regimes (Kruskal-Wallis
test, H = 84.52, df = 2, p<0.0001). Median leaf lengths
per branch were 2.10 cm for heavily browsed, 3.95 cm for
intermediate and 3.71 cm for unbrowsed regimes.

Tree height vs foraging regime: There was a significant
difference in the height of trees among the three foraging
regimes (F2, 264 = 7.33, p<0.001). The mean height of
trees in the highly browsed area (1.54±0.09 m) was
significantly smaller than in both moderately-browsed and
un-browsed areas (2.02±0.10 and 1.87±0.08 m,
respectively).

DISCUSSION

The foraging regimes affected the tree thorn lengths
as predicted, thorn length increases with increasing

foraging pressure. The Acacia drepanalobium plants
allocated more resources to the development of stipular
spines to protect the plant from foraging predators. This
implies that the plant produces more spines per unit length
of branch to defend itself. The observations concurred
with the predictions of Krebs (1985). The leaf density
showed an inverse relationship with foraging intensity, in
which leaf sizes and density decreased with increasing
foraging pressure. This also concurred with our prior
prediction suggesting that trees probably invest more
resources on growth and development in areas of low
browsing intensity and vice versa. However, in our study,
the intermediate browsed area had a larger leaf sizes than
the unbrowsed area. This could have been attributed to the
location of the sampling plots on the windward side of the
hills that surround the area as well as gas emissions from
the geothermal plant.

The results show that foraging regimes have an
influence on tree height. This contradicted our prior
predictions that the heights of trees would vary gradually
with increasing foraging pressure. The intermediate
browsed area had the tallest trees. This is probably due to
edaphic factors, topography and competition for light with
the taller and robust Tarchornatus camphoratus trees.

Moderately browsed trees had a heavy presence of
ants similar to like Crematogaster nigriceps and
Tetraponera penzigi. No sufficient data was obtained to
correlate the relationship between the ant types and
foraging regimes.

CONCLUSION AND RECOMMENDATIONS

Based on the findings of this study it would be
interesting to carry out a further study to determine how
other factors such as topography and ant-acacia
relationships would affect mechanical defence and growth
patterns of A. drepanalobium trees in addition to foraging
regimes. The results from intermediate browsed area
suggest that more factors may be at work other than just
the foraging regimes.
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