Scientific Research Journal (SCIRJ), Volume V, Issue XII, December 2017 74
ISSN 2201-2796

Effects of Locations On- and Off- Epigeal Termitaria on
Vegetation Lifeforms in Katolo Sub-Location of Kisumu
County, Kenya

Wyclife Agumba Oluoch?’,

1Department of Geography and Natural Resource Management, School of Environment and Earth Sciences, Maseno University,
Kisumu, Kenya

Email: “wyclifeoluoch@gmail.com

Boniface Oluoch Oindo?
2 Department of Environmental Science, School of Environment and Earth Sciences, Maseno University, Kisumu, Kenya

Paul Abuom?

2 Department of Environmental Science, School of Environment and Earth Sciences, Maseno University, Kisumu, Kenya

Abstract: Epigeal termitaria host richer vegetation assemblages ascribed partly to their elevated nutrients levels in savannah
ecosystems. However, elaborate quantitative description of how abundance of various vegetation lifeforms (trees, shrubs, lianas
and grass) vary with on-mound and off-mound locations has not been clearly studied. Therefore, the paper in hand endeavored to
find out the influence of on-mound and off-mound locations on vegetation lifeforms abundance in Katolo Sub-Location of
Kisumu County, Kenya. Termite mounds population in the study area was not known. Therefore, cross sectional descriptive
research design was adopted. Using saturated sampling, a total of sixty accessible mounds of at least 0.11m in basal radius and
corresponding off-mound plots were selected for the study. Number of trees, shrubs and lianas was arrived at by visual counting
and recording while grass population was approximated by use of a quadrat. One way ANOVA was employed to determine
significant difference in means of vegetation lifeforms abundance based on location on and off-mound. The results showed that
location on-mound and off-mound significantly (p<0.05) influenced all vegetation lifeforms with all except grass being more
abundant on termite mounds. The study recommends conservation of termite mounds in order to boost abundance of vegetation
lifeforms within the study area.
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1. Introduction

On-mound locations have been documented globally to be preferentially colonized by trees over the surrounding soils in Brazil
[49]. It is therefore possible that the enriched nutrient levels of the mounds positively affect the establishment of young trees on
these mounds through soil disturbance [43]. They reported enriched nutrient levels in the internal chambers of Macroterms
carbonarius mounds in comparison with adjacent open savanna soils. Later studies have revealed the positive impact of termite
mounds on their surroundings, for example, [41] and [50]. However, the number of seedlings growing on termite mounds soils in

WWW.SCirj.org
© 2017, Scientific Research Journal


http://www.scirj.org/
mailto:*wyclifeoluoch@gmail.com

Scientific Research Journal (SCIRJ), Volume V, Issue XII, December 2017 75
ISSN 2201-2796

an experimental study revealed that fewer seedlings grew on the mounds soils than on the surrounding savannah soils [3]. These
studies have given great evidence of richness of termite mounds for woody plants establishment. However, it remains unclear
how individual vegetation lifeforms such as trees, shrubs, lianas and grass would vary in abundance across locations both on-
mound and off-mound. A better understanding of how individual vegetation lifeforms would vary with respect to location (on-
mound or off-mound) would thus be necessary.

The preference to mound soils has been attributed to the proposition that termites contribute to the micro-topographical and
nutrient heterogeneity of tropical milieu as portrayed by [4] in Malaysia. They realized that overall tree stem density was higher
on the termite mounds than on the nearby surrounding plots. Moreover, it was found that location on and off-mounds significantly
influenced community composition when species were quantified by basal area [3] [4] [23]. These global studies have
demonstrated abundance of woody plants on termite mounds being more than off-mound plots. However, to better understand
larger ecosystem functioning, it would be appropriate to look into all vegetation lifeforms abundances and compare on-mound
with off-mound locations.

Within regional scale of Africa, better soil physicochemical composition on-mound as compared to off-mound sites have been
demonstrated without assessing abundance of vegetation lifeforms on them [2] [13] [17]. For example, in the humid savannahs of
West Africa, the density of woody species was found to be two to three times higher on Macrotermes mounds than in inter-
mound areas [1]. Early study in West Africa showed that plants from termite mounds play a great role among all environmental
and social uses and almost 70% to 80% of the world populations use those plants for their primary healthcare [10] [27] [25] with
over 30 illnesses being curable in Benin by termite mound extracted herbs [14]. Termite mounds are thus shown not only to be
suitable sites for plants establishment but also as sites for rich medicinal vegetation. There is, however, need to show how
abundance of vegetation lifeforms on termite mounds would compare with those off-mounds.

Specific soil conditions and the modification of the habitat by termites lead to a vegetation cover on the mounds that differs in
density, composition and structure from the adjacent savanna [57]. Termite mounds offer a better reservoir of soil water available
for plants, especially in deeper soil horizons [35]. Mound soils have been used as fertilizers in some places such as Zambia due to
their nutrient richness and physicochemical properties where they are applied once every 3 years and corresponding maize yield
rise to the tune of 33% has been reported [55]. On a savanna site in northern Burkina Faso, the density of trees and shrubs was
five times higher (2859 ha™) on Macrotermes mounds compared with the inter-mound area (527 ha™) [18]. They realized that
although the mound soil covered only 2.7% of the area, it supported 8.2% of the trees on that site. This is probably because of the
positive effect of mounds on woody plant establishment and recruitment through supply of more nutrients. Thus more needs to be
done in order to fully understand individual vegetation lifeforms cover both on-mound and off-mound in order to quantify any
existing variation.

It has also, however, been pointed out in contradicting studies that soil comprising the mounds of Macrotermes species contains
only small amounts of nitrogen and phosphorus because they use soil from deep underground, hence, the soil of the mounds built
by this genus is not suitable for plants [7] [11] [16]. On the other hand, epigeal termitaria are recognized as habitats for many
plant species [41] [60]. Savannah termite mounds in Africa have been documented to host specialist plant species [56]. Differing
vegetation cover on termite mounds might have been attributed to differing species of termites as well as soil types and climatic
factors. There is therefore need to compare on-mound vegetation lifeforms abundance with off-mound in order to clearly quantify
the difference.

Termite mound soils have proved to be very important in construction of houses [63] [13], consumed by some expectant women
during lactation to prevent health issues [20] and are well aerated due to termite galleries and tunnels underground hence
supporting better plant survival during drought [63]. Piglets with iron deficiency have also been noted to gain help when fed with
red termite mound soils in Congo DRC as reported by [13]. The studies are therefore showing great evidence of relevance of
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termite mounds not only for plants but also suit socio-economic benefits though not fully assessed in this study.

Earlier studies on on-mound and inter-mound sites in Kenya showed significant increase of vegetation on-mound as compared to
inter-mound sites [9]. A single notable study in Laikipia Kenya concluded that proximity to termite mounds, independent of
herbivores and protection from ants is the strongest predictor of fruiting success for A. drepanolobium [6]. They also showed
spatial heterogeneity that could be attributed to termite mounds. Even though the studies investigated mounds and Acacia
drepanolobium success, there is no fully empirical investigation done on how location on and off-mound would influence
vegetation lifeforms abundance. Therefore, there is a potential need for investigation of location on-mound and off-mound as a
possible reason to variation in abundance of vegetation lifeforms abundance in savannah ecosystem.

Comparative corresponding off-mound plots have been identified differently by different scholars, for example, [52] decided on a
distance of at least 15 m away from neighboring mound. Reference [44], on the other hand, used random distance of between 20
and 80 m away from the studied termite mound. Reference [58] sampled sites greater than 2 m away from the mounds while [26]
picked sites ranging between 10 and 50 m away from nearest termite mound. Reference [17] chose corresponding off-mound sites
to be areas greater than 3 m away from studied mound while [15] opted for sites between 5 and 35 m away from mounds.
Recently, [24] used sites greater than 20 m away while [30] relied on sites above 10 m away. The latest study by [42] opted for 50
m away from studied mounds to be adequate for corresponding off-mound plots. In this study, therefore, a RANDBETWEEN
function was invoked in Microsoft Office Excel 2010 to identify random distance between 20 and 50 m away from the nearest
termite mound. In case the distance fell in an inaccessible site, another randomization was done. Humanly inaccessible sites
included fenced compounds with no access permission granted and those mounds infested by bees.

2. Materials and Methods
2.1. Study Area

The study was conducted in Katolo Sub-Location (

Figure 1) situated in the eastern end of Kisumu County of Kenya at latitude 0° 14’S and longitude 35° 00’ E while elevation span
1150 m to 1240 m above mean sea level in West to East direction to the border of Kericho County.

2.2. Climate, soil and vegetation of the study area

Customarily, long rains within the region peak in the month of May while the short rains come in September [46] with total
annual rainfall of 1200mm [62] while mean temperature of 31°C is noted annually [45]. Poorly drained black cotton soils with low
fertility characterize the area [22] classified as vertisols and normally develop cracks during dry spells while in rainy periods the
area succumbs to flooding [45]. Patches of sandy loam soils of igneous rocks origin have also been reported in some parts of the
study area towards the border with Kericho County [45]. The study area is situated within savanna grassland within large lowland
surrounding the Winam Gulf in Kenyan Lake Victoria Basin [37]. There are scattered epigeal termitaria that appear as
“topographic accidents” within the area even though the topography is predominantly flat.

2.3. Socio-economics of the study area

Poverty stricken rural population of up to 75% characterize the area, poor infrastructure conditions and the HIV menace [59] [29].
Livestock keeping (cattle, sheep and goats) and crop farming (maize, sorghum, beans and assorted local vegetables) preponderate
the area [45]. Studies in the area have looked into hydrological modeling [51], erosion along river banks [37] and literacy levels
[46]. However, termite nests harbor abundant assemblages of vegetation that look patchy from one mound to the other within the
study area; especially during drought when they promiscuously stand out as topographic accidents yet lack in documentation so
far. No prior research work had been conducted within the area on effects of location on and off epigeal termitaria on vegetation
lifeforms abundance in the area, so far.
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2.4. Research Design

Research design selected for this study was cross sectional. The research design was appropriate since it necessitated studying of
the termite mounds in their current situation at the time of study. It further made it possible for future investigations on major
variables studied and made possible to gathering in-depth information about the variables.
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Study population of termite mounds was unknown. Cross sectional descriptive research design was used. Saturated sampling was

used to sample sixty humanly accessible termite mounds of at least 0.11m in radius and equal number of corresponding off-

mound plots. Inaccessible termite mounds included those inhabited by bees and those located in homesteads or private lands with
no permission granted by the owners for this study. However, their total number was less than five percent of studied mounds
posing extremely minimal effect on final results. The number of studied mounds was regarded adequate following the studies of
[36] that relied on 68 termite mounds, [14] who used 56 mounds and [34] who used 57 termite mounds.
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In this study, a total of 60 termite mounds was used that were obtained by saturated sampling method, falling within the study
area and had basal radi of greater or equal to 0.11m. The starting termite mound was selected based on its availability within the
study area, being convenient to the researcher and had at least 0.11m radius [4]. Use of GPS minimized chances of repeated
sampling of same mound.

2.6. Data collection methods

The study relied on data gathered between December, 2016 and March, 2017. Observation, measurement, counting and recording
were used as primary data collection methods. The methods were appropriate since the data to be collected was obtainable by
measurement such as radius, counting (various vegetation lifeforms) and observation (termite mounds and off-mound sites).

RANDBETWEEN function was invoked in Microsoft Office Excel 2010 to generate random bearing (1°-360°) and distance (20m
— 50m) from centre of termite mounds to control off-mound plots. Whenever the corresponding off-mound plot landed in an
inaccessible area, repeated randomization was done until an accessible site was found. RANDBETWEEN function eliminated
subjective selection of off-mound plots. A distance of between 20 and 50 m lowered the chances of effect of termite mound on the
selected off-mound site. The procedure had previously been used [44] [30] [42].

Using the radius of the termite mound, a hemispherical surface area of the mound was determined. The area was equivalent to the
area of corresponding off-mound circular plot hence used to obtain the radius of the off-mound plot.

Trees number was counted by two observers and after which population was obtained by averaging the results of the observers.
The same applied for shrubs and lianas. A quadrat of 0.3m square was used to determine grass population on termite mounds and
corresponding off-mound plots. On every termite mound and corresponding off-mound plot, the quadrat was thrown thrice and
grass population obtained after multiplying the average quadrat grass population by the area of the mound or corresponding off-
mound plot and dividing by the area of the quadrat (0.09m?). Adoption of quadrat method followed the works of [33] and [4].

2.7. Data analysis and Results presentation

Trees, shrubs, lianas and grass population on sixty on-mound and corresponding 60 off-mound plots were compared using one
way ANOVA in MSTAT-C (Version 2.10) programme. Significant differences in means at p<0.05 were separated using
Duncan’s Multiple Range Test based on the Least Significant Differences (LSD) values calculated. Results were tabulated with
means presented, LSD and variance.

3. Results and Discussion

There was statistically significant (p<0.05) difference in abundance of trees, shrubs and lianas on-mound compared to off-mound
sites (Table 1). On-mound location displayed more trees, shrubs and lianas than off-mound plots. Grass abundance was however
significantly more off-mound compared to on-mound plots (Table 1).

Table 1: Effects of on-mound and off-mound locations on vegetation lifeforms abundance, LSD means Least
Significant Difference

Location Vegetation lifeforms abundance (Mean +SD)
Trees Shrubs Lianas Grass
On-mound 15.63%(+11.14) 17.67%(+8.84) 10.97%(+6.38) 1082.92%(+673.48)
Off-mound 2.00°(+1.88) 8.67°(£5.80) 0.67°(x1.55) 7309.37°(£7652.95)
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LSD (p<0.05) 2.82%** 2.83%** 1.62%** 1943.16%**

Means with the same letter down the column are not significantly different at (p<0.05) according to Duncan’s Multiple Range Test
(DMRT). *** Significant at p<0.001. £SD is positive or negative standard deviation value from mean.

There is evidence that trees within the study area prefer on-mound locations to off-mound locations. The finding agrees with that of
[4] who found that mounds had significantly higher tree stems (>1 cm dbh) than areas immediately surrounding mounds. reference
[54] further asserted that trees associated with termite mounds showed greener appearance compared to those on off-mound
savannah plots during dry seasons implying availability of moisture to sustain their establishment. Establishment of large trees with
taller structure on mounds have been reported elsewhere [21] [30] [60] since they create sub-canopy microclimate which enhance
establishment of more woody species as was reported in preceding studies [5] [12].

Reference [6] noted that A. drepanolobium growing adjacent to termite mounds were significantly more likely to produce fruits
than those growing farther away from mound edges: 30.7% of those trees growing adjacent to a mound produced fruits, while only
13.9% of those growing further away from a mound fruited. The presence of a termite mound therefore plays a key role in
enhancing trees growth and development. Trees have been reported elsewhere to preferentially colonize termite mounds [49] [63].
Termite mounds could probably be having the best soil physical and chemical properties that ensure improved growth of trees on
them.

Coupled with mineral nutrient richness [30], termite mounds would thus give denser vegetation lifeforms in the region under study.
Significantly higher plant biomass on-mound than off-mound control savannah plots has also been shown by [26] and [41]. Under
semi-arid conditions, [63] and [53] found out that termites often construct their mounds under trees in order to shield their nests
from heat and aridity in tropical regions. Soils sampled from termite mounds supported better vegetation life forms according to
study by [24]. Plants that do not send their roots beyond 0.6 m into the soil have been reported to significantly respond to termitaria
moisture availability in savanna ecosystem [35]. Nitrogen, phosphorus and organic matter have been shown to be higher on-mound
than off-mound locations [6] [32] that could be ensuring better performance by trees on the epigeal termitaria.

Increased abundance of shrubs on termite mounds mimic those by [48] who realized that termite mounds covered with and often
completely hidden under dense shrub and tree vegetation occur in both dry and seasonally flooded savannahs. In both savannah
types, the physical and chemical properties of the soil of the termite mounds provide more favorable growing conditions to trees
and shrubs compared to the surrounding grasslands with scattered trees and shrubs [42] [44].

By constructing passages through the mounds, termites improve aeration and drainage [38]. Better aerated and well drained soils
are decisive factors for tree and shrubs vegetation, and the termites themselves benefit from the resultant constant moderate
moisture conditions. Reference [44] also realized stability of forbs on the mounds as compared to the adjacent savanna. This
resulted after fencing off the influence of herbivores; more forbs species were noted on the termite mounds while off the mound, up
to 48% forbs species disappeared. Mounds therefore are better habitats for shrubs than off-mound savannah plots.

There was over 16 times more lianas on-mound than off-mound study sites. Implication of this was that lianas tended to colonize
raised grounds to reach for light as well as obtained the nutrient richness in the epigeal termitaria which was shown by [6]. The
findings are in line with those of [34] who reported that succulents, geophytes and lianas were more on termite mounds than off-
mound sites. Open savannah plots are normally rich in grass which normally have weaker stems and may not adequately support
successful support to weak stemmed lianas. The lianas therefore tended to grow more on raised termite mounds where there are
richer trees populations to offer adequate support to them.

Grass tended to grow in the open flat grounds to on-mound locations. Significantly (p<0.05) higher individual grass count was

recorded off-mound than on mound plots according to the findings of [26] in Namibia. The findings are in agreement with the
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several other works [61] [40] who reported that termites forage on tall grass layers hence minimizing the population of grass on-
mound in comparison to off-mound plots. [31] [39] [28] and [8] reported nutrient contribution of eroded mound materials into the
savannah to release nutrients as part of the termite mounds importance. Contradiction emanates from the works of [19] who
reported complete disappearance of predominant grass following removal of subterranean termites in Chihuahuan desert following
a chain of changes in soil physical properties.

Location on-mound and off-mound significantly affected population of all the vegetation lifeforms studied as had earlier been
shown [14] [30] [63]. Apart from grass, all other lifeforms (trees, shrubs and lianas) were significantly higher in abundance on-
mound than off-mound control plots, mimicking the findings of [56]. The implication is that mounds formed perfect niches for
establishment of majority of the plant materials probably as a result of richness in highly needed nutrients.

As to the null hypothesis that there is no statistically significant difference in vegetation lifeforms abundance on-mound and off-
mound locations, there is enough evidence to reject the null hypothesis. Therefore, location on and off-mound significantly
(p<0.05) influenced abundance of vegetation lifeforms with trees, shrubs and lianas being more abundant on-mound than off-
mound plots.

4. Conclusion and Recommendation

On-mound sites were more suitable for three vegetation lifeforms abundance (trees, shrubs and lianas). Grass abundance was
however noted to be more off-mound than on-mound. These findings imply that termite mounds are providing more suitable plant
establishment sites in savannah than off-mound plots. However, for the purpose of grass establishment, off-mound plots would be
referred. The study recommends more elaborate conservation of termite mounds within the study area since they are richer in
various vegetation lifeforms compared to open savannah fields in the area.
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