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Ferrand cedex 02 France and3Unité de Science du Sol, INRA, 78026 Versailles, France

Received 31 March 1998. Accepted in revised form 29 September 1998

Key words:soil moisture, soil structure, soil texture, soil water balance, termites, tree phenology

Abstract

Termitaria are major sites of functional heterogeneity in tropical ecosystems, through their strong influence on
soil characteristics, in particular soil physico-chemical properties and water status. These factors have important
consequences on nutrient availability for plants, plant spatial distribution, and vegetation dynamics. However,
comprehensive information about the influence of termite-rehandled soil on soil water regime is lacking. In a
humid shrubby savanna, we characterized the spatial variations in soil texture, soil structure and maximum soil
water content available for plants (AWCmax) induced by a large termite mound, at three deepths (0–0.10, 0.20–
0.30 and 0.50–0.60 m). In addition, during a three month period at the end of the rainy season, soil water potential
was surveyed by matrix sensors located on the termite mound and in the surrounding soil at the same depths and for
the 80–90 cm layer. Concurrently, the leaf shedding patterns of two coexisting deciduous shrub species exhibiting
contrasted soil water uptake patterns were compared for individuals located on termite mounds and in undisturbed
control areas. For all the soil layers studied, clay and silt contents were higher for the mound soil. Total soil clods
porosity was higher on the mound than in control areas, particularly in the 0.20-0.60 m layer, and mound soil
exhibited a high shrinking/swelling capacity. AWCmax of the 0-0.60 m soil layer was substantially higher on the
termite mound (112 mm) than in the surroundings (84 mm). Furthermore, during the beginning of the dry season,
soil water potential measuredin situ for the 0.20-0.90 m soil layer was higher on the mound than in the control soil.
In contrast, soil water potential of the 0-0.10 m soil layer was similar on the mound and in the control soil. In the
middle of the dry season, the leaf shedding pattern ofCrossopteryx febrifugashrubs (which have limited access to
soil layers below 0.60 m) located on mounds was less pronounced than that of individuals located on control soil.
In contrast, the leaf shedding pattern of the shrubCussonia barteri(which has a good access to deep soil layers)
was not influenced by the termite mound. We conclude that in this savanna ecosystem, termite mounds appear
as peculiar sites which exhibit improved soil water availability for plants in upper soil layers, and significantly
influence aspects of plant function. Implications of these results for understanding and modelling savanna function
and dynamics, and particularly competitive interactions between plant species, are discussed.

Introduction

Termite mounds are among the most conspicuous
figures of many tropical ecosystems, especially in
African savanna landscapes. Termites process consid-
erable quantities of material in their building activities,
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strongly influencing the soil properties as compared to
surrounding soils (reviewed in Lee and Wood, 1971
and Lobry de Bruyn and Cornacher, 1990; see also
Arshad, 1982; Maduakor et al., 1995; Pomeroy, 1976,
1983). These modifications have a great impact on the
vegetation, through spatial and temporal effects, even
when the termite colony is dead and the mound mate-
rial subject to erosion (Belsky et al., 1983; Glover et
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al., 1964; Kang, 1978; Soyer 1983; Troll, 1936). Thus
termites have been referred to as large soil builders and
ecosystem engineers (Dangerfield et al., 1998; Jones et
al., 1994).

Many studies emphasized the role of termites on
soil texture and chemical properties (Badawi et al.,
1982; Hesse, 1955; Laker et al., 1982; Pomeroy,
1983; Wood et al., 1983), soil nutrient cycling and soil
metabolism (Abbadie and Lepage, 1989; Arshad et al.,
1982; Meiklejohn, 1965; Menaut et al., 1985). Other
studies focused on termites influence on the spatial
distribution and dynamics of vegetation (Aubreville,
1957; Belskyet al., 1983; Fanshawe, 1968; Malaisse
and Anastassiou-Socquet., 1977; Morison et al., 1948;
Myers, 1936; Wild, 1952). However, very few studies
focused on the causal link between the modifications
of soil properties and the consequences for the vegeta-
tion growing on termitaria. In particular, information
on the role of termitaria on soil water balance is
scarce (Elkins et al., 1986; Janeau and Valentin, 1987;
Ouédraogo, 1997). This is a major deterrent for under-
standing the role of termitaria on soil nutrient cycling,
primary production or vegetation dynamics because
soil water availability is a key determinant of all these
aspects of savanna function (Frost et al., 1986; Walker
and Noy-Meir, 1982). In a humid preforest savanna
(Lamto, Côte d’Ivoire), termite mounds represent a
major source of heterogeneity in the landscape, occu-
pying up to 9% of the area in some biotopes (Abbadie
et al., 1992). These termitaria are sites of intense and
permanent activity of soil fauna, mainly three sym-
patric species of fungus growing termites (Odontoter-
messp, Ancistrotermes cavithoraxand Microtermes
toumodiensis) (Josens, 1972). The termitaria are also
characterized by peculiar soil microbial activities (Le
Roux et al., 1995a) and a peculiar vegetation pattern,
as compared to the surrounding savanna (César and
Menaut, 1974). In particular, the density of both ma-
ture and young individuals of woody species is 2 to
3 times higher on termitaria than in surrounding areas
in open shrubby ecosystems (Abbadie et al., 1992).
The work presented here focused on the impact of ter-
mites on soil texture, structure and water regime, as
a potential explanation for this termitaria-vegetation
relationship. We studied the soil texture, structure and
the soil water regime at different depths in a termite
mound and in comparable surrounding savanna areas.
In a previous study (Le Roux and Bariac, 1998) per-
formed at our experimental site, the two deciduous
shrubsCussonia barteriand Crossopteryx febrifuga
were found to have different access to soil water below

60 cm depth. The timing of abscission of leaves on
mounds and savanna areas was investigated.

Materials and methods

Site description and mound studied

The study was carried out at the Lamto Reserve (6◦13′
N, 5◦02′ W), in a typical Guinea (i.e. humid) savanna
of the Côte d’Ivoire. The Guinea savanna domain
is defined as a zone of dense and high grass layer
dominated by scattered trees where the annual precip-
itations exceed 1,000 mm and where the dry season
remains less than two months (Menaut, 1983). In
Lamto, annual precipitations average 1,210 mm (Lam-
otte and Tireford., 1988). Well-defined precipitation
periods occur: a long rainy season from February to
November, usually interrupted by a short dry season
in August, and a long dry season in December and
January. Temperatures (annual mean 27◦C) are quite
constant all year long.

Like in many other savannas, termitaria are a con-
spicuous component of the ecosystem. In Lamto, three
main genus of fungus-growing termites (Odontoter-
mes, AncistrotermesandMicrotermes) are associated
with these mounds.Odontotermesis suspected to be
the main contributor in the building of such large
mounds of varied sizes (2–20 m in diameter and
0.10 m−2 m in height). Large variations in mound
density (9.3–22.4 ha−1) are observed between savanna
biotopes (Lepage, personal communication). At a par-
ticular shrubby savanna site, Abbadie et al. (1992)
showed that mounds (12.9 ha−1) represented 9% of
the total area and an above ground soil volume around
300 m3 ha−1.

The present study took place in an open shrubby
savanna. The herbaceous layer consisted mainly of
C4 grasses dominated byAndropogonsp. andHy-
parrhenia sp. The woody layer (2<height< 6 m)
was dominated byCussonia barteri, Crossopteryx
febrifuga and Bridelia ferruginea, altogether cover-
ing about 15% of the test site. At this site, termitaria
density was 16.0 ha−1 and represented 3.3% of the to-
tal area (Lepage, personal communication). Tree leaf
shedding experiments were made on five different ter-
mite mounds. However, a single termite mound (basal
diameter = 7 m, height = 0.3 m: see Figure 1) was
selected for survey of the soil water potential due to the
limited number of moisture probes available. In con-
trast to surrounding areas, the grass cover was sparse
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Figure 1. (a) Schematic map of the termite mound studied. The two transects instrumented and the location of the soil moisture sensors are
indicated (T:Top; S:Slope; C:Control). (b) Schematic cross-section of the termite mound studied along transect A. The location of the soil
moisture sensors is indicated (C, S, T) with the numbers referring to the depth (1: 0–0.10 m; 2: 0.20–0.30 m; 3: 0.50–0.60 m; 4: 0.80–0.90 m).

and the woody cover (Anona senegalensis, Boras-
sus aethiopum, Crossopteryx febrifugaandCussonia
barteri) was dense on the selected mound.

Surveys of soil water potential in the field

To provide a continuous survey of soil water potential
on mound and in control areas, eighteen soil moisture
probes (Watermark model 200, Irrometer Co., River-
side, CA, USA) were used (Figure 1). These probes
consist of two concentric electrodes buried in a refer-
ence matrix material which is protected by a synthetic
membrane. At a given temperature, the resistance of

the sensor is related to the soil water potential. The
Watermark-200 probes were initially shown to be ad-
equate for assessing soil water potential in the 0 to
-0.1 MPa range (Eldredgeet al., 1993; Thomson and
Armstrong, 1987). When used with caution and when
individual calibration curves are performedin situ,
these probes can provide reliable estimates of soil wa-
ter potential down to -0.2 or -0.3 MPa (Jovanovic and
Annandale, 1997; Kastanek, 1996).

The probes were installed in March, i.e. at the be-
ginning of the long rainy season. As recommended,
the sensors went through several wet and dry cycles
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before installation. During installation, a slurry of soil
(of the layer studied) and water was used to ensure uni-
form soil contact. Since the moisture sensor signal is
influenced by temperature (Jovanovic and Annandale,
1997; Thomson and Armstrong, 1987), a Cu/Cst ther-
mocouple was located near each soil moisture sensor.
In order to ensure satisfying soil-probe equilibration,
data were only collected from mid July to the end of
October. The soil moisture sensors were located on
the mound top and the control areas at four depths
(0.05 m, 0.25 m, 0.55 m, 0.85 m) and on the mound
slope just in the three first depths, along two transects
(Figure 1). The moisture probes (Campbell Scientific,
1993) and thermocouples were connected to a datalog-
ger (CR10 and relay multiplexer AM416, Campbell
Scientific, Shepshed, UK). Measurements performed
at 15 min intervals provided hourly means. Since
the soil water potential sensors cannot give reliable
estimates of low9, measurements obtained for po-
tentials lower than -0.3 MPa were discarded. In order
to test the probe curve calibration, in October, during a
rainy period and a short dry period, soil samples were
collected near each moisture probe for determination
of soil moisture by the gravimetric method. Given
the water retention curve of each soil layer, these
data were used to check the probe calibration curve
proposed by Thomson and Armstrong (1987):

9 = R/[0.01306(1.062(34.21− T +
0.0106T 2)− R)] (1)

where9 is the soil water potential (kPa), R is the
actual sensor resistance (k�), and T is the actual soil
temperature (◦C).

Measurements of soil texture and water retention
curves

At the end of the field experiment, in October, the soil
moisture probes were removed and undisturbed soil
samples of 152 cm3 were collected near each probe
site. The samples were collected during the rainy pe-
riod and they were sealed in order to prevent them
from drying. In the laboratory, soil clods of ca. 10 cm3

were taken from these samples and brought to satura-
tion. The relationship between the soil water potential
9 and the soil volumetric water contentθ (i.e. the soil
water retention curve WRC) was documented for9

values ranging from -3.2 to 1600 kPa. Four pressure
steps were used: 3.2, 10, 320, and 1600 kPa. For the
first three pressure values, a filtration device was used
as detailed in Tessier and Berrier (1979). For the lower

pressure value, cells of Richards (1941) were used. At
every pressure step, the clod volumes were determined
by measuring buoyancy in kerosene (Monnier et al.,
1973) to account for potential changes due to swelling
or shrinking. Weight loss was measured by gravimetry
after drying at 105◦C during 48 h. The soil volu-
metric water content corresponding to each pressure
step was thus determined considering the measured
specific bulk density of each sample at every step. Be-
cause we are dealing with a swelling soil, we used
as variables the soil water ratio (or volumetric water
content) (θ ) and air ratio (e) computed as:

θ = Vw/Vs (2)

e = Va/Vs (3)

where Vw, Va and Vs are the water, the air and
the solid volumes of the soil clod, respectively (i.e.
the total soil volume of the soil clod is given as
Vt=Vw+Va+Vs) (Baize, 1993). Soil water retention
curves (WRC) were not determined for the 0.80–
0.90 m soil layers for all the locations, and for 0.50–
0.60 m layers at the mound slope. For each soil sample
and at each water potential value, 3 replicates were
performed. Based on the soil water retention curves,
the maximum water content available for plants was
computed as the difference between the values of vol-
umetric water content measured for9 equal to -3.2
and -1600 kPa. Values for unstudied soil layers (i.e.
0.10–0.20 m for the three locations and 0.30–0.50 m
on mound top and in control areas) were inferred by
linear extrapolation.

After collecting and preparing the soil clods for
WRC analysis, soil texture was determined on the re-
maining material for each soil sample. Organic matter
was destroyed by adding 200 mL of H2O2 to 20 g of
soil, held at 20◦C for 6 h and then 60◦C for 16 h. Dis-
tilled water (300 mL) and 25 mL hexametaphosphate
(40 g L−1) were then added and samples were shaken
for 16 h at 175 rev min−1. The aqueous suspension
was sieved at 250, 100 and 50µm. The 0-50µm frac-
tion was sonicated at 100 J mL−1 (Branson Sonifier
450) and passed throught 20µm sieve in water. The 0–
20µm fraction was centrifugated (Sorvall RC 3B Plus,
Du Pont De Nemours) to isolate a 2–20µm fraction
and a 0.05–2µm fraction. Centrifugation speed and
time were calculated according to Tanner and Jackson
(1948). The resulting six fractions were dried at 40◦C:
250–2000µm (coarse sand), 100–250µm (fine sand),
50–100µm (very fine sand), 20–50µm (coarse silt),
2–20µm (fine silt), and 0–2µm (clay).
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Table 1. Comparison of the soil texture on termite mound top and in control areas for the 0–0.1 m (Table 1a),
0.2–0.3 m (Table 1b) and 0.5–0.6 m (Table 1c) layers. Means are presented with standard errors. In each
table and for each column, values with the same letter are not significantly different at thep = 0.05 level

(1a) Clay (%) Silt (%) Sand (%)

0–2µm 2–20µm 20–50µm 50–100µ 100–250µm 250–2000µm

0–0.10 m 22.9a 22.0a 8.8a 10.2a 15.7a 20.4a

Mound (0.6) (0.8) (0.6) (1.2) (1.8) (2)

0–0.10 m 8.2b 10.4b 6.5b 8.5a 19.4b 47.0b

Control (0.4) (1) (1.1) 0.8) (1.3) (1.4)

(1b) Clay (%) Silt (%) Sand (%)

0–2µm 2–20µm 20–50µm 50–100µm 100–250µm 250–2000µm

0.20–0.30 m 28.9a 22.4a 7.8a 7.5a 11.4a 22.0a

Mound (0.6) (0.5) (0.5) (1.8) (1.7) (1.9)

0.20–0.30 m 9.9b 9.4b 4.7b 7.5a 18.1b 50.5b

Control (0.5) (1.2) (1.2) (1.2) (1.1) (1.2)

(1c) Clay (%) Silt (%) Sand (%)

0–2µm 2–20µm 20–50µm 50–100µm 100–250µm 250–2000µm

0.50–0.60 m 31.0a 16.8a 6.7a 6.5a 9.0a 30.0a

Mound (1.2) (1) (0.9) (0.8) (1.1) (1.6)

0.50–0.60 m 16.1b 9.8b 4.3b 6.4a 14.4b 49b

Control (1) (1.3) (1.3) (0.6) (1.8) (2)

Measurements of tree leaf-shedding patterns

During the end of the dry season (21/12/96 to
11/01/97), the leaf shedding patterns of the two de-
ciduous shrubsCussonia barteriand Crossopteryx
febrifuga were surveyed on termite mounds and in
control areas at this site. For bothC. barteri andC.
febrifuga, 10 individuals were selected: 5 trees located
on 5 different termite mounds and 5 trees located in
control areas. For each tree, 3 shoots were arbitrarily
chosen and the number of leaves beared by each shoot
was surveyed from 21 December 1996 to 11 January
1997, i.e. during the leaf shedding phase associated
to the long dry season. Initially, the number of leaves
per shoot surveyed was around 270 forC. febrifuga
and 16 forC. barteri, with no significant differences
between trees located on mounds or in control areas.
Fire occurred on 15 January 1997.

Results

Textural composition of the termite mound

The comparison of the soil texture on mound and in
control areas showed that the proportion of finest soil

particles (i.e. 0–20µm) was higher on the mound
than in the surroundings, particularly for the upper soil
layers (Table 1). For instance, clay content of the 0–
0.10 m soil layer was three times higher on the mound
(23%) than in the control area (8%). Clay content
was similar on the mound top and in the mound slope
(Figure 2). In contrast, on the mound, silt proportions
decreased and sand proportions increased as a function
of the distance to mound top. Soil texture observed at
the boundary of the mound was close to that in the
control areas (Figure 2).

Influence of the termite mound on soil air and soil
water ratios, and soil water retention curves

The soil air ratio (e) determined on clods was higher
on the mound than in control areas, particularly in
the deeper layers (Figure 3). This means a high total
soil clods porosity (p = e / [1+e]). For instance, for a
soil water potential equal to -3.2 kPa, total soil clods
porosity was around 46% for mound soil and only 33%
for control soil in the 0.20–0.30 m layer. For each soil
layer, at a given soil water potential, soil water ratioθ
was always higher for mound soil than for control soil
(Figure 3). In control areas,θ values at a given soil
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Figure 2. Spatial variations in the clay (l), silt (m), and sand (s) contents of the 0.20–0.30 m soil layer as a function of the distance to the mound
top (D) (T:Top; S:Slope; C:Control). Bars are confidence intervals (p = 0.05). For each panel, values with the same letter are not significantly
different at thep = 0.05 level.

Table 2. Values of the maximum water content available to plants
AWCmax computed for the 0–30 cm and 0–60 cm soil layers on
termite mound and in control areas

AWCmax (mm)

Soil layer Mound (Top) Mound (Slope) Control areas

0–0.30 m 54 51 50

0.30–0.60 m 58 – 34

0–0.60 m 112 – 84

water potential decreased with depth. In contrast,θ

values at a given soil water potential slightly increased
with depth on the termite mound according to the clay
proportion. The porosity open to air (difference be-
tween the void ratio and the water ratio) decreased
with depth for control soil.

Figure 4 shows the shrinking curves obtained for

soils sampled on mound or in control areas. The con-
trol soil exhibited a low degree of shrinking, and its
porosity was saturated with a low increase in water
volume. In contrast, the soil on the mound was not a
fully rigid medium, and the volume of a sample signif-
icantly varied over the range of potential encompassed
by the water retention curve. Thus, the mound soil ex-
hibited an important shrinking/swelling capacity, i.e.
the decrease of water volume lead to a similar change
in the soil volume.

The maximum soil water content available for
plants (AWCmax) on the mound was close to that ob-
served in control areas for the 0–0.30 m layer (Table
2). In contrast, the maximum soil water content avail-
able for plants in the 0.30–0.60 m layer was much
higher on the mound (58 mm) than in control areas
(34 mm). Thus, the difference of water storage capac-
ity in the 0–0.60 m layer between mound and control
soil was 28 mm (Table 2).
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Effect of the termite mound on soil water regime

Whatever the depth and location, concurrentin situ
measurements of (i) soil volumetric water contentθ

and (ii) soil water potential9 deduced from moisture
sensor data by applying the calibration curve proposed
by Thompson and Armstrong (1987) were consistent
with the soil water retention curves determined in the
laboratory (Figure 5). Thus, the proposed calibra-
tion curve (Equation 1) was retained for all the soil
moisture sensors.

The temporal variations in the soil water potential
were strongly correlated to the rainfall pattern in the
upper soil layer, with a more rapid response than in
the lower soil layer (Figure 6). During rainy periods,
soil water potential remained higher than ca. -100 kPa
whatever the depth, indicating that soil moisture was
near the water retention upper limit (i.e. -32 kPa).
During dry periods, soil water potential markedly de-
creased in the 0–0.10 m layer after less than one week
without rainfall, while changes in9 were very weak in
the 0.50–0.60 m and 0.80–0.90 m layers even after the
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12 day dry period (days of year 201 to 213). In the 0–
0.10 m soil layer, variations in soil water potential on
mound and in control areas were very close (Figure 6).
In contrast, soil water potential in the 0.20–0.30 and
moreover 0.50–0.60 m layers decreased more rapidly
in control areas than on the mound during dry spells.
For instance, in the 0.50–0.60 m soil layer,9 reached
−300 kPa on day of year 262 and 273 in control ar-
eas and on the mound, respectively. In the 80–90 cm
soil layer, decrease in9 was slightly more rapid in
control areas. However, during the study period,9 in
this layer remained always higher than -220 and -130
kPa in control areas and in the mound, respectively.
Full re-hydration of this deeper soil layer was observed
around days of year 278 on the control areas but not on
the mound.

Influence of the termite mound on tree leaf shedding
patterns

On 21 December 1996, defoliation has not begun
for bothCrossopteryx febrifugaandCussonia barteri.
During the three week period studied, the leaf shed-
ding pattern ofCrossopteryx febrifugashrubs located
on mounds was less pronounced than that of individu-
als located on control soil (Figure 7). In particular, on
11 January, 78% of the leaves were lost by individuals
located in control areas whereas individuals located on
mounds had only lost 17% of their leaves. In contrast,
the leaf shedding pattern of the shrubCussonia barteri
was not significantly influenced by the termite mound
(Figure 7). The survey of the leaf shedding pattern was
interrupted in mid January since fire occurred on 15
January and induced the fall of nearly all the remaining
leaves.
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Discussion and conclusion

Impact of termite mound on soil texture and structure

Soil texture and structure were strongly modified on
the termite mound as compared to the surrounding
control soil. The soil on termite mound exhibited a
higher proportion of fine particles (Table 1 and Fig-
ure 2). In particular, a threefold and twofold increase
in clay content was observed in the 0–0.30 m and
0.50–0.60 m soil layers, respectively. Such an enrich-
ment in fine soil particles on mounds has been reported
in other tropical savanna environments (Abbadie et al.,
1992; Arshad, 1982; Hesse, 1955; Lee and Wood,
1971; Lobry de Bruyn and Cornacher, 1990; Madu-
akor et al., 1995; Pomeroy, 1976, 1983; Wood, 1983).
Soil rehandling by termites (i.e. selection and impor-
tation of finest soil particles from deep to upper soil
horizons) was shown to be the main source of modi-
fication of soil texture on mounds (Grassé, 1984; Lee
and Wood, 1971).

Concurrently to changes in soil texture, soil struc-
ture was deeply modified on the mound. Soil clods
porosity was higher on the mound than in control
areas, particularly for the deeper layers studied. Fur-
thermore, mound soil exhibited an important shrink-
ing/swelling capacity as found by other authors for

clay-rich soils (Bruand and Prost, 1987; Tavares-Filho
and Tessier, 1998). This shrinking capacity could in-
duce soil cracking on mound and thus could increase
the water infiltration rate in dry conditions, and the
deeper percolation of water. This could also improve
the spatial distribution of roots by the effects of cracks
due to the wet-dry soil cycles. Such a change in
soil structure on termite mounds were reported by
Maldague (1959) and Garnier-Sillam (1991).

It should be noted that soil physical characteristics
(i.e. soil water content and soil porosity) were only
measured on clods. These small samples do not take
in to account the soil macroporosity (e.g. termite and
earthworm galleries), but they represent the best scale
for observation to study the soil shrinking/swelling
capacity (Chrétien et al., 1988). Furthermore, wa-
ter available for plants is essentially retained in soil
micropores.

Impact of termite mound on soil water availability for
plants

Soil water balance is controlled by (i) the soil wa-
ter storage capacity, and (ii) the different processes
driving water flux in the soil-plant-atmosphere con-
tinuum, namely precipitation interception, surface
runoff, soil evaporation, plant transpiration and
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Figure 6. Temporal variations in the soil water potential9 at three depths (0–0.10 m, 0.20–0.30 m and 0.50–0.60 m) for the control areas (m),
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are indicated.

drainage below the rooting zone. However, docu-
menting the effect of the termite mound on all these
processes would have been prohibitive. Thus, only
soil water potential was surveyed. This variable results
from the complex interactions between the different
components of the soil water balance and determines
soil water availability for plants.

In this study, both soil water storage capacity and
the seasonal trends in soil water potential differed on
the mound as compared to control areas. As a result
of the changes in soil structure, the maximum soil
water content available for plants in the 0–0.60 m
layer was higher on the mound (112 mm) than in
control areas (84 mm) (Table 2). The value obtained
in control areas is slightly higher than values previ-
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Figure 7. Leaf shedding pattern of the two shrub speciesCrossopteryx febrifugaandCussonia barterifor individuals located either on termite
mounds (l) or in control areas (m). Bars are standard errors. For each panel and each date, mean comparisons were performed (NS: non
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ously reported for open areas at Lamto (74 mm, Le
Roux and Bariac, 1998). The increased AWCmax of
the 0–0.60 m soil layer on mound as compared to sur-
rounding areas was probably due to the increased clay
content because clay enrichment has been shown to
improve AWCmax for sandy soils (e.g. Bousnina and
Mhiri, 1997). The difference of water storage capacity
in this layer between mound and control soil (28 mm)
was great enough to be considered as a major feature
which could improve soil water availability for vegeta-
tion throughout the year on the termite mound. Indeed,
micrometeorological measurements showed that mea-
sured daily evapotranspiration rates are around 4 mm
day−1 during the wet season at Lamto (Le Roux,
1998).

In the 0–10 cm soil layer, the temporal variations
in water potential recorded on the mound and in con-
trol areas were close. In contrast, soil water potential
in the 0.20–0.30, 0.50–0.60 and 0.80–0.90 m layers
decreased more rapidly in control areas than on the
mound during dry spells (Figure 6). This implies that

during dry periods, water availability for plants was,
at least transiently, better in the 0.20–0.90 m soil
layer on mound than in the surroundings. Interpreting
such different seasonal trends in soil water potential
in the 0.20–0.90 m layer is beyond the scope of this
paper. Indeed, the specific microtopography, vegeta-
tion cover, and soil surface infiltrability associated to
mounds can potentially influence water input to the
soil by affecting precipitation interception and runoff.
For instance, soil surface crusts associated with eroded
termite mounds were found to increase surface runoff
while termite foraging areas exhibited high infiltration
rates in mesic savannas in Ivory Coast (Janeau and
Valentin, 1987), Chihuahua (Elkins et al. 1986), and
dry Sahelian savannas (Ouédraogo, 1997). In addi-
tion, water losses from the soil can also be modified
on mounds since leaf area index and specific compo-
sition (i.e. tree/grass ratio) influence soil evaporation
and transpiration rates.

It should be argued that improved soil moisture in
the 0.20–0.60 m layer during dry spells on the mound
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essentially resulted from the fact that the mound was
associated to a specific vegetation cover, similar to
shrub clumps encountered in control areas. However,
the seasonal variations in soil moisture observed in
open (i.e. grassy) areas and under shrub clumps for
a same plot (i.e. same soil) at Lamto were found to be
very close (Le Roux and Bariac, 1998). Mordelet et
al. (1993a) even found that soil moisture was slightly
lower under shrub clumps than in open areas. Thus,
the woody vegetation cover probably not explained the
higher soil water potential observed during dry spells
on mounds. In order to better understand these differ-
ences in soil water potential, complementary experi-
ments determining water infiltration, soil evaporation
and plant transpiration rates are warranted.

Effect on shrub leaf shedding patterns

Whatever the reason explaining the higher soil water
potential observed on the mound during dry spells, this
improved soil water availability could be expected to
influence vegetation phenology. Indeed, plant water
status is suspected to partly control tropical tree leaf
shedding patterns (e.g. Duff et al., 1997; Reich and
Borchert, 1984; Williams et al., 1997). However, some
authors pointed out that atmospheric factors (i.e. air
water vapour pressure deficit, air temperature, incident
radiation and/or photoperiod) could also strongly in-
fluence leaf fall of tropical trees (Wright and Cornejo,
1990).

In the present study, the leaf shedding pattern
of Crossopteryx febrifugawas found to be less pro-
nounced on mounds than in control areas. In contrast,
the leaf shedding pattern of the shrubCussonia bar-
teri was not influenced by termite mounds. At Lamto,
savanna shrubs are shallow rooted (Le Roux et al.,
1995b; Mordelet et al., 1993b). However, in a previous
study carried out at the same site (Le Roux and Bariac,
1998),C. febrifugaandC. barteriwere found to have
a limited and good access to soil layers below 0.60 m
during dry conditions, respectively. Atmospheric con-
ditions were the same for shrubs located either on
mounds or in control areas. Furthermore, soil tempera-
tures on the mound and in the surroundings were very
close (Konaté, personal communication). Thus, soil
water status was probably the major factor discrimi-
nating mounds and control areas during the dry season.
Hence, the influence of termite mound on the leaf
shedding pattern ofC. febrifugacould be explained
by a better water status in the 0.20–0.60 m soil layer
and an ensuing improved shrub water status, sinceC.

febrifugahas a limited access to deep soil layers. In
contrast, the similar leaf shedding patterns exhibited
byC. barterion mounds and in control areas were con-
sistent with the fact that this shrub has a good access
to soil layers below 0.60 m where water availability
remains high throughout the year. Our results do not
imply that soil water status is the major determinant of
leaf shedding for the shrub species studied. However,
our results show that soil water status substantially
modulated the leaf shedding pattern ofC. febrifuga.

Potential effect of mounds on vegetation structure and
function

The improved soil water status exhibited on termite
mounds in Lamto savannas could strongly influence
the vegetation structure and function. In particular, soil
water availability is a key determinant of vegetation
structure and dynamics in savanna ecosystems (e.g.
Frost et al., 1986; Walker and Noy-Meir, 1982).

At Lamto, the density of both mature and young
individuals of woody species is 2 to 3 times higher
on mounds than in surrounding areas (Abbadie et al.,
1992; Josens, 1972). Similarly, woody plant density
was found to increase on mounds in different savanna
environments (Burtt, 1942; Glover, 1937; Glover et al,
1964; Goodland, 1965; Wild, 1952). Moreover, for-
est tree species e.g.Securinega virosa, Albizia zygia
andFicus surwere found on termite mounds located
in savanna biotopes close to gallery or riparian forests
at Lamto (Konaté and Le Roux, unpublished). In the
light of the present study, the better water availabil-
ity encountered on mounds could be identified as an
important factor explaining this change in vegetation
structure and specific composition. Indeed, tree or
shrub density generally increases with increasing soil
water availability both at the local or regional scales
in savanna-like environments (e.g. Williams et al.,
1996). Furthermore, tropical moist forest tree species
are known to be restricted to environments character-
ized by high soil water availability. However, other
constraints such as soil nutrient availability or the im-
pact of fire on tree recruitment and mortality probably
also influence the vegetation pattern on mounds.

In conclusion, termite mounds appear as a ma-
jor source of functional heterogeneity in this humid
savanna ecosystem. Due to their specific soil tex-
ture and structure, they represent sites of high water
and possibly nutrient availability for plants which
can deeply influence (directly or indirectly) vegetation
function, and particularly competitive interactions be-
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tween plant species. As a result, vegetation structure
is strongly modified by termite mounds which ex-
hibit high shrub densities and sometimes moist forest
tree species which are never encountered in savanna
biotopes. Thus, accounting for these hot spots of high
resource availability is needed to improve our un-
derstanding and modelling of savanna function and
dynamics.

Acknowledgements

We would particulary like to thank Konan N’Dri
Alexis, Kouassi Etienne, N’Guessan François,
Kouassi Guillaume, Kouassi Jean Baptiste, Loukou
Martin, and Sawadogo Prosper (Lamto Ecological
Station), B. Adam (UA Bioclimatologie, INRA Cler-
mont Ferrand), Andrée Beaumont (Unité de Science
du Sol, INRA Versailles) for their technical assis-
tance in the field or in the laboratory. We express our
gratitude to R. Vuattoux, Director of the Lamto Eco-
logical Research Station (National University of the
Côte d’Ivoire) for all the facilities he offered us in the
field. The research was supported by the Savannas on
the Long Term (SALT) IGBP-GCTE core project.

References

Abbadie L and Lepage M 1989 The role of subterranean fungus
comb chambers (Isoptera, Macrotermitinae) in soil nitrogen cy-
cling in a preforest savanna (Côte d’Ivoire). Soil Biol. Biochem.
21, 1067–1071.

Abbadie L, Lepage M and Le Roux X 1992 Soil fauna at the
forest-savanna boundary: role of the termite mounds in nutrient
cycling. In Nature and dynamics of forest-savanna boundaries.
Ed. J Proctor. pp 473–484. Chapman & Hall, London.

Arshad M A 1982 Influence of termitesMacrotermes michaelseni
(Sjöst) on soil fertility and vegetation in a semi-arid savannah
ecosystem. Agro-Ecosystem. 8, 47–58.

Arshad M A, Mureria N K and Keya S O 1982 Effect of termite
activities on the soil microflora. Pedobiologia 24, 161–167.

Aubreville A 1957 Echos du Congo Belge: Climax yangambiens.
Muhulus termitières fossiles géantes et forêt claire katangiens.
Bois et Forêts des Tropiques. 51, 28–39.

Badawi A Dabbour A Faragalla A A 1982 A contribution to the
termite fauna (Isoptera) of Saudi Arabia. Sociobiology 7, 2, 259–
260.

Baize D 1993 Soil Science Analysis. A guide to current use. Wiley
publishers. 192 p.

Belsky A J, Mwonga S M, Amundson R G, Duxbury J M and Ali
A R 1983 Comparative effects of isolated trees on their under-
canopy environments in high- and low-rainfall savannas. J. Appl.
Ecol. 30, 1, 143–155.

Bousnina H and Mhiri A 1997 Amélioration de la réserve d’eau utile
des sols sableux des régions arides par un amendement argileux.
Sécheresse 8, 241–246.

Bruand A and Prost R 1987 Effect of water content on the fabric
of a soil material: an experimental apprroach. J. Soil Sci. 38,
461–472.

Burtt B D 1942 Some East African vegetation communities. J. Ecol.
30, 65–146.

Campbell Scientific 1993 257 and 253 soil moisture sensors. Tech-
nical information: 12 p.

César J and Menaut J C 1974 Analyse d’un écosystème tropicale hu-
mide: la savane de Lamto (Côte d’Ivoire). II. Peuplement végétal.
Bull. Liaison Cherch. Lamto 2, 1–161.

Chrétien J and Tessier D 1988 Influence du squelette sur les pro-
priétés physiques du sol: hydratation, gonflement et aération. Sci.
Sol 255–268.

Dangerfield J M, McCarthy T S and Ellery W N 1998 The mound-
building termiteMacrotermes michaelsenias an ecosystem engi-
neer. J. Trop. Ecol. 14, 507–520.

Duff G A, Myers B A, Williams R J, Eamus D, O’Grady A and
Fordyce I R 1997 seasonal patterns in soil moisture, vapour pres-
sure deficit, tree canopy cover and pre-dawn water potential in a
northern Australian savanna. Aust. J. Bot. 45, 211–224.

Eldredge E P, Shock C C and Stieber T D 1993 Calibration of
granular matrix sensors for irrigation management. Agron. J. 85,
1228–1232.

Elkins N Z, Sabol V S, Ward J and Walder G W 1986 The infuence
of subterranean termites on the hydrological characteristics of a
Chihuahuan desert ecosystem. Oecologia. 1–8.

Fanshawe D B 1968 The vegetation of zambian termitaria. Kirkia.
6, 169–180

Frost P, Medina E, Menaut J C, Solbrig O, Swift M and Walker B
1986 Responses of savannas to stress and disturbance. Biology
International (I.U.B.S.) 10. 82 p.

Garnier-Sillam E, Braudeau E, Tessier D 1991 Rôle des termites sur
le spetres poral des sols forestiers tropicaux. Cas deThoracother-
mes macrotoraxSjöstedt (Termitinae) et deMacrotermes mülleri
Sjöstedt (Macrotermitinae). Ins. Soc. 38, 4, 397–412.

Glover P E 1937 A contibution to the ecology of the high-veld flora.
S. Afr. J. Sci. 34, 224–259.

Glover P E, Trump E C and Wateridge L E D 1964 Termitaria and
vegetation patterns on the Loita plains of Kenya. J. Ecol. 52,
365–377.

Goodland R J A 1965 On termitaria in a savanna ecosystem. Can. J.
Zool. 43, 641–650.

Grassé P P 1984 Termitologia. Fondation des sociétés et construc-
tion. Tome II. Masson, Paris. 613 p.

Hesse P R 1955 A chemical and physical study of the soil of termite
mounds in East Africa. J. Ecol. 43, 449–461.

Janeau J L and Valentin C 1987 Relations entre les termitières
Trinervitermessp. et la surface du sol: réorganisation, ruisselle-
ment et érosion. Rev. Ecol. Biol. Sol 24(4), 637-647.

Jones C G, Lawton J H and Shaghak M 1994 Organisms as
ecosystem engineers. Oikos 69, 373–386.

Josens G 1972 Etudes biologique et écologique des termites
(Isoptera) de la savane de Lamto-Pakobo (Côte d’Ivoire). Ph.D.
Univ. Bruxelles. 262 p.

Jovanovic N Z and Annandale J G 1997 A laboratory evaluation
of Watermark electrical resistance and Campbell Scientific 229
heat dissipation matric potential sensors. Water South Afr. 23,
227–232.

Kang B T 1978 Effect of some biological factors on soil variability
in the tropics. II. Effect of Macrotermes mounds. Plant Soil. 50,
241–251.

Kastanek F 1996 Some critical comments on the determination of
soil water tension applying blocks (in German). Bodenkult. 47,
223–233.



60

Laker M C et al 1982 Effect of Trinervitermes trinervoides (Sjöst-
edt) on the organic carbon and nitrogen contents and particle
sizes distribution of soils. Rev. Ecol. Biol. Sol. 19(1), 27–39.

Lamotte M and Tireford J L 1988 Le climat de la savane de Lamto
(Côte d’Ivoire) et sa place dans les climats de l’Ouest africain.
Trav. cherch. Lamto (RCI) 8. 146 p.

Lee K E and Wood T G 1971 Termites and soils. Academic Press.
251 p.

Le Roux X, Abbadie L, Lensi R and Serça D 1995a Emission of
nitrogen monoxide from African tropical ecosystems: control of
emission by soil characteristics in humid and dry savannas of
West Africa. J. Geophys. Res. 100, 23133—23142.

Le Roux X, Bariac T and Mariotti A 1995b Spatial partitioning of
the soil water ressource between shrub and grass components in
a West African humid savanna. Oecologia 104, 147–155.

Le Roux X 1998 Soil-plant-atmosphere exchanges. In: J.-C. Me-
naut, L. Abbadie and M. Lepage (eds.) Lamto: a savanna
ecosystem. Springer Verlag. (In press).

Le Roux X and Bariac T 1998 Seasonal variations in soil, shrub and
grass water status in a West African humid savanna. Oecologia
113, 456–466.

Lobry de Bruyn L A and Conacher A J 1990 The role of termite and
ants in soil modification: A review. Aut. J. Soil Res. 28, 55–93.

Maduakor H O, Okere A N and Onyeanuforo C C 1995 Termite
mounds in relation to the surroundings soil in the forest and de-
rived savanna zones of southeastern Nigeria. Biol. Fert. Soils 20,
157–162.

Malaisse F and Anastassiou-Socquet F 1977 Contribution à l’étude
de l’écosystème forêt claire (MIOMBE). Phytogéographie des
hautes termitières du ShabaMéridional (Zaïre). Bull. Soc. Roy.
Bot. Belgique. 110, 85–95.

Maldague M 1959 Analyses de sol et materiaux de termitières du
Congo Belge. Ins. Soc. 6, 4, 342–359.

Meiklejohn J 1965 Microbiological studies on large termite mounds.
Rhod. Zamb. Mal. J. Agric. Res. 3, 67–79.

Menaut J C 1983 The vegetation of African savannas.In Tropical
savannas. Ed. F Bourlière. pp 109–149. Elsevier, Amsterdam.

Menaut J C, Barbault R, Lavelle P and Lepage M 1985 African sa-
vannas: biological systems of humification and mineralization.In
Ecology and management of the world’s savannas. Ed. J Tothill
and J. Mott. pp 14–33. Australian Acad. Sci., Canberra.

Monnier G, Stengel P and Fies J C 1973 Une méthode de mesure de
la densité apparente de petits agglomérats terreux. Application à
l’analyse de systèmes de porosité du sol. Ann. Agron. 24, 533–
545.

Mordelet P, Abbadie L and Menaut J C 1993a Effects of tree clumps
on soil characteristics in a humid savanna of West Africa (Lamto,
Côte d’Ivoire). Plant Soil 153, 103–111.

Mordelet P, Menaut J C and Mariotti A 1993b Tree and grass rooting
patterns in an African humid savanna. J. Veg. Sci. 8, 65–70.

Morison C G T., Hoyle A C and Hope-Simpson J F 1948 Tropi-
cal soil-vegetation catenas and mosaics. A study in the south-
westernpart of the Anglo-Egyptian Sudan. J. Ecol. 36, 1–84.

Myers J G 1936 Savannah and forest vegetation of the interior
Guiana plateau. J. Ecol. 24, 162–184.

Ouédraogo P 1997 Role des termitières dans la structure et la dy-
namique d’une brousse tigrée soudano-sahélienne. Ph.D. Thesis,
University Paris VI. 282 p.

Pomeroy D E 1976 Some effects of mound-building termite on soil
in Uganda. J. Soil Sci. 27(3), 377–394.

Pomeroy D E 1983 Some effects of mound-building termite on the
soil of a semi-arid area of Kenya. J. Soil Sci. 34, 555–570.

Reich P B and Borchert R 1984 Water stress and tree phenology in
a tropical dry forest in the lowlands of Costa Rica. J. Ecol. 72,
61–74.

Richards L A 1941 A pressure membrane extraction apparatus for
soil solution. Soil Sci. 51, 377–386.

Soyer J 1983 Microrelief de buttes basses sur sols inondés saison-
nièrement au sud Shaba Zaïre. Catena 10(3), 253–265.

Tanner C B and Jackson M L 1947 Nomographs of sedimentation
times for soil particles under gravity or centrifugal acceleration.
Soil Sci. Soc. Am. Proc. 12, 60–65.

Tavares-Filho J and Tessier D 1998 Influence of cultivation practices
on the behaviour and properties of soils in Parana (Brazil). Etude
et Gestion des Sols. (In press).

Tessier D and Berrier J 1979 The use of scanning electron mi-
croscopy in soil studies. Observations of soils equilibrated with
different pF. Sci. Sol. 1, 67–82.

Thomson S J and Armstrong C F 1987 Calibration of the Water-
mark model 200 soil moisture sensor. Appl. Engineering Agric.
3, 186–189.

Troll C 1936 Termitensavannen.In Landerkundliche Forschrift für
Norbert Krebs. pp 275–312. Englehorn, Stuttgart.

Walker B and Noy-Meir I 1982 Aspects of stability and resilience of
savannas ecosystems.In Ecology of Tropical Savannas. Eds. B J
Huntley and B H Walker. pp 556–590. Springer-Verlag, Berlin.

Wild H 1952 The vegetation of southern Rhodesian termitaria.
Rhodesia Agric. J. 49, 280–292.

Williams R J, Duff G A, Bowman D M J S and Cook G D 1996
Variation in the composition and structure of tropical savannas
as a function of rainfall and soil texture along a large-scale cli-
matic gradient in the Northern Territory, Australia. J. Biogeogr.
23, 747–756.

Williams R J, Myers B A, Muller W J, Duff G A and Eamus D 1997
Leaf phenology of woody species in a north Australian tropical
savanna. Ecology 78, 2542–2558.

Wood T G, Johnson R A and Anderson J M 1983 Modification of the
soil in Nigerian savanna by soil-feedingCubitermes(Isoptera,
Termitidea). Soil Biol. Biochem. 15, 575–579.

Wright S J and Cornejo F H 1990 Seasonal drought and leaf fall in
a tropical forest. Ecology 71, 1165–1175.

Section Editor: B E Clothier


