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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 measured in 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 of Crossopteryx febrifuga shrubs (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 shrub Cussonia 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 considerable 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 material subject to erosion (Belsky et al., 1983; Glover et



48 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 vegetation 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 understanding 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, occupying 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 sympatric species of fungus growing termites (Odontotermes sp, Ancistrotermes cavithorax and 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 mature 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 termites 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) performed at our experimental site, the two deciduous shrubs Cussonia barteri and 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◦ 130 N, 5◦ 020 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 precipitations exceed 1,000 mm and where the dry season remains less than two months (Menaut, 1983). In Lamto, annual precipitations average 1,210 mm (Lamotte 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 conspicuous component of the ecosystem. In Lamto, three main genus of fungus-growing termites (Odontotermes, Ancistrotermes and Microtermes) are associated with these mounds. Odontotermes is 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 particular 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 by Andropogon sp. and Hyparrhenia sp. The woody layer (2 
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