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Summary The spatiotemporal pattern of a tropical earthworm assemblage (Lamto, Côte d’Ivoire) was assessed using a Partial Triadic Analysis (PTA). The abundance of earthworm species was estimated on five occasions covering two years within a single plot sampled with 100 sampling locations. The results showed that the earthworm community was highly structured in space and that the spatial pattern was stable through time. The Partial Triadic Analysis allowed extracting the earthworm community pattern that was common to all the dates. It was possible to identify which dates differed from the common model and which species were responsible for these discrepancies. The main pattern revealed by PTA was also submitted to spatial statistics to assess its significance. The results showed that the earthworm community is structured as a juxtaposition of patches dominated by different species. This pattern appeared to be constant during our 2-year study. When species were grouped following their impact upon soil structure dynamics the surveyed area appeared to be made of adjacent patches dominated either by compacting or decompacting earthworm species. The functional implications of this pattern are discussed and the spatial structure of the earthworm community was compared to soil bulk density distribution. The Mantel tests revealed a very strong relationship between soil bulk density and earthworm community structure. Key words: Spatiotemporal pattern, earthworm community, soil structure, soil bulk density



Introduction The impact of earthworms on soil properties and soil organic matter dynamics is well recognised (Giller et al. 1997; Brussaard 1999; Lavelle et al. 2001). At the population scale, the spatial distribution of individuals may also play an important role in influencing plant growth and plant community structure (Ettema & Wardle 2002). However, the majority of available studies report



information on the spatial patterning of populations on a single occasion and thus the stability of the reported distributions remains uncertain. Blanchart et al. (1997) showed that the endogeic earthworm species inhabiting the savannas of Lamto (Côte d’Ivoire) could be categorized into two broad functional groups: the compacting and the decompact-
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ing species respectively. The activity of the compacting species tend to increase the soil bulk density whereas the decompacting species decrease it. Therefore the spatiotemporal dynamics of these functional groups is potentially an important factor of soil structure regulation. Relating the activities of species or functional groups to ecosystem functioning (e.g. biogeochemical fluxes or soil structure dynamics) has proved awkward mainly because individual species affect processes at scales an order of magnitude below the scales at which measurements are made in the field (Anderson 1995). Most of our knowledge of mechanisms and species effect comes from microcosm experimental studies and the species effect at the ecosystem level is often derived from extrapolation i.e. a bottom-up approach. Nevertheless, if we are to assess the actual effect of species i.e. without extrapolation, a top-down approach is required (Anderson 1995). This implies establishing both time and space scales at which species populations are effectively the primary determinant of a given process. Obviously this requires scanning various scales, implies expensive sampling strategies and necessitates adequate statistical tools. This study was designed to assess the spatial distribution of a tropical earthworm community at different dates, to examine its constancy (Grimm & Wissel 1997) and to test for correlation between the earthworm distribution and an important soil attribute, the bulk density. The objectives were a) to extract a spatial community structure that was common to the different sampling occasions, b) to test for the presence of a consistent autocorrelation in this multispecies assemblage and c) to examine the relationship between this pattern and soil bulk density.



Materials and Methods Sites and species



This survey was conducted in a grass savanna (Loudetia simplex) in the Station d’Ecologie Tropicale de Lamto (Côte d’Ivoire) (5 °02 ’W, 6 °13 ’N). The mean annual rainfall is ca 1200 mm and the mean temperature 28 °C. The variations in monthly rainfall define a dry season from December to February and a rainy season from March to November interrupted by a decrease in rainfall during August. The investigated plot (45 × 45 m) was randomly located within a large area covered with L. simplex and sparse palm trees (Borassus aethiopium). The soil is sandy (sand 80 %) with low organic matter content (1.5 %). The earthworm community was sampled on 5 occasions: May and November 1995, June and December 1996 and June 1997. Earthworms were samPedobiologia (2003) 47, 497–503



pled during the rainy season to ensure that populations had reached their highest density and biomass in Lamto (Lavelle 1978). Two earthworm species of the Eudrilidae family coexist, namely Chuniodrilus zielae (Omodeo) and Stuhlmannia porifera (Omodeo & Vaillaud). These endogeic species are small and belong to the functional decompacting species because they tend to decrease soil bulk density (Blanchart et al. 1989, 1997). On the other hand, the megascolecid Millsonia anomala (Omodeo) is a medium sized endogeic earthworm that dominates the earthworm community in terms of biomass (Lavelle 1978). This species is classified as a compacting earthworm since it increases soil bulk density (Blanchart et al. 1997). Other species are present at the site (see Lavelle 1978). Dichogaster agilis (Omodeo & Vaillaud) (Megascolecidae) is frequent in the grass savanna but this species is epigeic and thus weakly affects soil structure. Earthworms were sampled by hand-sorting a 25 × 25 × 10 cm soil monolith, identified, counted and released in the field. Samples were taken in a 10 × 10 grid, the points being separated by 5 m. As indicated above, earthworm sampling was carried out on 5 occasions. To avoid taking two soil monoliths exactly at the same location, samples were displaced, from one date to another, along a spiral whose origin was represented by the point sampled at the first date. The difference of location was about 30 cm and was assumed to be negligible in comparison to the overall size of the investigated plots. The sample coordinates were therefore considered as identical from one date to another. Because distinguishing C. zielae and S. porifera requires adult individuals with visible external sexual organs, both species were recorded as a single group hereafter referred to as the Eudrilidae group. Earthworms (except eudrilids) were distributed among broad age class categories: adults, sub-adults and juveniles. Soil bulk density was estimated on 2 occasions, in March and December 1996. Soil samples consisted of a soil core of 250 cm3 volume, dried for 48 h at 105 °C. Soil was sampled on an 11 by 11 points grid with a mesh size of 5 m. The grid was positioned so that each earthworm sampling point was surrounded by 4 points at which soil bulk density was measured. Bulk density was autocorrelated and led to a consistent variogram. Therefore, bulk density at the exact position of each earthworm sample was estimated by punctual kriging (Webster & Oliver 1990). Analysis of the multivariate spatiotemporal variability: the Partial Triadic Analysis



The Partial Triadic Analysis (PTA) is a multivariate method allowing the analysis of a set of data tables
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Fig. 1. General scheme of the Partial Triadic Analysis: construction of the interstructure matrix Y and extraction of the compromise table Z. The interstructure between matrices X1...Xt corresponding to the sampling dates is analysed by a simple PCA of Y. The compromise tables are derived from the coordinates of the variables at the different sites on the principal components of the PCA of Y. The figure illustrates the construction of the first compromise table from the first principal component of the simple PCA of Y. Compromise tables are then analysed by a simple PCA



(variables x sites) recorded through a series of sampling campaigns (Fig. 1). At each date, p variables are recorded at s sampling sites. The data set forms a threedimensional data array (Fig. 1) (Thioulouse & Chessel 1987; Kroonenberg 1989). The PTA is a three-step procedure, namely the interstructure, the compromise and the intrastructure analyses. Only the first two steps were used in this work and are presented below. The interstructure analysis provides an ordination of the sampling dates and gives a description of the sites in relation to the typology of the sampling dates for each of the variables (Thioulouse & Chessel 1987; Kroonenberg 1989). To analyse the interstructure between t matrices X1...Xt with s rows (sampling sites) and p columns (variables i.e. species) each, it is required to compute the matrix Y by rewriting the initial matrices row by row on a single column (Fig. 1). A Principal Components Analysis (PCA) is then applied to Y (Fig. 1) and provides an inter-dates synthesis (Thioulouse & Chessel 1987; Centofanti et al. 1989).



The compromise analysis is the simple PCA of a fictive table with s rows and t columns (Fig. 1) whose values maximise the average correlations between the corresponding variables in the original tables. The compromise matrix is a fictitious matrix constructed from a linear arrangement of initial matrices (Fig. 1). The compromise matrix is determined so as to maximise its internal inertia i.e. the correlations between the values of its variables and the corresponding values in the t original matrices. Practically the compromise matrix is obtained by taking the factorial coordinates (F) from the PCA of Y (see Fig. 1). The first compromise matrix corresponds to the first principal axis. The second factorial axis gives a second compromise matrix and so on. The compromise analysis sensu stricto consists of the simple PCA of the compromise table. This operation indicates which of the variables are of importance in the structure extracted by the PCA of the interstructure table. The sampling site scores on principal axes can be used in two ways. 1) simple plots of Pedobiologia (2003) 47, 497–503
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the sites on different axes allow identification of patterns along axes and 2) since sampling is necessarily spatially explicit, one can draw a map of the sampling site scores on a given axis (see Fig. 3). These values can also be analysed using spatial statistics in order to precisely describe the autocorrelation structure (if any). All the computations involved in the PTA can be carried out using standard PCA software. In this study we used the module «PCA» of the software ADE-4 (Thioulouse et al. 1997). In order to assess the relationships between soil bulk density and the first compromise of the PTA on earthworm density we applied the Mantel and partial Mantel test on a set of 3 matrices (Legendre & Fortin 1989; Rossi & Quénéhervé 1998). The size of these matrices was 100. A first matrix called “Space” was constructed. It contained the inverse of the geographic (Euclidean) distances between each pair of sampling points (Legendre & Troussellier 1988). A second matrix, hereafter referred to as “Earthworm” contained a Euclidean distance coefficient between points computed with the coordinates of sampling points upon the first factorial axis of the compromise PCA. Finally a matrix “Bulk density” was constructed with a distance coefficient derived from the symmetrical similarity coefficient of Gower (distance = 1 – similarity) (Legendre & Legendre 1998). The presence of a common structure was tested by a Mantel test between the matrices “Earthworm” and “Bulk density”. In order to ensure that the relationship was not spurious (due to a third, not explicitly measured factor) the relationship was tested by means of a partial Mantel test including the matrix “Space” (Legendre & Legendre 1998).



Results



the same sign on principal axis 1 (24.05 % of the total inertia) whilst axis 2 (20.98 % of total inertia) presented an opposition between autumn sampling dates and the early summer dates (Fig. 2a). All dates with the same sign indicated a positive correlation between the corresponding set of matrices. The structure expressed through the first axis of the interstructure therefore corresponded to a community spatial pattern common to the different sampling dates. The second interstructure factor (axis 2) was characterised by the opposition between the date 05/95 (positive correlation with axis 2) against dates 11/95 and 12/96 (negatively correlated with the axis) (Fig. 2a). Other dates had an intermediate position with a correlation particularly low between axis 2 and date 06/96. Mapping the sample coordinates upon axis 2 and comparing the resulting patterns to the raw data revealed that the second dimension of the interstructure analysis essentially accounted for the spatial structure of the Eudrilidae and M. anomala at a given date (05/95) that was not completely accounted for by the first axis. Therefore this second dimension was only reflecting a particular case. Compromise



The first eigenvalue accounted for ca. 31 % of the total inertia while other factorial axes only accounted for a very limited amount of the total inertia and were not further analysed (Fig. 3b). The correlation circle (Fig. 3a) indicated a marked opposition between Eudrilidae and other earthworm groups, particularly the juveniles and the sub-adult of M. anomala. Maps of the sample scores along axis 1 (Fig. 3c) showed a clear spatial autocorrelation (see below). Two lateral parts of the plot were characterised by positive values (circle in Fig. 3c) which indicated that the functional group of the Eudrilidae is, on average, dominant in terms of density because that variable displayed a positive coordinate with that axis (Fig. 3a).



The earthworms mainly comprised 4 frequent species, C. zielae and S. porifera (Eudrilidae), M. anomala and D. agilis. Other species like M. lamtoiana (Omodeo & Vaillaud) or D. terrae-nigrae (Omodeo & Vaillaud) were occasionally encountered. However, their density in the 0–10 cm soil layer was extremely low and these species were therefore removed from statistical analyses. Interstructure



The decrease of the eigenvalues (Fig. 2b) was low therefore the first two factorial axes were explored. The correlation circle showed all the dates displaying Pedobiologia (2003) 47, 497–503



Fig. 2. Interstructure analysis. (a) Correlation circle showing the sampling dates on the factorial axes 1 and 2 of the PCA of the interstructure matrix. (b) Eigenvalues diagram
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Fig. 3. Analysis of the first compromise. (a) Correlation circle featuring the 6 earthworm categories on the two first principal components. (b) Eigenvalues diagram. (c) Maps of the sampling site scores on the first principal axis. Circles and squares respectively stand for positive and negative values, the symbol surface being proportional to the corresponding unsigned score value



r2



Fig. 4. Spatial analysis of the first principal component of the compromise. Variogram of the sampling site’s coordinate on the first axis. The spatial structure explains ca 80 % of the total variability. The fitted model is a spherical function



Fig. 5. Spatial pattern of soil bulk density. Graphical display of the mean values of soil bulk density as measured in March and December 1996 after data were centred. Circles and squares respectively stand for positive and negative values, the symbol surface being proportional to the corresponding absolute value



The autocorrelation of the first compromise was statistically tested by means of Moran’s I autocorrelation index (Legendre & Fortin 1989). The structure was highly significant at the Bonferroni corrected level of significance (Oden 1984) (P < 0.0001). A geostatistical analysis of the sampling site score along the first principal component was performed. The resulting variogram was spherical (Fig. 4) with a somewhat low nugget variance (C0 = 0.23), a high structural variance (C = 0.92) and a range of a = 24.7 m. These results showed that the spatial autocorrelation accounted for 80 % of the total variability along axis 1 as indicated by the ratio C to C+C0.



Relationships between earthworm pattern and soil bulk density



The mean soil bulk density was 1.42 and 1.45 respectively for March and December 1996. Both data sets showed consistent spatial autocorrelation and were submitted to variography. Bulk density at points where earthworms were sampled was estimated by punctual kriging. For each point, the estimated values for March and December 1996 were averaged and mapped (Fig. 5). There is a very clear spatial pattern similar to the map of the sample scores upon the first axis of the compromise PCA (Figure 3c). The small values of Pedobiologia (2003) 47, 497–503
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bulk density (squares in Fig. 3c) corresponded to the circles in Fig. 5 (high eudrilid density). Conversely, there was an association between high soil bulk density and high M. anomala density. The simple Mantel test showed the presence of a consistent correlation between the matrices “Bulk density” and “Earthworm” (P < 10-4). The partial Mantel test between these matrices while accounting for the “Space” matrix was also significant (P < 10-4). The latter test indicated that the relationship between soil structure and earthworm community pattern was not spurious.



Discussion The results reported here have demonstrated the existence of a highly heterogeneous, patchy and structured assemblage in a tropical earthworm community. The reported spatial distributions are similar to what is known in the literature (Poier & Richter 1992; Rossi et al. 1995, 1997; Nuutinen et al. 1998). On the other hand, temporal stability has been poorly investigated to date (Rossi 1998; Decaëns & Rossi 2001). The persistence of a global community spatial pattern common to the different sampling dates was demonstrated by the interstructure and compromise analyses although the patterns observed at each of the sampling campaigns exhibited various departures from the general model. This structure is essentially constituted by disjunctive distributions between different species or functional groups. The scale at which these units were structured (ca. 25 m) was consistent with available data (Rossi et al. 1995, 1997; Decaëns & Rossi 2001; Jiménez et al. 2001). Attention must be paid to the fact that the first factorial axis of the interstructure analysis accounted for 24 % of the total inertia. Since the decrease of the eigenvalues was low, the general structure accounted for by axis 1 could be of little significance. This was not the case because axis 2 only related to the discrepancy of one date (05/95) from the general pattern. Both axis 1 and 2 extracted similar structures (i.e. species assemblages with opposite patches of different functional groups). This structure did not vary consistently in time even if it was not necessarily expressed with the same strength at every sampling date. However we have no information on the long-term dynamics of this species assemblage. The spatial distribution of soil bulk density was highly correlated with the earthworm community structure. Clumps of eudrilid species corresponded to areas of lower soil bulk density whereas patches of M. anomala fitted with areas of higher bulk density. D. agilis is an epigeic species and therefore has less effect on soil structure. However this species showed a conPedobiologia (2003) 47, 497–503



sistent spatial aggregation whose origin and consequence for soil functioning still need to be elucidated. Although endogeic earthworms are not the only regulating factors of soil structure dynamics they are very important in the savannas of Lamto (Blanchart et al. 1997). Therefore, the reported pattern suggests that the regulation of soil structure dynamics by earthworms is made through a mosaic of patches within which a given function is realised. The soil would mainly be decompacted within patches dominated by eudrilid worms while the bulk density would tend to increase in the patches of M. anomala. The ecological relationships between compacting and decompacting earthworm groups are rather complex. M. anomala (compacting species) appears to be unable to ingest large aggregates and depends upon eudrilid worms and other factors generating small soil aggregates (Blanchart et al. 1997). Gurney & Lawton (1996) have formulated a general model for the population dynamics of ecosystem engineers. They introduced a key feature, in which the ecosystem engineer modifies its habitat, which in turn progressively decays and finally becomes unsuitable for the organism. The principle applies to M. anomala that progressively compacts surrounding soil and modifies mean aggregate size (Blanchart et al. 1997). If this model were correct then patches of compacting species would tend to fade away as soil is being compacted and resource availability decreases. In this 2 yr study, patches were stable but investigations over a larger time range would be necessary to fully investigate the patches’ stability. Data on dispersal ability are also lacking. Distinguishing between simple patchy populations (i.e. individuals are aggregated and there is movement) and metapopulations (most individuals stay in their natal patch) is thus not possible. For earthworms, as mark-release-recapture methods are not usable, genetics seems to constitute the only approach allowing us to assess the possible isolation of patches. The community spatial structure may be controlled by environmental heterogeneity as well as population intrinsic processes (Ettema & Wardle 2002). Soil properties like texture or soil organic matter content may be quite patchy in some soils and therefore the hypothesis of an environmental control (at least partial) remains to be tested. The vegetation cover was homogeneous within the survey plot thus soil organic matter quality is unlikely to change markedly at that scale. In addition, there is no possible soil heterogeneity due to land-use history since the study site has never been cultivated nor disturbed by humans. The functional aspect of earthworms’ distribution is to be assessed at the population scale rather than at the scale of the individuals’ functional domains (i. e. the volume of soil under organism influence) simply be-
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cause of complex spatial distributions. Sampling must be carried out at the ecological scale, that is the scale at which the population effects are expressed (Shachak & Jones 1995). The “top-down” view claimed by Anderson (1995) is here of utmost relevance. By explicitly integrating the spatial component of the system, we identified scales at which the emergence of species effects may be visible. Not surprisingly, this scale is local which suggests that the species effect is to be assessed at the population or population sub-units scale. At the patch scale, earthworms are potential proximate factors influencing soil processes like soil structure dynamics alongside more distal environmental factors. Acknowledgements. It is my pleasure to thank Dr R. Vuattoux, Director of the Station d’Ecologie de Lamto for assistance and interest in this study and R. Zouzou Bi Danko for technical assistance. I am grateful to C. Kerdelhué (INRA, Orléans, France) and two anonymous reviewers for their constructive comments on the manuscript.



References Anderson, J. M. (1995) Soil organisms as engineers: microsite modulation of macroscale processes. In: Jones, C. G., Lawton, J. H. (eds) Linking species and ecosystems. Chapman and Hall, New York, pp. 94–106. Blanchart, E., Lavelle, P., Braudeau, E., LeBissonnais, Y., Valentin, C. (1997) Regulation of soil structure by geophagous earthworm activities in humid savannas of Côte d’Ivoire. Soil Biology and Biochemistry 29, 431–439. Blanchart, E., Lavelle, P., Spain, A. (1989) Effects of two species of tropical earthworms (Oligochaeta: Eudrilidae) on the size distribution of aggregates in an african soil. Revue d’Ecologie et de Biologie du sol 26, 417–425. Brussaard, L. (1999) On the mechanisms of interactions between earthworms and plants. Pedobiologia 43, 880–885. Centofanti, M., Chessel, D., Dolédec, S. (1989) Stabilité d’une structure spatiale et compromis d’une analyse statistique multi-tableaux: application à la physico-chimie d’un lac réservoir. Revue des Sciences de l’Eau 2, 71–93. Decaëns, T., Rossi, J. P. (2001) Spatio-temporal structure of earthworm community and soil heterogeneity in a tropical pasture. Ecography 24, 671–682. Ettema, C. H., Wardle, D. A. (2002) Spatial soil ecology. Trends in Ecology and Evolution 17, 177–183. Giller, K. E., Beare, M. H., Lavelle, P., Izac, A. M. N., Swift, M. J. (1997) Agricultural intensification, soil biodiversity and agroecosystem function. Applied Soil Ecology 6, 3–16. Grimm, V., Wissel, C. (1997) Babel, or the ecological stability discussions: an inventory and analysis of terminology and a guide for avoiding confusion. Oecologia 109, 323–334. Gurney, W. S. C., Lawton, J. H. (1996) The population dynamics of ecosystem engineers. Oikos 76, 273–283.



503



Jiménez, J. J., Rossi, J. P., Lavelle, P. (2001) Spatial distribution of earthworms in acid-soil savannas of the eastern plains of Colombia. Applied Soil Ecology 17, 267–278. Kroonenberg, P. M. (1989) The analysis of multiple tables in factorial ecology. III Three-mode principal component analysis: “analyse triadique complete”. Acta Oecologica Oecologia Generalis 10, 245–256. Lavelle, P. (1978) Les Vers de Terre de la savane de Lamto (Côte d’Ivoire): peuplements, populations et fonctions dans l’écosystème. Thesis of the Paris VI University. Publication du Laboratoire de Zoologie de l’ENS n° 12. 301 p. Lavelle, P., Barrois, E., Blanchart, E., Brown, G., Desjardins, T., Mariani, L., Rossi, J. P. (2001) Soil organic matter management in the tropics: why feeding the soil macrofauna? Nutrient Cycling in Agroecosystems 61, 53–61. Legendre, P., Fortin, M. J. (1989) Spatial pattern and ecological analysis. Vegetatio 80, 107–138. Legendre, P., Legendre, L. (1998) Numerical ecology, 2nd English edition. Elsevier, Amsterdam. Legendre, P., Troussellier, M. (1988) Aquatic heterotrophic bacteria: Modeling in the presence of spatial autocorrelation. Limnology and Oceanography 33, 1055–1067. Nuutinen, V., Pitkänen, J., Kuusela, E., Wildbom, T., Lohilahti, H. (1998) Spatial variation of earthworm community in relation to soil properties and yield on a grassclover field. Applied Soil Ecology 8, 85–94. Oden, N. L. (1984) Assessing the significance of spatial correlograms. Geographical Analysis 16, 1–16. Poier, K. R., Richter, J. (1992) Spatial distribution of earthworms and soil properties in an arable loess soil. Soil Biology and Biochemistry 24, 1601–1608. Rossi, J. P. (1998) Rôle fonctionnel de la distribution spatiale des vers de terre d’une savane humide de Côte d’Ivoire. Thesis of the Paris VI University. Rossi, J. P., Lavelle, P., Albrecht, A. (1997) Relationships between spatial pattern of the endogeic earthworm Polypheretima elongata and soil heterogeneity. Soil Biology and Biochemistry 29, 485–488. Rossi, J. P., Lavelle, P., Tondoh, J. E. (1995) Statistical tool for soil biology.10. Geostatistical analysis. European Journal of Soil Biology 31, 173–181. Rossi, J. P., Quénéhervé, P. (1998) Relating species density to environmental variables in presence of spatial autocorrelation: A study case on soil nematodes distribution. Ecography 21, 117–123. Shachak, M., Jones, C. G. (1995) Ecological flow chains and ecological systems: concepts for linking species and ecosystem perspectives. In: Jones, C. G., Lawton, J. H. (eds) Linking species and ecosystems. Chapman and Hall, New York, pp. 280–294. Thioulouse, J., Chessel, D. (1987) Les analyses multitableaux en écologie factorielle I.-De la typologie d’état à la typologie de fonctionnement par l’analyse triadique. Acta Oecologica Oecologia Generalis 8, 463–480. Thioulouse, J., Chessel, D., Dolédec, S., Olivier, J. M. (1997) ADE-4: a multivariate analysis and graphical display software. Statistics and Computing 7, 75–83. Webster, R., Oliver, M. A. (1990) Statistical methods in soil and land resource survey. Oxford University Press. Pedobiologia (2003) 47, 497–503



























des documents recommandant













The Tropical managed Forests Observatory: a research ... - Vivien Rossi 

Natural Resources & Environment, University .... and environmental services provision, accounting for bio- ... global maps of 21st century forest cover change.










 








A temporary social parasite of tropical plant-ants ... - Vivien Rossi 

an effective hunting technique where the leaf margins are. A. Dejean ... host tree development does not keep pace with colony growth, A. ... the beginning of the construction ... true temporary social parasite of one or both Cecropia ants, if it is .










 








Soil properties inside earthworm patches and gaps in a tropical 

Jul 26, 2006 - study compared various soil properties and herbaceous plant biomass .... Sand. 0â€“10. %. 77.9 (3.05). 77.98 (3.74). 0.556. NS. â€“. 35. 27. Clay.










 








soil organic matter assimilation by a geophagous tropical earthworm 

Feb 8, 1992 - Assimilation of soil organic matter and fresh plant debris by Millsonia ..... Letters on the right of the means indicate results of ANOVA (level of ...










 








Spatio-temporal structure of earthworm community ... - Jean-Pierre Rossi 

T. DecaÃ«ns and J. P. Rossi, Lab. d'Ecologie des Sols Tropicaux (IRD â€“ Uni6. ... Mineralisation of organic matter is enhanced in fresh ... acidity (pH (H2O)B5) and very low chemical fertility ... cover a complete seasonal cycle. .... Distance class










 








Clusters in earthworm spatial distribution - Jean-Pierre Rossi 

The soil is sandy (sand ca. 80%) with low ..... nity in relation to soil properties and yield on a grass- ... worms and soil properties in an arable loess soil. Soil Bi-.










 








Short-range structures in earthworm spatial ... - Jean-Pierre Rossi 

However small the minimum sample spacing, the nugget variance remained high, which indicated the high value of residual, small-scale vari- ..... nity in relation to soil properties and yield on a grass- ... ology and Biochemistry 24, 1601â€“1608.










 








daughters of the carnivalized nation in jeanpierre 

Legal daughters of the carnivalized nation in jeanpierre ronfards shakespearean adaptations lear and ... research electronically, as you are saving all that paper.










 








The Tropical managed Forests Observatory: a 

[email protected]): INRA,. UMR EcoFoG, Campus ... 2013); over half of all tropical forests have been cleared or logged, and almost half of standing primary ...










 








Modeling water availability for trees in tropical forests - Vivien Rossi 

tion are computed based on equations developed by Granier et al. (1999), and are ... cover c, canopy capacity per unit area of cover Sc, the proportion of.










 








Signal Molecules Mediate the Impact of the Earthworm ... - PLOS 

Dec 3, 2012 - properties, especially in bacterial communities, due to initial heterogeneity. ... kg21; texture: 6.9% clay, 19.0% silt, 74.1% sand. Earthworms.










 








Spatiotemporal Metabolic Dynamics in Leaves of a CAM Plant 

Spatiotemporal Metabolic Dynamics in Leaves of a CAM Plant ... The results suggest that observable dynamical patterns such as phase waves are most likely ...










 








Age, Size, and Spatiotemporal Variation in Ovulation Patterns of a 

phenology may also have strong evolutionary and man- ... male condition (e.g., Albon et al. ... Table 1: Number of female moose with two ovaries collected, by.










 








Pattern formation during the drying of a colloidal ... - Hugues Bodiguel 

Depending on the experimental conditions (temperature, humidity, air velocity), ... is measured by camera observation perpendicularly to the glass plates, or in the ... transition is currently under study, and we focus in the following on the ...










 








Spatiotemporal changes in the structure of ... - StÃ©phan Jacquet 

Jun 26, 2013 - dynamics of these communities were very similar in the two lakes and ... Archaea may be influenced by different factors and could occupy ... dynamics and lacustrine parameters, so there is little ... formed a robust statistical analysi










 








A pattern system for the development of collaborative applications 

www.elsevier.nl/locate/infsof. * Corresponding author. E-mail addresses: ..... offer a list of application repositories, to check if an object is available within the ...










 








Fringe pattern photobleaching, a new method for the measurement of 

Transport properties of a given fluorescent species are ob- tained from the ... depends upon the sequence of chemical reactions, as well as upon the duration ...










 








The Invention of the 'Tropical Worker': Medical Research and ... .fr 

Mar 9, 2008 - susceptibilities of Central African workers involved the social construction .... location, whatever its origins, had significant implications for the way in .... Finally she shows how western psychiatry ascribed psychiatric.










 








Depth of soil water uptake by tropical rainforest trees ... - Vivien Rossi 

Jun 25, 2013 - bution around this mean depth. (2) f (x,Âµ, Ïƒ) = Cn. âˆš2Ï€ Ïƒ exp{âˆ’. 1 ... (ni Ã— Î´. 2 Hsoil i. ),. Data analyses a change in the Î´18O of xylem water was ...










 








Does landscape composition alter the spatiotemporal 

tial distributions corresponding to certain sampling years, but the relationship was not systematic. Landscape config- uration appeared to be an important driver ...










 








Chemical composition of rainwater in a tropical urban area of 

determination, Electrical conductivity (EC) was mea- sured by conductivity meter. Both pH ... from sulfuric acid and nitric acid and neutralization by. Ca2+ and ... Table 1. Statistical summary of rainwater quality data. Characteristics. Min. Max.










 








Temporal Characteristics of a Motor Pattern 

aspects of complex EMGs. 3. General features of the phasic spatial/temporal patterns dif- ... forms associated with reaching movements can be analyti- cally decomposed into two ... Human subjects gave informed consent. RESULTS. Figure 2 ...










 








Importance of earthworm-seed interactions for the ... - SÃ©bastien Barot 

Apr 3, 2011 - Soil seed bank composition and dynamics are crucial elements for the understanding of plant population and community ecology. Earthworms ...










 








Extrapolation of the laboratory-based OECD earthworm toxicity test to 

earthworm toxicity test to metal-contaminated field sites. DAVID J. SPURGEON* and S.P. HOPKIN. Ecotoxicology Group, School of Animal and Microbial ...










 














×
Report The spatiotemporal pattern of a tropical earthworm ... - Jean-Pierre Rossi





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



