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Abstract 
Quantification of the spatial and temporal distribution patterns of soil fauna is a relatively new area of 
research, and has been proposed as the key to understanding the high diversity typical of soil fauna 
communities. Field research on the relationships among the spatial distribution patterns of trees, litter and 
earthworm surface casting was carried out in two agroforestry fields in a rugged area of western Honduras. 
Grid-based sampling at a scale of two to 20 metres was employed to determine whether any spatial 
relationships existed among these variables at this fine scale. Each field was sampled twice at either two or 
three week intervals, to determine the short-term stability of spatial relationships. The spatial distribution of 
litter showed a strong pattern of aggregation, whereas earthworm cast distribution did not exhibit strong 
spatial autocorrelation. However, the spatial distribution patterns of each of these variables were well 
explained by the spatial arrangement of trees in both sites. Fitted model cross-semivariograms explained 
between 70 and 90% of the total variation in cross-semivariance between tree density and litter cover, and 
between tree density and earthworm cast weight. The results of the study suggest that farmers may be able to 
manipulate populations of earthworms indirectly by managing the spatial arrangement of trees within their 
crop fields. Planning the distribution of trees could allow farmers to create ‘patches’ of organic resources 
within fields, while minimising the negative effects of trees on crop growth due to competition for light, water 
and nutrients. Over the short time scale of the study, unusually heavy rainfall led to substantial changes in 
spatial distribution patterns of earthworm cast activity and litter cover, which may otherwise not have 
occurred. This result emphasises the need to take into account short-term temporal change during ecological 
studies at fine spatial scales.  
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1 Introduction 
Once considered as ‘noise’ that hindered understanding of soil ecology and biology, the spatial and temporal 
variability that is characteristic of many soil macrofauna populations is now recognised as meriting in-depth 
research (Anderson, 1988; Beare et al., 1995; Barrios, 2007). Soil macrofauna, and particularly earthworms, 
may have distinct spatial distribution patterns at distances of less than 100 metres. Spatial distribution patterns 
of soil macrofauna are likely to be related to population processes such as dispersal, reproduction and 
competition, and to the distribution patterns of important resources such as suitable habitat and food sources 
(Ettema and Wardle, 2002; Legendre et al., 2002; Rossi, 2003a; Schooley and Wiens, 2003). At short time-
scales of days to weeks, soil macrofauna are likely to respond to fluctuations in soil temperature, soil moisture 
and organic resource distribution. 
 
Earthworms are a dominant component of the soil macrofauna community, and their activities can influence a 
range of soil physical, chemical and biological properties, including soil structure, water and gas exchange, 
organic matter decomposition, nutrient cycling and availability, and plant growth and crop yield (Lee and 
Foster, 1991; Lavelle et al., 1997; Six et al., 2004). In tropical environments, several studies have looked at 
the fine-scale spatial distribution of earthworm communities in savanna environments, by sampling individual 
earthworm species at points within a regular sampling grid (Rossi and Lavelle, 1998; Decaëns and Rossi, 2001; 
Jiménez et al., 2001; Rossi 2003a, 2003b, 2003c). All of these studies found distinct patterns of aggregation 
for at least one of the species sampled. The drivers of these patterns often varied between species. For 
example, in the savannas of Colombia, Decaëns and Rossi (2001) found that larger earthworm species were 
associated with high root biomass and total carbon, whereas smaller species were associated with more 
compacted soils with a higher bulk density. In contrast, Rossi and Lavelle (1998) found that the spatial 
distribution of large earthworm species at a savanna site in Cote d’Ivoire was close to random, whereas small 
species had highly aggregated distribution patterns.  
 
Several researchers have looked at temporal variability in soil fauna populations between seasons and within 
years. Decaëns and Rossi (2001) sampled earthworms in a tropical pasture in Colombia at six dates over a 
period of one year, and found that the clumped spatial aggregation patterns that characterised earthworm 
distribution were a constant feature, although the locations of ‘patches’ and ‘gaps’ of earthworms changed 
over time. Similar results were reported by Rossi (2003a) for the distribution of earthworms in a region of 
Côte d’Ivoire. Studies that have sampled soil macrofauna at intervals of one to three months have often found 
large fluctuations in abundance between sampling dates, related to seasonal change in rainfall or temperature, 
or to farm management practices (Bhadauria and Ramakrishnan, 1989; Netuzhilin et al., 1999; Rossi and 
Blanchart, 2005; Sileshi and Mafongoya, 2006). As many soil macrofauna taxa are highly mobile in 
comparison with smaller soil biota, it seems likely that there could be large short-term fluctuations in their 
abundance and activity levels. To date, there has been little research on the variation in spatial distribution of 
soil macrofauna over short time periods, such as days or weeks. 
 
Soil macrofauna distribution may also be influenced by spatial variability of organic resources, particularly 
trees. Individual trees have above- and belowground ‘zones of influence’ that act as sites of accumulation for 
nutrients within the landscape through litterfall, ‘scavenging’ of nutrients from the surrounding soil by 
extensive root networks, and fixation of atmospheric nitrogen by leguminous species (Zinke, 1962; Palm, 
1995; Rhoades, 1997; Casper et al. 2003). Trees also affect soil temperature and moisture regimes through 
shading, rain interception by canopies, stemflow and canopy throughfall, and may also influence soil 
aggregation and soil texture (Campbell et al., 1994; Rhoades, 1997). In the tropical dry forest region of 
Mexico, Døckersmith et al. (1999) found that concentrations of plant-available nitrogen and phosphorus were 
higher in soils near plant stems than in soils beyond the edge of the canopy dripline. These patterns persisted 
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in the soil for several years after the trees had been removed by fire. Individual tree species have distinctive 
root architecture, and the rhizospheres of different tree species may vary in soil microbial biomass, enzyme 
activity and mineralisation rates of carbon and nitrogen (Phillips and Fahey, 2006; Pandey and Palni, 2007). 
 
There is evidence to suggest that trees may create localised areas of high soil biological activity, particularly 
in savanna environments where trees are sparsely distributed in the landscape. Soils beneath trees in African 
savannas have been associated with higher soil microbial biomass and greater nematode concentrations than 
soil in open areas (Coleman et al., 1991), and with greater activity of earthworms and termites, leading to 
increased soil macroporosity (Mordelet et al., 1993). In an alley cropping system in Nigeria, earthworm 
casting activity decreased logarithmically with increasing distance from the hedgerow trees planted between 
crop rows, possibly due to the greater abundance of organic matter, higher shade levels and lower levels of 
disturbance beneath trees (Hauser et al., 1998). Individual tree species can differ in their effects on soil biota, 
due to differences in leaf litter quality and the chemical composition of root exudates (Campbell et al., 1994; 
Grayston et al. 1997; Barrios et al., 1997; Vohland and Schroth, 1999; Barros et al., 2003).  
 
Given the potential for trees to create areas of increased soil macrofauna activity, and the potential for soil 
macrofauna to improve soil quality, research linking the presence of trees with soil fauna activity may provide 
resource-poor farmers in the tropics with an incentive to retain and plant trees within their fields (Barrios et al., 
2005). The presence of dispersed trees within crop fields is one of the distinctive features of the agroforestry 
system used as a case study in the research reported here. The field research took place in southern Lempira 
Department in western Honduras, in a mountainous area where three-quarters of the rural population are 
smallholder and subsistence farmers growing maize, sorghum and bean crops. Farmers refer to the plots of 
land where they rotate these crops as milpa. The case study area is notable for the fact that it represents a 
transition from traditional slash-and-burn agriculture to a reportedly more sustainable, new method of slash-
and-mulch agroforestry (Hellin et al., 1999; Ordoñez Barragan, 2004). Trees and shrubs that were previously 
killed by the fires used to convert secondary forest into milpa plots are now retained by farmers during the 
process of selectively slashing the forest to create crop plots. Trees are either left as free-growing specimens, 
or as coppiced short (<1.5 m) shrubs. Material from the trees is pruned and left on the ground as mulch during 
the growing season. The remnant trees deliver a range of environmental and economic benefits for farmers, 
such as the supply of firewood, fruits, timber, mulch, feed for livestock, reduction of soil erosion, greater 
retention of soil moisture and provision of shade (Hellin et al., 1999; Ruben and Clercx, 2003). However, 
remnant trees also compete with crops for light, nutrients and water. 
 

1.1 Objectives 
The overall aim of the research was to investigate fine-scale temporal and spatial influences on the distribution 
of earthworm casting activity in agroforestry fields in an area of western Honduras, with particular attention 
given to the role of trees in influencing organic resource distribution. The first objective of the study was to 
determine whether structured spatial patterns exist in the distributions of surface earthworm casts and litter. 
The second objective was to relate spatial patterns in earthworm surface activity and litter to the distribution 
patterns of trees within fields, using a grid-based sampling approach. The third objective was to determine the 
stability of spatial distribution patterns of soil macrofauna over short time periods of several weeks. Two 
farmers’ fields were sampled in the study, one of which was known to have a relatively high abundance and 
biomass of soil macrofauna, whereas the other was known to have a relatively sparse soil macrofauna 
community. A comparison of the distribution patterns of organic resources and earthworm surface casting (as 
an easily sampled indicator of earthworm activity) between these two sites might reveal why some 
agroforestry fields have a large soil macrofauna biomass, and others do not. Such information could become a 
useful management tool for farmers. 
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2 Materials and Methods 

2.1 Study area and study sites 
The study area was located in the zone surrounding the village of Candelaria, in the southern region of 
Lempira Department in south-western Honduras (Figure 1). Lempira is one of the least economically 
developed departments of Honduras (Ruben and Clercx, 2003), due largely to its rugged topography, lack of 
infrastructure and remoteness from the rest of the country. The climate of the study area is classified as 
equatorial winter dry (Aw) according to the Köppen-Geiger classification (Kottek et al., 2006). Annual 
rainfall, which falls primarily between early May and late October, averages 1200 to 1400 mm (Cherrett, 
1999). Average daily temperatures range between 17 and 25oC (Hellin et al., 1999). The study area falls 
within the Central American dry tropical forest zone, which has been almost completely converted to 
agriculture across its original extent since the initial settlement of the area over 1000 years ago (Janzen, 1988; 
Barrance et al., 2003; Gordon et al., 2003). The soils of the study area are Entisols that are generally shallow, 
acidic (pH of less than 5.1), with low organic matter content and available phosphorus, and are mostly sandy 
clay loam and clay loam in texture (Hellin et al., 1999; Ordoñez-Barragan, 2004; Pauli, 2008).  
 

 
Figure 1: Location of study area. 

 
Milpa fields belonging to two local farmers were selected as the study sites for intensive sampling of 
earthworm surface casting activity. The two sites were similar in many respects, including the number of years 
since conversion from secondary forest to milpa, soil texture (loam to sandy loam), altitude (ranging between 
500 and 600 m asl) and geographic location (the two sites are separated by ~500 metres). However, during a 
prior field survey in the wet season of 2004, the study sites recorded large differences in the abundance and 
biomass of earthworms (Pauli, 2008). During the 2004 field survey, ten soil macrofauna samples were 
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extracted along a 90 metre transect placed within each site, using the standard soil macrofauna sampling 
method of the Tropical Soil Biology and Fertility Institute (Anderson and Ingram, 1993). In the first milpa 
field (referred to as the low earthworm biomass site) a mean earthworm biomass of 6.1 ± 2.2 g m-2 was 
recorded. In the second milpa field (referred to as the high earthworm biomass site), soil macrofauna biomass 
averaged 95.4 ± 24.5 g m-2. The farmers who owned the fields also recognised that the two sites differed in 
soil quality and crop yield, with the site with more earthworms generally considered to be more fertile than the 
other site. 
 

2.2 Field methods 
Sampling for earthworm surface casting activity was undertaken during the wet season of 2005. One sampling 
grid was placed in each of the two subject farms. Sample points within the grids were located two metres apart, 
using a standard ‘square’ layout. Care was taken to ensure that sampling grids were located within areas that 
were relatively homogeneous in terms of local soil type (as identified by the farmer) and topography. Both 
sampling grids were located on sloping terrain. 
 
In the low earthworm biomass site, the sampling grid was placed in an area identified by the farmer as below-
average soil quality, due to the fact that the soils were yellow-coloured and compacted. The sample grid 
measured 20 metres by 20 metres, and consisted of 11 ‘columns’ running parallel to the main slope angle by 
11 ‘rows’ running perpendicular to the main slope angle. The basic grid was sampled for litter cover and 
earthworm casts on two occasions, on the 7th and 29th of September, 2005. There were several days of heavy 
rainfall associated with a tropical low pressure system prior to the second sampling event. On the second 
sampling date, additional sample points at shorter intervals were placed along the diagonals of the sampling 
grid to increase sampling density.  
 
In the high earthworm biomass site, the sample grid was located in an area identified by the farmer as 
containing fertile, dark-coloured soils rich in organic matter. In this site, the sampling grid measured 16 
metres by 22 metres, consisting of nine ‘columns’ running parallel to the main slope angle and 12 ‘rows’ 
running perpendicular to the main slope angle. This elongated shape was adjusted to the topography of the site, 
which sloped away on either side into small gullies. The grid was sampled twice for earthworm casts, on the 
8th and 22nd of September 2005, and once for litter cover on the 8th of September 2005.  
 
Within each grid, measurements were made of earthworm surface casting activity, litter cover and tree 
distribution. At each of the sampling locations, earthworm casts with a discernible, well-formed shape were 
counted and collected from within a 0.25 x 0.25 m quadrat. Earthworm casts were dried at 105oC for 24 hours 
and subsequently weighed. Litter cover was estimated visually from within the same quadrat. Litter cover was 
initially measured only for the first sampling date at each site, as it was thought that there would be no 
substantial differences in litter cover over a short time period of two weeks. However, following heavy, 
persistent rainfall associated with a tropical low pressure system, litter coverage was resampled on the second 
sampling date at the low earthworm biomass site.  
 
Free-growing trees and pruned (or pollarded) trees and shrubs were also measured. At each site, the grid used 
for sampling earthworm surface casting activity was extended by two metres on all sides. The numbers of 
free-growing and pruned trees were then counted from within ‘cells’ of four metres by four metres, with one 
earthworm cast sampling point located in the centre of the cell, as shown in the example layout in Figure 2. 
For the free-growing trees only, the species, trunk diameter at breast height and canopy diameter were also 
recorded. For data analysis, the numbers of pruned trees and free-growing trees were pooled.  
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Figure 2: Sampling grid layout for earthworm casts and trees at the low earthworm biomass site. 

Earthworm casts and litter measurements were sampled at point locations (denoted by the open circles), and 
free-growing and pruned trees were measured within grid cells of four by four metres diameter surrounding 
each sampling point (grey square). On the second sampling date, additional earthworm cast samples were 
taken along the diagonals of the grid (black circles) to increase sampling density. The sampling grid at the 
high earthworm biomass site followed a similar layout, although the dimensions of the earthworm cast 
sampling grid at that site were 16 m x 22 m. 
 
 

2.3 Data analysis 
Prior to spatial data analysis, exploratory data analysis was performed for each data set. Earthworm cast 
weight data were highly skewed and were square-root transformed to approximate normality. Calculation of 
semivariance (γ), is adversely affected by non-normal data (Webster and Oliver, 2001). Outliers were 
removed from the earthworm cast weight data set, as this can also adversely affect the calculation of 
semivariance (Webster and Oliver, 2001). Due to a high proportion of zero values for earthworm casts and 
tree density in the low earthworm biomass site, these data were converted to binary presence/absence data sets. 
 
For each individual data set described above, spatial autocorrelation was assessed by calculating the 
experimental semivariogram and Moran’s I. The semivariogram depicts the degree of relatedness in the value 
of a particular variable amongst pairs of data points at increasing distances, or lag classes (Webster, 1977; 
Webster and Oliver, 2001). Lag classes were defined as two metres, which was the minimum distance 
between sample points. Model semivariograms were selected by eye from a choice of different models 
(including spherical, exponential, Gaussian and linear models) offered in the statistical package GS+ (Gamma 
Design Software, 2001), and were used to assess the percentage of spatial variation in each data set that was 
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described by the model. Spherical models can be used to describe a ‘typical’ pattern of spatial autocorrelation, 
with increasing dissimilarity between pairs of points at increasing distances and regularly sized patches of 
similar values (Webster and Oliver 2001).  Exponential models tend to describe spatially autocorrelated data 
where the patches of similar values in space are of varying size (Webster and Oliver 2001). Moran’s I was 
calculated for each lag class, and compared with the results of the semivariogram analysis. 
 
Spatial correlation between different variables within each sampling grid was assessed using cross-
semivariograms, which were calculated between the data for trees, and the data for earthworm casts and litter 
cover. Different data sets examined using cross-semivariograms must normally have the same coordinates 
(Webster and Oliver, 2001). However, tree distribution was measured within four by four metre ‘cells’ and not 
at point locations, as for the other two variables (i.e., litter and earthworm casts). The sample points for litter 
and earthworm casts were located at the centre of the tree sampling cells, as shown in Figure 2. Differences in 
variables between sampling dates were assessed visually by comparing graphics. 
 
3 Results 
Combining all sampling dates, earthworm casts were found at 44% of the grid points sampled in the low 
earthworm biomass site, and at all the grid points sampled in the high earthworm biomass site. For both 
sampling dates combined, the average density of earthworm casts in the low earthworm biomass site was 15. 9 
± 1.7 g m-2. The average density of earthworm casts was 9.3 ± 2.5 g m-2 on the first sampling date and 21.1 ± 
2.3 g m-2 on the next sampling date, following several days of heavy rainfall. In the high earthworm biomass 
site, the average earthworm cast density across both sampling dates was 267.6 ± 15.4 g m-2, with similar 
weights recorded on both sampling dates. 
 
Litter was composed of a mixture of crop stubble, tree prunings, sticks and decomposing leaves. The mean 
litter cover in the low earthworm biomass site on the first sampling date was 60.2 ± 2.7%, which was 
significantly different from the average litter cover in the high earthworm biomass site of 67.9 ± 2.9% (two-
tailed t-test; P=0.042). The average litter cover recorded three weeks later in the low earthworm biomass site 
was 33.8 ± 2.7%.  
 
In the low earthworm biomass site, trees were not distributed evenly across the sampling grid, but rather were 
concentrated around the extremities of the grid. The density of pruned trees within the grid was 694 trees ha-1, 
and the density of free-growing trees was 226 trees ha-1. The six free-growing species encountered were 
caulote (Guazuma ulmifolia: Sterculiaceae), caoba or mahogany (Swietenia humilis: Meliaceae), carao (Cassia 
grandis: Caesalpiniaceae), guachipilín (Diphysa americana: Papilionaceae), laurel (Cordia alliodora: 
Boraginaceae) and nance (Byrsonima crassifolia: Malphigiaceae). In comparison, trees were more abundant 
and more evenly distributed across the sample grid in the high earthworm biomass site. The total density of 
pruned trees within the grid in the high earthworm biomass site was 2788 trees ha-1, and the density of free-
growing trees was 134 trees ha-1. The five free-growing species encountered within the grid at this site were 
cangrejillo (Cupania sp: Sapindaceae), caoba, chichipate (Lonchocarpus sp.: Papilionaceae), guachipilín and 
silimera (Poeppigia procera: Caesalpiniceae).  
 

3.1 Spatial autocorrelation in measured variables 
For the low earthworm biomass site, the litter cover values changed substantially in the three weeks between 
the two sampling events (Figure 3). During the first sampling event, there was clear spatial autocorrelation for 
litter cover, with positive values of Moran’s I at distances of less than five metres, and spatial autocorrelation 
present at distances less than 10 m (i.e., the range). At distances of greater than 10 metres, the semivariance 
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values decreased, introducing noise into the spatial pattern. A spherical model fitted to the semivariogram data 
explained around 42% of the total spatial variation in litter cover. A spherical model would indicate that 
patches of litter agglomerations are roughly similar in size throughout the sampling grid. 
 
The semivariogram and correlogram from the second litter sampling event at this site also showed clear spatial 
autocorrelation in litter cover values, with an increased patch size compared to the first sampling event (Figure 
3). Patches of litter with similar cover values tended to be around eight metres in diameter. The spherical 
model fitted to the semivariogram data explained around 58% of the total variation in litter coverage, with 
spatial autocorrelation in litter values predicted up to a range of 17.9 m. 
 
At the high earthworm biomass site, litter cover was fairly even across the sampling grid, with increasing 
dissimilarity between litter cover values at pairs of points with increasing distance (Figure 4). The 
semivariogram was unbounded, which means that an upper limit to the distance at which litter values are no 
longer spatially autocorrelated was not reached within the sampled area.  
 
The distributions of earthworm cast weights on both sampling dates for the low earthworm biomass site are 
shown in Figure 5. Earthworm cast weights were sampled three weeks apart at this site. Earthworm casts were 
widely dispersed on the first sampling date, and the semivariogram and correlogram (Figure 5) indicate that 
there was little spatial autocorrelation in the data at the scale measured. On the second sampling date, 
earthworm cast weights were much greater, and the number of grid points with earthworm casts also increased. 
Although the distribution diagram appears to show areas of patches and gaps of earthworm surface casting 
activity, the semivariogram and correlogram did not show any distinct spatial structure in the data. 
 
The distribution of earthworm cast weights at the surface for the high earthworm biomass site is depicted in 
Figure 6. Earthworm cast weights were sampled two weeks apart. Although the average earthworm cast 
weight did not change substantially between the two sampling dates, the distribution diagrams indicate that the 
relative distribution of earthworm cast weights did change between sampling dates, with a greater 
concentration in the upslope portion of the sampling grid on the second sampling date. This overall gradient in 
earthworm casting activity on the second sampling date was reflected in the correlogram, which indicated 
positive spatial autocorrelation at distances of less than eight metres. The semivariogram showed a steadily 
increasing level of dissimilarity between pairs of points, with a projected range (according to a spherical 
model fitted to the points) of around 40 metres. It is likely that the area sampled was not sufficiently large to 
detect the upper boundary of spatial autocorrelation in earthworm cast distribution. 
 

3.2 Spatial cross-correlation in measured variables 
Figure 7 shows the spatial distribution patterns of litter cover in relation to trees for the two sampling events in 
the site with low earthworm biomass. For the first sampling event, litter cover tended to be greatest around the 
periphery of the sampling grid, which is also where trees were concentrated. However, the upper, central part 
of the sampling grid had high litter cover, but no tree cover. The cross-semivariogram indicated a high level of 
spatial cross-correlation between the two variables, with spatial interdependence at distances of up 13 metres. 
A spherical model fitted to the data explained around 87% of the total variation in cross-semivariance values. 
In the second sampling event three weeks later, litter cover was concentrated in the lower half of the sampling 
grid (Figure 7). There was still a strong spatial cross-correlation between litter cover values and tree presence, 
but the range increased substantially to over 20 m compared with the first sampling event. 
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Figure 3: Spatial distribution of litter cover at the low earthworm biomass site, together with corresponding 
semivariograms and correlograms. 

The upper diagrams show the spatial distribution of litter cover on the first and second sampling dates, three 
weeks apart. The relative size of the black circles indicates the percentage litter cover; the range of values 
was 5-100% for the first event, and 0-90% for the second event. The middle and lower diagrams show the 
semivariograms and correlograms (Moran’s I) for litter cover at each of the sampling dates. The solid line on 
the semivariogram for the first sampling date corresponds to a fitted spherical model with the following 
parameters: nugget=3.011; sill=5.520; range=10.30 m; proportion of variation explained: 0.415. The solid line 
on the semivariogram for the next date corresponds to a fitted spherical model with the following parameters: 
nugget=3.340; sill=7.935; range=17.9 m; proportion of variation explained: 0.579. 
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Figure 4: Spatial distribution of litter cover at the high earthworm biomass site, and corresponding 
semivariogram and correlogram. 

The litter distribution diagram on the left shows the coverage of litter within the site on the first sampling date 
(8th September 2005). Litter was sampled only once at this site. The relative size of the black circles indicates 
the percentage litter cover; values ranged between 5 and 100% cover. The semivariogram appears to be 
unbounded within the studied area. 
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Figure 5: Spatial distribution of earthworm surface casting activity at the low earthworm biomass site, and 
corresponding semivariograms and correlograms. 

For the distribution diagrams at top, the circles represent the relative weight of earthworm casts collected from 
each sampling point. The range in cast weight was 0-16.6 grams for the first sampling event, and 0-10.6 
grams for the second sampling event. The small open circles denote grid sample points where no earthworm 
casts were recorded. Grid size was 20 m x 20 m, with samples every two metres. The semivariograms and 
correlograms for each sampling event are shown beneath the litter distribution diagrams. Model 
semivariograms were not fitted, as there was no obvious spatial autocorrelation present. 
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Figure 6: Spatial distribution of earthworm surface casting activity at the high earthworm biomass site, and 
corresponding semivariograms and correlograms. 

Earthworm cast weights were sampled twice, two weeks apart. For the distribution diagrams at top, black 
circles represent the relative weight of earthworm casts at each sample site; sizes are comparable between 
graphs. The range in cast weight was 1.3-76.0 grams in the first week, and 0.6-90.6 grams in the second 
week. Grid size was 16 m x 22 m, with grid points were spaced two metres apart. In the first sampling event, 
no obvious spatial trend was evident, as shown by the semivariogram and correlogram. In the second event, a 
spherical model was fitted to the semivariance data with the following parameters: nugget=1.655; sill=3.543; 
range=39.53 m (not reached within sampling grid); proportion of variation explained: 0.534. 
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Figure 7: Comparison of litter cover and tree distribution, low earthworm biomass site. 

The large diagrams show the distribution of pruned and free-growing trees superimposed on the distribution of 
litter cover (range of values for litter cover for first event: 5-100%; for second event: 0-90%). The size of the 
filled grey circles indicates the number of pruned trees found within each sampling cell (range of values: 1-3 
pruned trees). The size of the open grey circles represents the size of the tree canopy. The smaller diagram at 
bottom right for each sampling date shows the cross-semivariogram for the spatial relationship between tree 
distribution and litter distribution. For the first sampling event, a spherical model semivariogram was fitted with 
the following parameters: nugget=4.15; sill=32.09; range=13.44 m; proportion of variation explained=0.871. 
For the second sampling event, a spherical model semivariogram was fitted with the following parameters: 
nugget=6.38; sill=30.55; range=22.18 m (not reached within sampled area); proportion of variation explained: 
0.791 
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Visual comparison of the distribution of litter cover and tree cover in the site with high earthworm biomass 
did not indicate any obvious spatial relationship (Figure 8). However, the cross-semivariogram indicated a 
strong degree of spatial interdependence, particularly at distances of less than five metres. An exponential 
model variogram was the best fit for the data points, which may indicate that the spatial relationship between 
the two variables was irregular; that is, that the size of agglomerations of trees and litter within the sampling 
grid was variable. There appears to be a short-range structure in the data at distances of less than five metres, 
and a longer-range structure at distances of greater than five metres. The sharp incline on the cross-
semivariogram and the lack of points at distances of less than two metres means that it is difficult to judge 
how well the exponential model reflects the actual relationship between trees and litter at this site.  
 
Figure 9 illustrates the spatial relationship between trees and earthworm casts in the site with low earthworm 
biomass. For the first sampling date, earthworm casts were sparsely distributed throughout the sampling grid, 
and were most commonly encountered around the periphery of the quadrat. Trees were also most abundant 
around the periphery, and the similarities in the distributions of the two variables are shown in the cross-
semivariogram. The spherical model variogram explained over 90% of the total variation in the semivariance 
values. The spatial cross-correlation between the two variables was evident up to distances of 8.5 metres. For 
the next sampling date, a similar overall relationship between trees and earthworm casts was evident, with the 
main difference being an increased density of surface casts. An exponential model best described the cross-
semivariance data.  
 
The distribution patterns of earthworm casts in relation to trees in the high earthworm biomass site are 
depicted in Figure 10. For the first sampling date, an exponential model variogram provided the best fit to the 
data points, similar to the results for litter cover and tree distribution from the same sampling event. There 
appeared to be two spatial structures in the data – one at short distances of less than four metres, and another 
longer range structure. Similarly to litter cover, the sharp incline on the cross-semivariogram and the lack of 
points at distances of less than two metres means that it is difficult to judge how well the exponential model 
reflects the actual relationship between trees and earthworm cast distribution. On the second sampling date 
(Figure 10), there was clear spatial cross-correlation between earthworm cast distribution and tree distribution. 
This was evident on the cross-semivariogram, with increasing dissimilarity between the values of earthworm 
casts and trees up to around 8.5 metres. The spherical model variogram explained around 71.2% of the total 
variation in the cross-semivariance values. 
 

3.3 Temporal variability in distribution of litter and earthworm casts 
Litter was sampled twice at the low earthworm biomass site. The distribution graphics clearly show the 
change in litter distribution between the two sampling events (Figure 3). Before the unusually heavy rainfall 
event, litter cover was fairly evenly distributed across the sampling grid, but after the rainfall event, litter 
cover was higher in the lower half of the sampling grid than in the upper half. 
 
As previously noted, there was a marked difference in earthworm cast weight and distribution in the low 
earthworm biomass site between the two sampling dates. The mean cast weight was three times greater for the 
second sampling event than for the first sampling event, and the number of point locations at which 
earthworm casts were found doubled between the two sampling events. At the high earthworm biomass site, 
mean earthworm cast weight was similar for both sampling events, although it should be noted that the spatial 
relationship between trees and earthworm casts was stronger on the second sampling date than on the first 
(Figure 10). 
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Figure 8: Comparison of litter cover with tree distribution, high earthworm biomass site. 

The large diagram shows the distribution of pruned and free-growing trees superimposed on the distribution of 
litter cover (range of values for litter cover: 5-100%). The size of the filled grey circles indicates the number of 
pruned trees found within each sampling cell (range of values: 1-4 pruned trees). The size of the open grey 
circles represents the size of the tree canopy. The smaller diagram at bottom right shows the cross-
semivariogram for the spatial relationship between tree distribution and litter distribution. An exponential 
model variogram provided the best fit to the data points, with the following parameters: nugget=3.0; sill=39.68; 
range=7.15 m. 



Pauli, N., Oberthür, T., Barrios, E. and Conacher, A.J. (2010) Fine-scale spatial and temporal variation  
in earthworm surface casting activity in agroforestry fields, western Honduras. Pedobiologia 53: 127-139 

16 

 
Figure 9: Comparison of earthworm casts and tree distribution, low earthworm biomass site. 

The large diagrams show the distribution of pruned and free-growing trees superimposed on the distribution of 
earthworm surface casts for each sampling date (range of values for earthworm casts on first sampling date 0-
16.62 grams; range of values for earthworm casts on second sampling date: 0-10.62 grams). The size of the 
filled grey circles indicates the number of pruned trees found within each sampling cell (range: 1-3 pruned 
trees). The size of the open grey circles represents the size of the tree canopy. The smaller diagrams at 
bottom right show the cross-semivariogram for the spatial relationship between tree distribution and 
earthworm cast distribution on each sampling date. For the first date, a spherical model variogram provided 
the best fit to the data points, with the following parameters: nugget=0.01; sill=0.12; range=8.5 m; proportion 
of variation explained=0.917. For the second date, an exponential model variogram provided the best fit to the 
data points, with the following parameters: nugget=0.03; sill=1.22; range=10.36 metres. 
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Figure 10: Comparison of earthworm casts and tree distribution, high earthworm biomass site. 

The large diagrams show the distribution of pruned and free-growing trees superimposed on the distribution of 
earthworm surface casts (range of values for earthworm casts for first sampling date: 1.3-76.0 grams; for 
second sampling date: 0.6-90.6 grams). The size of the filled grey circles indicates the number of pruned trees 
found within each sampling cell (range of values: 1-4 pruned trees). The size of the open grey circles 
represents the size of the tree canopy. The smaller diagrams at bottom right show the cross-semivariogram 
for the spatial relationship between tree distribution and earthworm cast weight for each sampling date. For 
the first date, an exponential model variogram provided the best fit to the data points, with the following 
parameters: nugget=0.01; sill=2.15; range=11.35 m. A spherical model variogram was fitted to the data points 
from the second sampling date, with the following parameters: nugget=0.7, sill=2.427, range=8.5 m, 
proportion of variation explained=0.712. 
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4 Discussion 

4.1 Spatial patterning of litter and earthworm casts 
With some notable exceptions, the variables investigated did not exhibit strong spatial autocorrelation at the 
scale investigated. The strongest spatial autocorrelation was found for litter distribution in the low earthworm 
biomass site on both sampling events (i.e. before and after the extreme rainfall event). The main difference in 
the spatial distribution of litter between these two dates was that the distance over which autocorrelation 
occurred increased from around 10 metres before the rainfall event to almost 18 metres after the event. This 
suggests the possibility that a different set of environmental variables was driving the distribution of litter on 
the two sampling dates.  
 
There were few clear patterns of spatial autocorrelation in the earthworm cast data collected. Spatial 
autocorrelation may have been more notable if a larger area had been sampled, as indicated by the unbounded 
semivariograms for earthworm cast distribution on the second sampling date in the site with high earthworm 
biomass. Over scales of 20 to 80 m, spatial aggregation of earthworm casting activity may be more apparent 
than at distances of less than 20 m. Other studies of the spatial distribution of earthworms have typically 
placed sample points five or 10 metres apart, to cover a maximum distance of 45 to 90 metres. ‘Patches’ and 
‘gaps’ of earthworm density have been found at these scales (Rossi 2003a, 2003b, 2003c). As earthworms are 
relatively large, mobile soil invertebrates, their distribution at scales of 20 to 80 m may be controlled by 
demographic processes rather than by resource distribution. 
 

4.2 Spatial relationships between earthworm surface casting, litter and trees 
When considered alone, none of the earthworm cast data collected at either site on either sampling date 
showed strong spatial patterning at scales of less than 20 metres. However, with the inclusion of trees as a co-
variable in the analysis, a strong spatial structure emerged in the distribution of earthworm casts for all four 
comparisons. This may indicate that tree distribution is a strong driver of the spatial distribution of earthworm 
surface casting at the scale investigated. For two of the four comparisons, a spherical model with a range of 
around 8.5 metres was the best fit. This may indicate that trees have a broader ‘zone of influence’ than just the 
canopy dripline (average canopy width was around four metres in both sample grids), which could be 
explained by the lateral extent of root networks around trees. Alternatively, there may also be a degree of 
spatial aggregation in tree distribution, resulting in ‘clumps’ of trees and earthworm casting activity. Tree 
distribution and density would need to be mapped over a larger area (perhaps 100 m x 100 m) to assess 
whether such patterns of spatial aggregation exist within fields. For the other two comparisons, an exponential 
model provided the best fit to the cross-semivariance data, which may indicate that the width of spatial 
aggregations of trees and earthworm casts was not constant throughout the sampling grid. For one of these 
comparisons there appeared to be a ‘short-range’ spatial structure at distances of less than four metres, where 
cross-semivariance increased steeply over this distance. This ‘short-range’ structure may be indicative of the 
zone of influence of individual trees, whereas the ‘long-range’ spatial structure at greater distances may be 
related to spatial aggregation in litter or tree distribution. Further observations would be required to provide 
support for this hypothesis, including observations at shorter sampling distances. 
 
In both sites, there was a strong positive association between tree distribution and litter cover. In the low 
earthworm biomass site, the distance over which this association occurred increased from around 13 metres 
before the rainfall event, to over 20 metres after heavy rainfall. The exponential form of the variogram in the 
high earthworm biomass site indicated that the cross-semivariance increased sharply up to 5 metres, and then 
gradually levelled off. As for earthworm cast distribution in this site, this could indicate that there are different 
drivers of the aggregation of litter cover and tree density at short distances than over longer distances. The 
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association of litter cover and tree distribution was expected, as farmers tend to let mulch fall on the ground in 
the immediate vicinity of the pruned tree. 
 
Although a strong positive relationship was observed between earthworm casts and tree distribution, this study 
did not investigate any of the mechanisms by which these relationships may have been generated. Earthworm 
casting activity is concentrated in the areas where earthworms are feeding (Lavelle et al., 2001; Jiménez and 
Decaëns, 2004; Mariani et al., 2007). A preference for feeding beneath trees may be due to the increased 
organic matter often found in these areas, or to greater soil moisture retention (Coleman et al., 1991; Hauser et 
al., 1998; Døckersmith et al., 1999). Of course, there exists the possibility that the distributions of trees and 
soil macrofauna were controlled by an additional, unsampled variable (Saetre and Bååth, 2000).  
 

4.3 Temporal change in spatial distribution patterns 
The passage of an unusual weather event led to the investigation of temporal stability of litter distribution in 
one of the two study sites. Litter distribution in this site was substantially modified following the heavy 
rainfall. The distance over which litter and tree distribution were spatially correlated increased from around 13 
metres before the rainfall event, to over 20 metres after heavy rainfall. Likewise, spatial autocorrelation 
patterns of litter distribution increased from 10 metres before the rain, to 18 metres after the event. One 
possible explanation is that litter distribution was closely related to tree location under ‘normal’ weather 
conditions, but after heavy rainfall, surface run-off caused litter to be moved down slope, so that position on 
slope was a more important driver of litter distribution than tree location. Several local farmers stated that the 
wet season rains of 2005, which included rainfall associated with Hurricane Stan in late September and early 
October, were the heaviest in many years. Within the study area, Hurricane Stan was generally considered to 
have been worse than the highly destructive Hurricane Mitch of 1998, in terms of the amount of rain that fell 
and the adverse effects on crops. 
 
Earthworm cast distribution and mass changed substantially in one of the sites, where casts were measured 
before and after the heavy rainfall event, but not in the other site, where casts were only measured during 
typical wet season conditions. In both sites, the distance over which trees and earthworm cast weight were 
spatially correlated was greater during the second sampling event than during the first sampling event. In the 
low earthworm biomass site, this increase occurred after heavy rainfall. It is possible that this increased 
distance is related to change in litter distribution patterns after rainfall, changes in spatial patterns of 
belowground organic resources, or to the effects of topography or another variable that may be an important 
driver of earthworm distribution at broader scales. Because data on earthworm cast distribution were not 
available from both sites for all three sampling dates, it is not possible to determine whether the patterns 
displayed in each site are representative of more general changes in earthworm surface casting activity after 
heavy rains. The fact that the most substantial temporal changes were the only two measured before and after 
the heavy rainfall suggests that this weather event did play a role in modifying soil biological properties that 
otherwise might not have been so variable over short time periods. 
 

4.4 Differences between the two sites 
The distance over which earthworm casts and litter were spatially correlated was greater in the site with lower 
earthworm biomass, which also had lower tree density and soil quality than the site with higher earthworm 
biomass. The ‘zone of influence’ of each tree appears to be larger in the lower soil quality site. One possible 
explanation for these patterns is that the greater patchiness of trees and litter in the low earthworm biomass 
site has led to the concentration of earthworm activity in small areas where relatively scarce organic resources 
are most abundant. There may also be important differences in tree root networks and belowground 
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production between the two sites. For instance, Casper et al. (2003) found that the lateral extent of tree root 
networks was greater in coarse-textured soils than in fine-textured soils. 
 
5 Conclusion 
At the scale investigated, the spatial distribution of litter cover showed strong patterns of aggregation, whereas 
the spatial patterns of earthworm cast weight did not exhibit strong patterns of spatial autocorrelation. The 
spatial distribution patterns of both litter cover and earthworm casts variables were well explained by the 
presence of trees. Both earthworm surface casting activity and litter cover were positively associated with tree 
distribution. These results suggest that farmers may be able to manipulate populations of earthworms 
indirectly by managing the density and spatial distribution of trees within their crop fields. However, there 
will be a trade-off between the potential positive effects of trees, litter and earthworms on soil quality, and the 
potential negative effects on crop yield. Large trees have a multitude of economic and environmental benefits 
for farmers, but they also compete with crops for light, water and nutrients. Spatial manipulation of tree 
distribution could allow farmers to create patches of organic resources within fields that act as ‘source areas’ 
for earthworms and other beneficial soil fauna species, while at the same time minimising the effect of trees 
on crop yield, and balancing the need for an even distribution of mulch across crop fields. Retaining trees 
within fields of relatively low soil quality may be particularly beneficial in promoting soil fauna activity, 
given the greater areal extent of the spatial correlation between tree distribution and earthworm casting 
activity in the site with low earthworm biomass. 
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