A soil population of Glomeris marginata (Villers, 1789) in a Mediterranean forest (Diplopoda,
Chilognatha: Glomerida)
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Glomeris marginata (Villers, 1789) is widely distributed across Europe. It is one of the most abundant saprophagous macroarthropods of the organic horizons of the soil, especially in Mediterranean scierophylious forests (Bertrand et al. 1987, David 1988, Bertrand & Lumaret 1992, David 1995, David et al. 1999). It has also been found
abundantly in mesoxeric grasslands of Eastern Germany (Voigtiander & Duker 2001). Several studies show that it is a key species in the processes of decomposition of organic matter due to its high rate of ltter consumption (Bocock 1963, Bertrand et al. 1987, David & Gillon 2002) and its relationship with microorganisms (Coteaux et al.

2002) and earthworms (Bonkowski et al. 1998). The quantification of the effect of the activity of G. marginata on edaphic processes requires data on density and population biomass as well as on population

since different

stadia and also the two sexes may show different rates of consumption and assimilation of

organic matter (David & Gillon 2002). In this study we present the temporal and spatial distribution of a population of G. marginata found in a Mediterranean forest soil. The large number of epimorphic individuals and the large amount of individuals in each larval stadium has allowed us to determine the population composition throughout the
sampling period. A correlation algorithm has been determined to estimate an individual’s biomass from a morphometric parameter (width of the second tergite). This algorithm has yielded the biomass of an average individual of the population as well as the biomass of an average individual of each developmental stadium.

Location
Parc Natural de Sant Lioreng del Munt i Serra de I'Obac, 35 km north-west from Barcelona (Spain) (UTM coordinates 31TDG1411). Altitude: 870 m above sea
level.

Forest characteristics

Sclerophyllous forest consisting mainly of Quercus ilex L. and Pinus halepensis Mill; the most common bush species was Arbutus unedo L. Litter was of the
leptomoder type, with a mean pH of 5.88 (measured in 1:2.5 water).

Sampling

Samples were obtained in the field during 24 consecutive months from June 1991 to May 1993. In an experimental plot (40 x 40 m), three soil horizons were
sampled: L/F, H, and A (leaf litter fall, humus and the first five cm of the mineral layer respectively). A cylindrical corer, 0.36 m in diameter (equivalent to 0.102 m2),
was used as the sampling device. Each monthly sample included five sampling units randomly taken. The faunal components were obtained with Berlese-Tullgren
devices.

Numerical methods

Data obtained during these 24 months were grouped in two periods, the first one (first year) corresponding to the first 12 months (June 1991 to May 1992) and the
second one (second year) to the last 12 (June 1992 to May 1993). Mean population density (ind-m) and biomass (mg-m2) values were calculated in each soi
horizon for each month (n=5), for each weather season (n=15), for each one of the two years (n=12) and for the whole sampling period (n=24).

The differences in density and biomass values between samples were compared by means of paramelric Anova, test, nonpammelrlc Kruskal Wallis (KW) and
Mann-Whitney U-test methods. A posteriori comparisons were carried out using St Is (SNK). relation coefficient was used to
relate abiotic parameters (mean monthly air temperature, monthly accumulated mlniall and <ol water content m H and A honxons) to population density
parameters.

Usher index (Usher, 1970) was used to estimate the vertical distribution of the G. marginata population through the soil profile. Arbitrary depth values were
designated for each horizon, being 3 for L/F, 2 for H and 1 for A. For each monthly value of this index, a confidence interval of 95% was calculated using bootstrap
technique (resampling with replacement, 10 iterations with sample size of 5 in each point).

The Morisita dispersion index (Morisita 1962, cited in Elliott 1977) was used to estimate the horizontal distribution of the population.

Climatology (Figure 1, Table 1)
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Figure 1. Above: Accumulated monthly rainfall (mm) and mean temperatures (°C)
recorded during the sampiing period (data obtained from the climatology station of
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these factors. This steadiness of population density and biomass values indicates that Glomeris marginata is a species that shows a high degree of
independence from local climatic conditions.

Distribution in space (Figure 5)

Significant differences between monthly mean densities (n=24, KW p=0.000, SNK p<0.05) and biomasses (n=24, KW p=0.000, SNK p<0.05) were found
between the different soil levels. Mean values in level H (26.65 ind'm? and 1300.2 mg'm?) were significantly higher than those in A (9.79 ind'm? y 379.5
mgm?) and LIF (3.91 ind-m2 y 264.4 mg:m2). Mean values in A were significantly higher than those in L/F.

In most months, G. marginata occured across the whole of the soil profile, as shown by the 95% confidence intervals of the Usher index in Figure 5.

During some months, basiccally the winter period of both years, the species tended to move towards the deepest horizon. Nevertheless, these .
fluctuations shown by the Usher index were not statistically significant and they were not correlated with environmental parameters. Unlike other authors
(Bocock & Heath 1967), we can not talk about vertical migrations along the soil profile during the annual cycle: the population was located preferably in
horizon H, as some other studies pointed out before (Schubart 1934, Blower 1955).

Concerning horizontal distribution, Morisita index monthly values for each one of the horizons were always higher than one, which indicated that the
species was distributed in patches. This kind of horizontal distribution is found in most edaphic arthropods, since it seems to favour their search for
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nourishment and protection or their reproductive activity (Blower 1969, Banerjee 1967).
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Figure 8. Frequency distribution of the male population of Glomeris
marginata according to individual fresh weight ranges in miligrams.

Recruitment (Figures 6 and 7)

Considering that stadium I of postembrionary development in G. marginata is found inside the egg, the time of recruitment corresponds to the apparition
of individuals in stadium Il. In the studied population, individuals in stadium Il appeared all through the sampling period (Figure 6). Similarly, the whole set
of anamorphic stadia occured continuously during the two years of study (Figure 7).

According to Heath et al. (1974), although egg-laying in G. marginata mostly happens in April, May and June, females can lay eggs all through the year.
Our results, with the appearance of individuals in stadium Il along all seasons of the annual cycle, confirmed this capability.

Biomass of different developmental stadia (Table 4, Figures 8 and 9)

The value of individual mean biomass was obtained for each anamorphic and epimorphic stadium (Table 4). This value, estimated from the regression
algorithm, can be considered as the standard individual biomass of each stadium and it allows a biomass to be assigned to an individual once its
developmental stadium is known. The values of individual mean biomass of the whole anamorphic stadia (3.92 mg), of the epimorphic stadia (74.12 mg)
and that of a type individual of the G. marginata population (47.87 mg) were determined.

Although differences were not statistically significant, the value of individual mean biomass of males (62.1 mg) was considerably lower than that of the
females (90.3 mg). Because of that, even though the value of male population density was higher than that of the female population, the value of male
popula(lon biomass (889.1 mg:m?) was lower than that of the females (996 mg:m?2). . those re not y significant
either.

Epimorphic stadia (males and females) showed a wide range of individual biomass values: between 10 and 190 mg in males (Figure 8) and between 10
and 230 mg in females (Figure 9). Frequency distribution was biased towards lower biomass values, which showed that most males and females of the
studied population were relatively small.

From data obtained by Heath et al. (1974) with specimens from a mixed deciduous woodland in north-west England, male (56.1 mg) and female (172.3
mg) individual biomass values were estimated. The male value is similar to the one we calculated in our study population (62.1 mg), while that of the
females is considerably higher than the one we obtained (90.3 mg). It must be taken into account, though, that those specimens came from a very
different habitat and that they were collected in spring only.

Comparison against other localities (Table 5)

Table 5 shows different density and biomass data obtained by different authors in Mediterranean (Bertrand et al. 1987, Bertrand & Lumaret 1992, David
1995, David et al. 1999) and Atlantic (David 1988) ecosystems. Comparisons between different values in this table must be made with a certain caution
due to the different sampling methods used, the different types of soil and edaphic horizons considered. Nevertheless, mean monthly density and
biomass values obtained in our study (40.34 ind.m? and 1944.1 mg-m2) were relatively low when compared to other forests in the Mediterranean region.

In general, in Mediterranean forest soils, G. marginata shows higher values of population density and biomass (from 20 to 212 ind-m? and from 2225 to
10800 mg-m'2) than it does in temperate climate forests (from 0.66 to 51.84 ind-m2 and from 1.12 to 676.2 mg-m2). These values highlight the capability
of this species to face the strong changes that characterise Mediterranean climatology, allowing it to increase population densities and biomasses even in
extreme situations (Haacker 1968, Stamou et al. 1984, Read & Martin, 1990, latrou & Stamou 1991, Dunger & Steinmetger 1981). This capability would
explain the absence of significant correlations between density values of our population and temperature, rainfall and soil humidity, which resuits into the
fact that changes in those parameters do not provoke relevant fluctuations in population density values. It is interesting pointing out that Sustr (1996),
studying different Glomeris species (G. marginata, G. balcanica, G. hexasticha) found that G. marginata is the best adapted one to the type of climate
where it lives.

Table 5 shows also that, even though population biomass values are lower in temperate climates than they are in Mediterranean ones, individual mean
biomass values tend to be higher in temperate climates. Nevertheless, we must consider that different studied populations may have a different
population composition, which would affect individual biomass values.
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‘Table 4. Mean individual biomass (mgts.e.) of Glomeris marginata for
each developmental stadium calculated using the regression algorithm
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Table 5. Population density (ind:m?) and biomass (mg'm?) values obtained by difierent
authors in different forests of temperate and Mediterranean cimates. Values = # have been
extrapolated from figures published by the author. Ref=References: 1= David (1988), 2 = David
(1995),3 = Bertrand & Lumaret (1992), 4 = Berlrand et al. (1987), 5 = David et al. (1999).

B= 0456 (2] n=number of indiduals in each stadium.
Rank=minimum and maximum biomass values.
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