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Abstract In a study of a 15-year-old pasture in Martini-
que (French West Indies), abundance and organization of
microarthropod communities were correlated with the spa-
tial distribution of the earthworm Polypheretima elongata
(Megascolecidae). In patches of high earthworm density
(133 individuals m™), microarthropod density was signifi-
cantly higher (80000 individuals m™) than in patches with
few earthworms (31 worms m™ and 49000 microarthro-
pods m™>). The diversity of microarthropod communities
followed a similar pattern, the Shannon index for Collem-
bola communities being, respectively, 3.12 and 1.82 in and
outside earthworm patches. These results suggest that me-
sofauna abundance and diversity might be at least partly
determined by the activity of larger invertebrates, as a re-
sult of the dramatic effects that the latter group exerts

upon soil structure, pore distribution and food resources.
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Introduction

Soil macroinvertebrates (especially earthworms and ter-
mites) play a fundamental role in the dynamics of organic
matter and structure of soils, at different scales of time and
space (Lavelle et al. 1993, 1994). They markedly influ-
ence their environment by digging burrows and chambers,
and building nests and mounds; they also produce aggre-
gates of varying size and stability that affect the structure
of soil. Microarthropods (0.2-10 mm in length) have very
limited capacities to burrow into the soil. As a result, their
ability to move in the soil largely depends on their own
size and on the size, shape, distribution and connectivity
of the soil pore system. Microarthropods exhibit high
abundance and diversity in the litter/soil system (Petersen
and Luxton 1982). They play an important role as dissemi-
nators and activators of soil microorganisms, especially -
fungi, spores of which they transport on their bodies, or
disseminate in their faecal pellets (Christen 1975).

This study aimed at testing the hypothesis that meso-
fauna diversity was influenced by the presence of larger
invertebrates. Referred to as “nested biodiversity” (Giller
et al. 1997; Lavelle 1997), this hypothesis was tested in a
pasture of southern Martinique (West Indies) where macro-
invertebrate communities were represented mainly by a
community largely dominated by the earthworm Polypher-
etima elongata (Barois et al. 1988). This species is distrib-
uted in patches of 2040 m diameter, the position of
which vary from year to year (Rossi et al. 1997). After
such patches had been located in the field using a specific
sampling design, communities of microarthropods were
compared in- and outside a patch. Collembola were identi-
fied at the species level and individuals were measured to
check for possible selection due to earthworm-induced
INacroporosity.

Materials and methods

The study was carried out at the SECI experimental site (Station
d’Essais en Cultures Irriguées, Conseil Général de la Martinique), lo-
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Table 1 Total densities and biomasses of earthworms in the two sub-
plots studied (mmean+SE, n=4)

High earthworm Low earthworm
density density

Total density (individuals m™2)  133x4 317

Total biomass (g m™>) 905 24:+8

cated at Saint-Anne, south eastern Martinique. This area receives an
annual rainfall of 1000-2000 mm (average 1400 mm).

The study plot is an old sugarcane plantation that was trans-
formed into a pasture 15 years before the present study. The grass Di-
gitaria decumbens was the only species cultivated in this pasture,
where it formed a dense, continuous plant cover. The plot was regu-
larly grazed by sheep and cows, and periodically watered and fertil-
ized. The only earthworm species found in our plot was P. elongata,
an endogeic worm with a pantropical distribution (Lavelle 1981),
which commonly ingests soil rich in organic matter. At Saint-Anne,
earthworm populations have a biomass of up to 3600kg (fresh
weight) ha™ (Barois et al. 1988). Under optimal conditions, the fresh
weight and density of adults can reach 6 g individual™, and 100 indi-
viduals m™>, respectively (Lavelle et al. 1992, 1994). This species
does not cast abundantly at the soil surface, most ingested soil being
egested within burrows. At our study site, this species is distributed
in patches (Rossi et al. 1997) of 20-40 m in diameter.

The soil is a calco-magneso-sodic vertisol characterized by Mg>*/
Ca**=1.5% and Na*/cation exchange capacity=16%. The soil profile
examined in a nearby long-term pasture (Kulesza 1994) showed that
the top 25 cm (plough layer) was a brown clay (>60% smectite), with
a prismatic structure, breaking to form coarse polyhedral aggregates.
Biological activity is high, as shown by the abundance of earthworm
casts and burrows, and roots. The organic carbon content varies from
35%o in the upper 10 cm to 15%o at the bottom of the soil profile.

A preliminary sampling was designed to localize zones with high
and low earthworm densities. Earthworms were hand-sorted from 85

blocks of soil (30 cm X 30 cm X 30 cm) taken at regular 4-m intervals
along transect lines, then counted and weighed. Four points with high
density and four with low density were chosen in order to delineate
two zones in the pasture (Table 1). Each zone had a surface of 16 m”
(4 m x 4 m). Microarthropods were sampled inside two 1.2m X2 m
quadrates placed at the centre of each zone. Sixty regularly spaced
cores, 10 cm X 10 cm in cross-section and 3 cm in depth, were taken
in each zone.

Soil mesofauna were extracted in Berlese funnels. Losses of water
and harvest of animals were known to be at a maximum at 40°C for
the studied vertisol (Loranger 1995), so this temperature was chosen
for the extraction, which was completed within 48 h. In the climatic
conditions prevailing at the time of sampling, 75% of the total micro-
arthropod community was present in the top 3 cm of soil (Loranger
1995), and sampling was limited to this depth. Sampling and extrac-
tion were achieved during the dry season (under irrigation) in April
and May 1995.

Microarthropods were counted under a binocular lens and classi-
fied into 26 taxa.

Collembola were sorted and identified at the species level in ten
samples randomly taken in each zone. Animals were mounted in
chloral-lacto-phenol (25 ml phenol, 50 g chloral hydrate, 25 ml lactic
acid) and observed under a microscope at a magnification of x400.
The size of each individual was determined using the binocular lens.
Four size classes were defined: class 1, 1.5 mm, i.e. epigeic, with de-
veloped appendages (antennae, legs and furcula); class 2, 1-1.5 mm;
class 3, 0.7-1 mm; class 4, 0.5-0.7 mm, endogeic species with short
appendages.

Data sets were processed using analysis of variance (ANOVA)
(Sokal and Rohlf 1995) and correspondence analysis (CA) (Greenacre
1984). Densities for each animal group were reweighted (SD=1) and
focused (mean=10). Each group was represented on the graphs by
two points: one for higher densities (original data, x, transformed as
mentioned above), the other for lower densities (elaborated data, cal-
culated as 20-x, giving similar SD and mean). They were denoted by
upper case and lower case three-letter codes, respectively (Table 2). A
peculiarity of CA is the projection of samples and variables on the
same graph, variables located within a group of samples being typical
for this group. However, for clarity we did not include all 120 sam-

Table 2 Total densities (indivi-

duals m™2) of mesofauna in Microarthropods (codes) High earthworm density  Low earthworm density  Significance
o g;rtgilglfegsh(fn“:aiivggm Collembola (COL) 13312+ 720 8927 731 Hork
n=60) compared by analy’sis of Formicoidea (FOU) 6378+2024 2958+1161 ok
variance Isopoda (ISO) 442+ 54 42+ 13 *okk
Aphids (APH) 605+ 270 0 HkE
Dermaptera (DER) 108+ 15 102+ 44 *
Thysanoptera (TRI) 2+ 2 7= 4 ns
Heteroptera (HET) 0 218+ 49 Aokok
Carabidae 3 3 2+ 2 ns
Scarabaeidae 8+ 4 5« 4 ns
Staphylinidae 2+ 2 3+ 2 ns
Curculionidae 2& 2 0 ns
‘Other Coleoptera 118+ 20 17+ 6 wkK
Acari (ACA) 59142+2297 359801368 wEE
Araneidae (ARA) 7= 3 0 *
Geophila (GEO) 42+ 9 0 HEk
Lithobia (LIT) 68+ 10 23+ 17 ik
Pauropoda (PAU) 15+ 9 0 ns
Polyxenida (POL) 72+ 24 0 HHk
Hemiptera nymphs (LHM) 5. 4 85+ 37 *k
Homoptera nymphs (LHO) 0 2+ 2 ns
Heteroptera niymphs (LHT) 23+ 8 33+ 9 ns
Formicoidea larvae (LFO) 538+ 168 123+ 79 *E
Coleoptera larvae (LCO) 35+ 10 18« 7 ns
Diptera larvae (LDI) 15+ 6 VE ns
Thysanoptera nymphs (LTR) 107+ 18 22+ 7 kol
Other insect larvae (LAU) 172+ 28 10+ 5 Fdk

%k P<(,001, ¥*P<0.01, * P<0.05; ns non‘-signiﬁcant
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Fig.1 Correspondence analysis (CA) on the microarthropod fauna.
Projection in the plane of axes 1 and 2. For codes, see Table 2

ples. In order to help interpretation of the factorial axes, water content
(HUM and hum for higher and lower values, respectively), abundance
(EW+) and scarcity (EW-) of earthworms were put as additional vari-
ables, i.e. projected even though not included in the matrix to be ana-
lysed (supplementary or passive data).

In order to compare communities of Collembola in the two zones,
a sign test (Siegel 1956) was used. This test allowed us to determine
the species which were typical of each zone.

Another CA was performed on the 18 Collembola species. Sam-
ples were denoted by V1 to V10 inside the earthworm patch and SV1
to SV10 outside. Active variables were the densities of the 18 Col-
lembola species. Four passive variables were added: abundance
(EW+) and scarcity (EW-) of earthworms, higher (P) and lower (m)
total densities of Collembola.

CA were completed by ascending hierarchical classification
(AHC) (Bouchon 1992) in order to find homogeneous groups. The
distance used was the Euclidean distance calculated from the factorial
coordinates of CA.

ANOVA were performed on densities of each taxa and on each
size class of Collembola in order to compare the two studied zones.

In each zone, the diversity of collembolan communities was eval-
vated by the Shannon index (Ish) and equitability (E) (Pielou 1966):

Ish=—73" p; logs p;

where p;=relative abundance of species, i
E=Ish/log, S;

where S=number of species

Results

In the earthworm patch, 24 groups of microarthropods
were present; only 20 were found outside the patch (Table

2). Microarthropod density was 80000+3870 individuals
m 2 in the earthworm patch, and 4900042320 individuals
m™> outside, i.e. about half their density in the patch.

Acari, Collembola and ants were the most abundant
groups. In the patch, 72.8% of arthropods were Acari,
16.4% Collembola and 7.8% ants; other groups repre-
sented only 3% of the total sampled fauna. In the zone
with low earthworm density, 74.1% of arthropods were
Acari, 18.4% Collembola and 6.1% ants, other groups
amounted to 4.4% of the sampled fauna. Aphids, Geophi-
la, Pauropoda, Curculionidae, Araneidae and Polyxenida
were absent from the zone with few earthworms.

Axes 1-3 of CA accounted for 16.7%, 11% and 7.4%
of the total variance, respectively. Axis 1 (Fig. 1) opposed
low to high density communities. On axis 2 the positions
of Araneidae, Heteroptera larvae, Diptera larvae, Coleop-
tera larvae and Polyxenida were in opposition to those of
ants and ants larvae. We did not need to examine axis 3.
AHC homogeneous groups of taxa in relation with CA
(Fig. 1). ANOVA (Table 2) showed a high number of sig-
nificant differences between the two zones. Globally, the
highest arthropod densities were observed in the earth-
worm patch, but differences could not be tested accurately
in the case of groups with lower densities such as Thysa-
noptera, Carabidae, Scarabaeidae, Staphylinidae, Curculio-
nidae, Pauropoda, Homoptera larvae and Diptera larvae.
Heteroptera nymphs and Coleoptera larvae, although more
abundant, did not present any significant differences.
Adult Heteroptera and Hemiptera nymphs were the only
groups with significantly higher abundance in the zone
with low earthworm density. The taxonomical richness
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Table 3 Total number of Col-
lembola collected in ten samples,
taken randomly in the two stud-
ied zones; relative abundance of
species (%). For the sign test
(Siegel 1956): total number of
species, n=18; number of nega-
tive signs, x=2; significance

P<0.001. O Collembolan species
more abundant in the zone with
low earthworm density

High earthworm Low earthworm High density > low
density density density
Acherontiella sp. 1 (Aspl) 5 (0.5%) 0 +
Acherontiella sp. 2 (Asp2) 70 (6.7%) 25 (4.3%) +
Brachystomella sp. (Bsp) 16 (1.5%) 0 +
Cryptopygus cf. separata (Cse) 370 (35.4%) 323 (55.4%) +
Crytopygus sp. (Csp) 35 (3.3%) 5 (0.8%) +
Cyphoderus cf. similis (Csi) 20 (1.9%) 5 (0.8%) +
Folsomides americanus (Fam) 58 (5.5%) 9 (1.5%) +
Isotomiella minor (Imi) 20 (1.9%) 5 (0.8%) +
Isotomodes sp. (Isp) 2 (0.2%) 3 (0.5%) -
Lepidocyrtus sp. 1 (Lspl) 112 (10.7%) 54 (9.3%) +
Lepidocyrtus sp. 2 (Lsp2) 9 (0.9%) 1 (0.2%) +
Lepidocyrtus sp. 3 (Lsp3) 2 (0.2%) 13 (2.2%) -
Pseudosinella sp. (Psp) 106 (10.1%) 21 (3.6%) +-
Salina banksi (Sba) 1 (0.1%) 1 (0.2%) 0
Seira bipunctata (Sbi) 46 (4.4%) 34 (5.8%) +
Seira sp. (Ssp) 76 (71.3%) 33 (5.7%) +
Xenylla sp. 1 (Xspl) 97 (9.3%) 50 (8.7%) +
Xenylla sp. 2 (Xsp2) 1 (0.1%) 1 (0.2%) 0

Table 4 Diversity (Shannon index) and equitability of collembolan
communities in the two studied zones

Diversity Equitability
(Shannon index)

High earthworm density 3,12 0.75

Low earthworm density 1.82 0.45

(number of taxa present in the communities), was signifi-
cantly higher in the earthworm patch, when tested by AN-
OVA (P<0,001%).

The water content in the top 3 cm of the soil was sig-
nificantly higher in the zone with low earthworm density
(19.05% + 4.4 in the patch and 30.50%=1.62 outside, as
assessed by ANOVA).

A total of 18 collembolan species were found in the
pasture. All 18 species were present in the earthworm
patch and only 16 outside the patch. A sign test (Siegel
1956) was used to indicate significant differences between
the two communities (Table 3). Comparison of signs
showed that (Lepidocyrtus sp. 3) was the only species typi-
cal of the zone with low earthworm density. Axis 1-3 of
CA accounted for 25.7%, 16.2% and 11.5% of the total
variance, respectively. Axis 1 (Fig.2) showed the differ-
ences between the two zones. Axis 1 and axis 2 combined
opposed the zone with a high earthworm density to the
zone with a low earthworm density. Axis 2 indicated a
higher diversity of collembolan communities in the zone
with a high earthworm density. We did not need to exam-
ine axis 3. AHC indicated the presence of different homo-
geneous groups (Fig.2). ANOVA on size classes of Col-
lembola showed that large individuals of classes 1 and 2
were significantly more abundant in the zone with a high
earthworm density. This analysis did not show any differ-

ence for small individuals of classes 3 and 4. Diversity
and equitability of the coliembolan community were high-
er in the earthworm patch than outside (Table 4).

Discussion

The spatial distribution of microarthropod populations may
be influenced by many factors. Among them, soil depth
(arthropod populations are concentrated generally in the
top 5 cm of soil), pH, water content, food resources (bac-
teria, fungi, plant fragments) and pore size have been
highlighted (Boudjema et al. 1991; Ponge 1993).

In the tropical pasture studied, the density of microar-
thropods was higher in a zone with a high earthworm den-
sity than in a nearby zone with low earthworm popula-
tions. Similar results were found in studies undertaken in
temperate climates by Hamilton and Sillman (1989) and
Marinissen and Bok (1988). Three main hypotheses can
be put forward to explain this phenomenon:

>1. Trophic properties. Food resources made available
by earthworm activities may strongly increase the abun-
dance of microarthropods. Earthworms may partly digest
tannin-protein complexes (Zhang et al. 1993) and enhance
the development of soil bacteria by mixing litter with
mineral matter (Went 1963), thus favouring bacterial-feed-
ing animals living near the surface.

>2. Improved circulation in the pore space. Macropores
created by earthworms may be considered as a habitat for
a number of microarthropods (Haukka 1991). Indeed, ani-
mal groups most favoured by the presence of earthworms
(Isopoda, aphids, Coleoptera; see Table 2) were large in-
vertebrates. In the presence of earthworms, pores of a me-
dium size that most mesofauna groups prefer (Vannier
1975) are numerous (Hamilton et al. 1988). Marinissen
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Fig.2 CA on collembolan species. Projection in the plane of axes 1
and 2. For codes see, Table 3

and Bok (1988) also hypothesized that the presence of a
large number of interconnected pores, due to the influence
of earthworms, could increase the density of Collembola.

>3. Water regime. Soil water content in the upper 3 cm
was higher in the zone with few earthworms. Given the
periodic watering of the pasture at the time of the study,
excess water in the zone poor in earthworms could also be
a factor limiting the development of microarthropod com-
munities. In this case, the absence of macropores favours
only aquatic and subaquatic species such as amoebae,
nematodes and rotifers (Vannier 1987). In the presence of
burrowing earthworm species, drainage of the soil is im-
proved to a great extent (Springett et al. 1992).

The authors are aware of the fact that the positive ac-
tion of earthworms upon microarthropods can be demon-
strated only experimentally, and the present results give
only circumstantial evidence of this phenomenon. Indirect
effects of irrigation might have been detrimental both to
earthworms and microarthropods. Nevertheless, our argu-
ment against such a possible cause for the observed trends
is based on the fact that patches of high earthworm den-
sity vary from year to year, and are not correlated with the
horizontal distribution of soil physico-chemical properties
such as particle-size distribution, as has been demonstrated
for the same site by Rossi et al. (1997). Moreover, the in-
crease in the size of collembolan species in the earthworm
patch can be compared with. the increase in macroporosity
due to the burrowing activity of P. elongata.

In conclusion density and diversity of microarthropod
communities were higher in a zone with a high earthworm
density than in an adjacent area with a depleted earthworm
population. The development of microarthropods is thus
favoured by ecological conditions associated with the pres-
ence and activity of earthworms. Earthworms provide
smaller organisms with additional food resources (micro-
organisms of the drilosphere, cutaneous mucus, comminu-
ted and partly digested litter in casts) and create specific
microhabitats (interconnected macropores). The spatial dis-
tribution of earthworms could be governed by different

factors, and most probably determines that of microarthro-
pods.
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