
Survey of mites in caves and deep soil and
evolution of mites in these habitats

Xavier Ducarme, Georges Wauthy, Henri M. André, and Philippe Lebrun

Abstract: We studied adaptations to subterranean environments in Acari. Mite populations of two caves and of the
mineral horizon of soil from three forest sites were analysed. In the soil, body length was limited by the pore size. The
proportions of (i) predators, (ii) phoretic mites, and (iii) primitive oribatids were higher in caves. This was potentially
explained by (i) polyphagy or predation on other groups and reduced interspecific competition, (ii) the fragmented
structure and liability to flooding of the cave habitat, and (iii) the higher humidity in caves. Adaptations to dry habitats
probably greatly influenced the evolution in Oribatida. It is proposed that numerous mites colonized caves directly
from deep soil without a surface stage.

Résumé : Nous avons étudié les adaptations des acariens aux habitats souterrains en analysant les populations
d’acariens de l’horizon minéral de trois sols forestiers et de deux cavernes. Dans le sol, la taille du corps est limitée
par la taille des pores. Les proportions (i) de prédateurs, (ii) phorétiques et (iii) d’oribates primitifs sont plus grandes
dans les cavernes. Cela peut s’expliquer par (i) la polyphagie ou la prédation sur d’autres groupes et la compétition in-
terspécifique réduite, (ii) la structure fragmentée de l’habitat et la survenance d’inondations dans les grottes et (iii) la
plus grande humidité des cavernes. Les adaptations à un habitat sec semblent avoir grandement influencé l’évolution
des oribates. Nous émettons l’hypothèse selon laquelle nombre d’acariens ont colonisé les cavernes directement depuis
le sol profond, sans passage par un stade de surface.
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Introduction

Colonization of soil pores represents an important step in
the evolutionary history of arthropods. Actually, high rela-
tive humidity has turned soil into the obligate stepping stone
from aquatic towards terrestrial life (Ghilarov 1959; Vannier
1973, 1987; Villani et al. 1999). A number of surface arthro-
pods invaded caves (Holsinger 2000) either to escape dry-
ness and warmth after the Quaternary Ice Age (climatic-relict
model) or to actively exploit an available niche (local habi-
tat-shift model). After colonizing soil or caves, some species
evolved adaptations (e.g., extra-optic sensory traits) or lost
useless structures (e.g., eyes and pigments).

Adaptation remains one of the most controversial areas of
study. As mites are very abundant and diverse in most eco-
systems (Walter and Proctor 1999), they represent an ideal
group for studying such questions, and caves should furnish

a unique opportunity for effective analysis (Christiansen
1992).

Although caves and deep soil share a number of environ-
mental features (darkness, narrow temperature range, rela-
tive humidity close to saturation, etc.), they nonetheless
differ in at least two ways. First, caves provide a wide inhab-
itable space in comparison to the small pores of the soil.
Second, caves are more liable to catastrophic flooding than
most soils. By bringing in mites living in surface habitats,
flooding contributes to the diversity and unpredictability of
populations in the cave environment. These differences
should have induced targeted adaptations in the organisms
living in these habitats.

Troglomorphisms (i.e., adaptations to cave life; e.g., lon-
ger claws) and euedaphomorphisms (i.e., adaptations to life
in deep soil; e.g., short antennae) are well known in the
Collembola (e.g., Christiansen 1960, 1965, 1985; Thibaud
1967, 1970; Vannier and Thibaud 1978). In contrast, Palacios-
Vargas (1996) deplored the lack of detailed studies on adap-
tations of mites to subterranean habitat. A small body
(Zacharda 1979; Karg 1993; Striganova 1996) or, conversely,
a strikingly elongated body (Nematalycidae, Coineau et al.
1978) has often been cited as characteristic of deep soil
mites. Karg (1993) mentioned dechitinization and shorter
legs in deep soil gamasids. Zacharda (1979) proposed that
both troglomorphisms (elongation and attenuation of che-
licerae, pedipalps, legs, and chaetotaxy, including slender
trichobothria, and integument depigmentation and dechitini-
zation) and euedaphomorphisms (integument dechitinization
and depigmentation, reduction or suppression of eyes, short-
ening of appendages and chaetotaxy, trichobotria clavate,
and parallel solenidia on tarsus I) occur in the Rhagidiidae.
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Finally, the protero-hysterosomatic articulation of some
deep soil oribatids could help them move in pores
(Grandjean 1969; Lebrun and Wauthy 1981).

Although numerous lists of mite species collected from
caves have been published (e.g., Palacios-Vargas et al. 1998;
Lundqvist et al. 1999; Culver et al. 2000), abundance and
species richness appear systematically underestimated be-
cause of inadequate sampling techniques. Five supposed tro-
globites (i.e., species that live and breed only in caves) were
found in Belgium (Leruth 1939; Lebrun 1967). Endogeic
(i.e., living in the mineral horizons of the soil) mites were
seldom sampled, as most authors argued that soil micro-
arthropods were confined to the topsoil (e.g., Murphy 1953;
Wallwork 1970; Petersen and Luxton 1982; Larink 1997).
However, many mites were collected when sampling ex-
tended deeper into the soil (see review by André et al.
2002). For instance, Moskacheva (1967) collected numerous
oribatids down to a depth of 64 cm in a mixed forest. Sam-
pling to depths of 10–50 cm in a forest soil, Lebrun and
Wauthy (1981) collected seven endogeic oribatid species.
Ducarme et al. (2004) registered 24 mite species occurring
below a depth of 15 cm.

The present study addressed the question of adaptations of
mites to caves and deep soil. We hypothesized that adapta-
tions to caves would differ from adaptations to deep soil,
given the different environmental features of these two habi-
tats. Habitat selection and trophic level of geographically
close endogeic and cave populations were investigated.

Materials and methods

Sampling
The study was conducted in Rochefort, South Belgium

(50°10′ N, 5°13′ E). The climate is temperate oceanic. Mean
annual rainfall is 846 mm and mean annual temperature is
8.7 °C. Five locations were sampled (see Tables 1 and 2):
two caves (Han and Nou-Maulin), two calcareous forest soils
situated above the caves, and one non-calcareous forest soil
equidistant from both caves (Epraves).

Population data were obtained from 65 samples (48 cm3)
collected in May and November 2000 at each study location.
A corer (diameter 3.5 cm) was used to take samples verti-
cally from a sediment pile in caves, thus allowing animals
running on the surface to be collected, and horizontally from
the side of a trench, 15–20 cm deep in the mineral horizon
of forest soils. In January 2001, 16 additional samples were
taken at each location after cave flooding. In total, the sam-
ples collected during this study constituted 15 distinct sets
(five locations × three sampling periods).

Mite extraction
Animals were extracted by two methods: the Berlese–

Tullgren funnel method and the DBE flotation method
(Ducarme et al. 1998). Fifty samples from each May and
November sampling set and all the samples (16) from each
January sampling set were treated with the Berlese–Tullgren
funnels. Light bulbs (15 W), 10 cm above the intact samples,

were lit 1 week after the beginning of the extraction process.
Extraction lasted 3 weeks. The mean temperature in the ex-
traction room was 20 °C.

The 15 samples remaining in each May and November
sampling set were stored in Norvanol before extraction with
the DBE flotation method (Ducarme et al. 1998). This
method was used to overcome the possible inefficiency of
the Berlese–Tullgren method for extracting some taxa
(André et al. 2002).

Mite identification
Mites were mounted in lactic acid or in Hoyer medium for

identification purposes. Contrary to common practice, all
stases (developmental stages) were identified, in most cases
to the species level, with few exceptions (early stases of
Parasitidae, Rhodacaridae, Veigaiidae, and Oppiidae, repre-
senting 1.6% of the total number of collected mites). Some
species could not be identified accurately because only
immatures were found or because relevant taxonomic data
were lacking.

Taxonomy
Species collected in this study can be related to four of

seven orders constituting the Acari (Evans 1992, p. 382),
namely Mesostigmata, Prostigmata, Astigmata, and
Oribatida. However, mite taxonomy is undergoing drastic
changes owing to the recent use of cladistic methods. Norton
(1998) has demonstrated that Astigmata originates from a
group of Oribatida, i.e., the Desmonomata. Yet, in this study,
data on Oribatida and Astigmata were analyzed separately to
facilitate the comparison between our results and those of
previous studies.

Likewise, Endeostigmata, traditionally classified within
Prostigmata, was considered to be paraphyletic by O’Connor
(1984) and therefore split into two distinct groups: Sphaero-
lichida, close to Prostigmata, and Endeostigmata s. str., close
to Oribatida. Sphaerolichida scarcely appeared in our study
(only 6 specimens were collected) and so we decided to
cluster it with Prostigmata, while Endeostigmata s. str. was
treated as a separate order.

Statistical analyses
In our samples, a total of 20 Haplochthonius simplex indi-

viduals were collected, scattered in samples from nearly all
locations.3 This species is known to occur mainly in houses
or other xeric habitats. It probably contaminated the
Berlese–Tullgren funnels during extraction, as previously in-
dicated by Grandjean (1946). These contaminant data were
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Characteristic Han Nou-Maulin

Length (km) 12 1.6
Status Touristic Cavers only
Distance to nearest entrance (m) 350 65
Alluvium Silty Sandy
Flooded in winter Yes Yes

Table 1. Characteristics of cave sampling locations.

3 A list of collected species is available on the Web site or may be purchased from the Depository of Unpublished Data, Document Delivery,
CISTI, National Research Council Canada, Ottawa, ON K1A 0S2, Canada. DUD 3589. For more information on obtaining material refer to
http://cisti-icist.nrc-cnrc.gc.ca/irm/unpub_e.shtml.



accordingly discarded from the subsequent statistical analy-
ses.

Indicator species of cave and deep soil habitats were de-
fined using the IndVal index (Dufrêne and Legendre 1997),
which has the advantage over other methods (e.g.,
TWINSPAN) of being independent of species relative abun-
dance and flexible with regard to site categorization: one is
not constrained in the choice of site clusters by the classifi-
cation procedure used (McGeoch and Chown 1998). This
index is the product of species specificity (the mean abun-
dance of individuals in a given set of samples divided by the
sum of the mean abundances over all sets) and fidelity (the
proportion of samples within the set that contain the species)
multiplied by 100. Each species is supposed to be an indica-
tor of the set where its indicator value is maximal compared
with that in other sets from each level of the chosen classifi-
cation of samples. A random reallocation of samples among
sets is used to test this with Student’s t test, assuming a nor-
mal distribution of the permuted statistics. Indicator values
of species from the first level (trivial partition where all sites
belong to a single set) cannot be tested. We defined instead a
minimum indicator value of 50 for a species to be consid-
ered ubiquitous. This limit was the minimum fidelity found
in the indicator species of our data set.

To investigate the general association between morphol-
ogy and distribution patterns, 22 morphological traits were
studied (Table 3) for every indicator species of cave or deep
soil habitat (to eliminate accidental species that could
obscure an existing pattern) using digital photographs of
Hoyer-mounted individuals and Scion Image software (Scion
Corporation 2000) for measurements. A canonical discri-
minant analysis was carried out on morphological data and
on all combined ratios, using habitat (cave or soil) as a
discriminant variable. Analysis was applied to the entire data
set and within each mite order.

Results

Collected mites
A total of 3181 mites (113 species) were collected in soils

and 371 mites (72 species) were collected in caves.4 Preda-
tors accounted for 17% and 27% of the collected mites in
deep soil and caves, respectively, and similar proportions
were found with both of the extraction methods.

Regarding oribatid mites, the family Brachychthoniidae
was represented by Liochthonius and Paraliochthonius spe-
cies in caves and by Sellnickochthonius species in deep soil.
The ratio of primitive oribatids to total oribatids was higher
in caves (0.65 for the number of species and 0.79 for raw
abundance) than in soils (0.41 for the number of species and
0.33 for raw abundance). Primitive oribatids were defined as
all oribatid species except the Brachypylina. The proportion
of mites belonging to Dichosomata (oribatids with a protero-
hysterosomatic articulation, Grandjean 1969) was also higher
in caves than in soils: 57% vs. 35% for the number of spe-
cies and 75% vs. 30% for raw abundance.

© 2004 NRC Canada
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Characteristic Epraves (Bestin wood) Han Nou-Maulin

Subsoil Schist Limestone Limestone
Soil type

Belgian typology fGbb AbB Gbbk
FAO typology Umbric Leptosol Eutric Cambisol Rendzic Leptosol

Litter type Moder Moder Mull
Litter thickness (cm) 2–5 2–5 1–10
Vegetation Quercus petraea,

Carpinus betulus
Quercus petraea,

Fagus sylvatica
Tilia cordata, Quercus robur, Carpinus betulus, Acer

campestre, Acer pseudoplatanus, Fraxinus excel-
sior, Corylus avelana, Hedera helix, Rubus sp.

Table 2. Characteristics of deep soil sampling locations.

Observed trait Taxa

Body lengtha All mites
Body maximal width All mites
Leg I length All mites
Leg II length All mites
Leg III length All mites
Leg IV length All mites
Shape of trichobothria E, O, Pb

Length of trichobothria E, O, P
Shape of solenidia ω and ϕ (leg I) E, O, P
Length of solenidia ω and ϕ (leg I) E, O, P
Number of solenidia on tarsus I Rhagidiidae
Position of solenidia on tarsus I Rhagidiidae
Length of chelicerae All mites
Chelicerae maximal width All mites
Length of movable digit All mites
Width of movable digit All mites
Width of fixed digit All mites
Claw I length All mites
Curve ratio of claw I All mites
Number of claws I All mites
Number of claws III All mites
Number of eggs All gravid females

aBody length was measured on elongated specimens from the rostrum
tip to the rear of the hysterosoma. The curve ratio of claws was defined
as the distance between the vertex and the line joining the ends of the
curve divided by the distance between the base and the tip of the claw.

bE, Endeostigmata; O, Oribatida; P, Prostigmata.

Table 3. List of studied morphological traits and taxa in which
they were measured.

4 The occurrence of species in the sampling locations is available on the Web site or may be purchased from the Depository of Unpublished
Data, Document Delivery, CISTI, National Research Council Canada, Ottawa, ON K1A 0S2, Canada. DUD 3589. For more information on
obtaining material refer to http://cisti-icist.nrc-cnrc.gc.ca/irm/unpub_e.shtml.



Prostigmata were represented by two major groups:
Eupodina (45% of all prostigmatid mites) and Tarsonemina
(38%). The ratio Eupodoidea : (Eupodoidea + Tydeoidea)
was used to assess the primitive character of prostigmatid
populations. Indeed, the superfamily Eupodoidea presents
many plesiomorphic characters compared with Tydeoidea,
its sister superfamily: the latter has more specialized mouth-
parts (palp, chelicera) and a poorer organotaxy (chaeto-,
solenidio-, and poroidotaxy) than the former. The ratio was
found to be similar in caves (0.75 for the number of species
and 0.85 for raw abundance) and in soils (0.79 for the num-
ber of species and 0.88 for raw abundance). Such a ratio
could not be applied to Tarsonemina because phylogenetic
relationships are masked within this taxon (Lindquist 1986).

Indicator species
The IndVal method revealed that 21 and 20 mite species

were indicators of the deep soil and cave habitats, respec-
tively (Table 4). Among these species, five have already
been considered as endogeic and four as cave dwellers. The
genus Alicorhagia was selected as ubiquitous.

The proportion of indicator species that were predators
was higher in caves than in deep soil (40% vs. 24%, Ta-
ble 4), as already noted for the entire data set. Eight indica-
tor species from the cave community were potentially phoretic,
i.e., belonging to families in which phoresy is known to oc-
cur frequently, whereas only one such species was found in
soils (Table 4). If Mesostigmata, a group that includes many
phoretics, is discarded, the number of phoretic indicator spe-
cies in caves and soils becomes 5 and 0, respectively.

A canonical discriminant analysis of morphological traits
of indicator species showed a clear distinction between habi-
tats: cave mites can be larger than soil mites (Fig. 1). Other
traits did not show any specific trend. This was further con-
firmed by a comparison of indicator species belonging to the
same family group. Within each group, the mean body
length of cave species was always greater than that of soil
species (Table 5), as were the mean lengths of leg II, tri-
chobothria, and solenidia ω and ϕ on leg I. However, if the
last three measures were relativized to body length, the dif-
ference vanished. Species of the family Rhagidiidae that
were indicators of the soil environment had parallel rhagidial
organs (Hammenia macrostella and Shibaia longisensilla)
and (or) clavate trichobothria (H. macrostella), whereas the
indicators of the cave environment (Poecilophysis spelaea)
exhibited oblique rhagidial organs and filiform trichobothria.
Chelicerae were larger in the cave species, both in absolute
terms and relative to body length (298 µm for P. spelaea vs.
55 and 119 µm for H. macrostella and S. longisensilla, re-
spectively).

Discussion

Habitat
In this study, deep soil and cave mites showed similar

trends in their organisation: a number of indicator species
were stenoecious, i.e., endogeic or troglobitic (at least 20%
of mites in each habitat if only indicator species confirmed
by literature are considered). This is interesting because the
cave environment is fragmented, whereas the deep soil is
more continuous. Mechanisms leading to such conservative

evolution of habitat occupancy are not yet understood (see
Storch and Frynta 1999, pp. 591–592 for possible factors).

Some species appear to inhabit deep soil rather than litter.
This is illustrated by Medioppia obsoleta: its abundance in
deep soil (19% of collected mites) contrasts with its wide re-
partition but generally low abundance in forest litter (Lebrun
et al. 1989; Römbke et al. 1996). Conversely, some other
species prefer the litter habitat, as demonstrated by Oppiella
nova, for instance. Finally, in some species, the optimal hab-
itat depends on the stase, as exemplified by the oribatid
Hypochthonius rufulus: immatures are found in deep soil,
whereas adults inhabit only the litter (e.g., Wauthy 1982).

Cave populations also appear to be of a mixed nature.
They include surface species, probably provided each year
by flooding, and potential or known cave dwellers.

Only one species was an indicator of both habitats. The
genus Alicorhagia is known worldwide from relatively un-
disturbed forest habitats (Walter 2001) but has been abun-
dantly collected from deep soil (Ducarme et al. 2004) and
caves (Palacios-Vargas 1996). Its feeding type, mainly nema-
tophagous but polyphagous in the absence of nematodes
(Walter 1988), could account for its large ecological distri-
bution.

Life history tactics
In accordance with Palacios-Vargas et al. (1998), we ob-

served the coexistence of numerous predators and phoretic
mite species in caves. Four predator species, four phoretic
species, and four phoretic predator species were detected
among the cave indicator species (Table 4). Gers (1998) pro-
posed five potential explanations for the observed abundance
of predator mite species in caves: (1) differential efficiency
of extraction methods; (2) locally patchy distribution of
preys; (3) preys belonging to non-sampled groups; (4) life
cycle of preys being shorter than that of the predator; and
(5) predators being polyphagous and opportunist, in connec-
tion with their state of hunger. In this study, the use of two
different extraction methods invalidates hypothesis 1: the
proportion of predators extracted by Berlese–Tullgren fun-
nels (active method) and by DBE flotation (passive method)
was identical. Hypotheses 2 and 4 probably did not prevail
in our study: possible heterogeneity in distribution of preys
in both space and time should have been smoothed because
numerous samples were taken in different seasons. Both hy-
potheses 3 and 5 could explain the abundance of predators in
our samples, even if it is difficult to estimate their relative
importance. Polyphagy in troglobitic mites has been consid-
ered as an adaptation to lack of food (Barr 1968; Hüppop
2000).

The coexistence of numerous predators in caves is perhaps
an indication that interspecific competition both between
predators and between preys is low (Sih et al. 1985). This
low interspecific competition could facilitate colonization
and influence the appearance of cave dwellers. Furthermore,
predators can actually be responsible for differences in habi-
tat occupancy (e.g., Richman and Price 1992; Holt and
Lawton 1994). The fact that a number of species in caves are
stenoecious could result from noncompetitive coexistence
limiting the need to colonize new habitats (e.g., Wolff and
Dueser 1986; Conner and Bowers 1987).

© 2004 NRC Canada
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Species Ordera Indicator value Pref. hab.b Phoretic Predatory

Deep soil
Medioppia obsoleta (Paoli, 1908) O 100 DS ?
Hypochthonius rufulus Koch, 1836 (immature) O 98 DS ?
Nanorchestes sp. E 89 ?
Claveupodes sp. P 89 ?
Eulohmannia ribagai Berlese, 1910 O 89 DSc

Microppia minus (Paoli, 1908) O 89 DSd

Oppiella nova (Oudemans, 1902) O 87 Surface
Leptogamasus suecicus (Trägardh, 1936) M 84 Surface × ×
Cocceupodes sp. P 82 ?
Sellnickochthonius jacoti (Evans, 1952) O 78 ?
Neotrichoppia confinis (Paoli, 1908) O 78 ?
Nothrus silvestris Nicolet, 1855 O 72 Surface
Hammenia macrostella Zacharda, 1980 P 67 DSe ×
Oehserchestes sp. E 67 ?
Rhodacarellus apophyseus Karg, 1971 M 56 DSf ×
Veigaia exigua (Berlese, 1917) M 56 Surface ×
Coccotydaeolus sp. P 56 ?
Tydaeolus sp. P 56 ?
Gehypochthonius rhadamantus Jacot, 1936 O 56 DSc

Suctobelbella sarekensis (Forsslund, 1941) O 56 Surface
Shibaia longisensilla (Shiba, 1969) P 44 Surface ×

Cave
Rhodacarus aequalis Karg, 1971 M 50 Surface ×
Bakerdania sp. 1 P 50 ? ×
Bakerdania sp. 2 P 50 ? ×
Arctoseius venustulus (Berlese, 1917) M 33 Surface × ×
Pachyseius angustus Hyatt, 1956 M 33 Surface × ×
Pachyseius angustiventris Willman, 1935 M 33 Cavef × ×
Rhodacarus agrestis Karg, 1971 M 33 Surface ×
Veigaia ?paradoxa Willman, 1951 M 33 Cavef ×
Vulgarogamasus sp. M 33 ? × ×
Riccardoellinae sp. P 33 Caveg

Benoinyssus ?ereynetoides (Strandtmann and Prasse, 1977) P 33 DSh

Pygmephorus sp. P 33 ? ×
Tarsonemus sp. P 33 ? ×
Poecilophysis (Procerocheles) spelaea (Wankel, 1861) P 33 Cavee ×
Liochthonius leptaleus Moritz, 1976 O 33 ?
Liochthonius propinquus Niedbala, 1972 O 33 ?
Liochthonius strenzkei Forsslund, 1963 O 33 ?
Nanhermannia sp. (immature) O 33 Surface
Lauroppia neerlandica (Oudemans, 1900) (immature) O 33 Surface
Phthiracarus sp. O 33 ?

Both habitats
Alicorhagia sp. E 80 Ubiquitousi

aM, Mesostigmata; P, Prostigmata; E, Endeostigmata; O, Oribatida.
bPref. hab., preferential habitat according to the literature (DS, deep soil).
cLebrun and Wauthy 1981.
dDucarme et al. 2004.
eZacharda 1980.
fKarg 1993.
gUnpublished data.
hStrandtmann and Prasse 1976.
iWalter 2001.

Table 4. Indicator species of deep soil and cave habitats according to the IndVal index; potentially phoretic and predatory species are
indicated.
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Deep soil Cave

Species Body length Species Body length

Rhodacaridae
Rhodacarellus apophyseus 366 Rhodacarus aequalis 588

Rhodacarus agrestis 645
Mean 366 Mean 617

Parasitidae
Leptogamasus suecicus 610 Vulgarogamasus sp. 1053

Veigaiidae
Veigaia exigua 491 Veigaia ?paradoxa 1065

Eupodidae
Claveupodes sp. 227 Benoinyssus ?ereynetoides 285
Cocceupodes sp. 281
Mean 254 Mean 285

Rhagidiidae
Shibaia longisensilla 583 Poecilophysis (Procerocheles) spelaea 1033
Hammenia macrostella 309
Mean 446 Mean 1033

Tydeoidea
Tydaeolus sp. 154 Riccardoellinae sp. 465
Coccotydaeolus sp. 154
Mean 154 Mean 465

Brachychthoniidae
Sellnickochthonius jacoti 148 Liochthonius leptaleus 197

Liochthonius propinquus 180
Liochthonius strenzkei 220

Mean 148 Mean 199

Note: mean within each group is bold-faced.

Table 5. Average body length (µm) of indicator species of deep soil and cave habitats.

Fig. 1. Frequency distribution of body length (µm) of indicator species of caves (black bars) and deep soil (white bars).



Given the high proportion of phoretic mites among the
cave indicator species, phoresy appears to be largely used
for dispersal in fragmented cave environments, mainly be-
tween caves belonging to unconnected networks. Moreover,
if the cave itself can be viewed as a set of habitable patches
(clay surfaces) separated by inhospitable areas (Tercafs and
Henry 1999), phoresy could even be useful for dispersal in-
side the cave. In addition, phoresy is considered an efficient
strategy for overcoming perturbations such as seasonal
flooding (Athias-Binche 1994). Recall that by bringing in
mites living in surface habitats, flooding contributes to the
diversity and unpredictability of populations in the cave en-
vironment. Therefore, environmental (flooding) and dis-
persal (fragmented habitat) constraints, which, with internal
dynamics, determine the actual species pool (Belyea and
Lancaster 1999), substantially complicate the cave ecosys-
tem, which was once considered simple (Poulson and White
1969). Of the life-history tactic categories described by
Siepel (1994), most cave mites are expected to belong to
group II, which is characterized by the following features:
facultative or carrier-specific phoresy, low egg production,
and slow development. Phoresy is also usually seen as a pre-
liminary stage towards parasitism (Houck and Cohen 1995;
Kaliszewski et al. 1995). This evolution towards parasitism
could have already happened (e.g., in bat parasites) or could
be currently happening in caves, but considerable further re-
search would be needed to confirm this.

In the scavenger and fungivore guilds, patterns of habitat
segregation among Brachychthoniidae species have been re-
ported: only Liochthonius-like species have been observed in
other Belgian caves (unpublished data) and in Polish mines
(Skubala and Klys 2002). This switch could be explained on
the basis of tegumentary adaptations, i.e., as a result of
stronger chitinization in the Sellnickochthonius species than
in the Liochthonius species (Grandjean 1963, and personal
observations). If there is a connection between resistance to
drought (i.e., the capability to retard water loss) and integu-
ment chitinization (Lebrun 1971), one would predict that
lower resistance to drought would account for the occupa-
tion of caves by the Liochthonius species. Yet this hypothe-
sis is weakened by evidence of the commonness of this
genus in grassland and forest litter in varied climatic condi-
tions (e.g., Wauthy 1982; Subias and Gil-Martin 1997;
Behan-Pelletier 1999). Without information on resistance to
drought in the two genera, it is not possible to draw any con-
clusions.

Evolutionary considerations
The Brachypylina is the most diverse cohort within the

Oribatida, accounting for 35 of 50 families in Belgian decid-
uous forests (Lebrun et al. 1989; see other examples in
Weigmann and Kratz 1981 and Subias and Gil-Martín 1997).
The ability of brachypylinid species to colonize numerous
habitats could result from great resistance to drought. This
could explain why the proportion of brachypylinid species
increases substantially from humid to xeric habitats (Ta-
ble 6). The ability to resist drought could be due to tegumen-
tary adaptations (see above), tracheal system development,
or physiological adaptations (e.g., Madge 1964a, 1964b;
Lebrun 1971; Vannier 1973; Alberti and Coons 1999). In-

deed, the cuticle of adult brachypylinid species usually ap-
pears more strongly chitinized than that of other oribatids,
except those in the Euphthiracaroidea, Phthiracaroidea, and
many in the Desmonomata. Cerotegument (Madge 1964a;
Vannier 1976) and cuticular porosity (Alberti and Norton
1997) probably also affect water loss.

The occurrence of water-balance adaptations in the most
speciose and evolved group in the Oribatida agrees with
Ghilarov’s hypothesis that arthropods invaded soils as an in-
termediate environment between aquatic and terrestrial envi-
ronments. Accordingly, two main cave colonization paths
can be proposed. The first is acknowledged in all biospeleo-
logical studies (e.g., Holsinger 2000). It states that arthro-
pods, originating from the soil according to Ghilarov’s
hypothesis, invaded the surface habitat and only subse-
quently invaded caves. Cave brachypylinid species must
have followed this path, as their drought resistance adapta-
tions could have resulted only from a surface life. But an-
other path could have been followed by other arthropods,
which could have colonized caves directly from deep soil,
without a surface stage. This could be the evolutionary path
followed by cave mites exhibiting primitive features, such as
the Endeostigmata, the Eupodoidea, or some “primitive”
oribatids such as Liochthonius species. A third evolutionary
path could exist: arthropods living originally in caves could
have invaded the surface habitat. To our knowledge, only
one study has considered this possibility (Desutter-
Grandcolas 1993), demonstrating its occurrence in one ge-
nus of cave cricket. To date, no data supporting this hypothe-
sis are available in mites.

The high proportion of primitive oribatids could also be
interpreted as an indication of the usefulness of a supple
protero-hysterosomatic articulation, which provides great
agility and high flexibility (Grandjean 1969) and is found in
all primitive oribatids except the Desmonomata (poorly rep-
resented in this study). Yet this was scarcely supported by
our data: the proportion of mites belonging to Dichosomata
was higher in caves, where mites could walk freely on the
surfaces of sediment piles (see hereafter), than in deep soil,
in which an articulation could be used to move in tortuous
pores. As for the prostigmatid mites, there is no evidence
that primitive taxa would be dominant in either habitat.
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Microecosystem Ratio (%) R.H. (%)

Bark (south exposure) 10a 68–77b

Bark (west exposure) 17a 87–89b

Litter 31a 88–90c

Ah soil horizon 38d ~100e

B soil horizon 41f ~100e

Cave 65f 100f

aLebrun 1971.
bPrinzing 2003.
cWestbrook et al. 2003.
dDucarme et al. 2004.
eVannier 1987.
fThis study.

Table 6. Changes in the ratio of number of primitive oribatid
species to total number of oribatid species in mite assemblages
from a series of habitats of increasing relative humidity (R.H.).



Body size
The presence of larger species in caves than in deep soils

showed that at least some mite species live at the surface of
cave sediment. Indeed, the pores of the cave sediment were
as small as the pores of the soil, thus preventing large spe-
cies from moving in them. Christiansen et al. (1961) reached
a similar conclusion for cave springtails: most of them walk
on the surface of the sediment. In contrast, soil dwellers
have to cope with a selective pressure on body size: they ob-
viously cannot be larger than the largest pores. The ability to
explore smaller pores also allows soil dwellers to avoid pre-
dation and take advantage of the microflora (Vreeken-Buijs
et al. 1998). Environment productivity (Shvarts and Demin
1994), humidity (Remmert 1981), and biotic interactions
(Barbault 1988) may also influence body size.

The morphology of the collected Rhagidiidae species was
similar to Zacharda’s (1979) description: parallel rhagidial
organs and clavate trichobothria were detected in some soil
species, whereas large chelicerae were found in the cave
species. Based on the literature, we expected that longer legs
and sensory organs would be the general rule in cave mites.
This hypothesis was verified insofar as that, within families,
trichobotria and tarsus I solenidia were longer in cave spe-
cies than in soil species. Yet, because the bodies of mites in
caves were longer than those of mites in soils, the sizes of
these organs relative to that of the body did not differ be-
tween habitats. Bernini (1980) and Bruckner (1995) pro-
posed an explanation for the lack of troglomorphisms in
Oribatida at the supraspecific level: for these tiny animals,
the subterranean environment may spatially resemble soils,
so that further morphological adaptations did not evolve.
However, body length appears to be a major difference be-
tween cave and deep soil mites, the latter being character-
ized by a smaller body apparently adapted to the porosity of
the deep soil habitat. Other adaptations are to be found at the
species level and remain to be described.

Conclusions
Adaptations specific to cave and deep soil environments

have been shown to occur. These were linked to environ-
mental differences such as available space, humidity, spatial
structure, and flooding liability. Mechanisms of morphologi-
cal, physiological, and biochemical changes supporting these
adaptations remain to be elucidated. Study of mites could
help in understanding the genetic basis of these adaptive fea-
tures.

Acknowledgements

The authors thank A. Baker, A.M. Camerik, E. Ebermann,
and I. Juvara-Bals for taxonomic help; the Han Caves
Domain (Domaine des Grottes de Han) and the town of
Rochefort, Belgium, for permission to take samples from
caves and soils; R. Tercafs, G. Evrard, G. Michel, and
G. Thys for guiding us in the caves; and P. Evrard and
J.-P. Motte for technical assistance. The research was sup-
ported financially by a grant from the Walloon Region.

References

Alberti, G., and Coons, L.B. 1999. Acari: mites. In Microscopic
anatomy of invertebrates. Vol. 8C. Chelicerate Arthropoda.

Edited by F.W. Harrison and F.F. Rainer. Wiley-Liss Publishers,
New York. pp. 515–1231.

Alberti, G., and Norton, R.A. 1997. Porose integumental organs of
oribatid mites (Acari, Oribatida). Zoologica (Stuttg.), 48/146: 1–
143.

André, H.M., Ducarme, X., and Lebrun, Ph. 2002. Soil biodiver-
sity: myth, reality or conning? Oikos, 96: 3–24.

Athias-Binche, F. 1994. La phorésie chez les acariens. Aspects
adaptatifs et évolutifs. Editions du Castillet, Perpignan, France.

Barbault, R. 1988. Body size, ecological constraints, and the evolu-
tion of life-history strategies. Evol. Biol. 22: 261–286.

Barr, T.C., Jr. 1968. Cave ecology and the evolution of troglobites.
Evol. Biol. 2: 35–102.

Behan-Pelletier, V.M. 1999. Oribatid mite fauna of northern eco-
systems: a product of evolutionary adaptations or physiological
constraints? In Acarology IX. Vol. 2. Symposia. Edited by G.R.
Needham, R. Mitchell, D.J. Horn, and C. Welbourn. The Ohio
Biological Survey, Columbus, Ohio. pp. 87–105.

Belyea, L.R., and Lancaster, J. 1999. Assembly rules within a con-
tingent ecology. Oikos, 86: 402–416.

Bernini, F. 1980. Notulae oribatologicae XXIV. Gli Acari Oribatei
di alcune piccole grotte del Senese. Redia, 63: 359–405.

Bruckner, A. 1995. Cave-dwelling oribatid mites (Acarina, Crypto-
stigmata) from East Austria. Verh. Zool.-Bot. Ges. Oesterreich,
132: 81–107.

Christiansen, K. 1960. Convergence and parallelism in cave Ento-
mobryinae. Evolution, 15: 288–301.

Christiansen, K. 1965. Behavior and form in the evolution of cave
Collembola. Evolution, 19: 529–537.

Christiansen, K. 1985. Regressive evolution in Collembola. NSS
Bull. 47(2): 89–100.

Christiansen, K. 1992. Biological processes in space and time.
Cave life in the light of modern evolutionary theory. In The nat-
ural history of biospeleology. Edited by A.I. Camacho. Mono-
grafias Museo Nacional de Ciencias Naturales, Madrid, España.
pp. 455–478.

Christiansen, K., Willson, M., and Tecklin, J. 1961. Preliminary
study of the microarthropod ecology of Hunter caves. NSS Bull.
23(2): 63–70.

Coineau, Y., Haupt, J., Delamare-Deboutteville, C., and Théron, P.
1978. Un remarquable exemple de convergence écologique:
l’adaptation de Gordialycus tuzetae (Nematalycidae, Acariens) à
la vie dans les interstices des sables fins. C. R. Seances Acad.
Sci., Ser. D, 287: 883–886.

Conner, E.F., and Bowers, M.A. 1987. The spatial consequences of
interspecific competition. Ann. Zool. Fenn. 24: 213–226.

Culver, D., Master, L.L., Christman, M.C., and Hobbs, H.H. 2000.
Obligate cave fauna of the 48 contiguous United States.
Conserv. Biol. 14(2): 386–401.

Desutter-Grandcolas, L. 1993. The cricket fauna of Chiapanecan
caves (Mexico): systematics, phylogeny and the evolution of
troglobitic life (Orthoptera, Grylloidea, Phalangospidae,
Luzarinae). Int. J. Speleol. 22: 1–82.

Ducarme, X., André, H.M., and Lebrun, Ph. 1998. Extracting
endogeous microarthropods: a new flotation method using 1,2-
dibromoethane. Eur. J. Soil Biol. 34: 143–150.

Ducarme, X., André, H.M., Wauthy, G., and Lebrun, Ph. 2004. Are
there real endogeic species in temperate forest mites? Pedo-
biologia, 48: 139–147.

Dufrêne, M., and Legendre, P. 1997. Species assemblages and indi-
cator species: the need for a flexible asymmetrical approach.
Ecol. Monogr. 67: 345–366.

Evans, G.O. 1992. Principles of Acarology. CAB International,
Wallingford, UK.

© 2004 NRC Canada

848 Can. J. Zool. Vol. 82, 2004



Gers, C. 1998. Diversity of energy fluxes and interactions between
arthropod communities: from soil to cave. Acta Oecol. 19(3):
205–213.

Ghilarov, M.S. 1959. Adaptation of insects to soil dwelling. In Pro-
ceedings of the XVth International Congress of Zoology, Lon-
don, 16–23 July 1958. Edited by H.R. Hewer and N.D. Riley.
pp. 534–557.

Grandjean, F. 1946. Les Enarthronota (Acariens) Première série.
Ann. Sci. Nat. Zool. Biol. Anim. 8: 213–248.

Grandjean, F. 1963. Sur deux espèces de Brachychthoniidae et leur
développement. Acarologia, 5: 122–151.

Grandjean, F. 1969. Considérations sur le classement des oribates;
leur division en 6 groupes majeurs. Acarologia, 11(1): 127–153.

Holsinger, J.R. 2000. Ecological derivation, colonization, and
speciation. In Subterranean ecosystems. Edited by H. Wilkens,
D.C. Culver, and W.F. Humphreys. Ecosystems of the world 30.
Elsevier, Amsterdam. pp. 417–432.

Holt, R.D., and Lawton, J.H. 1994. The ecological consequences of
shared natural enemies. Annu. Rev. Ecol. Syst. 25: 495–520.

Houck, M.A., and Cohen, A.C. 1995. The potential of phoresy in
the evolution of parasitism: radiolabelling (tritium) evidence
from an astigmatid mite. Exp. Appl. Acarol. 19: 677–694.

Hüppop, K. 2000. How do cave animals cope with the food scar-
city in caves? In Subterranean ecosystems. Edited by H.
Wilkens, D.C. Culver, and W.F. Humphreys. Ecosystems of the
world 30. Elsevier, Amsterdam. pp. 159–188.

Kaliszewski, M., Athias-Binche, F., and Lindquist, E.E. 1995. Par-
asitism and parasitoidism in Tarsonemina (Acari: Heterostig-
mata) and evolutionary considerations. Adv. Parasitol. 35: 335–
367.

Karg, W. 1993. Acari (Acarina), Milben Parasitiformes (Anactino-
chaeta) Cohors Gamasina Leach Raubmilben. Die Tierwelt
Deutschlands 59. Fischer, Jena, Germany.

Larink, O. 1997. Springtails and mites: important knots in the food
web of soils. In Fauna in soil ecosystems: recycling processes,
nutrient fluxes, and agricultural production. Edited by G.
Benckiser. Marcel Dekker, New York. pp. 225–264.

Lebrun, Ph. 1967. Note sur quelques Oribates (Acarina : Oribatei)
de la faune cavernicole de Belgique. Bull. Ann. Soc. R. Belge
Entomol. 103: 183–188.

Lebrun, Ph. 1971. Écologie et biocénotique de quelques peuple-
ments d’Arthropodes édaphiques. Mem. Inst. R. Sci. Nat. Belg.,
165: 1–204.

Lebrun, Ph., and Wauthy, G. 1981. Quelques observations et
réflexions sur les peuplements d’oribates hypogés (acariens).
Ann. Soc. R. Zool. Belg. 111: 131–142.

Lebrun, Ph., Wauthy, G., and Dufrêne, M. 1989. Soil mites in Bel-
gium: a review. In Proceedings of the Symposium “Invertebrates
of Belgium”, Brussels, Belgium, 25–26 November 1988. Edited
by K. Wouters and L. Baert. The Royal Belgian Institute of Nat-
ural Sciences, Brussels. pp. 203–210

Leruth, R. 1939. La Biologie du domaine souterrain et la faune
cavernicole de la Belgique. Mém. Mus. R. Hist. Nat. Belg. 87.

Lindquist, E.E. 1986. The world genera of Tarsonemidae (Acari:
Heterostigmata): a morphological, phylogenetic, and systematic
revision, with a reclassification of family-group taxa in the
Heterostigmata. Mem. Entomol. Soc. Can. No. 136. pp. 1–517.

Lundqvist, L., Hippa, H., and Koponen, S. 1999. Invertebrates of
Scandinavian caves IX. Acari: Mesostigmata (Gamasina), with a
complete list of mites. Acarologia, 40(4): 357–365.

Madge, D.S. 1964a. The water-relations of Belba geniculosa
Oudms., and other species of Oribatid mites. Acarologia, 6(1):
199–223.

Madge, D.S. 1964b. The humidity reactions of oribatid mites.
Acarologia, 6(3): 566–591.

McGoech, M.A., and Chown, S.L. 1998. Scaling up the value of
bioindicators. Trends Ecol. Evol. 13(2): 46–47.

Moskacheva, E.A. 1967. On depth of soil inhabiting with oribatids
(Acariformes, Oribatei). Zool. Zh. 46: 1400–1405. [In Russian.]

Murphy, P.W. 1953. The biology of forest soils with special refer-
ence to the mesofauna or meiofauna. J. Soil Sci. 4: 155–193.

Norton, R.A. 1998. Morphological evidence for the evolutionary
origin of Astigmata (Acari: Acariformes). Exp. Appl. Acarol.
22: 559–594.

O’Connor, B.M. 1984. 1. Speciation and evolution in Acari. 1.2.
Phylogenetic relationships among higher taxa in the Acariformes,
with particular reference to the Astigmata. In Acarology 6.
Vol. 1. Edited by D.A. Griffiths and C.E. Bowman. Ellis
Horwood, Chichester, UK. pp. 19–27.

Palacios-Vargas, J.G. 1996. Why, where and when are mites abun-
dant in caves? Mundos Subterraneos, 7: 11–19.

Palacios-Vargas, J.G., Decu, V., Iavorski, V., Hutzu, M., and
Juberthie, Ch. 1998. Acari terrestria. In Encyclopaedia
biospeologica. Tome II. Edited by Ch. Juberthie and V. Decu.
Société de Biospéologie, Moulis, France. pp. 929–952.

Petersen, H., and Luxton, M. 1982. A comparative analysis of soil
fauna populations and their role in decomposition processes.
Oikos, 39: 287–388.

Poulson, T.L., and White, W.B. 1969. The cave environment. Sci-
ence (Wash., D.C.), 165: 971–981.

Prinzing, A. 2003. Accessibility of high temperature and high hu-
midity for the mesofauna of a harsh habitat — the case of ex-
posed tree trunks. J. Therm. Biol. 28: 403–412.

Remmert, H. 1981. Body size of terrestrial arthropods and biomass
of their populations in relation to the abiotic parameters of their
milieu. Oecologia, 50: 12–13.

Richman, A.D., and Price T. 1992. Evolution of ecological differ-
ences in the old world leaf warblers. Nature (Lond.), 355: 817–
821.

Römbke, J., Beck, L., Förster, B., Fründ, H.-C., Horak, F., Ruf, A.
et al. 1996. Boden als Lebensraum für Bodenorganismen —
Literaturstudie [online]. Available from http://www.xfaweb.
baden-wuerttemberg.de/bofaweb/berichte/tbb04/tbb04.htm [ac-
cessed 19 July 2004].

Scion Corporation 2000. Scion Image. Version Beta 4 [computer
program]. Scion Corporation, Frederick, Md.

Shvarts, E.A., and Demin, D.V. 1994. Community organization of
shrews in temperate zone forests of Northwestern Russia. In Ad-
vances in the biology of shrews. Edited by J.F. Merritt, G.L.
Kirkland, Jr., and R.K. Rose. Special Publication of Carnegie
Museum No. 18. pp. 57–66.

Siepel, H. 1994. Life-history tactics of soil microarthropods. Biol.
Fertil. Soils, 18: 263–278.

Sih, A., Crowley, P., McPeek, M., Petranka, J., and Strohmeier, K.
1985. Predation, competition, and prey communities: a review
of field experiments. Annu. Rev. Ecol. Syst. 16: 269–311.

Skubala, P., and Klys, G. 2002. Oribatid fauna (Acari: Oribatida)
in the mine underground workings. In Postepy polskiej akarolo-
gii. Edited by S. Ignatowicz. Wydawnictwo SGGW, Warszawa,
Polska. pp. 203–212.

Storch, D., and Frynta, D. 1999. Evolution of habitat selection: sto-
chastic acquisition of cognitive clues? Evol. Ecol. 13: 591–600.

Strandtmann, R.W., and Prasse, J. 1976. Prostigmatic mites from
the experimental farm in Etzdorf/Saalkreis. Abh. Ber. Natkdmus.
Goerlitz, 50(2): 1–33.

Striganova, B.R. 1996. Adaptive strategies of colonization of the
soil stratum by animals. Eurasian Soil Sci. 29(6): 643–650.

© 2004 NRC Canada

Ducarme et al. 849



Subias, L.S., and Gil-Martín, J. 1997. Systematic and biogeogra-
phic checklist of oribatids from Western Mediterranean (Acari,
Oribatida). Ann. Mus. Civ. Stor. Nat. “Giacomo Doria”, 91:
459–498.

Tercafs, R., and Henry, V. 1999. Quantifying scale-dependent ef-
fects of cave-dweller movements with connectivity models.
Mem. Biospeol. 26: 117–122.

Thibaud, J.-M. 1967. Structure et régression de l’appareil visuel
chez les Hypogastruridae. Ann. Speleol. 22: 407–416.

Thibaud, J.-M. 1970. Biologie et écologie des collemboles
Hypogastruridae édaphiques et cavernicoles. Mem. Mus. Natl.
Hist. Nat. Ser. A Zool. 61(3): 81–201.

Vannier, G. 1973. Originalité des conditions de vie dans le sol due
à la présence de l’eau: importance thermodynamique et bio-
logique de la porosphère. Ann. Soc. R. Zool. Belg. 103(1): 157–
167.

Vannier, G. 1976. Principaux modes d’étude de la balance hydrique
chez les acariens. Acarologia, 18(1): 3–19.

Vannier, G. 1987. The porosphere as an ecological medium empha-
sized in Professor Ghilarov’s work on soil animal adaptations.
Biol. Fertil. Soils, 3: 39–44.

Vannier, G., and Thibaud, J.-M. 1978. Réduction ou perte totale de
la capacité de régulation hydrique chez des espèces de collem-
boles cavernicoles appartenant à la famille des Tomoceridae.
Bull. Soc. Ecophysiol. 3(2): 124–126.

Villani, M.G., Alle, L.L., Diaz, A., and Robbins, P.S. 1999. Adap-
tive strategies of edaphic arthropods. Annu. Rev. Entomol. 44:
233–256.

Vreeken-Buijs, M.J., Hassink, J., and Brussaard, L. 1998. Relation-
ships of soil microarthropod biomass with organic matter and
pore size distribution in soils under different land use. Soil Biol.
Biochem. 30(1): 97–106.

Wallwork, J.A. 1970. Ecology of soil animals. McGraw-Hill, Lon-
don.

Walter, D.E. 1988. Predation and mycophagy by Endeostigmatid
mites (Acariformes: Prostigmata). Exp. Appl. Acarol. 4: 159–
166.

Walter, D.E. 2001. Endemism and cryptogenesis in “segemented”
mites: a review of Australian Alicorhagiidae, Terpnacaridae,
Oehserchestidae and Grandjeanicidae (Acari: Sarcoptiformes).
Aust. J. Entomol. 40: 207–218.

Walter, D.E., and Proctor, H.C. 1999. Mites. Ecology, evolution
and behaviour. CABI Publishing, Wallingford, UK.

Wauthy, G. 1982. Synecology of forest soil oribatid mites in Bel-
gium (Acari, Oribatida). III. Ecological groups. Acta Oecol.
Oecol. Gen. 3(4): 469–494.

Weigmann, G., and Kratz, W. 1981. Die deutschen Hornmil-
benarten und ihre ökologische Charakteristik. Zool. Beitr. 27:
459–489.

Westbrook, J.K., Spurgeon, D.W., Eyster, R.S., and Schleider, P.G.
2003. Emergence of overwintered boll weevils (Coleoptera:
Curculionidae) in relation to microclimatic factors. Environ.
Entomol. 32(1): 133–140.

Wolff, J.O., and Dueser, R.D. 1986. Non-competitive coexistence
between Peromyscus species and Clethrionomys gapperi. Can.
Field-Nat. 100: 186–191.

Zacharda, M. 1979. The evaluation of the morphological characters
in Rhagidiidae. In Recent advances in Acarology II. Edited by
J.G. Rodriguez. Academic Press, New York. pp. 509–514.

Zacharda, M. 1980. Soil mites of the family Rhagidiidae
(Actinedida: Eupodoidea). Morphology, systematics, ecology.
Acta Univ. Carol. Biol. 1978: 489–785.

© 2004 NRC Canada

850 Can. J. Zool. Vol. 82, 2004


