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ABSTRACT

The distribution of three species of pseudoscorpions, found
under the bark of blue gum Eucalyptus globulus, is closely corre-
lated with the presence of three species of ants. Marachernes bel-
lus is never found on trees without Anonychomyrma sp. near
foetens, and Protochelifer victorianus and Paraustrochernes victo-
rianus are more commonly found on trees with Technomyrmex
jocosus and/or Tapinoma minutum. The distribution of another
pseudoscorpion, Conicochernes sp., is not influenced by the pres-
ence of these ants. Observations of the behavior of these pseu-
doscorpions indicate that at least some species may be specialist
predators of ants.

INTRODUCTION

The nests of ants are host to an extraordinary diversity of insects
and other arthropods, among the most common being mites and
staphylinid beetles (e.g., H611dobler and Wilson 1990). Numerous
other species, that do not necessarily enter into the nests of ants,
also form apparently close associations with ants. The relation-
ships between these symbionts (sensu Kistner 1979) and their ant
hosts appear to cover the entire spectrum of ecological associations
(Kistner 1982, H611dobler and Wilson 1990). Some are mutualistic
(e.g., Pierce 1987), some parasitic (H611dobler and Wilson 1990),
while others, including many arachnids, are specialist predators
(e.g., Elgar 1993).

Several pseudoscorpion species from at least six genera are
thought to be myrmecophilous, although the nature of their rela-
tionships with ants has not been clarified. For example, H611dobler
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and Wilson (1990) report that the pseudoscorpions Pycnochernes
eidmanni Beier (now Americhernes eidmanni (Beier); see Harvey
1991) and Syndeipnochernes camponoti Beier prey on small syn-
oeketes present in the debris chambers of their hosts Atta and
Camponotus. The synoeketes are ignored by the ants, perhaps
because of their neutral odor, slow movement, small size, peculiar
shape, or a combination of these features (Kistner 1979). Other
pseudoscorpions are predators of the ants; for example, Paratem-
noides elongatus capture workers of Cephalotes atratus, which are
30 times their own mass. These pseudoscorpions forage coopera-
tively, which may enable them to capture their larger prey (Zeh and
Zeh 1990). Three other genera of pseudoscorpions, Marachernes,
Myrmochernes and Xenochernes may also be myrmecophilous
(Mahnert 1985, Harvey 1992).

The biology of Australian pseudoscorpions is poorly understood
(e.g., Harvey 1988), and despite their prevalence in the Australian
fauna, there have been remarkably few studies of their ecology
(Weygoldt 1969, Harvey 1988). Nevertheless, anecdotal evidence
indicates that at least one Australian pseudoscorpion, Marachernes
bellus Harvey, is associated with workers of the ant Anony-
chomyrma (= Iridomyrmex, see Shattuck 1992) sp. near foetans
Clark (Harvey 1992). This study describes the ecological associa-
tions between ants and several pseudoscorpion species from south-
ern Victoria, Australia.

METHODS

The study site is dry sclerophyl forest located adjacent to the
Otway Range State Forest, near the estuary of Separation Creek,
Victoria, Australia. The trunks of individual blue gums Eucalyptus
globulus globulus were censused up to a height of 1.8 meters from
January through March 1994. A tree was chosen arbitrarily, and the
following data were recorded: the species and number of any ants
present, % cover of simple and complex bark types, % overhead
cover, % undergrowth, and girth at approximately 1.4 m. Where a
tree had two or more trunks, the girth of each trunk was summed.
The tree was then inspected for the presence of pseudoscorpions
by removing all of the loose bark up to a height of approximately
1.8 meters. Each tree was searched for 30 minutes by two people.
Pseudoscorpions were identified either in the field or collected for
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later identification. Ants were collected for later identification, and
voucher specimens of both the pseudoscorpions and ants have been
deposited in the Western Australian Museum and the Australian
National Insect Collection respectively.

For the analysis, ant numbers were assigned to one of three cat-
egories, according to the number of ants of each species that were
observed in five minutes: few (less than five workers), some
(between 6 and 20 workers) or many (greater than 20 workers).
Most trees were also inspected for ants during the previous
evening. If the number of ants differed between the nocturnal and
diurnal inspection, the greatest estimate of ant numbers was cho-
sen, except in the case of ’none’ and ’many’, where ’few’ was cho-
sen. The numbers of pseudoscorpion offspring attached or adjacent
to their presumed mothers were not included in the statistical
analysis because they were not independent data values.

RESULTS AND DISCUSSION

A total of 34 trees, that ranged in girth from 0.40 to 4.99 m with
a mean of 1.64 m, was censused. The percentage cover of complex
bark on trees ranged from 10 to 100 percent, with a mean of
60.5%. Four taxa of pseudoscorpions were found under the bark of
E. globulus: Conicochernes sp., Marachernes bellus, Protochelifer
victorianus Beier, and Paraustrochernes victorianus Beier. They
are morphologically quite similar, with adult body lengths of 4.0
mm for Conicochernes sp., 2.7-3.3 mm for M. bellus, 2.7-3.0 mm
for Pr. victorianus and 3.0-4.0 mm for Pa. victorianus.

There were differences in the abundance of the pseudoscorpions
found on the 34 trees that were sampled: the most abundant were
Pa. victorianus and Conicochernes, with 1.3 (SD 1.9) and 1.3
(SD 2.8) individuals per tree respectively. Pr. victorianus and M.
bellus were less abundant, with 0.3 (SD 1.9) and 0.2 (SD 2.8)
individuals per tree respectively.

The ants present on the trees were dominated by three species:
Anonychomyrma sp. near foetans, Tapinoma minutum Mayr, and
Technomyrmex jocosus Forel. A few other species of ants were
seen occasionally and in very low numbers, and hence their abun-
dance was not recorded.

The presence of the three pseudoscorpion species on trees was
significantly associated with the presence of ants (Table 1). M. bellus
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was only found on trees with A. sp. near foetans, as originally sug-
gested by Harvey (1992). This association between M. bellus and
A. sp. near foetans appears to be obligate, since M. bellus was
never found on trees without ants. The survey also revealed two
other possibly myrmecophilous pseudoscorpions; both Pr. victori-
anus and Pa. victorianus were more likely to be found on trees
with Te. jocosus and/or Ta. minutum than trees without these ants.

The abundance of two pseudoscorpions, Pr. victorianus and Pa.
victorianus, was significantly associated with the abundance of Te.
jocosus and/or Ta. minutum (Fig. 1). An analysis of covariance,
with the main factor comprising three categories of ant abundance
and tree girth as the covariate, revealed that the numbers of both
Pa. victorianus and Pr. victorianus per tree were significantly
explained by the number of these ants (Pr. victorianus: F2,30
3.62, p 0.04; Pa. victorianus" F2,30 5.96, p 0.01) but not tree
girth (Pr. victorianus" F1,30 0.122, ns; Pa. victorianus" F1,30
0.187, ns). Interestingly, the numbers of Pa. victorianus per tree
increased linearly with ant abundance, but Pr. victorianus was
most abundant on trees with between 5 and 20 ants.

The abundance of M. bellus was not significantly affected by the
abundance of A. sp. near foetans (F2,30 1.517, p 0.236), but
was influenced by tree girth (F1,30 6.844, p 0.014). The appar-
ent dependence of M. bellus on the presence of A. sp. near foetens
is unlikely to be due to a relationship between the abundance of A.
sp. near foetens and the girth of trees because there was no differ-
ence in the girth of trees with or without ants (t 1.27: d.f 32:
p 0.21). There were no other significant correlations between the
numbers of pseudoscorpions per tree and any of the tree or vegeta-
tion variables that we measured.

These distributional associations between the pseudoscorpions
and ants suggest a direct relationship between the two taxa. How-
ever, patterns of this kind should be interpreted cautiously because
the association may arise as a result of the presence or absence of a
third party. For example, predators of pseudoscorpions may be
effectively excluded by ants thereby providing an enemy-free
space (e.g., Jeffries & Lawton 1984). Alternatively, prey species of
the pseudoscorpions may be obligate ant symbionts, or ants and
pseudoscorpions may respond similarly to some other, unknown
ecological factors.
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Table 1. The number of trees in which pseudoscorpions and ants
were present.
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Anonychomyrma sp. Ta. minutum and/or
nearfoetans Te. jocosus

Present Absent Present Absent

Protochelifer victorianus
Present 4 5 6 3
Absent 14 11 6 19
Fisher’s exact probability 0.70 0.04

Marachernes bellus
Present 5 0 2 3
Absent 13 16 10 19
Fisher’s exact probability 0.05 1.00

Paraustrochernes victorianus
Present 11 7 10 2
Absent 7 9 8 14
Fisher’s exact probability 0.49 0.01

Conicochernes sp.
Present 9 4 3 10
Absent 9 12 9 12
Fisher’s exact probability 0.17 0.29

[] Marachernes

[] Paraus trochernes
[] Protochelifer

< five six to tventy > tventy

Ant abundance

Fig. 1. The relationship between pseudoscorpion and ant abundance on individual
Eucalyptus globulus. Ant abundance refers to Anonychomyrma sp. near foetans for
Marachernes bellus, and Tapinoma minutum and/or Technomyrmex jocosus for
Paraustrochernes victorianus and Protochelifer victorianus.
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Although the number of Pa. victorianus found on trees was pos-
itively correlated with the abundance of Te. jocosus and/or Ta. min-
utum, the association between these species is most likely
facultative because Pa. victorianus also occurs on trees without
ants. There are several reasons why Pa. victorianus might benefit
from associating with these ants. The presence of the ants may cre-
ate a predator-free environment, and/or increase the abundance of
trophobionts, potential prey items. Additionally, the behavior of
the ants may directly benefit individual pseudoscorpions. Like ant
larvae, newly emerged protonymphs are vulnerable to dessication
and predation and thus may benefit from living in ant shelters.
Protonymphs found with a female Pa. victorianus were observed
being carried by workers that may have been Te. jocosus or Ta.
minutum. The workers carried the nymphs into a small hole in the
trunk, but ignored the adult. Although these nymphs may have
been prey of the ants, these observations raise the intriguing possi-
bility that the chemistry of the surface cuticle of the protonymphs
mimics that of the ant larvae (see H611dobler & Wilson 1990).

The pseudoscorpions that associate with ants are often capable
of surviving in close proximity to both large numbers of workers
and the nests. The compressed body of pseudoscorpions may allow
them to retreat into narrow crevices that are inaccessible to the
ants. However, it is not known whether the pseudoscorpions evade
attack from ants entirely by their secretive behavior, or whether
they also employ some form of chemical mimicry or defense.
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