
Summary. In West- and East-Malaysian lowland rain-
forests, three Pseudolasius spp. are found in trophobiotic
relationship with a total of eight scale insect species in six
genera feeding at the roots of plants. Intimate associations 
going beyond pure trophobiosis could be discovered with five
species of root mealybugs: Planococcoides sp., Maconelli-
coccus multipori (Takahashi) and three species of Rhizoecus.
All three Pseudolasius species carry their pseudococcids 
1. when disturbed, 2. during nest movements, and 3. to feed-
ing sites. Moreover, the Pseudolasius species under discus-
sion permanently keep adults and immature instars of their
mealybug partners within their nests.

Pseudolasius spp. are highly polydomous, which results
in an extremely decentralized colony structure. Numerous
small nest chambers were either widely distributed in the top
soil (Pseudolasius sp. 2 and sp. 3) or predominantly in small
decaying twigs (Pseudolasius sp.1). Pseudolasius sp. 1 and
Pseudolasius sp. 2 are polygynous. Of Pseudolasius sp. 3
we found only one queen, but polygyny is highly probable as
well. Mealybug-carrying or phoresis during mating flights
could not be observed. Nevertheless, Pseudolasius sp. 1 was
found associated with Rhizoecus sp. #21, being widely dis-
tributed in the humus layer from 600 m a.s.l. up to 1140 m
a.s.l. (at Mt. Kinabalu, Sabah, East-Malaysia). In 81.7% of
the nests, Rhizoecus sp. #21 was present. Preferences for
certain mealybug species were detected for Pseudolasius sp.
1, P. sp. 2 and P. sp. 3 in West-Malaysia as well. Conse-
quently the question arises how the simultaneous distribution
of both partners is achieved.

For the co-dispersal of Pseudolasius spp. and their pseu-
dococcids we suppose queen adoption and permanent colony
fission take place, possibly combined with claustral colony

foundation and the help of independently gained root tropho-
bionts.

Key words: Pseudolasius, mealybugs, symbiosis, pseudo-
coccids, trophobiosis.

Introduction

Trophobiosis is apparently one main reason for the evolu-
tionary success of both ant and hemipteran taxa. A great
majority of the phylogenetically most advanced ant sub-
families, Formicinae, Dolichoderinae, Pseudomyrmecinae,
and many Myrmicinae, attend trophobiotic hemipterans
(Hölldobler and Wilson, 1990). While in temperate zones
sternorrhynchous Aphidina are possibly the commonest part-
ners, in tropical and subtropical areas trophobionts are found
in a great variety of both sternorrhynchan and auchenor-
rhynchan taxa, including species of many families of Coc-
coidea, Psylloidea, Aleyrodoidea and Aphidoidea and many
cicadomorph and fulgoromorph Auchenorrhyncha. Even
some heteropterans possess trophobiotic life habits (Masch-
witz et al., 1987). 

Known already from the early Oligocene period in Baltic
amber, trophobiosis has developed independently many
times during evolution and still shows all stages of develop-
ment from very loose, facultative and non specific associa-
tions to highly coevolved specific and obligate partnerships.
In addition to defending their partners, ants have increasingly
manipulated their trophobionts in the course of evolution.
The most advanced symbioses between ants and homop-
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In this study we present data on the sociobiology of three
Pseudolasius species narrowly associated with five species
of root mealybugs and try to evaluate the intimacy of the
associations.

Material and methods

Study sites

The studies were conducted between 1997 and 2000 in a primary low-
land and lower montane rainforest of the Kinabalu National Park at
Poring Hot Springs, Sabah, East-Malaysia (6°04¢N, 116°42¢E) and in a
secondary lowland rainforest at Ulu Gombak, West-Malaysia (3°19¢N,
101°45¢E; 40 km north of Kuala Lumpur).

Hand collection was used for all recordings. Leaf-litter, humus layer,
and top soil were screened carefully for Pseudolasius nests and their
associated mealybugs. During these collections, all observations were
noted in detail. Voucher specimens will be deposited in the Natural
History Museum in Karlsruhe, Germany.

A partial “nest” was defined as an ant built soil chamber without
plant roots, including workers and brood or pseudococcids or alates or
queen in any combination.

A “pavilion” was defined as a flat shaped shelter built from soil by
Pseudolasius workers around pseudococcids present at roots.

The scale insects were identified to genus or species level. The
morphospecies numbers of the Natural History Museum in London
were used and these are marked with # (e.g. Rhizoecus sp. #21).
Voucher specimens are deposited in the Museum and will be described
in a forthcoming work on southern Asian species.

Recordings at Poring Hot Springs
a) Qualitative sampling of Pseudolasius along the “East-Ridge” of

Mt. Kinabalu between 600 m a.s.l. and 1520 m a.s.l.
b) Qualitative sampling on small spots (20 cm ¥ 20 cm) evenly distrib-

uted over an area of 200 m2 (plot 1) at 600 m a.s.l.
c) Quantitative sampling of nests of 1 m2 at 600 m a.s.l.

Recordings at Ulu Gombak
All samples were collected at c. 330 m a.s.l.
d) Qualitative sampling on small spots (20 cm ¥ 20 cm) evenly distrib-

uted over an area of 200 m2 (plot 2).
e) Young Macaranga trees were randomly pulled or dug out, then the

roots and surrounding top soil were carefully checked for Pseudo-
lasius and pseudococcids. The plants were identified to species
level.

f) Six areas (comprising a total of 215 m2) where Pseudolasius
occurred were screened in detail for Pseudolasius spp. and pseudo-
coccids. Plants totalling 138 specimens belonging to 13 families
were cautiously pulled or dug out and were identified to genus or
species level.

Field sampling focused on the intimacy of the Pseudolasius-mealybug
association, on the ant colony structure, and on feeding plants of the
mealybugs. Because of the short available time for this project it was not
possible to concentrate on detailed experimental analysis of the behav-
iour of Pseudolasius spp.. Thus, most of the results are based on field
and laboratory observations, and on few experiments. Further investi-
gations are planned to clarify the remaining questions.

Laboratory observations at Poring Hot Springs

Pseudolasius sp. 1 and associated mealybugs were kept in plastic boxes
(23 cm ¥ 20 cm ¥ 8 cm) including soil, leaf-litter, decaying dead 
wood and small transparent plastic pots with pea (Fabaceae) saplings.
The sapling roots reached out of the pot through openings at the base
and were accessible for ants and mealybugs. In case the Pseudolasius
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terans are achieved by Acropyga (Bünzli 1937, for reference
list see Johnson et al. in press), the “herdsmen” Dolichoderus
(Maschwitz and Hänel, 1985) and Tetraponera binghami
(Klein et al., 1992; formerly referred to as T. near attenuata
and T. PSW 80), which have evolved permanent trophobiotic
relationships no longer interrupted by the process of ant
colony reproduction. During colony fission or foundation,
workers or females transport their trophobiont partners in
their mandibles or on their bodies. Recent results suggest 
that phoresis may be involved in the co-dispersal of the 
plant ant Aphonomyrmex afer and its coccids as well (Gaume
et al., 2000). 

While many trophobiotic associations comprise epigeic
and arboreal life forms, apparently fewer subterraneous
trophobiotic systems are known to exist. Two famous exam-
ples of highly developed evolutionary stages of such sub-
terraneous associations are the formicine genera Acropyga
(Plagiolepidini) and some subgenera of Lasius (Lasiini),
which attend root pseudococcids and aphids. Young
Acropyga females are known to carry root mealybugs of the
subfamily Rhizoecinae in their mandibles during the nuptial
flight for subsequent colony foundation, a behaviour that
already existed in Miocene times 20 million years ago
(review in Johnson et al., in press). Furthermore, Acropyga
workers strongly manipulate their rhizoecine “cattle”,
keeping mealybugs permanently in their nests and carrying
them to new root feeding sites (Bünzli, 1937). In temperate
regions, Lasius (Cautolasius) flavus, Lasius (s. str.) alienus
and Lasius (s. str). niger keep aphid eggs in their nests during
the winter season. During their active spring and summer
phase they do not keep trophobiont partners in nest chambers
without roots. However, several Lasius species are known 
to transport their homopteran partners to productive root 
feeding sites (Nixon, 1951; Zwölfer, 1958; Pontin, 1960; 
Seifert, 1996).

All species of the palaeotropical formicine genus Pseu-
dolasius (Lasiini) are hypogeic so far as we know. They con-
vergently resemble Acropyga and especially subterraneous
Lasius spp. in colour and morphological characters, but are,
however, polymorphic. The sociobiology of Pseudolasius is
virtually unknown.

In total there are 68 species of Pseudolasius described, 
of which 52 are known from South East Asia (Bolton, 1995).
The geographical distribution of recent Pseudolasius species
is Australia and the Oriental and Ethiopian regions (Höll-
dobler and Wilson, 1990). Furthermore, the genus is known
from Oligocene amber in the Baltic region, northern Europe
(Hölldobler and Wilson, 1990). Zhenghui (1997) listed eight
recent Chinese Pseudolasius species of which the most nor-
thern record is reported from the subtropical region of
Szechwan 30°N115°E. Pseudolasius silvestrii Wheeler in
Indochina is reported to be found “commensal with Rhi-
zoecus terrestris Newstead (Homoptera: Pseudococcinae) 
on coffee plants” (Zhenghui, 1997). Sittigul et al. (2000)
reported Pseudolasius sp. to be associated with mealybugs
on longan fruit crops in northern Thailand, where tro-
phobiosis and the carrying of mealybugs by ant workers were
observed.
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nest was originally found in dead wood, it was transferred to the
laboratory as a whole. Honey water, tuna (in water), salt crackers, chop-
ped grasshoppers and termites were offered.

Every 24 h the present situation was checked and any changes (e.g.
nest movements) were recorded. Regular observations were made with
the use of a binocular microscope. Observations were noted and docu-
mented photographically. Mealybugs (n = 17) of a foreign Pseudolasius
sp. 1 colony were offered to two Pseudolasius sp. 1 laboratory nests and
the behaviour was observed.

Laboratory observations at Ulu Gombak

It was intended to observe the behaviour of Pseudolasius sp. 3 and their
associated mealybugs on the roots and in nest chambers. The bottom of
a plastic box (17 cm ¥ 17 cm ¥ 7.5 cm) was covered with densely
packed soil. Two glass plates (24 cm ¥ 19 cm, separated by 2.5 cm)
were fixed with transparent foil at their longer edges, placed vertically
in the plastic box and the cavity was filled with soil. Two saplings of
Macaranga triloba (root length 5 cm; without pseudococcids) were
planted in between the glass plates. Hence for ants the access to the
roots was only possible by digging runways or climbing upwards on the
smooth glass plates.

Soil containing a queen, workers and brood of Pseudolasius sp. 3
was distributed at the base of the plastic box. The ants aggregated to 
one nest in between the glass plates within 24 h. Afterwards, 20 mealy-
bugs (Planococcoides sp. #380) of a foreign Pseudolasius spp. colony,
presented on two Macaranga sp. root pieces, were placed in the plastic
box. For five days every 24 h the situation was checked and eventual
changes were recorded. 

For direct observation of the behaviour of Pseudolasius workers
towards foreign pseudococcids encountered in the soil, a small glass
tube was inserted into a visible cavity near the roots of the Macaranga
saplings. A total of eight Planococcoides sp.#380 was sent through this
tube. The behaviour of the ants and mealybugs was observed for three
hours and then every 24 h the present situation was checked. 

Results

Three species of Pseudolasius were discovered in narrow
association with root pseudococcids (Table 1): Pseudolasius
sp.1 at Poring Hot Springs and Pseudolasius sp. 1, P. sp. 2 and
P. sp. 3 at Ulu Gombak. Intimate associations with mealybugs
could be recorded (Table 2) and are presented here.

A. Poring Hot Springs

1. Pseudolasius sp. 1
Pseudolasius sp. 1 could be detected from 600 m to 1140 m
a.s.l. It was quite common up to 1000 m. 

A systematic check for nesting sites revealed that out of
60 partial nests of Pseudolasius sp. 1, 58.3% nested in 
small twigs (average: length = 5.6 cm, ∆ = 1.2 cm), that
were strongly decayed, nearly hollow and contained chambers
built by the ants from clay soil (“twig-nests”). Of the total
nests, 30% were present in the humus layer between pieces
of leaf-litter connected by chamber constructions of clay soil
(“humus-nests”). “Soil-nests” (11.7%) could be found to a
depth of 8.5 cm. Nevertheless, the preferred nesting and
foraging habitat was the humus layer; nearly all nests in the
twigs were situated there. “Twig-nests” and “humus-nests”
comprised 88.3% of all nests found. 

The size of the nesting chambers ranged from 0.5 cm to
2 cm in length, 0.1 cm to 0.9 cm in height and 0.2 cm to 
1 cm in depth. The number of workers in nest chambers
varied from two to 120 individuals (median: 18 ind.). 

Seven queens were found in a total of 104 nest samples.
Five of the queens were located in twig-nests, one in a soil-
nest and one in a humus-nest. One twig-nest contained two
queens and at another location, two twigs with one queen each,
were only 2.5 cm apart. The latter were found on an approx-
imate 1 m2 plot, on which we sampled a total of 20 nests of
Pseudolasius sp. 1 connected by numerous galleries. On plot
1 (Mat. and Meth. b) the nest sites were distributed diffusely
in the humus layer and are assumed to refer to one colony. 

Pseudolasius sp. 1 rarely fed on the offered honey water
and was never observed feeding on the alternative food re-
sources.

2. Ant-mealybug association
Rhizoecus sp. #21 was present in 81.7% of the Pseudolasius
nests. No other trophobiotic partners could be detected in
association with Pseudolasius sp. 1 at Poring. However, Pseu-
dolasius accepted Rhizoecus sp. #21 specimens from a
foreign Pseudolasius colony. 

Numerous immature instars and adults of Rhizoecus sp.
#21 were found in Pseudolasius nest chambers with or with-
out ant brood (Fig. 1). The ant workers steadily “patroled” the
chambers and tended brood and mealybugs. During dis-
turbance of nests or trophobiosis sites, the ants transported
brood and mealybugs to the nearest available hiding places.
Pseudococcids that were not removed by the ants imme-
diately, started to crawl towards hiding places themselves. 
After a few minutes (3–10 min) both brood and mealybugs
were carried from these preliminary sites by the workers and
transported to a secure place. 

In the humus layer, Rhizoecus sp. #21 specimens were
present on fine roots tended by Pseudolasius workers. The
trophobiosis sites were connected by numerous galleries and
these were quickly repaired by ant workers when destroyed
partially during nest survey.

During laboratory observation of 17 nests, 30 nest move-
ments could be recorded in two weeks. 

3. Pseudococcids and food plants
Specimens of Rhizoecus sp. #21 are shiny white and easy to
discover. Their legs are well developed and immature instars
and adults were able to move freely in the nest or humus
layer, but they were never found without Pseudolasius
workers nearby. 

Rhizoecus sp. #21 is oviparous and in the laboratory, egg
laying was observed several times inside Pseudolasius nest
chambers. First-instar mealybugs seem to hatch during the
first 24 h, and these and possibly later instars were seen
riding on large adult females.

Unfortunately it was very difficult and too time con-
suming to follow the tiny roots of the humus layer to establish
the precise food plants of Rhizoecus sp. #21. In the labora-
tory Rhizoecus sp. #21 fed on the roots of reared pea (Faba-
ceae) saplings.
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Table 1. Ant species and associated root-mealybugs recorded at Poring and Ulu Gombak. Ass. = associated; * = the species was found inside the nests
of the corresponding Pseudolasius spp.

Ant species Poring Gombak

Ass. mealybug spp. Ass. mealybug spp. Mealybugs at the roots of:

Pseudolasius sp.1 Rhizoecus sp. #21 Rhizoecus sp. 1* Macaranga sp.
Rhizoecus sp. 2*

Planococcoides sp. #380* Macaranga triloba
Maconellicoccus multipori (Takahashi)

Pseudolasius sp.2 Planococcoides sp. #380* Macaranga triloba
Sapium baccatum

Maconellicoccus multipori (Takahashi) Macaranga triloba
Geococcus sp. #437

Pseudolasius sp.3 Planococcoides sp. #380* Macaranga triloba
Sapium baccatum

Maconellicoccus multipori (Takahashi)* Macaranga conifera
Endospermum diademum
Macaranga triloba

Geococcus sp. #437 Macaranga triloba
Paraputo sp. #14 Gigantochloa scortechinii
?Drosicha sp. Macaranga conifera

Camponotus sp. Maconellicoccus multipori (Takahashi) Macaranga triloba
Crematogaster sp. Planococcoides sp. #380 Macaranga triloba
Paratrechina sp. Maconellicoccus multipori (Takahashi) Macaranga hypoleuca
Pheidole sp. Planococcoides sp. #380 Macaranga hullettii

Site Poring Gombak

Pseudolasius species sp. 1 sp. 1 sp. 2 sp. 3

Building of nest chambers made of X X X X
humid clay soil

Digging of runways in topsoil and X X X X
humus

Building soil pavilions around X X X
mealybugs at roots

Mealybug-carrying caused by X X X X
disturbance

Mealybug-carrying during nest X X X
movement

Mealybug-carrying to suitable roots X

Trophobiosis with its mealybugs X X

Mealybug tending in Pseudolasius X X X X
nest chambers with ant brood

Mealybug tending in Pseudolasius X X X X
nest chambers without ant brood

Table 2. Qualitative summary of
the observed behaviour of Pseudo-
lasius spp. and their associated 
mealybugs at Poring and Ulu 
Gombak

B. Ulu Gombak

In this area Pseudolasius sp. 1, sp. 2 and sp. 3 occurred sym-
patrically. No interactions were observed.

1.1. Pseudolasius sp. 3
The survey on plot 2 (Mat. and Meth. d) revealed the follow-
ing results: all nests of Pseudolasius sp. 3 were found in the

top soil exclusively, with the majority in the upper 20 cm.
Many small nesting chambers (∆ 2.5 cm in average) were
distributed diffusely in the ground layer and were connected
by numerous galleries. The nesting chambers were present
near the roots of their mealybug food plants (Table 1) as well
as in the soil between the food plants without roots in any
direct vicinity. Galleries or pavilions, which were partially
destroyed during nest survey, were quickly repaired by



Pseudolasius workers. We found only one queen of Pseudo-
lasius sp. 3.

1.2. Ant-mealybug association
Pseudolasius sp. 3 was associated with four pseudococcid
species: Planococcoides sp. #380, Maconellicoccus multi-
pori (Takahashi), Paraputo sp. #14, and Geococcus sp. #437
and with one other scale insect species ?Drosicha sp.
(Margarodidae; Table 1). Paraputo sp. #14, Geococcus sp.
#437 and ?Drosicha sp. were found with Pseudolasius sp. 3
at the roots only. Adults and immature instars of Plano-
coccoides sp. #380 and M. multipori were found together
with ant workers exclusively or together with brood in nest
chambers. During any disturbance of nests or pavilions, mea-
lybugs and brood were transported by Pseudolasius workers
into top soil galleries or other pavilions. Mealybugs that were
not removed by the ants immediately, started to crawl towards
hiding places themselves. Most of the mealybugs remained
on the fine roots covered by Pseudolasius-built pavilions and
were tended by ant workers.

In the laboratory Pseudolasius sp. 3 and its mealybugs
could be observed in the nest and at the feeding sites. After
workers, queen and brood had been dispersed in the plastic
box in the beginning, they aggregated to one nest below the
Macaranga sapling in between the glass plates. They got
access into the cavity by digging tiny runways, in which they
were observed foraging as well as in the plastic box itself.
During the observation time (14 days) six nest movements
were observed. The average diameter of the nest chambers
was 2.5 cm.

Twenty specimens of Planococcoides sp. #380 offered in
the plastic box crawled to hiding places and remained there.
After two days all mealybugs had vanished from these places.
Two of the mealybugs could be seen on the roots of the
Macaranga sapling tended by Pseudolasius workers. Thus
specimens of Planococcoides sp. #380 had to overcome a
distance of c. 20 cm through densely packed soil. As we
could not observe all parts of the roots there may have been
more trophobiosis sites with the remaining mealybugs.

Eight mealybugs were introduced into a soil cavity
through a glass tube and were found by the ant workers. At
first the workers tended the mealybugs very carefully, but
accepted them after a short while. Five mealybugs were
carried by Pseudolasius workers to the roots of Macaranga
triloba and placed there. The mealybugs thus delivered crawl-
ed along the root a short distance, settled, started sucking,
and were consequently tended by the ants. Trophobiosis
could be observed. Finally the ant workers covered all the
feeding sites with soil pavilions.

1.3. Scale insects and food plants
Three mealybug species (Planococcoides sp. #380, Maco-
nellicoccus multipori (Takahashi), and Geococcus sp. #437)
and one species of Margarodidae (?Drosicha sp.) were found
to be associated with Pseudolasius sp. 3 on roots of Euphor-
biaceae. Planococcoides sp. #380 and M. multipori were pre-
dominant (at seven sites with high abundance) while Geo-
coccus sp. #437 and ?Drosicha sp. were found only once. 
The fifth species, Paraputo sp. #14, was associated with
Pseudolasius sp. 3 on the roots of Poaceae (bamboo; Gigan-
tochloa scortechinii). 
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Figure 1. Two “twig nests” of Pseu-
dolasius sp. 1. 1) Rhizoecus sp. #21
are tended by Pseudolasius workers.
2) a queen (A) of Pseudolasius sp. 1
with its brood (B), workers, and
Rhizoecus sp. #21 (C) specimens



3.2. Ant-mealybug association
At Gombak Pseudolasius sp. 1 was found associated with
Rhizoecus sp.1, Rhizoecus sp. 2 and Planococcoides sp. #380
Workers of Pseudolasius sp. 1 were found together with their
mealybugs in pavilions on Macaranga roots and trophobiosis
was observed several times. In Pseudolasius nest chambers
immature instars and adults of all three mealybug species
were kept with or without brood. During disturbance of nests
or trophobiosis sites the ants transported brood and mealy-
bugs to the nearest available hiding places.

3.3. Pseudococcids and food plants
Three pseudococcid species (Rhizoecus sp. 1, Rhizoecus sp. 2
and Planococcoides sp. #380) were associated with Pseu-
dolasius sp. 1 on Macaranga spp. (Euphorbiaceae; Table 1).
They were found in pavilions at the roots, which frequently
showed irregular gall swellings.

Plant preferences

In six areas (total of 215 m2), in which Pseudolasius spp.
occurred, 138 plants were cautiously pulled or dug out and
checked for Pseudolasius spp. and mealybugs. The plants
belonged to 13 families (Table 3). At the roots of 120 plants
out of twelve families neither Pseudolasius spp. nor pseu-
dococcids could be detected. The remaining 18 plants 
belong to the family Euphorbiaceae. On nine plants (five
species and three genera) Pseudolasius spp. and its mealy-
bugs occurred at the roots. Planococcoides sp. #380 and 
Maconellicoccus multipori obviously caused typical irreg-
ular root swelling and galls, at which they were found 
within pavilions.

Additional observations on other root pseudococcid 
tending ants 

While studying the roots of 138 young trees (see above) for
Pseudolasius spp. at Gombak, five ant species belonging to
five genera were observed in trophobiotic relationships with
root mealybugs on different species of Macaranga (Table 1).
Proatta butelli (Myrmicinae) was found on roots in the direct
vicinity to Pseudolasius sp. 2, building pavilions made of
clay soil and pieces of insect cuticle around mealybugs.
Crematogaster sp. (Myrmicinae) built soil pavilions for their
associated root mealybugs and Camponotus sp., Paratrechi-
na sp. (Formicinae) and Pheidole sp. (Myrmicinae) were
observed at the roots tending mealybugs. These results show
that ant root-mealybug associations in tropical regions are
more common than observations of previous studies suggest.

Discussion 

The following behavioural traits of the Pseudolasius spp.-
pseudococcid partnership can be stated:
a) The three species of Pseudolasius investigated were
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Adults as well as immatures of the associated species
possessed well developed legs and moved freely between top
soil spaces and along roots. 

2.1. Pseudolasius sp. 2
All nests of Pseudolasius sp. 2 were found exclusively in the
top soil. The nest distribution is similar to that of Pseudola-
sius sp. 3.: numerous small chambers (containing max. 20
workers) were connected by tiny galleries (∆ c. 2 mm) and
distributed diffusely in an area of c. 200 m2 (plot 2) of their
mealybug food plants (Table 1). Galleries or pavilions, which
were partially destroyed during nest survey, were quickly
repaired by Pseudolasius workers. 

At three sites (2–5 m apart) in plot 2 we found ten
queens in typical small soil chambers near the ground
surface and to a depth of 20 cm. At one site five queens were
discovered in separate chambers underneath a small Maca-
ranga triloba tree. 

2.2. Ant-mealybug association
Pseudolasius sp. 2 was associated with three mealybug spe-
cies: Planococcoides sp. #380, Maconellicoccus multipori
(Takahashi), and Geococcus sp. #437 (Table 1). Individuals
of Planococcoides sp. #380 were found with Pseudolasius
sp. 2 workers exclusively or with brood in nest chambers.
Maconellicoccus multipori and Geococcus sp. #437 were
found with Pseudolasius sp. 2 at the roots only. The mealy-
bugs were mainly situated at the roots inside small, flat pa-
vilions constructed by Pseudolasius workers, but they were
able to move freely between the nests or any spaces in the top
soil and along roots. During any disturbance of pavilions or
nests, mealybugs and brood were transported by Pseudola-
sius workers into top soil galleries or other pavilions. Mealy-
bugs that were not removed by the ants immediately, started
to crawl towards hiding places themselves.

2.3. Pseudococcids and feeding plants
The three pseudococcid species were found to be associated
with Pseudolasius sp. 2 on Euphorbiaceae, but Planococ-
coides sp. #380, and Maconellicoccus multipori were pre-
dominant (at four sites with high abundance) while Geococ-
cus sp. #437 was found only once. Planococcoides sp. #380
often settled in pavilions at the roots, which frequently showed
irregular root gall swellings.

3.1. Pseudolasius sp. 1
Pseudolasius sp. 1 (being common at Poring) was the only
species recorded at both study sites, Poring and Gombak, but
was rare compared to sp. 2 and sp. 3 at Gombak. It showed
similar nesting habits as described for Poring. Five “twig-
nests” and three “humus-nests” were found in the humus
layer, and one “soil-nest” was found under a small piece of
decaying wood near the humus layer. Between the leaf-litter
and inside small decaying twigs, Pseudolasius workers had
constructed tiny chambers made of clay soil. Nest size range
was similar to the one documented in Poring. The ant workers
built flat clay soil pavilions around their associated mealy-
bugs. Galleries or pavilions, which were partially destroyed
during nest survey, were quickly repaired.



found in trophobiotic relationship with a total of eight-
scale insect species belonging to six genera (Table 1).
Thus, no specificity was observed, but nevertheless, pre-
ferences can be assumed. At Poring Pseudolasius sp. 1
was found only with Rhizoecus sp. #21 and at Gombak
three mealybug species were found inside Pseudolasius
sp.1 nests, one mealybug species in nests of Pseudo-
lasius sp. 2 and two species in nests of Pseudolasius sp. 3
(Table 1).

b) Adults and instars of the preferred mealybug species
were found inside Pseudolasius spp. nest chambers with
and without ant brood. Even egg laying of Rhizoecus sp.
#21 could be observed several times inside Pseudolasius
sp. 1 nests. 

c) All three Pseudolasius species discussed here show mea-
lybug-carrying behaviour in several situations: 1. during
disturbance, 2. during nest movements and 3. to feeding
sites. The latter could be observed directly in Pseudo-
lasius sp. 3 only, but it is assumed for Pseudolasius sp. 1
and sp. 2 also.

d) The Pseudolasius species build flat soil pavilions around
their mealybug feeding sites and tend their trophobiosis
partners.

The following traits of the Pseudolasius spp. sociobiology
and colony structure can be stated:

a) Pseudolasius sp. 1 inhabits mainly twig-nests and humus-
nests in the humus layer; it was rarely found in soil-nests as
well. Pseudolasius sp. 2 and P. sp. 3 inhabit soil-nests only.

b) Pseudolasius sp. 1, P. sp. 2 and P. sp. 3 seem to have an
extraordinarily decentralized colony structure.There is no
sign of the existence of a central nest chamber. Small nest
sizes were typical and could be detected at all investiga-
tion sites. Even all the queens sampled were found in
small nest chambers.

c) Pseudolasius sp. 1 and Pseudolasius sp. 2 are polygy-
nous. Although we found only one queen, polygyny is
probable for Pseudolasius sp. 3 as well.

d) Nest movements could be observed frequently in all
Pseudolasius species. They could be initiated easily by
drought or disturbance (pers. obs.). 

Trophobiosis and the carrying of homopterans to suitable
feeding sites are common traits in the behaviour of epigeic
ant species (Dorow and Maschwitz, 1990). In contrast, the
carrying of root aphids and root mealybugs to suitable
feeding sites by hypogeic ant species was only known for
Acropyga spp., Lasius alienus (Lasius niger var. americanus
auct.), Lasius flavus and Lasius niger so far (Nixon, 1951;
Zwölfer, 1958; Williams, 1998; Johnson et al., in press). We
observed this behaviour in Pseudolasius spp. also. The three
hypogeic Pseudolasius species discussed here strongly mani-
pulate their root pseudococcids, even more than hypogeic
Lasius species, but not as intense as it is known from hypo-
geic Acropyga (Bünzli, 1937; Buschinger et al., 1987), and
epigeic herdsman Dolichoderus (Maschwitz and Hänel,
1985) and Tetraponera binghami Forel (Klein et al., 1992).

Other than Lasius, Pseudolasius species permanently
keep mealybugs within their nest chambers without any
roots, a subterranean behaviour only recorded for Acropyga.
From these “depots” mealybugs can be taken for coloniza-
tion to new host plant roots. In temperate zones it is known
that Lasius flavus and Lasius alienus store eggs of their asso-
ciated root aphids in nest chambers during the winter season.
In spring, the ant workers carry the first instars to root feed-
ing sites (Forbes, 1894; Webster, 1907; Lubbock, 1915). No
permanent storage of immature instars or adults in nest
chambers has been observed so far. Apart from Acropyga,
Pseudolasius seems to be the only other genus known to keep
root mealybugs (or aphids) of all stages in their nesting
chambers isolated from roots throughout the year. 
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Plant families No. of No. of individuals No. of individuals
species without mealybugs with mealybugs

Arecaceae 1 4 0
Cyperaceae 1 6 0
Dipterocarpaceae 1 7 0
Euphorbiaceae 6 9 9

Endospermum diademum 1 2
Macaranga conifera 1 1
Macaranga hullettii 0 1
Macaranga hypoleuca 1 0
Macaranga triloba 6 4
Sapium baccatum 0 1

Fabaceae 1 4 0
Gleicheniaceae 1 10 0
Melastomataceae 2 54 0
Moraceae 1 9 0
Pedaliaceae 1 3 0
Piperaceae 1 9 0
Rosaceae 1 7 0
Rubiaceae 2 5 0
Zingiberaceae 1 2 0

Table 3. Plant families, species and
individual numbers studied for root
mealybugs and Pseudolasius spp. 
in Ulu Gombak (including Euphor-
biaceae species with and without
mealybugs)



species seem to depend on habitat and unknown ecological
advantages.

The decentralized structure (see below) of the colonies,
their polygyny and their preferences for mealybug species,
almost necessarily lead to the assumption of queen adoption
as in Acropyga paramaribensis (see above) and permanent
colony fissions as found in other polygynous ants like For-
mica sensu stricto, Monomorium pharaonis and others
(Hölldobler and Wilson, 1990). We found no indication of
copulation of young queens in nests. Thus we can suppose
permanent mealybug transmission in the course of sub-
sequent colony fissions in the soil, possibly combined with
claustral colony foundation with the help of independently
gained root trophobionts. Future investigations of population
genetics of Pseudolasius and of colony structures are re-
quired to test this hypothesis. 

The food plants of the pseudococcids are the third “part-
ner” of the discussed association. Besides the occurrence 
of suitable pseudococcids for Pseudolasius spp., the occur-
rence and abundance of mealybug food plants is an impor-
tant limiting factor for the distribution of the Pseudolasius-
pseudococcids partnership. Thus the specialization of the
mealybugs on certain plants is an important question. In
Poring it was not possible to follow the tiny roots in the
humus layer to their specific plants, but due to the wide distrib-
ution and high abundance of the association of Pseudolasius
sp. 1 and Rhizoecus sp. #21 we assume it is not specialized on
a single plant genus or family. Pleophagy (feeding on several
related plant families) or polyphagy (feeding on more than
13 dicotyledonous and monocotyledonous families; Zwölfer,
1958) is possible. We shall try in future to detect the food
plants of Rhizoecus sp. #21 and the distribution of Pseudo-
lasius sp. 1 outside the primary forest of Poring.

In Gombak we checked 138 plants of 13 plant families 
for root mealybugs and Pseudolasius spp.. We found six of
seven mealybug species only at the roots of Euphorbiaceae
(Table 3). The remaining Paraputo sp. #14 was found only
once on roots of Poaceae (Gigantochloa scortechinii). With
regard to the high number of Malaysian plant families the
preference for Euphorbiaceae has to be interpreted carefully.
Especially because Maconellicoccus multiplori is known on
a wider variety of plants (Williams, 1996). Therefore pleo-
phagy or polyphagy may also be possible for the investigated
mealybug species at Gombak. Nevertheless, our Pseudo-
lasius samples were restricted to two plant families in the
area studied.

The dense but widespread nest distribution in the top soil
or humus layer, the prominent digging and construction
behaviour, and the frequent nest moving (Table 2) demon-
strate an extremely flexible and decentralized colony struc-
ture of the Pseudolasius spp. This flexibility might be ap-
propriate to enable the colony to adapt easily to changing
internal requirements (e.g. increasing need of food during
production of alates) and external influences (e.g. changing
food supply or changing abiotic conditions of the ground
layer). The latter assumption results from our observations
during the drought (El Nino) in 1998. First we could find no
nests of Pseudolasius sp. 1 in small twigs or between pieces
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We found Pseudolasius sp. 1 and sp. 2 to be polygynous
and it is assumed that Pseudolasius sp. 3 is also polygynous.
We still do not know whether polygyny is established by
pleometrosis, by adoption of their own or alien queens after
the nuptial flight, or by copulation of young queens in nests.
Suggestions can be made regarding the polygynous Acro-
pyga (Rhizomyrma) paramaribensis investigated by Bünzli
(1937). A. paramaribensis shows a diffuse and wide distrib-
ution of small partial nests in the top soil of coffee planta-
tions in Surinam, which is strikingly similar to the nest
distribution described for Pseudolasius spp. of this study.
Bünzli observed the mating flight of polygynous Acropyga
(Rhizomyrma) paramaribensis and found that most of the
young queens landed on territories of established colonies
and were included there. Pleometrosis was observed in
independent founding queens as well. They accumulated 
(2–5 individuals) in small cavities at or near suitable roots,
so that their rhizoecine mealybugs, carried along during 
the mating flight, could start to feed immediately. This
mealybug-carrying behaviour of young queens of A. para-
maribensis and other Acropyga spp. is well documented
(Buschinger et al., 1987; Johnson et al., in press). It is known
as well from the South East Asian Tetraponera binghami.
These ants keep their specific trophobionts (Chaetococcus
sp.; now known to be Kermicus) very tightly and permanent-
ly in their mandibles for several days (Klein et al., 1992).
Unfortunately we could not observe a mating flight of one of
the Pseudolasius species investigated, but we caught ten
queens of an unknown Pseudolasius sp. during at least four
nocturnal mating flights. Mealybug carrying could not be
detected. Forel (1913) pointed out that nearly all Pseudo-
lasius samples collected in South East Asia were derived
from light captures during mating flights (e.g. Forel, 1901,
1913; Viehmeyer, 1916). None of these early references and
identification keys contain any note that female alates of
Pseudolasius carried mealybugs. Mealybug carrying is such
a peculiar and obvious behaviour, even documented in two
fossil miocene Acropyga species preserved in amber (John-
son et al., in press), that it is assumed that Pseudolasius
species do not co-disperse with their associated mealybugs
during mating flight.

Altogether eight scale insect species were found in
trophobiotic partnership with Pseudolasius spp. during the
present studies. Nevertheless, Pseudolasius sp. 1, sp. 2 and
sp. 3 were found to be preferably associated with one mealy-
bug species at Poring and one to three species at Gombak
within their nests (Table 1). Regarding especially the widely
distributed (600 m–1140 m a.s.l.) association of Pseudo-
lasius sp. 1 and Rhizoecus sp. #21 at Poring, the question
arises how the common distribution of these narrowly asso-
ciated partners can be achieved. If mealybug-carrying by
founding queens can be excluded, only two possibilities
remain: 1) Rhizoecus sp. is very common and easy to 
locate for founding queens or 2) both, Pseudolasius and
Rhizoecus, are mainly distributed by colony fission. Howe-
ver, Pseudolasius sp. 1 is not specialized and is associated
with several pseudococcid species belonging to widely 
different mealybug genera. The preferences for certain



of leaf-litter. Our nest recordings were restricted to a few
larger, wooden pieces (n = 5; length: 15– 45 cm, average ∆:
4.7 cm) with sufficient humidity, including many nest
chambers built of clay soil. Numerous mealybugs were found
“stored” in nest chambers or apparently feeding at the roots
reaching inside the branch or in its direct vicinity. Only after
the start of regular rainfall small nests could be increasingly
detected again. Levings and Windsor (1984) demonstrated
that watering is significantly changing the physical environ-
ment of the leaf-litter and found a positive correlation of
humidity for instance on the abundance of homopterans and
ants. Dry conditions of the humus layer may result in a
decreasing food supply due to the increasing drying out of
the fine root system or in directly affecting the mealybugs
themselves. The subsequent reduction of honeydew produc-
tion will be noticed by the tending Pseudolasius ant workers.
Moreover, the brood of Pseudolasius sp. 1, stored in small
“humus-nests” or weak decaying “twig-nests”, will be af-
fected too. Consequently transport by ant workers of both
brood and mealybugs to more suitable sites will result.
Bünzli (1937) pointed out that drought of the top soil caused
by direct sun radiation and wind is responsible for vertical
nest movements of Acropyga paramaribensis deeper into 
the soil. The ability to react to worsening conditions for their
trophobiont partners by transporting them to more suitable
root sites is also known in the hypogeic species of Lasius and
Acropyga (Nixon, 1951; Johnson et al., in press). Altogether,
the flexible and decentralized nest structure seems to be a
successful ecological strategy and the central aspect of the
symbiosis of Pseudolasius species and their mealybugs. We
assume it to be the basis of permanent trophobiont transfer
from one colony generation to the next. 
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