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Abstract. Social behavior is rare among arachnids, and
“permanent-sociality” is a strategy documented only in a
few spider species. Here we describe the feeding and
dispersal behavior of Paratemnoides nidificator, a Neo-
tropical pseudoscorpion presenting “non-territorial per-
manent-sociality”. Field and laboratory observations
(100 hours and 200 sessions over four years) and
manipulative experiments revealed that P. nidificator is
a generalist predator that lives in rough bark of trees, in
groups of 2 to 175 individuals (42.62 � 28.27; N=35
colonies; solitary individuals were never found), includ-
ing reproductive adults and nymphs. Individuals in groups
cooperatively capture prey four times larger than solitary
individuals. Adult hunters share food with siblings.
Reproduction in natural conditions occurs during the
hot/wet season, when food availability is high. Prey
diversity and abundance seem to be the main factor
limiting reproduction in this species. Phoresy (attachment
to a transporter animal) is the basic mode of dispersion in
P. nidificator. Grouped individuals use large animals as
vectors for dispersal, and once established they use the
vector as the first food item of the new colony. However,
they can also disperse by colony fission, newly docu-
mented herein for this taxon. The elaborate, cooperative
behavior in P. nidificator is unique among pseudoscor-
pions and represents an excellent model for studies on the
evolution of sociality in invertebrates.
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Introduction

Pseudoscorpions are small arachnids living below litter,
stones, tree bark, inside dead tree trunks, caves and other
similar habitats (Weygoldt, 1969; Harvey, 1986). Most
studies of this group focus on taxonomy and distribution,
and the group presently includes 3240 recognized species,
425 genera and 24 families (Harvey, 2002). Despite their
abundance in nature, there are few studies about their
biology, ecology and natural history, probably due to their
small size and furtive habits (e.g. Levi, 1948; Harvey,
1986; Muchmore, 1990). Pseudoscorpions prey on ani-
mals generally smaller than themselves, with feeding and
hunting behaviors that vary depending on the chelicera
morphology and presence of poison glands (e.g. Feio,
1945; Gilbert, 1951; Weygoldt, 1969; Andrade and
Gnaspini, 2002).

Dispersion and colonization of new habitats is difficult
because of the small size of these arachnids (2 – 8 mm).
However, several species engage in phoresy, a dispersion
process by which the phoretic (dispersing animal) attach-
es itself to the body of a vector (transporter animal). This
behavior is known in at least ten pseudoscorpion families
worldwide (Weygoldt, 1969; Piomar et al. , 1998). The
most recent study reviewing phoresy in pseudoscorpions
suggests advantages and disadvantages of this behavior,
and points to Diptera, Lepidoptera and Coleoptera as
main vectors (Piomar et al. , 1998). Information about
vector-phoretic specificity and benefits to the transporter
are rare. Zeh and Zeh (1997) described a complex
interaction between the pseudoscorpion Cordylochernes
scorpioides and its vector, the beetle Acrocinus longi-ACHTUNGTRENNUNGmanus, reporting interference of phoresy with sexual
selection mechanisms, reproduction and ecology of the
arachnid. Concerning this same species, Santos et al.
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(2005) suggested that pseudoscorpions can bring benefits
to the vector through predation upon parasitic mites.

The pseudoscorpions of Neotropical regions, and
especially those from Brazil, are practically unknown in
terms of their biology, ecology, behavior and natural
history. The studies in Brazil, conducted in the Amazon
forest, concern mainly taxonomy and phoresy, (e.g. Adis
and Mahnert, 1985; Aguiar and B�hrnheim, 1998).
Generally, pseudoscorpions are solitary animals, but
there are a few social species (Weygoldt, 1969). Recently,
Tizo-Pedroso and Del-Claro (2005) described social
behavior in Paratemnoides nidificator (Atemnidae), a
species from the Brazilian tropical savanna (Cerrado),
which included cooperative hunting and elaborate paren-
tal care. They suggested matriphagy as an important step
toward the evolution of social behavior in arachnids. Due
to its abundance in savanna habitats, easy maintenance
and reproduction in laboratory conditions, P. nidificator is
a suitable model species to investigate the general
characteristics of social pseudoscorpions. The main
objectives of the present study were to explore the
natural history of this Atemnidae directly in nature, its
feeding behavior and the occurrence of phoresy.

Material and methods

Field studies were conducted between October 2001 and November
2005. The field site included the experimental garden of the Umuarama
campus of the Federal University of Uberl�ndia (UFU), Uberl�ndia,
Minas Gerais State, Brazil (48817� W; 18858� S) as well as some nearby
natural vegetation (Cerrado sensu stricto: savanna woodland, Oliveira
and Marquis, 2002). The climate in the region features distinct dry (June
to September) and rainy (October to May) seasons (Reu and Del-
Claro, 2005). Laboratory maintenance of pseudoscorpions, observa-
tions and experiments took place in the Behavioral Ecology and
Interactions Laboratory of the Biology Institute, UFU.

Natural history observations

We searched for P. nidificator in barks of trees within the field sites and
recorded the following data: a) tree species and characteristics (height,
trunk diameter, bark type); b) size and composition of the colony
(number and age of individuals); and c) development stage of the
colony (presenting or not molting chambers, reproductive chambers,
reproductive individuals, juveniles, females with brood sacs). We also
identified and measured any prey items being consumed or attacked.
The activity pattern of the animals was monitored during the dry and
wet season of the first year of the study to assess daily activity patterns.
The reproductive season was recorded directly in the field during the
four years of the study. Additionally, we collected and maintained 25
colonies in the laboratory for four years, offering prey of different
species and sizes. The rearing and maintenance methods in laboratory
followed Tizo-Pedroso and Del-Claro (2005). Food was offered twice
weekly between 2002 and 2003 and only once weekly between 2004 and
2005. We collected data weekly on the development of these
aggregations, reproductive activities (number of new brood sacs) and
feeding behavior. To avoid that any experimental colony would feed on
a test animal just for lack of options or because of starvation, whenever
we tested a food item we also introduced simultaneously a common
prey (termite nymphs or Tenebrionidae larvae).

Experiments and phoresy observations

We performed two experiments in the laboratory. In the first one we
tested possible vectors for phoresy, offering distinct options (insects,
spiders, isopods and millipedes) to the colonies. We conducted 30 min
observation sessions (all occurrences sampling, sensu Altmann, 1974)
to assess the reactions of the pseudoscorpions to each item. Three types
of reaction were expected relative to the introduced animals: a) refusal;
b) attack and/or consumption; and c) use as phoretic vector. This
experiment also provided data about potential food items.

In natural conditions we performed 100 hours of observations (“all
occurrences sampling”, sensu Altmann, 1974) divided into 200 sessions
of 30 minutes, equally distributed throughout the seasons of the four
years of study, involving around 50 colonies per year. These observa-
tions yielded data about natural predation and phoresy.

The second experiment tested whether colonies can disperse not
only through phoresy but also by colony fission (sensu Avil�s, 1997,
2000). We collected three colonies in the field (78, 93 and 104
individuals) and transported them to laboratory. Each of these
aggregations, contained within a 40 cm2 piece of bark, was placed in
the center of a plastic box (60 x 50 x 5 cm), in which four other similar
pieces of the bark of the same tree were placed at each corner. Each of
the three colonies was fed and observed weekly for two years
(2002–2004).

Results

Five different plant species in the families Caesalpinia-
ceae (Copaifera langsdorffii, and Caesalpinia pelthophor-
oides), Fabaceae (Vatairea macrocarpa and Pterodon
pubenscens), and Vochysiaceae (Vochysia tucanorum)
hosted colonies of P. nidificator. Only one of these species,
C. pelthophoroides, was available within the campus. The
host plants have the same general aspect, being tall trees
(5 – 10 m) with thick trunks (15 – 25 cm radius at the base)
and rough bark. We found that there are spaces in several
points between the bark and the trunk itself, which are
used by the colonies. The colonies are generally com-
posed by nymphs and adults, and occur in the field year-
round, presenting peaks of activity around midnight.
However, the colonies presented asynchronous develop-
ment over the four years of study, exhibiting heteroge-
neous proportions of developmental stages (Fig. 1). The
number of males and females of each colony was
compared by a paired t-test. The results indicated that
the colonies of P. nidificator were female-biased (t =3.09;
df=34; p<0.004; N = 35 colonies), with an average sex
ratio of 2:3 (males:females).

Paratemnoides nidificator used a large variety of prey
items, primarily insects but also arachnids, isopods, and
myriapods (Fig. 2, Appendix 1). The size of the prey also
varied widely, including small bugs (1 – 2 mm) and
Scarabaeidae beetles, larger than 13 mm. Depending on
the size and agility of the prey, the pseudoscorpions
exhibited solitary or cooperative hunting. We observed
that smallest prey (smaller than or as large as an isolated
pseudoscorpion) were usually attacked and consumed by
a single pseudoscorpion (x = 1.46 � 0.72 individuals;
N=24; Fig. 3A), whereas large prey were captured and
consumed cooperatively (x = 2.50 � 0.78 individuals;
N=24; Fig. 3B). These results are significantly different
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(U=478; N=48; p<0.001). The hunters in the colonies are
adult male and female, and after the prey is dead nymphs
gather to feed together with the adults. During feeding,
they generally attach their chelicerae to the prey�s
appendages, mainly at the level of leg joints.

The reproductive period of P. nidificator in the
Cerrado is centered on the wet season, between October
and April, peaking in early December. Our data showed
that it is adjusted not only according to higher humidity
and heat in the field, but is also strongly influenced by
prey diversity and availability (Fig. 4). In laboratory
conditions, with no food restriction (prey offered twice
weekly), the pseudoscorpions presented reproductive
activities (evidenced through the presence of new brood
sacs) year-round, but also with a peak in the early wet
season (Fig. 4A). When we restricted food, offering prey

once weekly, the results were similar to what was
observed in the field, with reproduction restricted to the
wet season (Figs. 4A and B; interaction effect between
food level and months, F=10.30; df=11; p<0.001).

We observed 12 different insect species and one
harvestman serving as transporter to the phoretic P.
nidificator (Table 1). Solitary as well as grouped pseudo-
scorpions may present phoresy, which involves only
adults. In multiple phoresy, up to seven individuals, both
males and females, can attach themselves to the body of
the same vector. Legs and antennae are the structure
generally used by the phoretic individuals.

We found a positive correlation between colony size
and intensity of phoretic events (Fig. 3C), but not
between the number of attached pseudoscorpions and
the size of the vector (Fig. 3D). We also observed that the

Figure 1. Characterization of
the Paratemnoides nidificator
colonies investigated in the
Cerrado vegetation from 2001
till 2005, denoting individual
colony composition in the wet
and dry seasons. Proto = pro-
tonymphs; Deuto = deuto-
nymphs and Trito = trito-
nymphs.
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same arthropod species could be used both as a vector to
phoresy as well as a food item in different circumstances.
Under natural conditions we collected eight insect species
(Hemipterans: six Pentatomidae and two Reduviidae)
with pseudoscorpions (both males and females) attached
to their bodies. These vectors were transported to the
laboratory and maintained in Petri dishes together with a
piece of tree bark. After the vectors died, they were eaten
by the pseudoscorpions which, subsequently, founded a
new colony.

The three colonies maintained in the laboratory grew
successfully with the constant offering of food items. In
the end of the first year of observations, the colony with 93
individuals produced a new small colony in one of the
bark pieces offered, composed exclusively of adults, four
females and two males. The colony with 104 animals gave
rise to two new small aggregations also composed
exclusively of adults, the first with six females and four
males and the second with five females and four males.
The third colony with 78 individuals did not present
fission.

Discussion

Pseudoscorpions are generalist predators limited in their
hunting abilities by their small size, and preying on
animals smaller than themselves (Gilbert, 1951; Wey-
goldt, 1969; Andrade and Gnaspini, 2002). Paratemnoides
nidificator is a sit-and-wait generalist predator feeding on
a wide variety of prey items, and contrary to most other
pseudoscorpions, this species includes animals larger than

itself in its diet. Some Paratemnoides species are known
for cooperative behavior in the capture of large prey
(Brach, 1978; Zeh and Zeh, 1990; Hahn and Matthiesen,
1993). The feeding plasticity of P. nidificator is clearly
related to the presence of cooperative hunting. Our
results showed that groups of P. nidificator were able to
subdue prey almost four times larger than each individ-
ual. Similar patterns of cooperative hunting, including
prey sharing, have been registered in social spiders
(reviewed in D�Andrea, 1987; Avil�s, 1997; Kim et al.,
2005a, b), and the advantages of this type of behavior
have been widely discussed for social vertebrates (e.g.
Giraldeau and Caraco, 2000). Within a group the food
intake per individual is smaller than that of a solitary
predator; however, cooperative hunting can increase not
only the chance to obtain a larger prey, but simply the
chance of obtaining any prey (Schneider, 1996; Ulbrich
and Henschel, 1999; Kim, 2000; Amir et al. , 2000, Kim et
al., 2005). In subsocial spiders cooperative hunting not
only enables the group members to hunt larger prey, but
they do it more quickly and reduce the chances of
cannibalism and aggression among siblings (Kim et al.,
2005a; Whitehouse and Lubin, 2005). In P. nidificator
cooperative hunting abets mutual tolerance, group cohe-
sion and maternal care, and matriphagy appears as an
important step in the evolution of “non-territorial
permanent social behavior” (Tizo-Pedroso and Del-
Claro, 2005).

The female-biased sex ratio was similar to that found
in another social Paratemnoides (Zeh and Zeh, 1990) and
in social spiders (Avil�s, 1997; Avil�s et al. , 2000).
However, it was not possible to determine whether or

Figure 2. Effect of seasonality on prey consumed by Paratemnoides nidificator in the Cerrado biome of central Brazil during four years of
observations.

Insect. Soc. Vol. 54, 2007 Research article 127



not the adult sex ratio reflected a female bias among
nymphs, because sex in this species can only be identified
in adult individuals. Our results do not show the existence
of a demographic pattern among P. nidificator colonies:
there is great variation in the number of individuals per
instar. This suggests that the colonies reproduce and
increase asynchronously, probably because the number of
juveniles that a colony can produce is dependent of the
number of mature females present. However, climatic
conditions influence female reproduction, as shown by
the extremely reduced number of protonymphs observed
during the dry season. Living organisms present adjust-
ments to maximize their fitness through cost-benefit
relationships that directly depend on physical and bio-
logical characteristics of the environment. Insects and
other arthropods in the tropics tend to reproduce and
grow in numbers when food and climatic conditions are
not limiting factors (e.g. Marquis and Braker, 1994;
Gullan and Cranston, 2005). Our results concerning
brood sac production through time in P. nidificator clearly

suggest that food, or prey availability, is a strong limiting
factor in the reproduction of these animals. During four
years of observations conducted under natural conditions
in Cerrado, no reproduction occurred during the dry
season, a period where the main prey items are scarce and
represented mostly by relatively dangerous prey such as
ants and spiders (Fig. 2) (see Del-Claro and Oliveira,
2000; Oliveira and Marquis, 2002). For many predators,
energy allocation to reproduction is directly dependent
on prey availability (Krebs and Davies, 1993; Barbosa
and Castellanos, 2005; Wise, 2006). Low temperatures
and mainly hydric stress during the dry season in the
Cerrado can also have an important role in the repro-
ductive strategy of P. nidificator. However, tree bark can
offer protection against unfavorable climatic conditions
and water can be obtained from prey items.

Phoresy is the unique way of dispersion described for
pseudoscorpions (e.g Weygoldt, 1969; Piomar et al. ,
1998), and several species of animals have been reported
as vectors (Piomar et al. , 1998; Zeh and Zeh, 1992).

Figure 3. Correlations analyses involving colony size. (A) The size of pseudoscorpion hunting group increase by function of the prey size; (B) The
number of pseudoscorpion composing the feed group was restricted by the prey size; (C) Relationship between the number of individuals in colonies
of Paratemnoides nidificator maintained in the laboratory and the number of phoresy attempts; (D) Relationship between the size of phoresy vectors
and the size of phoresy groups.
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Accordingly, we identified a large number of different
arthropods acting as vectors for P. nidificator both in the
field and in the laboratory. The specific or opportunistic
nature of the association between the phoretic and the
vector in pseudoscorpions has not been clearly defined
due to lack of information, thus not allowing a firm and
final conclusion. Our data suggested casual associations
in P. nidificator, but did not enable us to confirm or reject
specific relations. Conclusively, we can point out that the
number of individuals in a colony enhances phoresy
attempts, independently of the vector size or of the
number of successfully attached pseudoscorpions.

Colonies of P. nidificator presented a new way of
dispersion besides phoresy, i.e., colony fission, which is
common in social spiders (Lubin and Robinson, 1982;
Rayor and Uetz, 1990; Avil�s, 1997). Phoresy and colony
fission are solutions to the same problem, however, they
can present different results, and the efficiency of each
one remains to be tested. We suggest that fission can
represent a more secure and very useful way to occupy
new sites at short distances. This option is more secure

because the individuals disperse in groups, but in a furtive
way through the crevices of the tree bark, with the
additional benefit of being able to change host trees
across branches and avoiding the ground. However, it
limits the distance of dispersion which, when using
vectors, can be of hundreds of meters. An additional
problem is that fission increases the chances of inbreeding
(see Avil�s, 1997; Keller and Waller, 2002; Bilde et al. ,
2005). Alternatively, the major problem in phoresy is that
the arachnids may have little time to attach strongly to the
legs of the vector, they have no input into the decision
concerning destination, and the vector may disperse
individuals of only one sex, which reduces the chances of
success in founding a new colony, especially if they
disperse only males or virgin females. An advantage of
phoresy, in addition to wide-ranging dispersion, is that the
vector, once dead, can be promptly consumed by the

Figure 4. Effect of feeding frequency in the mean number of brood sacs
produced by colonies of Paratemnoides nidificator for: (A) Reproduc-
tion of colonies maintained in laboratory; bars indicate the mean brood
sac produced by colonies offered food twice (open bars, years 2002 and
2003) or once (closed bars, years 2004 and 2005) a week. (B) Mean
number (x � SD) of brood sacs produced by colonies in the field
(2002–2005).

Table 1. Phoresy, vectors and composition of multiple phoresy group
of Paratemnoides nidificator in a study conduced in the Cerrado biome,
central Brazil. Observations in parentheses indicate multiple phoresy,
and without parentheses, single phoresy. The asterisk indicates several
number of combinations.

Taxonomic
group

Number
of occur-
rences

Events of
single
phoresy

Composition of
groups of
multiple phoresy

Mean
size
(mm)

Heteroptera

Coreidae sp.1 2 1!, 1? – 8.90

Coriscidae sp.1 2 – (3?), (1!) 11.05

Pentatomidae
sp.1

1 – (2!, 3?) 10.30

Pentatomidae
sp.3

2 – (2!, 1?), (3?) 11.25

Pentatomidae
sp.5

2 – (3!, 2?), (4!, 3?) 9.75

Reduviidae
sp.1

2 1!, 1! – 10.30

Coleoptera

Coccinelidae
sp.1

3 1?, 1? (1!, 1?) 6.20

Crysomelidae
sp.1

2 – (2!, 1?), (3!1, ?) 6.75

Crysomelidae
sp.3

2 – (1!, 3?), (1!, 1?) 6.25

Crysomelidae
sp.5

1 – (2!) 5.60

Family 2 2 1!, 1! – 13.40

Neuroptera

Chrysopidae
sp.1

18 * * 8.30

Dermaptera

Family 1 6 1!, 1!, 1?,
1?

(1!, 2?), (2?) 10.45

Opiliones

Discocyrtus
oliveroi

2 – (1!, 2?), (3?) 7.45
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pseudoscorpions, an outcome that occurred in all of our
field and laboratory observations. However, according to
Zeh and Zeh (1992), there is no evidence that phoretic
behavior could have evolved from failure to capture prey.
Vectors reported in the literature are generally large
animals that can hardly be attacked and killed by a few or
a single pseudoscorpion (Piomar et al. , 1998).

Our study is the first broad investigation of the natural
history of a social species of pseudoscorpion, encompass-
ing several years of study, and involving distinct and
general aspects of the animal�s biology. We believe that
this type of basic information, using both naturalistic and
experimental data, will allow the elaboration of more
accurate hypotheses about the evolution of permanent
social behavior in arachnids.
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Appendix 1. Records of field and laboratory successfully captured
preys by colonies of Paratemnoides nidificator. (†=unidentified family;
a=mean size calculated in cases of three or more occurrences of the
prey).

Prey taxonomic group identity Number of
observa-
tion in lab-
oratory

Number
of observa-
tion in
field

Mean
size
(mm)
�SDa

Heteroptera

Coreidae 3 spp. 5 8 9.03�2.36

Corimelaenidae sp.1 3 1 8.05�1.23

Coriscidae sp.1 2 11.45

Enicocephalidae sp.1 1 1 9.55

Pentatomidae 5 spp. 12 6 10.84�3.38

Pyrrhocoridae sp.1 2 1 5.00�0.76

Reduviidae 2 spp. 3 1 10.5�1.27

Family 1 1 4.00

Coleoptera

Anobiidae sp.1 10 2.10�0.52

Bruchidae

Acanthodcelides obtectus 10 3.10�1.12

Zabrotes subfaciatus 10 2.35�1.03

Coccinelidae sp.1 adult 2 14 4.85�1.78

Coccinelidae sp.1 larvae 1 10 6.35�1.58

Cucujidae sp.1 2 3.75

Chrysomelidae 5 spp. 8 6 6.69�1.18

Meloidae 2 spp. 2 3 10.95�1.94

Mycetophagidae sp.1 1 2 4.60�2.03

Scarabeidae 3 spp. 11 13.55�1,35

Prey taxonomic group identity Number of
observa-
tion in lab-
oratory

Number
of observa-
tion in
field

Mean
size
(mm)
�SDa

Tenebrionidae 2 spp. adult 22 6.10�0.95

Tenebrionidae 2 spp. larvae 21 9.50�1.03

Family 1 1 11.53

Family 2 2 13.40

Family 3 2 6.35

Hymenoptera

Formicidae

Acromyrmex sp.1 15 12 8.35�1.34

Camponotus 3 spp. 15 13 4.92�1.98

Chephalotes sp.1 10 6 3.60�0.63

Pseudomyrmex sp.1 3 2 5.60�0.96

Pachycondyla sp1 1 3 13.65�1.16

Evaniidae sp.1 1 7.10

Family 1 1 11.90

Isoptera

Armitermes 2 spp. 42 3.75�1.91

Diptera

Muscidae sp.1 1 4 11.35�1.76

Musca domestica 2 5.25

Neuroptera

Chrysopidae sp.1 15 8.55�1.31

Hemiptera

Membracidae sp.1 2 6 1.00�0.98

Cicadellidae 1 7 8.70�1.06

Dermaptera

Family 1 10 6 10.60�1.67

Lepidoptera

Family 1 1 2 3.75�0.89

Opiliones

Discocyrtus oliveroi 3 7.65�2.39

Araneae

Salticidae sp.1 2 4 5.85�1.54

Diplopoda

Family 1 1 5 17.65�1.26

Crustacea

Isopoda

Family 1 3 8 6.40�0.46
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