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Abstract Kin recognition, the biased treatment of conspe-
cific individuals based on genetic relatedness, is a wide-
spread phenomenon in animals. The most common
mechanisms mediating kin recognition are prior association
(familiarity) and phenotype matching. Recognition based
on prior association allows identifying familiar individuals.
Recognition based on phenotype matching is an extension
of prior-association-based recognition and allows identify-
ing familiar and unfamiliar individuals due to a shared
phenotypic trait. I investigated which of the two mecha-
nisms is used by cannibalistic juvenile predatory mites,
Phytoseiulus persimilis. Protonymphs that were associated
with either siblings or non-kin discriminated familiar and
unfamiliar larvae and preferentially cannibalized the latter
irrespective of genetic relatedness. In contrast, despite
previous association with either siblings or non-kin,
protonymphs did not discriminate unfamiliar sibling and
unfamiliar non-kin larvae. Association in the larval stage
therefore mediated kin recognition based on familiarity, but
not phenotype matching in cannibalistic P. persimilis
protonymphs. Furthermore, in the presence of a familiar
prey individual, sibling cannibalism occurred significantly
sooner than non-kin cannibalism. This quick sibling
cannibalism may have been the consequence of preferential
association of siblings and/or may indicate the occurrence
of an alternative cannibal phenotype. I discuss the adaptive

significance of prior-association-based recognition for P.
persimilis juveniles and emphasize the ability of P.
persimilis to use multiple recognition mechanisms in
dependence of the ontogeny and the ecological context.
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Introduction

The ability to discriminate conspecific individuals on the
basis of genetic relatedness, kin recognition, has been
suggested for numerous animals in a range of taxa (for
reviews, Fletcher and Michener 1987; Waldman 1988;
Hepper 1991; Sherman et al. 1997; Holmes 2004). As
predicted by inclusive fitness theory (Hamilton 1964), kin
recognition prevails in social animals. However, sociality is
not an inevitable condition for the evolution of kin
recognition abilities. For instance, the ability to discrimi-
nate kin and non-kin may be selectively advantageous for
non-social animals that use fluctuating resources and live in
conspecific aggregations (Fellowes 1998). Kin recognition
has been primarily studied and found in the contexts of
nepotism, parental care, mate choice, schooling behavior,
and aggression-related behaviors such as cannibalism.

Kin recognition systems consist of three separate
components: expression (production of the kin label),
perception (the recognition mechanism), and action (kin-
biased behavior) (Reeve 1989; Sherman et al. 1997; Liebert
and Starks 2004; Starks 2004). Regarding the perception
component, four potential mechanisms of kin recognition
have been suggested: (1) context-based recognition, where
templates of true genetic kin are learned from environ-
mental features (mainly spatial) that are shared with and
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are exclusively available to a kin-group, (2) recognition
alleles, which cause both the production and recognition of
a phenotypic cue, (3) prior association (familiarity), which
allows identifying familiar individuals, and (4) phenotype
matching (Blaustein 1983; Waldman 1988; Halpin 1991;
Mateo 2004). Phenotype matching (term coined by
Holmes and Sherman 1982) is an extension of or addition
to prior-association-based recognition. It allows identify-
ing familiar and unfamiliar kin due to having formed a
prototypic template of kin by learning the phenotypes
from familiar individuals (Sherman et al. 1997; Hepper
and Cleland 1998; Heth et al. 1998; Mateo 2004) or from
self (Hauber and Sherman 2001). The latter form of
phenotype matching is commonly referred to as self-
referent phenotype matching or “armpit effect” (Dawkins
1982). The process leading to prior-association-based
recognition has also been termed direct familiarization,
whereas the process leading to phenotype matching has
been termed indirect familiarization (Blaustein and Porter
1996).

Prior-association-based recognition and phenotype match-
ing are the mechanisms most often assessed and found.
Among vertebrates, phenotype matching was revealed in
mammals (e.g. ground squirrels, Heth et al. 1998; Holmes
and Sherman 1982; Mateo 2002; hamsters, Mateo and
Johnston 2003; beavers, Sun and Müller-Schwarze 1997;
primates, Smith et al. 2003), birds (e.g., peacocks, Petrie et
al. 1999) and fish (e.g., trout, Brown et al. 1993). However,
the mechanism most often found in these taxa is prior
association (for mammals, see e.g., Holmes and Sherman
1982; Halpin 1991; Pillay 2002; for fish, see review by Ward
and Hart 2003; and for birds, e.g., Choudhury and Black
1994; Komdeur et al. 2004; van der Jeugd et al. 2002; Sharp
et al. 2005). Among invertebrates, it is mainly social
hymenoptera that have been shown to use recognition
mechanisms based on prior association and/or phenotype
matching (e.g., Buckle and Greenberg 1981 for sweat bees;
Provost 1991 for ants; Getz and Smith 1986 for honey bees;
Gamboa 2004 for review on social wasps). In contrast,
studies examining the kin recognition mechanisms used by
non-social arthropods are lacking. Knowing which mecha-
nism, familiarity-based recognition or phenotype matching,
is mediated by association is fundamental for interpreting
any form of intraspecific interaction and identifying analo-
gies/differences in life history and behavior among different
organisms.

If it is usually related individuals that grow up in the
same site (e.g., nesting species or non-social species laying
their eggs in clutches), association may be used as a reliable
indicator of kin (Blaustein and O’Hara 1986). In the
predatory mite Phytoseiulus persimilis Athias-Henriot, the
focal animal of this study, the probability of kin groups to
occur is determined by the patchy distribution and life

history of its prey, the herbivorous two-spotted spider mite
Tetranychus urticae Koch (Gerson 1985; Sabelis 1985a;
Sabelis and Dicke 1985). P. persimilis is a highly
specialized predator of tetranychid mites such as the
polyphagous T. urticae (for review, McMurtry and Croft
1997). T. urticae primarily lives on the abaxial leaf surfaces
where the mites create distinct patches (Gerson 1985).
Gravid P. persimilis females forage and deposit their eggs
in the spider mite patches. Each predator female may lay
multiple egg clutches, the size of which depends on the
prey density within patches (e.g., Nagelkerke et al. 1996).
Due to the high reproductive rate of P. persimilis (up to five
eggs per female per day), offspring are often aggregated in
prey patches (e.g., Sabelis 1985b). When prey within a patch
diminishes, food competition intensifies, and the likelihood
of cannibalism increases (Polis 1981; Elgar and Crespi
1992). Both adult and juvenile P. persimilis are cannibalistic
(Schausberger and Croft 2000, 2001; Schausberger 2003,
2004), yet adult females tend to leave the patch before the
spider mites are locally extinct (Vanas et al. 2006). Juvenile
individuals are less dispersive and may cannibalize each
other close to or after prey extinction (Sabelis 1981; Pels
and Sabelis 1999; Schausberger 2003). Depending on the
number and relatedness of predator females that colonized
a spider mite patch, juveniles within a patch may be only
kin—which is the majority of cases—or a mixture of kin
and non-kin (e.g., Nagelkerke et al. 1996). Such circum-
stances seem ideal to promote the evolution of kin
recognition abilities.

P. persimilis develops through four successive life stages
before reaching adulthood: egg, larva, protonymph, and
deutonymph. Larvae do not feed and are particularly
vulnerable to cannibalism by older and/or larger life stages
such as protonymphs (Schausberger and Croft 1999;
Schausberger 2003, 2004, 2005). Previous studies on
recognition of kin and/or familiar larvae by cannibalistic
P. persimilis protonymphs (Schausberger 2004, 2005)
suggested that (1) larvae learn the cues of associated
individuals and later on treat familiar individuals as kin,
(2) egg/larval associations and interactions may be manip-
ulated by the ovipositing female via egg placement, which
may affect the cannibalism risk for offspring and their
performance as potential cannibals later in life, (3)
cannibalistic protonymphs discriminate familiar and unfa-
miliar larvae, irrespective of genetic relatedness, and avoid
eating the former. Association with conspecifics early in
life has significance for who is treated as kin by juvenile
cannibalistic P. persimilis later in life, but the mechanism
used is not known. The aforementioned observations would
be consistent with both prior association and phenotype
matching, but not with the other two of the four possible
mechanisms. This study therefore aims at distinguishing the
two mechanisms.
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Materials and methods

Study species, populations, and individuals

P. persimilis used in experiments were offspring of females
withdrawn from five distinct populations (EL, ER, PANF,
OR, and G). Populations EL and ER were founded with
individuals originating from a mass production company of
beneficial mites and insects (Biohelp, Vienna); population
PANF was founded with individuals collected in Sicily,
population OR with individuals collected in Oregon (USA),
and population G with individuals collected in Greece.
Populations were founded with 30 to 100 individuals each
and maintained in the laboratory for about 0.5 to 3.5 years
before starting the experiments. Each population was
maintained on an artificial arena consisting of a plastic tile
(15×15 cm) resting on a water-saturated foam cube in a
plastic box and surrounded by water-saturated tissue paper.
The predators were fed mixed stages of two-spotted spider
mite, T. urticae, by adding infested bean leaves on to the
arenas in 2 to 3-day intervals. Rearing units of different
populations were kept in separate places to avoid cross
contamination. Environmental conditions were 20 to 25°C,
60 to 80% RH, and 16:8 h L/D photoperiod.

Recognition mechanism experiments

To assess the ability to recognize familiar individuals and
distinguish between recognition based on familiarity and
recognition based on phenotype matching, I performed two
experiments. In experiment 1, I tested whether cannibalistic
P. persimilis protonymphs that were associated with either
siblings or non-kin in the larval stage discriminate familiar
and unfamiliar larvae. In experiment 2, I tested whether
cannibalistic P. persimilis protonymphs that were associated
with either sibling or non-kin referents in the larval stage
discriminate unfamiliar sibling larvae and unfamiliar non-
kin larvae. In either treatment of experiment 2, one of the
two prey larvae was a sibling of the referents (Table 1).
Each experiment consisted of three parts: obtaining sibling
eggs, the association phase, and the choice test.

To obtain sibling eggs, gravid females were randomly
withdrawn from populations and singly placed on egg
laying arenas. Each egg laying arena consisted of a leaf
placed adaxial surface down on a water-saturated foam
cube in a small plastic box (5×5 cm) half filled with water.
Strips of moist tissue paper were folded over the edges of
the leaf to prevent the mites from escaping. Eggs were
collected in 24-h intervals and stored in the refrigerator at
8°C until they were used in experiments.

Acrylic cages were used for the association phase and
the choice tests. Each cage consisted of a cylindrical cavity
(1.5-cm diameter) drilled in an acrylic plate (0.5-cm-thick).

The cavity was covered with a mesh on the lower side and
closed on the upper side with a microscope slide (Schausberger
and Croft 2001). The association phase proceeded as follows:
an egg (the prospective cannibal) was placed in an acrylic
cage. Then, four to seven eggs (the prospective referents,
either siblings or non-kin of the prospective cannibal) were
added after 12 to 16 h. Referents are those individuals that
provide the reference an internal template is based upon
(Tsutsui 2004). Non-kin referents were laid by a female from
a different population than the cannibal. Moreover, a further
four to seven eggs, sibling of the referents, and thus, either
sibling or non-kin of the prospective cannibal, were placed in
a separate cage. They were used as unfamiliar siblings or
unfamiliar non-kin in experiment 1 and unfamiliar siblings of
the referents in experiment 2. Cages were then monitored for
hatching larvae at irregular intervals. The prospective
cannibal was more advanced in its development and hatched
12 to 16 h earlier than the referents. The prospective cannibal
molted from the larva to the protonymph while the referents
were still in the larval stage, and was thereafter subjected to a
choice test.

To start a choice test, the prospective cannibal (a
protonymph) and two prospective prey (two larvae) were
transferred to a cage. In experiment 1, cannibals, previously
associated with siblings, were caged with a familiar sibling
larva and an unfamiliar non-kin larva; cannibals, previously
associated with non-kin, were caged with a familiar non-kin
larva and an unfamiliar sibling larva (Table 1). Each
treatment of experiment 1 was replicated 27 times. In
experiment 2, cannibals, previously associated with sib-
lings, were caged with an unfamiliar sibling larva and an
unfamiliar non-kin larva; cannibals, previously associated
with non-kin, were caged with an unfamiliar sibling larva
and an unfamiliar non-kin larva where the latter was a
sibling of the non-kin referent (Table 1). Treatments of
experiment 2 were replicated 21 and 27 times. Before
transferring the prospective prey to the choice cages, larvae
were marked by red and blue watercolor dots on the dorsal
shield to make them distinguishable. In each choice
situation, colors were randomly assigned to familiar and
unfamiliar larvae and sibling and non-kin larvae, respec-

Table 1 Experimental design in choice tests where a cannibal was
simultaneously offered a sibling larva and a non-kin larva. The
cannibal was previously associated with siblings or non-kin (refer-
ents). Prey larvae were either familiar or unfamiliar to the cannibal

Cannibal’s
association

Prey status experiment 1 Prey status experiment 2

Sibling Non-kin Sibling Non-kin

Siblings Familiar Unfamiliar Unfamiliar Unfamiliar
Non-kin Unfamiliar Familiar Unfamiliar Unfamiliara

a Siblings of non-kin referents
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tively. Cages were monitored at irregular intervals of 10 to
25 min until cannibalism on one of both larvae occurred.
Status of the cannibalized larva (sibling or non-kin to the
cannibal—experiments 1 and 2; familiar or unfamiliar to
the cannibal—experiment 1; sibling or non-kin to the
referents—experiment 2) and time elapsed until cannibal-
ism occurred (experiments 1 and 2) were recorded. Egg
laying arenas, association cages, and choice cages were
stored at 23 to 25°C.

Data analyses

Replicates at which one of both prey larvae molted to a
protonymph before the occurrence of cannibalism or at
which no cannibalism occurred within 6 h after starting the
experiment were excluded from analyses. Log-linear
analyses were used to test the influence of the victim’s
relatedness and familiarity to the cannibal (experiment 1)
and the victim’s relatedness to the cannibal and to the
referents (experiment 2) on the choice of the cannibal. A
separate analysis was performed for each explaining
variable, and prior association with siblings or non-kin
was used as a covariate. The influence of the victim’s
familiarity and relatedness to the cannibal (experiment 1)
and the influence of the victim’s relatedness to the cannibal
and to the referents (experiment 2), respectively, on the
time elapsed until cannibalism occurred were analyzed by
univariate analyses of variance (ANOVA).

Results

In experiment 1, P. persimilis protonymphs discriminated
familiar and unfamiliar larvae and preferentially cannibalized
the latter when given a choice. Familiarity had a significant
effect on the choice of the cannibals (log-linear analysis, Z=
2.63, p=0.009), whereas genetic relatedness between canni-

bal and victim had not (log-linear analysis, Z=−0.27, p=
0.787; Fig. 1). Moreover, cannibalism on sibling larvae
occurred significantly sooner than cannibalism on non-kin
larvae regardless of familiarity (Tables 2 and 3). In
experiment 2, protonymphs did not discriminate unfamiliar
sibling larvae and unfamiliar non-kin larvae, although they
were familiar with siblings of one of the two stimulus larvae
(log-linear analysis, relatedness between cannibal and victim
Z<0.01, p>0.992; relatedness between referents and victim
Z=0.29, p=0.772; Fig. 2). Protonymphs given a choice
between two unfamiliar larvae cannibalized siblings as early
as they cannibalized non-kin, irrespective whether previously
associated with siblings or non-kin (Tables 4 and 5).

Discussion

Association early in life (in the larval stage) mediated
recognition based on familiarity, but not phenotype match-
ing in juvenile predatory mites, P. persimilis. In the larval
stage, prospective cannibals learned the cues of associated
conspecific larvae. After molting to protonymphs, cannibals
treated familiar and unfamiliar larvae differently in that they
preferentially cannibalized unfamiliar larvae irrespective of
whether sibling or non-kin. Cannibals, however, did not
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Fig. 1 Percentage of protonymphs cannibalizing the sibling or non-kin
larva when offered a familiar and an unfamiliar larva (experiment 1).
Protonymphs were familiar with siblings or non-kin. Numbers on top of
bars indicate the number of replicates

Table 2 Time elapsed (min, mean±SD) until protonymphs cannibal-
ized the sibling or non-kin larva when offered a familiar and an
unfamiliar larva (experiment 1). Cannibals were either familiar with
siblings or non-kin

Relatednessa Familiarityb Replicates Time to cannibalism

Sibling Familiar 8 131.9±96.6
Non-kin Unfamiliar 18 174.1±96.4
Non-kin Familiar 9 238.4±99.1
Sibling Unfamiliar 18 168.1±66.2

a Relatedness between cannibal and victim
b Familiarity between cannibal and victim

Table 3 Univariate ANOVA for the effects of relatedness and
familiarity between cannibal and victim on the time until cannibalism
occurred when the cannibal was offered a familiar and an unfamiliar
larva (experiment 1). Cannibals were either familiar with siblings or
non-kin

Source of variation df Means of
squares

F P

Relatednessa 1 36,837.462 4.775 0.034
Familiarityb 1 2,302.969 0.299 0.587
Relatedness × familiarity 1 29,347.281 3.804 0.057
Error 50 7,714.477

a Relatedness between cannibal and victim
b Familiarity between cannibal and victim (established by association
in the larval stage)
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discriminate unfamiliar larvae that differed in genetic
relatedness, sibling and non-kin, although they were
familiar with siblings of one of the two stimulus larvae.

The perceptual distinction among recognition mechanisms,
in particular between recognition based on familiarity and
phenotype matching, is a controversial issue (see, e.g., Tang-
Martinez 2001; Mateo 2004). The main problem is that the
neural process cannot be observed directly, but is inferred
from the behavioral responses of the animals, i.e., the action
component. Tang-Martinez (2001) argued there exists only a
single genuine recognition mechanism. A more widely
accepted view is that familiarity-based recognition and
phenotype matching are different perceptual mechanisms
(Holmes 2004; Mateo 2004). The former requires an exact
match to an individual template, whereas the latter general-
izes from individual templates that have been formed from
individuals sharing phenotypic traits to a common represen-
tation of kin (Mateo 2004). Differential treatment of familiar
and unfamiliar larvae by P. persimilis protonymphs reared
under the same conditions may hence indicate individual
recognition using genetically determined cues.

Why does association mediate recognition by familiarity but
not phenotype matching in cannibalistic P. persimilis proto-
nymphs? In general, early in life, a flexible and reversible
recognition mechanism seems more favorable than a static one
(Mateo 2004). Individual templates may be stored and used
for limited time periods and then vanish again, whereas
prototypic templates may be irreversible and stored throughout
life (Tang-Martinez 2001; Holmes 2004; Mateo 2004).
Errors in template learning and formation would thus have
more dramatic consequences with prototypic than with
individual templates. Prior-association-based recognition
allows constant updating and modification of templates,
generalizing from individual templates to form a prototype
and extending the mechanism to phenotype matching later in
life (Fletcher 1987; Liebert and Starks 2004; Mateo 2004).
Familiarity-based recognition seems selectively advanta-
geous for P. persimilis juveniles because recognition of
larvae is relevant for only a short period of time, and a few
larvae provide enough nutrients to proceed with develop-
ment (Walzer and Schausberger 1999). Moreover, it allows
mothers to reduce the risk of offspring cannibalism when
colonizing a patch that harbors eggs from another female via
selective egg placement (Schausberger 2005).

Time elapsed until sibling/kin cannibalism occurs seems
context-dependent. Consistent with recent experiments
(Schausberger 2004, 2005) sibling/kin cannibalism occurred
significantly earlier than non-kin cannibalism when the
cannibals were offered familiar and unfamiliar prey. Possible
proximate and ultimate reasons for the occurrence of quick
sibling cannibals have been put forward previously. They
include preferential association of siblings/kin and conse-
quently earlier sibling/kin cannibalism without representing
a true preference and two types of cannibals with differing
preferences (Schausberger 2004, 2005). Exceptionally quick
sibling/kin cannibalism could also be interpreted as selfish
behavior if it benefits direct fitness at the detriment of
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Fig. 2 Percentage of protonymphs cannibalizing the sibling or non-
kin larva when offered an unfamiliar sibling and an unfamiliar non-kin
larva (experiment 2). Protonymphs were previously associated with
siblings or non-kin. Numbers on top of bars indicate the number of
replicates

Table 5 Univariate ANOVA for the effects of relatedness between
cannibal and referents (referents’ relatedness) and between cannibals
and victim (victim’s relatedness) on the time until cannibalism
occurred when the cannibal was offered two unfamiliar larvae
(experiment 2). Cannibals were previously associated with either
siblings or non-kin (referents)

Source of variation df Mean of
squares

F P

Referent’s relatednessa 1 896.658 0.115 0.708
Victim’s relatednessb 1 1,108.142 0.142 0.736
Referent’s relatedness ×
victim’s relatedness

1 4,050.032 0.519 0.475

Error 44 7,810.973

a Relatedness between prospective cannibal and referents
b Relatedness between cannibal and victim

Table 4 Time elapsed (min, mean±SD) until protonymphs cannibal-
ized the sibling or non-kin larva when both were unfamiliar to the
cannibal (experiment 2). Cannibals were previously associated with
either siblings or non-kin (referents)

Referents’
relatednessa

Victim’s
relatednessb

Replicates Time to
cannibalism

Siblings Sibling 10 176.8±101.6
Non-kin 11 149.5±89.1

Non-kin Non-kin 13 158.4±79.2
Siblings 14 148.6±86.0

a Relatedness between prospective cannibal and referents
b Relatedness between cannibal and victim
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indirect fitness (Hamilton 1964, 1970; Mock and Parker
1997). As previously suggested (Schausberger 2004, 2005),
those quick sibling cannibals appear to use self-referent
phenotype matching to discriminate siblings/kin and non-kin
because cannibals unfamiliar with siblings/kin still recog-
nized “true” kin (inferred from time until cannibalism
occurred), but treated non-kin as if kin (inferred from
cannibalism avoidance). Scrutinizing the circumstances that
promote the occurrence of quick sibling cannibals and/or
make them apparent and determining their fate later in life
remain intriguing tasks for future studies.

This study corroborates recent findings that cannibalistic P.
persimilis protonymphs treat any familiar conspecific larva
as kin irrespective of genetic relatedness (Schausberger
2005). Familiarity as the sole mechanism to determine kin
and used as a proxy of relatedness has been shown for
diverse organisms and contexts: Association attractiveness
among salmon varies with familiarity and odor concentration
(Courtenay et al. 2001), guppies choose shoal mates based
on familiarity (Griffiths and Magurran 1999), familiar piglets
show less aggressiveness than unfamiliar ones irrespective of
genetic relatedness (Stookey and Gonyou 1998), juvenile
sticklebacks compete less with familiar individuals without
any indication that genetic relatedness plays a role (Utne-Palm
and Hart 2000), and penguin chicks discriminate between
familiar and unfamiliar calls but not between calls of familiar
kin and non-kin (Nakagawa et al. 2001).

Accumulating evidence suggests that prior association is
the mechanism more frequently encountered than phenotype
matching (e.g., Komdeur and Hatchwell 1999; Mateo 2004).
The two mechanisms may be distinct, or phenotype
matching may be an extension of prior association. In no
case do the two mechanisms exclude each other. There exist
several examples that one and the same organismmay use both
mechanisms. Precedents are Belding’s ground squirrels
(Holmes and Sherman 1982; Mateo and Johnston 2003;
Mateo 2004), lambs (Ligout and Porter 2003), social paper
wasps (Gamboa et al. 1986; Bura and Gamboa 1994;
Gamboa 2004), and the focal animal of this study. P.
persimilis may use recognition based on self-referent pheno-
type matching (Schausberger 2004; Enigl and Schausberger
2004), phenotype matching (Schausberger 2005), and prior
association (Schausberger 2004, 2005, present study).

Different perceptual mechanisms may be used in
different social contexts, and the ability to switch between
mechanisms may have an ontogenetic or developmental
component. As suggested for Belding’s ground squirrels,
the ability to prior-association-based recognition is
expected to precede an ability to phenotype-matching-based
recognition (Mateo 2004). The mechanisms used by P.
persimilis seem to have an ontogenetic component and are
context-dependent: Prior-association-based recognition is
used by protonymphs reared in association with conspe-

cifics (Schausberger 2004, 2005, present), self-referent
phenotype matching is used by protonymphs reared in
isolation (Schausberger 2005) and virgin females in mate
choice (Enigl and Schausberger 2004), and phenotype-
matching-based recognition (self-referent and/or after learn-
ing the cues of own eggs) is used by ovipositing females
(Schausberger and Croft 2001; Schausberger 2005). Deter-
mination of the chronological order, hierarchy, and context
dependence of the kin recognition mechanisms that may
operate in one and the same P. persimilis individual are
intriguing tasks for future research.
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