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Abstract Kin discrimination in nepotistic as well as in sexual
contexts is widespread in animals including humans.
However, the underlying mechanisms of kin discrimination
are assumed to vary between species and—within species—
between contexts. During solitary life stages, kin recognition
based on social learning is assumed to be less reliable because
kin templates that are not continuously updated may get lost.
Therefore, self-referent phenotype matching (“armpit effect”),
i.e., the comparison of unknown phenotypes with own char-
acteristics, should be particularly relevant when no social cues
are available. However, experimental evidence for this mech-
anism is scarce. Here, we examine self-referent kin recogni-
tion in a mate-choice context in adult male Pelvicachromis
taeniatus , a socially monogamous cichlid fish from West
Africa with biparental brood care and pronounced kin-
mating preferences. Juvenile P. taeniatus live in groups,
whereas adult males compete for access to breeding sites
which they aggressively defend against rivals. Using
computer-animated females as standardized visual stimuli in
combination with olfactory cues of related and unrelated
females, we show that adult males reared isolated from kin
since egg stage were able to discriminate sisters from
unrelated females. As males could have learned kin cues only
from themselves, our study provides evidence for self-referent
kin recognition and indicates that the observed inbreeding
preferences are mediated by self-derived olfactory cues.
Male preferences for sisters were correlated with male body
size. We discuss the implications of quality-related mate
choice for the evolution of kin-mating preferences.
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Introduction

Nepotistic behaviors as well as optimal outbreeding/inbreeding
often rely on cognitive capabilities of individuals to assess their
genetic relatedness to others. The proximate mechanisms un-
derlying kin recognition are assumed to vary between species
and—within species—between contexts (Mateo 2004). Kin
recognition by phenotype matching is widespread in animals
(Penn and Frommen 2010). This mechanism is advantageous
because it is independent from spatial cues or prior association
and enables individuals to recognize even unfamiliar kin
(Holmes and Sherman 1982). However, it requires a correlation
between phenotypic and genotypic similarity and a reference
system for matching the phenotypic cues of an encountered
individual. Phenotype matching can be either self-referential or
family-referential. Self-referent kin recognition is assumed to
be advantageous in species with multiple mating resulting in
unequally related siblings who are less appropriate as reliably
kin-reference (Hain and Neff 2006). Furthermore, as kin tem-
plates need regular updates because they may get lost otherwise
(Olsen and Winberg 1996; Mateo 2010), self-reference might
be advantageous during solitary phases. While several studies
suggest that phenotype matching in shoaling contexts is family-
referential rather than self-referential (e.g., Olsen and Winberg
1996; Gerlach et al. 2008, juvenile Pelvicachromis taeniatus
Hesse et al. 2012) studies examining the reference of kin
recognition in mate choice are scarce. Self-referent kin recog-
nition based on olfactory cues (coined “armpit effect” by
Dawkins (1982) might be particularly promising here because
self-derived olfactory cues can be continuously used as refer-
ence (Hauber and Sherman 2001). However, although the
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results of several studies are consistent with self-matching
(Mateo and Johnston 2000; Hauber and Sherman 2001;
Bressan and Zucchi 2009; Schielzeth et al. 2008), definitive
experimental evidence for self-reference is still scarce which
might be due to the context examined or due to experimental
constraints (e.g., difficulties to deprive individuals from becom-
ing familiar with phenotypes from kin, considering for instance
in utero familiarization in mammals (Hare et al. 2003).

In this study, we examine kin recognition in the externally
fertilizing fish P. taeniatus in a mate-choice context. P.
taeniatus is a monogamous cichlid with intense biparental
care (Thünken et al. 2010). After some weeks, the young
leave their parents and build loose shoals. After becoming
sexually mature, solitary males occupy territories and defend
them against rivals (Thünken et al. 2011). Previous mate-
choice experiments revealed that males and females were able
to discriminate between unfamiliar kin and unfamiliar non-
kin, suggesting phenotype matching as kin recognition mech-
anism (Thünken et al. 2007a). Interestingly, kin were preferred
as mating partner (Thünken et al. 2007a, b; see also Langen
et al. 2011). Further studies suggest that kin recognition is
mediated by olfactory cues (Thünken et al. 2011; Hesse et al.
2012). Adult males were shown to be able to recognize their
own odor (Thünken et al. 2009) which is an important pre-
requisite for self-referent kin recognition. In the present study,
adult males reared isolated from kin since egg stage were
given the choice between the odor of a sister and the odor of
an unrelated female. Both female odors were presented in
combination with the same computer-animated, brightly col-
ored, and reproductively active female of P. taeniatus in order
to simulate a mate-choice situation.

Material and methods

Experimental fish

The experimental fish were the F2 generation of wild caught
fish from the Moliwe, a small river in Cameroon, West Africa.
The Moliwe population is highly inbred and spatially (by
several waterfalls) as well as genetically structured (Langen
et al. 2011). As a consequence, it is very likely that related
individuals encounter each other during the reproductive pe-
riod under natural conditions.

The experimental fish were bred between February and
April 2010 in the laboratory at the Institute for Evolutionary
Biology and Ecology in Bonn under standardized conditions
(see Thünken et al. 2007a for details). Breeding caves were
checked for eggs daily. The eggs were then raised isolated
from kin in small plastic tanks (16×9×10 cm) under standard-
ized conditions (see Hesse et al. 2012 for details). In February
2011, subadult males were each transferred individually to
larger tanks (30.5×20×10 cm; water level, 13 cm) in which

they remained until they reached sexual maturity. The tanks
were equipped with sand, an air stone for air supply, and a
breeding cave. Visual isolation was ensured by opaque
Styrofoam sheets between the isolation tanks. To habituate
the test fish to the background of the computer animation (see
below), a hard copy of the background (showing a water
plant) was fixed at the broad sides of the isolation tanks. As
donor for olfactory stimuli, brightly colored and reproductive-
ly active females that were related and unrelated to the focal
males were isolated in tanks (25×15.5×15.5 cm, 1 L water/
0.15 g female biomass). Each tank was equippedwith a hiding
shelter and an air stone for air supply. Scented water was taken
from these tanks, serving as odor stimuli during trials. One
third of the water was exchanged at the day before scented
water for experimental trials was taken. The water temperature
was kept 23±1 °C, and the day/night period was 12 L/12D.
Experimental fish were fed with frozen Chironomus larvae in
the afternoon.

Experimental setup

The experimental tank had the same size as the isolation tanks
for the males and was also equipped with a breeding cave. The
tank was placed between two monitors of the same model
(EIZO Flex Scan F520, 85 Hz, see Thünken et al. 2011). The
setup was illuminated by a fluorescent tube (37 W) installed
1 m above the middle of the tank. Additionally, white
Styrofoam surrounded the setup. In the experiment, the test
males were given the choice between two identical computer-
animated brightly colored females of P. taeniatus (4 cm body
length on the screen), which were simultaneously presented in
combination with different odors. The computer animation
was developed based on digital photograph material of five
different females that were merged. It moved a horizontal
pathway from one side of the monitor to the other for a period
of 15 s, including a 2-s stop in the middle. After that, it
recurred horizontally and moved back in the same time
frame. This sequence was repeated over the total exper-
imental period. For details and preparation of the com-
puter animation, see Baldauf et al. (2008, 2009b, 2013).
The applications of computer animation in mate-choice ex-
periments is well established in P. taeniatus (Baldauf et al.
2009a, 2010, 2011, 2013; in combination with olfactory cues
Thünken et al. 2011). Water conditioned with the odor of one
related female was added centrally in front of one animation
and that conditioned with the odor of one unrelated female in
front of the other animation (see below). The side on which
the related odor was presented was determined randomly. In
order to control for potential differences in attractiveness of
the individual odors independent from relatedness, we tested
the female stimulus pair with two males (paired design, see
“Statistical analysis”).
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Experimental procedure

The experiment was conducted in August 2011 with brightly
colored, reproductively active males. One day before the
experiment, a live, brightly colored female was presented to
the males allowing sexual stimulation by visual cues only. The
next day, the male was carefully transferred into the test tank;
he was given 15 min to habituate to the experimental condi-
tions. Before the two computer animations of the female were
simultaneously started on both broad sides of the tank, the
olfactory stimuli were introduced for 40 s using a peristaltic
pump (flow rate, 5 ml/min). Subsequently, the scented waters
were introduced synchronously to every short stop of the
female animation for 4.8 s. This was done on the one hand
to make sure that the males associate the odor with the visual
stimuli and in order to avoid a rapid mixture of the odors. Two
hundred milliliters of conditioned water was taken from the
isolation tank of the respective females immediately before
each trial. Pretest had shown that these settings are appropri-
ate; animated fish with scented water were preferred over
animations with blanket water only (TT, TCMB, SAB,
unpublished data). After each trial, the tubes of the peristaltic
pumps and the tanks containing the stimulus water were
thoroughly rinsed with water. Body length of the test male
was measured immediately after the experiment. Fish behav-
ior was recorded using a webcam. The video recordings were
analyzed with the tracking software BIObserve. Mating pref-
erences were measured as association time near a stimu-
lus of the opposite sex, which is a standard method to
estimate mating preferences in animals (Wagner 1998).
Association time reliably predicts mating decisions in
cichlids (Couldridge and Alexander 2001; Dechaume-
Moncharmont et al. 2011) including P. taeniatus (Thünken
et al. 2007a, TT, TCMB, N. Henning, H. Kullmann,
unpublished data). The time spent in each choice zone (see
Fig. 1) was calculated over a period of 10 min after the fish
had visited both choice zones (and thus probably had per-
ceived both odors).

Statistical analysis

All calculations were performed with the R. 2.9.1 statistical
software package (R Development Core Team 2008).
Parametric tests were used because data did not significantly
differ from normal distribution according to the Shapiro–Wilk
test (paired data:N =6,W =0.912, p =0.449; preference index:
N =12, W =0.898, p =0.149). To analyze mating preferences,
we conducted two analyses. In order to control for potential
differences in attractiveness of the individual stimulus odors
(independent from relatedness), we tested a female stimulus
pair in two trials. Trial 1: male 1 with female A (a sister) and
female B (a non-kin). Trial 2: male 2 with the same female A
(a non-kin) and the same female B (a sister). Accordingly, the

sister average was (proportion time 1A + proportion time 2B)/
2 and the non-kin average was (proportion time 1B + propor-
tion time 2A)/2. The proportions were compared using a
paired t test. Furthermore, we conducted a linear mixed effect
model (“lme”) with kin preference index (time spent with
sister minus time spent with non-sister) of each experiment
as response variable. This analysis allowed us on the one hand
to examine size-related mating preference (male body size
was entered as covariate) and on the other hand to control
for the multiple use of some families. Family origin of the
males was entered as random factor (random factor “family”:
likelihood-ratio tests (LRT), df =1, χ2=0.144, p =0.704). The
12 test males and 8 stimulus females originated from five
different families (number of males per family: 4, 3, 1, two
times: 2). LRTwith maximum likelihood assessedwhether the
removal of a variable caused a significant decrease in the
model fit. Reported p values of models refer to the increase
in deviance when the respective variable was removed.
Hence, degrees of freedom differ by one.

Results

Males significantly preferred the odor of the unfamiliar sister
over that of the unfamiliar, unrelated female (paired t test, df =
5, t =−3.05, p =0.028; Fig. 2). The result remains significant
when controlling for the multiple use of families (lme, inter-
cept estimate=136.458, df =7, t =2.46, p =0.043; random fac-
tor: “family” (intercept) SD=0.148, residual SD=183.698).
Body size of the test males ranged from 4.3 to 5.0 cm (mean±
SD, 4.60±0.16 cm). Male body size which was independent
from a male’s age (Pearson correlation, N =12, r =−0.28, p =
0.41) was positively correlated with kin preference (LRT,
slope estimate=723.477, χ2=5.55, p =0.018; Fig. 3).

Discussion

Here, we showed that males of P. taeniatus that were reared
isolated from kin since egg stage were able to discriminate
between unfamiliar sisters and unfamiliar unrelated females
based on olfactory cues in the context of mate choice. As
expected from previous studies (Thünken et al. 2007a, 2007b,
2011), they preferred sisters. Because males could have
learned kin cues exclusively from themselves, our study pro-
vides clear evidence for self-referent phenotype matching.
Several other studies examining phenotype matching in non-
sexual, i.e., grouping contexts reported that individuals reared
isolated from kin did not discriminate between kin and non-
kin (e.g., Olsen and Winberg 1996; Gerlach et al. 2008). This
is also true for juvenile of P. taeniatus which live in shoals
(Hesse et al. 2012). Other studies showed that kin templates
appear to get lost after a certain period of separation from kin
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(Olsen and Winberg 1996; Mateo 2010). This suggests that
contact to kin is often essential for successful recognition of
kin and that phenotype matching is rather based on familial
imprinting than self-reference during social stages (Frommen
et al. 2007, but see Hain and Neff 2006). When individuals
become reproductive, their own odor patterns may change and
develop more pronounced and, consequently, own odors may
gain more importance. For example, in male sticklebacks,
certain MHC signals are only produced in the reproductive
state (Milinski et al. 2010). In Atlantic salmon, olfactory
receptors of adult fish were shown to be different from those
of juveniles (Johnstone et al. 2011). Reproductively active
males ofP. taeniatus are solitary, highly territorial, and defend
breeding sites aggressively against rivals (Thünken et al.
2011). As in other cichlids (Barata et al. 2007), olfactory
signals play a role in the territorial behavior of adult males.
When given the choice between two caves in which different
scents were artificially added, males preferred caves with the
own odor over caves with foreign odors; interestingly, they
avoided caves with the odor of brothers against caves with the

odor of unrelated males (maybe to avoid competition with kin;
Thünken et al. 2009)). These results indicate that adult males
of P. taeniatus are able to recognize own olfactory cues, and
the results of the present study indicate that they use self-
derived olfactory cues to recognize kin. In conclusion, in
contrast to juvenile kin recognition which is based on familial
imprinting in P. taeniatus (Hesse et al. 2012), adult kin
recognition seems to rely on self-reference, suggesting that
mechanisms of kin recognition are context-dependent.

The mating preferences reported in the present study con-
firm the inbreeding preferences found in previous laboratory
studies in P. taeniatus (Thünken et al 2007a, 2007b, 2011,
2012). These findings received further support by genetic
analyses, revealing that the natural Moliwe population shows
generally a very low genetic diversity (in terms of microsat-
ellite allelic diversity and heterozygosity) as well as a signif-
icant heterozygote deficit (Langen et al. 2011). The latter was
present at population level but also within subpopulations and
sampling sites, indicating that mating among related individ-
ual occurred more often than expected by chance even at
relatively small spatial scales.

Fig. 1 The experimental setup.
Male Pelvicachromis taeniatus
could choose between the odor of
a sister and that of an unrelated
female. Two identical computer
animations of a brightly colored,
reproductively active female were
simultaneously presented as
visual stimuli on both sides. A
choice zone of 5 cm was defined
in front of each monitor to
measure male preferences

Fig. 2 Proportion (%) of association times of 12 test males near the
related stimulus (sister) and near the unrelated stimulus (non-sister)

Fig. 3 Relationship between body size (cm) of the test males and kin
preference. The preference index was calculated by subtracting the time (s)
the males spent with the non-sister from the time (s) spent with the sister
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Mating with kin often results in inbreeding depression
(Charlesworth and Charlesworth 1987), but theory also predicts
benefits (reviewed in Kokko and Ots 2006). However, as the
costs often appear to exceed the benefits, many animals show
inbreeding avoidance strategies (Pusey and Wolf 1996).
Although there are examples that inbreeding is tolerated in
some species, evidence for active inbreeding is rare (Szulkin
et al. 2013). Inbreeding might be beneficial in species with
biparental brood care because it may reduce the sexual conflict
over care in pairs consisting of related individuals (Thünken
et al. 2007a). This hypothesis was supported in P. taeniatus in
which related individuals were less aggressive during care and
spent more time caring. In contrast, in the cichlid
Neolamprologus pulcher, highly related pairs showed higher
within-pair aggression (Stiver et al. 2008). Furthermore, in-
breeding individuals might increase their inclusive fitness by
providing opposite sex siblings a mating partner (“altruistic
inbreeding”, Kempenaers 2007; Kokko and Ots 2006). This
might be particularly important in species with strong intra-
sexual competition like P. taeniatus in which females compete
among each other for access to males (Baldauf et al. 2011).

In the present—as well as in a previous study (Thünken et al.
2011)—male kin preference was positively correlated with
male body size. As male size did not correlate with age, we
assume that variation in size reflect variation in genetic quality.
Variation in mating preferences has received considerable at-
tention in evolutionary research (reviewed in Jennions and
Petrie 1997; Widemo and Saether 1999; Cotton et al. 2006).
As large males have advantages in intra- (Thünken et al. 2011)
as well as in inter-sexual competition (Baldauf et al. 2009a),
they are able to select the preferred partner and gain accordant
fitness benefits. In contrast, low-quality males might be gener-
ally less choosy or show instantly assortative preferences for
low-quality females (see Baldauf et al. 2013). Interestingly,
size-related responses do not seem to require any prior social
experience and thus might be innate.

In the context of inbreeding, quality-related inbreeding
might contribute to “purging”, i.e., selection against deleteri-
ous alleles in the long-term due to inbreeding (Crnokrak and
Barrett 2002; Glemin 2003). Because of purging, inbreeding
individuals might increase individual inclusive fitness across
generations (Lehmann and Perrin 2002). Quality-related mate
choice in general might contribute to purging by sexual selec-
tion because higher choosiness of high-quality individuals in
mate choice should result in higher fitness compared to low-
quality individuals. Moreover, low-quality individuals might
be less attractive as mating partners. Recently, we have shown
that small sisters are rejected against large unrelated females
bymales as mates (Thünken et al. 2012). In particular, quality-
related kin-mating preferences might be of importance for the
evolution of inbreeding preference. The stronger kin prefer-
ences of high-quality individuals should lead to fast spread of
“inbreeding alleles”; in contrast, reduced kin preferences of

low-quality individuals might prevent the reintroduction of
deleterious mutations.
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