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Abstract The ability to recognize parents has never been
reported in species in which parents do not provide care
to their young; in such species, only sibling recognition
has been found. However, there may be several advan-
tages of parent recognition, even in the absence of pa-
rental care. We investigated the ability of neonates to
recognize olfactory cues from both their mother and
siblings in the common lizard, Lacerta vivipara, a species
without parental care. Juveniles from 264 gravid females
were reared for 2 days either with their mother, with
another female, or separated from all other adults. Ju-
veniles from some families were split into two or three
groups so that each juvenile was unfamiliar with a subset
of its siblings. After 2 days, we o�ered the juveniles a
choice of two nocturnal shelters: one containing a lizard
odor and the other without odor. The response to the
odor of an unrelated and unfamiliar adult was in¯u-
enced by both the sex of the adult and the sex of the
juvenile. Juveniles of both sexes recognized the odor of
their mother whether they were familiar with her or not
(pre-natal determinism). Juveniles recognized familiar
but not unfamiliar siblings (post-natal determinism). In
the wild, spatial association with kin declines shortly
after birth. Thus, recognition of the mother is likely to
have biological relevance. Recognition of the mother
may reduce competition and/or enhance juvenile estab-
lishment.
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Introduction

Kin recognition is commonly explained by kin selection
(Hamilton 1964 a,b) and inbreeding avoidance (Bateson
1978, 1983). In the particular case of parent-o�spring
recognition, studies correctly focused on the importance
of parental care. In dense populations, parents have to
recognize their o�spring to avoid misdirected parental
care, and juveniles have to recognize their parents to
avoid aggressive rejection by unrelated adults (Evans
1980; Elwood 1991; Porter 1986; Waldman 1988). There
are other advantages of parent-o�spring recognition.
Many species show infanticide; for instance, males may
attempt to provoke estrus in females by killing the o�-
spring they are nursing (Elwood 1991, 1992; Fitzgerald
and Whoriskey 1992; de Fraipont et al. 1992). Infanti-
cide can also reduce competition (Holmes and Sherman
1982; Elwood 1992). In these situations, it will disad-
vantage parents if they misidentify their own o�spring
and cannibalize or kill them (Elwood 1991, 1992). Par-
ent-o�spring recognition may also decrease kin compe-
tition by reducing aggressiveness (Halpin 1981; Hurst
and Barnard 1991), or by promoting helping (Kurland
1980; Holmes and Sherman 1982). Finally, parent-o�-
spring recognition may contribute to optimization of
mate choice (Bateson 1983; Hayashi and Kimura 1983).

However, advantages of parent-o�spring recognition
have only been reported in species with parental care
(Wilson 1987; Waldman 1988; Byers and Beko� 1991;
Ferkin et al. 1992). Furthermore, parental care may also
provide the opportunity to recognize parents or o�-
spring on the basis of familiarity (Ferkin et al. 1992).
Thus, it is still not clear if parent-o�spring recognition
remains advantageous when there is no parental care.

The few studies of kin recognition in species without
parental care (Fletcher and Michener 1987) have only
reported sibling recognition (Blaustein et al. 1987a,b;
Werner et al. 1987; Simmons 1989; Blaustein and Wa-
ldman 1992; Brown and Brown 1993; Pfennig et al.
1993), though maternal factors may serve as cues for
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sibling recognition in some of these species (Hepper and
Waldman 1992; Blaustein and Waldman 1992). Parent-
o�spring recognition may not have evolved because
parents usually abandon their o�spring soon after lay-
ing, whereas siblings remain grouped. Studies are needed
using species where parents and o�spring may encounter
each other after birth (overlapping home ranges), to
determine whether parent-o�spring recognition occurs
in the absence of parental care.

We report a study of kin discrimination in the lizard
Lacerta vivipara, which does not provide parental care,
but in which parents and o�spring have overlapping
home ranges (Clobert et al. 1994). Kin recognition has
rarely been reported in reptiles (Blaustein et al. 1987b;
Hepper 1991; Main and Bull 1996). One study has found
evidence for sibling recognition in a lizard by means of
chemical cues (Werner et al. 1987). Nasal chemical re-
ceptors are well developed in lacertid lizards (Halpern
1992). The common lizard can discriminate predator's
odor (Thoen et al. 1986; Van Damme et al. 1990). This
species lives in dense vegetation, where odor cues are
more e�cient than visual cues (Stamps 1977; Singer et al.
1980; Alberts and Werner 1993). Many lacertid lizards
have nocturnal burrows (Stamps 1977), and may leave
odor to indicate recent burrow use. Therefore avoidance
of or attraction towards an individual can be simulated by
the response to a shelter containing lizard odor.

In this study we tested the response of juveniles of both
sexes to scent cues contained in a shelter, according to the
sex, the age, and the relatedness of the scent donor. We
also investigated the in¯uence of familiarity with kin.

The aim of this study was not to attribute a function
to this recognition, but to provide an example of kin
recognition in a species lacking parental care.

Methods

Study species and site

The common lizard, Lacerta vivipara, is a small (average adult size:
60 mm snout±vent length, SVL) viviparous, lacertid lizard that in-
habits peatbogs and heathlands.Mating occurs inMay, immediately
after female emergence. Parturition begins 2 months later, and fe-
males lay on average ®ve eggs which hatch as they are laid. Neonates
(20 mm SVL) are autonomous just after hatching and may disperse
from their natal site within a few days of birth (40±80% of juveniles
disperse at high population density, Clobert et al. 1994). The study
site is on Mont LozeÁ re in the Cevennes National Park (Massif
Central, France) at 1420 m altitude (Pilorge et al. 1987; Clobert et al.
1994). Since 1986, gravid females have been captured by hand in
early July and kept in the laboratory for a few weeks until parturi-
tion. In 1993 and 1996, 264 females, 528 of their o�spring and 45
adultmales were housedwith food andwater ad libitum in individual
terraria (18 ´ 12 ´ 12 cm), which were heated for 6 h per day under
a regime of natural daylight. All lizards were released immediately
after the experiment at their last capture point.We sexed juveniles by
counting ventral scales (Lecomte et al. 1992).

General design

This study tested the discrimination of hatchlings of both sexes for
odors of adults and juveniles contained in a shelter.

In most tests of kin discrimination, subject animals are o�ered a
choice between kin and non-kin cues. However, this method does
not discriminate between attraction to kin cues and avoidance of
non-kin cues. Furthermore, laboratory conditions and the odor
treatments used can result in a juvenile refusing to enter a shelter.
We therefore preferred to use unforced choice experiments. This
involved a choice between cue and no cue, to measure the response
(attraction or avoidance) to both kin and non-kin cues, and to test
the potential interaction of each odor treatment with laboratory
conditions. We o�ered juveniles a choice between two nocturnal
shelters, one containing an odor and the other without odor. In 62
control experiments neither shelter contained an odor. This mea-
sured any bias resulting from laboratory conditions. Finally, we
performed a set of forced choice experiments to test the preference
of the juvenile between its own odor and the odor of its mother.

We collected odors by placing blotting paper pieces in contact
with an individual for two days. All experiments were performed in
equal sized terraria (25 ´ 15 ´ 17 cm). Two shelters (plastic half-
cylinders, L ´ R:50 ´ 16 mm) were randomly placed at opposite
sides of an empty terrarium. Blotting paper pieces (with or without
odor) were put into each shelter with tweezers.

In each experiment one 2-day-old juvenile was placed in the
middle of a terrarium at 1700 hours. The terrarium was placed
randomly in a room exposed to daylight and ambient temperature
(21 °C), and left for 13 h including 9.5 h of total darkness (2130±
0600 hours). We recorded the position of the juvenile with a
¯ashlight three times, at 1800, 2400, and 0600 hours, noting
whether the lizard was outside or inside the shelters, and in the
latter case, which shelter was chosen. The observer did not know
which shelter contained an odor. After each experiment, the ter-
rarium and shelters were rinsed with water containing detergent to
eliminate residual chemical traces. Each juvenile was used in only
one experiment.

Odor treatments

We tested the response of juveniles to the following odors (sample
sizes used in each odor treatment according to the rearing condi-
tion are summarized in Table 1).

Unrelated and unfamiliar adult males or females

We o�ered 53 juveniles the choice between a shelter with the odor
of an unrelated male and a shelter with no odor. We o�ered 52
juveniles the choice between a shelter with the odor of an unrelated
unfamiliar adult female. We investigated the in¯uence of the sex of
70 juveniles in these experiments.

Unrelated unfamiliar juveniles

We o�ered 60 juveniles the choice between a shelter with the odor
of an unrelated juvenile and a shelter with no odor.

Mothers

A total of 123 juveniles were used, of which 81 were sexed. Just
after hatching, juveniles were subdivided into three groups: for 2
days, 55 were housed with their mother, 35 were isolated from adult
conspeci®cs, and 33 were housed with an unrelated postpartum
female. We o�ered these juveniles the choice between a shelter with
their mother's odor and a shelter with no odor.

In a further experiment, we isolated 60 juveniles from their
mother directly after birth, and kept them for 2 days in individual
terraria. We o�ered them a choice between a shelter containing the
odor of their mother and a shelter containing their own odor.

Siblings

Just after hatching, juveniles from each litter were separated from
their mother and split into two or three groups. Each juvenile was
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therefore familiar with some of its siblings and unfamiliar with
others. We o�ered these juveniles a choice between a shelter
containing the odor of their siblings (n � 60 for familiar siblings
and n � 58 for unfamiliar siblings), and a shelter containing no
odor.

Data analysis

From the three observations of each juvenile we recorded the
number of times it was in a shelter and the number of times it
selected a given shelter.

To test if the presence of an odor in¯uenced juvenile choice, we
compared the experiments where at least one odor was o�ered in a
shelter to the control experiments where no odors were o�ered. In
the same way, we tested whether the shelter choice di�ered from
random expectation. All analyses were performed using logistic
models (Procedure GENMOD, SAS Institute 1990) selected using
log-likelihood ratio tests.

Results

Unrelated and unfamiliar adult males or females

When the odor of an unrelated unfamiliar adult male
was o�ered, signi®cantly fewer juvenile males than fe-
male entered a shelter (n � 36, X 2

1 � 7:48, P � 0.006,
Fig. 1), and fewer juvenile males entered a shelter than
in control trials (n � 30, X 2

1 � 5:52, P � 0.019). This
was not the case for juvenile females (n � 50,
X 2
1 � 0:86, P > 0.10). The 28 juveniles that entered a

shelter did not signi®cantly select or avoid the shelter
containing the odor of an adult male (n � 28,
X 2
1 � 0:41, P > 0.10, Fig. 2).
When the odor of an unrelated unfamiliar adult fe-

male was o�ered, the sex of the juvenile did not in¯u-
ence the probability of entering a shelter (n � 34,
X 2
1 � 1:05, P > 0.10, Fig. 1), and they entered shelters

as often as in control trials (n � 114, X 2
1 � 0:36,

P > 0.10). The 34 juveniles that entered a shelter did
not signi®cantly select or avoid the shelter containing
the odor of an unrelated adult female (n � 34,
X 2
1 � 2:82, P � 0.093, Fig. 2).

Table 1 Sample size of subjects used in each odor treatment ac-
cording to the rearing condition that subjects experienced (n is the
sample size of juveniles used (each juvenile only participated in one
experiment), L indicates the number of litters used). Juveniles were

reared with their mother in the group 1, they were reared with only
a subset of their siblings in the group 2, and they were reared with
an unrelated adult female in the group 3

Odor treatments Rearing groups

Group 1 Group 2 Group 3

No odor (control trials) n = 25 (L = 23) n = 28 (L = 19) n = 9 (L = 9)
Unfamiliar unrelated adult male n = 22 (L = 21) n = 20 (L = 19) n = 11 (L = 11)
Unfamiliar unrelated adult female n = 21 (L = 20) n = 19 (L = 19) n = 12 (L = 12)
Unfamiliar unrelated juveniles n = 16 (L = 15) n = 38 (L = 31) n = 6 (L = 6)
Unfamiliar siblings n = 58 (L = 36)
Familiar siblings n = 60 (L = 37)
Unfamiliar mother n = 35 (L = 32) n = 33 (L = 29)
Familiar mother n = 55 (L = 31)
Unfamiliar mother versus own odor n = 60 (L = 40)

Fig. 1 Probability that juvenile males and females will enter a shelter
when the odor of an unrelated unfamiliar adult male or female is
o�ered. Bars indicate individual errors recorded at the 3 visits

Fig. 2 Probability that a juvenile will select the shelter containing the
odor according to the odor o�ered. Bars indicate individual errors
recorded at the 3 visits
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Unrelated unfamiliar juveniles

The presence of the odor of an unfamiliar unrelated
juvenile did not in¯uence the probability that a juvenile
would enter a shelter (n � 122, X 2

1 � 3:09, P � 0.078)
nor did it in¯uence the choice of the shelter (n � 35,
X 2
1 � 0:36, P > 0.10; Fig. 2).

Mothers

Neither the sex of the juveniles nor the rearing condi-
tions that the juveniles experienced in¯uenced whether
they entered a shelter when one of the shelters contained
the odor of the mother (Table 2). Juveniles entered the
shelters as often when one of them contained the odor of
their mother as in the control trials (n � 185,
X 2
1 � 1:208, P > 0.10). However, independent of the sex

of the juvenile, those juveniles which entered a shelter
signi®cantly more often selected the one containing the
mother's odor (n � 92, X 2

1 � 100:56, P < 0.0001)
whether they were familiar with their mother or not
(Fig. 2). Juveniles signi®cantly selected the mother's
odor even if they had been reared for 2 days with an
unrelated female (n � 27, X 2

1 � 42:74, P < 0.0001), or
kept isolated from conspeci®c adults for 2 days (n � 23,
X 2
1 � 15:60, P � 0.0001). Juveniles selected a shelter

containing the odor of an unfamiliar mother signi®-
cantly more often than a shelter containing odor of an
unfamiliar and unrelated female (n � 84, X 2

1 � 21:66,
P < 0.0001).

Juveniles showed no signi®cant preference for the
shelter containing their own odor over one containing
the odor of their mother (n � 48, X 2

1 � 0:0, P � 1).

Siblings

When o�ered the odor of unfamiliar siblings, juveniles
entered a shelter as often as in control trials (n � 120,
X 2
1 � 0:61, P > 0.10). Those juveniles that entered

shelters showed no preference or avoidance of the shelter
with odor (Fig. 2).

When o�ered the odor of familiar siblings, juveniles
did not enter the shelters more often than in control trials
when both the shelters contained no odor (n � 122,
X 2
1 � 0:67, P > 0.10). However those juveniles which

entered a shelter signi®cantly more often selected the
shelter containing the familiar sibling's odor (n � 40,
X 2
1 � 6:11, P � 0.013, Fig. 2). Comparing the trials,

there was a not quite signi®cant trend for juveniles to be
more attracted by the shelter containing the familiar
siblings odor than when the shelter contained odor of
unfamiliar unrelated juveniles (n � 75, X 2

1 � 3:62,
P � 0.057).

Discussion

The results suggest that juvenile lizards are able to dis-
criminate their mother from other lizards on the basis of
olfactory cues alone. Juveniles of both sexes were at-
tracted by the odor of their mother, but not by the odor
of an unrelated unfamiliar female. Attraction to the
mother's odor was not diminished in juveniles separated
from their mother from birth, suggesting pre-natal de-
termination. Juveniles were also attracted by the odor of
their siblings, but this attraction vanished if siblings were
not reared together, suggesting post-natal determina-
tion. Male juveniles were also sensitive to the sex of
unrelated unfamiliar adults.

Laboratory results are not always relevant to the
®eld. In our study, a relatively large fraction of juveniles
stayed outside the shelters, even when neither shelter
contained an odor. Common lizards normally spend the
night in a burrow (Stamps 1977), so juveniles which
refused to enter the shelters may have been stressed by
laboratory conditions. However, stress cannot explain
the choices made by juveniles which entered a shelter.
Choice of a given shelter was not visit-dependent, since
78 out of the 111 juveniles which were found in a shelter
at each of the three visits never moved from one shelter
to the other (all experiments pooled).

Response to the odor of unrelated unfamiliar
individuals: in¯uence of sex and age

Juveniles did not seem to be in¯uenced by the odor of an
unrelated juvenile or an unrelated unfamiliar adult fe-
male. However, the odor of an unrelated unfamiliar
adult male decreased the probability that juvenile males
would enter a shelter.

Table 2 E�ect of both the juvenile sex and the rearing condition on
the probability to enter a shelter and on the probability to select the
shelter containing the odor when the mother's odor is o�ered. The
analyses were performed using logistic regression. Non-signi®cant

interaction terms were removed from the analysis. Since only 81
out of 123 juveniles were sexed, we also removed the main e�ect
``juvenile sex'' (when non-signi®cant) to test the in¯uence of the
rearing condition

Source of deviance Probability of entering a shelter Probability of selecting the shelter
containing the odor

n df X2 P n df X2 P

Rearing condition 123 2 3.15 0.21 92 2 3.33 0.19
Sex 81 1 0.45 0.50 61 1 0.26 0.61
Rearing condition ´ sex 81 2 0.93 0.63 61 2 0.06 0.97
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In this species, adult males are usually dominant over
subadult males whereas females are less aggressive to-
wards younger individuals of both sexes (Lecomte 1993;
Lecomte et al. 1994). In particular, adult males display
aggressive behavior towards smaller individuals, when
food is o�ered (authors, personal observations), and
males may cannibalize juveniles in captive conditions.
The avoidance by juvenile males of shelters with adult
male odor may re¯ect avoidance of adult males by ju-
veniles, which probably results from intrasexual com-
petition. The absence of avoidance of shelter with adult
female odor may re¯ect the low level of agonistic in-
teraction between females and younger individuals. This
also suggests that juveniles are able to recognize the sex
of adults on olfactory cues alone.

Response to kin's odor: evidence for mother recognition

Juveniles responded positively both to the odor of their
mother and to the odor of their siblings. We believe that
only the recognition of the mothers has an ecological
function. Juveniles of the common lizard are very active
as soon as they hatch, so that spatial association of kin
declines rapidly in the wild. Because of this, kin dis-
crimination would have to be rapidly formed in order to
be functional (Evans 1980; Gubernick 1980; Waldman
1988), and familiarity cannot be a reliable cue to assess
kinship.

Self-recognition and species recognition based on
chemical cues have been reported in several species of
reptiles (Porter and Czaplicki 1974; Cooper and Vitt
1986; Graves and Halpern 1991; Alberts and Werner
1993; Waye and Gregory 1993). If individual odors are
genetically based, odors of kin would be more closely
related than the odors of non-kin (Grafen 1990), so
attraction to kin odors may be a side e�ect of species
recognition and/or of self-recognition. Several consid-
erations led us to think that this is not the case in this
species. First, juveniles did not prefer their own odor to
the odor of their mother, which is contrary to the pre-
diction of self-recognition. Second, juvenile males
avoided the odor of unrelated adult males, and juveniles
of both sexes were not attracted to the odor of unrelated
females. This is contrary to the prediction of species
recognition. We can conclude that juveniles of the
common lizard show mother recognition, rather than
self-recognition or species recognition.

Advantages of mother recognition
when there is no parental care

There are three possible advantages from recognition of
parents, even in the absence of parental care, in the
common lizard: reduction of cannibalism, selection of
optimal habitat, and avoidance of kin competition.

Parent-o�spring recognition can reduce aggressive-
ness or cannibalism of a parent towards its progeny

(Linsenmair 1987; Elwood 1991, 1992; Fitzgerald and
Whoriskey 1992; de Fraipont et al. 1992) provided that
the recognition is reciprocal (Halpin 1981; Holmes and
Sherman 1982; Hurst and Barnard 1991). In the com-
mon lizard, adult males prey on juveniles when kept
together in terraria for a long time (M. Massot, un-
published work). However, cannibalism was reduced in
semi-natural enclosures. In addition, in 7 years of study,
only 1 adult female out of more than 400 (M. Massot,
personal communication) was found to prey on a juve-
nile which was not her o�spring. Cannibalism also does
not explain why more juvenile males than females avoid
the odor of an adult male.

The odor of the mother can be used to facilitate the
establishment of her o�spring. This may help juveniles
to locate suitable features in the habitat (Graves et al.
1986; Moses and Millar 1994). For example, the odor of
the mother may help to locate safe shelters. In this
species, several lizards can be found in the same burrow
(Massot 1992a), which may indicate that selection of a
good refuge for the night is critical.

Finally, the odor of the mother can serve as a cue to
stay or leave the natal area. Dispersal is expected to
decrease kin competition (Shields 1983; Moore 1992;
Ferkin 1990; Ferkin et al. 1992). In the common lizard,
juvenile dispersal, which can be as high as 80% (Massot
1992a,b; Massot et al. 1992), occurs shortly after birth
(Clobert et al. 1994) and seems mostly determined by the
avoidance of kin (Clobert et al. 1994; Massot and Clo-
bert 1995; LeÂ na et al., in press). Mother attraction may
serve as the proximal mechanism promoting philopatry
and this may explain why a large fraction of juveniles,
perhaps potential dispersers, refused to enter the shelter
when the odor of their mother was o�ered.

In conclusion, several functions may favor mother
recognition in the absence of parental care. The avoid-
ance of competition or the facilitation of juvenile es-
tablishment appears to be the most likely in this species.
Further investigations are needed to evaluate their re-
spective roles.

AcknowledgementsWe thank J. Clobert, A.P. Moller, and G. Sorci
for many constructive comments on earlier drafts of this manu-
script. We are also grateful to the editor T. Czeschlik, an anony-
mous referee, and M. Bull, who patiently improved the
presentation of our manuscript.

References

Alberts AC, Wernert DI (1993) Chemical recognition of unfamiliar
conspeci®cs by green iguanas: functional signi®cance of di�er-
ent signal components. Anim Behav 46:197±199

Bateson P (1978) Sexual imprinting and optimal outbreeding.
Nature 273:659±660

Bateson P (1983) Optimal outbreeding. In: Bateson P (ed) Mate
choice Cambridge University Press, Cambridge, pp 257±277

Blaustein AR, Waldman B (1992) Kin recognition in anuran am-
phibians. Anim Behav 44:207±221

Blaustein AR, Beko� M, Daniels TJ (1987a) Kin recognition in
vertebrates (excluding primates): empirical evidence. In:

345



Fletcher DJC, Michener CD (eds) Kin recognition in animals.
Wiley, Chichester, pp 287±331

Blaustein AR, Beko� M, Daniels TJ (1987b) Kin recognition in
vertebrates (excluding primates): mechanisms, functions, and
future research. In: Fletcher DJC, Michener CD (eds) Kin re-
cognition in animals. Wiley, Chichester, pp 333±357

Brown GE, Brown JA (1993) Do kin always make better neigh-
bours? The e�ects of territory quality. Behav Ecol Sociobiol
33:225±231

Byers JA, Beko� M (1991) Development, the conveniently for-
gotten variable in ``true kin recognition''. Anim Behav 41:1088±
1090

Clobert J, Massot M, Lecomte J, Sorci G, Fraipont M de, Barbault
R (1994) Determinants of dispersal behavior: the common liz-
ard as a case study. In: Vitt LJ, Pianka ER (eds) Lizard ecology:
historical and experimental perspectives. Princeton University
Press, Princeton, pp 183±206

Cooper WE, Vitt LJ (1986) Lizard pheromones: behavioral
responses and adaptative signi®cance in skinks of th genus
Eumeces. In: Duvall D, MuÈ ller-Schwarze D, Silverstein RM
(eds) Chemical signals in vertebrates IV Ecology evolution, and
comparative biology. Plenum, New York, pp 323±340

Elwood RW (1991) Parental states as mechanisms for kinship
recognition and deception about relatedness. In: Hepper PG
(ed) Kin recognition. Cambridge University Press, Cambridge,
pp 289±307

Elwood RW (1992) Pup-cannibalism in rodents: causes and con-
sequences. In: Elgar ME, Crespi BJ (eds) Cannibalism: ecology
and evolution among diverse taxa. Oxford University Press,
Oxford, pp 299±322

Evans RM (1980) Development of behavior in seabirds: an eco-
logical perspective. In: Burger J, Olla BL, Winn HE (eds) Be-
havior of marine animals: current perspectives in research.
Plenum, New York, pp 271±322

Ferkin MH (1990) Kin recognition and social behavior in microtine
rodents. In: Tamarin RH, Ostfeld RS, Pugh SR, Bujalska
G(eds) Social systems and population cycles in voles. BirkhaÈ -
user, Basel, pp 11±24

Ferkin MH, Tamarin RH, Pugh SR (1992) Cryptic relatedness and
the opportunity for kin recognition in microtine rodents. Oikos
63:328±332

Fitzgerald GJ, Whoriskey FG (1992) Empirical studies of canni-
balism in ®sh. In: Elgar ME, Crespi BJ (eds) Cannibalism:
ecology and evolution among diverse taxa. Oxford University
Press, Oxford, pp 238±255

Fletcher DJC (1987) The behavioral analysis of kin recognition:
perspectives on methodology and interpretation. In: Fletcher
DJC, Michener CD (eds) Kin recognition in animals. Wiley,
Chichester, pp 19±54

Fletcher DJC, Michener CD (1987) Introductory remarks. In:
Fletcher DJC, Michener CD (eds) Kin recognition in animals.
Wiley, Chichester, pp 1±5

Fraipont de M, Fitzgerald GJ, Guderley H (1992) Femme fatale ±
The case of the threespine stickleback. Ethology 91:147±
152

Grafen A (1990) Do animals really recognize kin? Anim Behav
39:42±54

Graves BM, Halpern M (1991) Discrimination of self from con-
speci®c chemical cues in Tiliqua scincoides (Sauria: Scincidae). J
Herpetol 25:125±126

Graves BM, Duvall D, King M, Lindstedt SL, Gern WA (1986)
Initial den location by neonatal prairie rattlesnakes: functions,
causes, and natural history in chemical ecology. In: Duvall D,
MuÈ ller-Schwarze D, Silverstein RM (eds) Chemical signals in
vertebrates. IV. Ecology evolution and comparative biology.
Plenum, New York, pp 285±304

Gubernick DJ (1980) Maternal ``imprinting'' or maternal ``label-
ling'' in goats. Anim Behav 28:124±129

Halpern M (1992) Nasal chemical senses in reptiles: structure and
function. In: Gans C, Crews D (eds) Biology of the reptilia.
E. Hormones, brain, and behavior, vol XVIII. Chicago Uni-
versity Press, Chicago, pp 423±523

Halpin ZT (1981) Adult-young interactions in island and mainland
populations of the deermouse Peromyscus maniculatus. Oeco-
logia 51:419±425

Hamilton WD (1964a) The genetical evolution of social behaviour
I. J Theor Biol 7:1±16

Hamilton WD (1964b) The genetical evolution of social behaviour
II. J Theor Biol 7:17±52

Hayashi S, Kimura T (1983) Degree of kinship as a factor regu-
lating preferences among conspeci®c in mice. Anim Behav
31:81±85

Hepper PG (1991) Introduction. In: Hepper PG (ed) Kin recog-
nition. Cambridge University Press, Cambridge, pp 1±5

Hepper PG, Waldman B (1992) Embryonic olfactory learning in
frogs. Q J Exp Psychol 44:179±197

Holmes WG, Sherman PW (1982) The ontogeny of kin recognition
in two species of ground squirrels. Am Zool 22:491±517

Hurst JL, Barnard CJ (1991) Kinship and social behavior in wild
mice: e�ect of social group membership and relatedness on the
responses of dominant males toward juveniles. Behav Ecol
3:196±206

Kurland JA (1980) Kin selection theory: a review and selected
bibliography. Ethol Sociobiol 1:255±274

Lecomte J (1993) RoÃ le du comportement dans l'organisation et la
reÂ gulation des populations de leÂ zards vivipares. PhD thesis,
Ecole Normale SupeÂ rieure et UniversiteÂ de Paris XI

Lecomte J, Clobert J, Massot M (1992) Sex identi®cation in juve-
niles of Lacerta vivipara. Amph-Rept 13:21±25

Lecomte J, Clobert J, Massot M, Barbault R (1994) Spatial and
behavioural consequences of a density manipulation in the
common lizard. Ecoscience 4:300±310

LeÂ na JP, Clobert J, Fraipont M de, Ghiot G (in press). The relative
in¯uence of intra-speci®c and kin competition on dispersal in
the common lizard. Behav Ecol Sociobiol

Linsenmair KE (1987) Kin recognition in subsocial arthropods, in
particular in the desert isopod Hemilepistus reaumuri. In:
Fletcher DJC, Michener CD (eds) Kin recognition in animals.
Wiley, Chichester, pp 121±208

Main AR, Bull M (1996) Mother-o�spring recognition in two
australian lizards, Tiliqua rugosa and Egernia stokesii. Anim
Behav 52:193±200

Massot M (1992a) DeÂ terminisme de la dispersion chez le leÂ zard
vivipare. PhD thesis, Ecole Normale SupeÂ rieure et UniversiteÂ de
Paris XI

Massot M (1992b) Movement patterns of the common lizard
Lacerta vivipara in relation to sex and age. In: Korsos Z, Kiss I
(eds) Proceedings of the 6th ordinary general meeting of the
Societas Europaea Herpetologica. Budapest: Hungarian Natu-
ral History Museum, Budapest, pp 315±319

Massot M, Clobert J (1995) In¯uence of maternal food availability
on o�spring dispersal. Behav Ecol Sociobiol 37:413±418

Massot M, Clobert J, Pilorge T, Lecomte J, Barbault R (1992)
Density dependence in the common lizard: demographic con-
sequences of a density manipulation. Ecology 73:1742±1756

Moore J (1992) Dispersal, nepotism, and primate social behavior.
Int J Primatol 13:361±377

Moses RA, Millar JS (1994) Philopatry and mother-daughter as-
sociations in bushy-tailed woodrats: space use and reproductive
success. Behav Ecol Sociobiol 35:131±140

Pfennig DW, Reeve HK, Sherman PW (1993) Kin recognition and
cannibalism in spadefoot toad tadpoles. Anim Behav 46:87±94

Pilorge T, Clobert J, Massot M (1987) Life history variations ac-
cording to sex and age in Lacerta vivipara. In: Gelder JJ van,
Strijbosh H, Bergers PJM (eds) Proceedings of the 4th ordinary
general meeting of the Societas Europaea Herpetologica. Fa-
culty of Sciences, Nijmegen, pp 311±315

PorterRH (1986)Chemical signals andkin recognition in spinymice,
Acomys cahirinus. In: Duvall D, MuÈ ller-Schwarze D, Silverstein
RM (eds) Chemical signals in vertebrates. IV Ecology evolution,
and comparative biology. Plenum, New York, pp 397±411

Porter RH, Czaplicki JA (1974) Responses of water snakes (Natrix
r. rhombifera) and garter snakes (Thamnophis sirtalis) to chem-
ical cues. Anim Learning Behav 2:129±132

346



SAS Institute (1990) The GENMOD procedure. SAS technical
report P-243 release 6.09. SAS Institute, Cary

Shields WM (1983) Optimal inbreeding and the evolution of phi-
lopatry. In: Swingland IR, Greenwood PJ (eds) The ecology of
animal movement. Clarendon, Oxford, pp 132±159

Simmons LW (1989) Kin recognition and its in¯uence on mating
preferences of the ®eld cricket, Gryllus bimaculatus (de Geer).
Anim Behav 38:68±77

Singer AG, Macrides R, Agosta WC (1980) Chemical studies of
hamster reproductive pheromones. In: MuÈ ller-Schwarze D,
Silverstein RM(eds) Chemical signals: vertebrates and aquatic
invertebrates. Plenum, New York, pp 365±375

Stamps J (1977) Social behavior and spacing patterns in lizards. In:
Gans C, Tinkle DW (eds) Biology of the Reptilia. A. Ecology
and behaviour, vol VII. London: Academic Press, London, pp
265±335

Thoen C, Bauwens D, Verheyen RF (1986) Chemoreceptive and
behavioural responses of the common lizard Lacerta vivipara to
snake chemical deposits. Anim Behav 34:1805±1813

Van Damme R, Bauwens D, Vanderstighelen D, Verheyen RF
(1990) Responses of the lizard Lacerta vivipara to predator
chemical cues: the e�ects of temperature. Anim Behav 40:298±
305

Waldman B (1988) The ecology of kin recognition. Am Rev Syst
19:543±571

Waye HL, Gregory PT (1993) Choices of neonate Thamnophis
elegans vagrans between conspeci®c, congeneric, and heteroge-
neric odors. J Herpetol 27:435±441

Werner DI, Baker EM, Gonzalez EC, Sosa IR (1987) Kinship
recognition and grouping in hatchling green iguanas. Behav
Ecol Sociobiol 21:83±89

Wilson EO (1987) Kin recognition: an introductory synopsis. In:
Fletcher DJC, Michener CD (eds) Kin recognition in animals.
Wiley, Chichester, pp 7±18

Communicated by T. Czeschlik

347


