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Abstract

Mother cats can discriminate between their own and alien kittens using kittens” body odour. Here we ask whether they can
also distinguish between body odours of kittens from the same litter. We conducted three experiments using the habitu-
ation—dishabituation technique with the odour of 1- and 7-week-old kittens of both sexes. In Experiment 1, we found no
evidence that mothers discriminated among their own kittens of either age when presented three times with the odour of
one individual (habituation trials) and then with the odour of a different individual (dishabituation or discrimination trial),
even when the donor kittens were of different sex. In Experiment 2, alien adults of both sexes distinguished between 7 but
not between 1-week-old litter mates. In Experiment 3, mothers distinguished between unknown litter mates in a similar and
age-dependent manner to the animals of Experiment 2. We conclude that litter mates possess individual odour signatures
that can be discriminated by adult cats, that these cues take some time to develop, but are not discriminated by their own
mother, at least not during the pre-weaning period. Mothers possibly perceive and respond to a learned “nest”/litter odour
shared by all litter mates or categorize the individual odours of their kittens as belonging to an “own kitten” category. That
mothers did not discriminate between the odours of their own kittens but did so between individual kittens of alien litters
suggests that different levels of processing olfactory information exist in mothers’ ability to cognitively partition and dif-
ferentially respond to such odours.

Keywords Domestic cat - Felis silvestris catus - Habituation—dishabituation technique - Individual recognition - Odour
discrimination - Olfaction

Introduction

For many mammals, olfaction undoubtedly plays an
important part in the regulation of mother—young rela-
tions. This has been shown in numerous studies across a
range of taxa and functional contexts (Arteaga et al. 2013;
Corona and Lévy 2015; Lévy and Nowak 2017). One of
the best studied of these contexts is the ability of moth-
ers to discriminate between own and alien young using
olfactory cues—along with other cues—enabling them to
allocate costly maternal care preferentially to their own
offspring (Hamilton 1964). In many cases mothers appear
able to distinguish between own and alien young by scent
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1987), carnivores (Hepper 1994; Béanszegi et al. 2017),
and humans (Porter and Moore 1981; Porter et al. 1983a;
Kaitz et al. 1987; Roberts and Eryaman 2017).

However, less attention has been given to the question
whether in polytocous species bearing litters of altricial
young, mothers discriminate among members of the same
litter using olfactory cues. This could function to allow
mothers to allocate care preferentially to particular indi-
viduals or categories of individuals. One indication of this
is evidence that in several rodent species mothers discrimi-
nate between male and female young and allocate more
care such as anogenital licking to males (Moore 1981;
Moore and Samonte 1986; Clark et al. 1989; Koskela et al.
2009). In ground squirrels (Spermophilus beldingi), using
chromatography and behavioural sniffing tests by conspe-
cifics, it has been found that juvenile litter mates possess
distinctive odour signatures by the time they emerge from
the burrow (around postnatal day 25; Mateo 2006). Thus,
if individual young, even from the same litter, possess
unique odour types, mothers are possibly able to discrimi-
nate among them using such cues, at least at some period
during development.

The domestic cat (Felis silvestris catus) provides a
good opportunity to investigate this further. Adult cats
use chemical communication in the regulation of various
aspects of their social lives; they possess a variety of odif-
erous skin glands, they display various marking behav-
iours associated with depositing the products of these as
well as urine and faeces in their environment (Verberne
and de Boer 1976; Wolski 1982; Feldman 1994; Crowell-
Davis et al. 2004; Overall 2013), and they can discriminate
between individual conspecifics based on the odours of the
secretions of such glands (e.g. Miyazaki et al. 2018). Fur-
thermore, in a previous study we found that mother cats
can distinguish between the odours of their own and alien
kittens, although this ability is not necessarily reflected in
selective maternal care since we found that cat mothers
retrieve own and alien kittens into their nest with the same
frequency and latency (Banszegi et al. 2017).

The aim of the present study was therefore to investi-
gate whether mother cats are able to distinguish between
the body odour of individual kittens from the same litter.
Since our previous work showed that mothers’ true dis-
criminative abilities can be masked or overridden by the
kittens’ behaviour (e.g. vocalization) and/or by mothers’
motivational state (Banszegi et al. 2017), in the present
study we used only olfactory cues from the kittens to test
mothers’ discriminatory abilities and behaviour. Addition-
ally, we tested the response of alien adult male and female
cats to see whether they would discriminate between body
odour of kittens from the same litter so as to exclude pos-
sibly confounding motivational factors of the mothers.

@ Springer

General methods
Study sites and animals

Adults and kittens were mixed breed domestic cats except
for one adult Maine Coon and three adult British Short-
hair. Details of sample sizes, reproductive status and age
of adults, and the number of odour-donor kittens are given
for each of the three experiments below. All were pets kept
in private homes in Mexico City. Adult responders were
tested in their home environment in a room that was famil-
iar to them, and with informed consent of their owners. All
tests were conducted when the kittens were 1- and 7-weeks
old; the latter is during the weaning period, just before
the kittens were given away as pets. We chose to test the
cats’ response to 1-week-old kitten odours because in our
previous study we found that even at this early age the
mothers were able to distinguish between odours of own
and alien kittens. We included the later age to maximize
the possibility that kittens had acquired individual body
odours (olfactory “signatures”), that mothers could have
learned to discriminate these, and even alien cats with no
prior contact with the kittens might also be able to do so.

Olfactory testing

To test adult cats’ response to the body odour of indi-
vidual litter mates we used the olfactory habituation—dis-
habituation technique, a well-established method to test
olfactory discrimination ability in mammals [reviews in
Halpin (1986), Todrank and Heth (2003); see also Jesseau
et al. (2008)] and as we previously used (Banszegi et al.
2017). In this procedure the test animal is presented with
an odour (habituation odour) for either an extended period
or across repeated trials. During this phase the subject’s
attention to the odour, e.g. typically time spent sniffing
it, should decrease due to habituation. Next, a different
odour (dishabituation odour) is presented in the same way
to the same test animal. If the subject is able to distinguish
between the two types of odour stimuli, the time spent
sniffing the new (dishabituation) odour will be greater
compared to the previous presentation of the habituation
odour. Thus, in the present study the subjects, either the
kittens’ own mother or alien adult cats, were presented 3
times with 3 samples of whole body odour from the same
kitten collected on 3 different 15-cm-long dry, sterile cot-
ton swabs (Deltalab S.L., Spain), and then with an odour
sample from a different but same (“same-sex” condition),
or opposite-sex (“different-sex” condition) kitten from
the same litter (see details for each experiment below).
Since to our knowledge no information is available on the



Animal Cognition (2019) 22:61-69

63

development of scent glands in young kittens, we collected
whole body odour assuming at least some parts of a kit-
ten’s body might produce individual, biologically relevant
odours. Separate swabs were used for each trial from each
donor kitten. Odour samples were collected by rubbing
swabs in a standardized manner each 5 times across both
sides of the donor kitten’s face, back, axilla, ventrum and
anogenital area. The swabs were then returned to their
airtight plastic covers. In Experiment 1 in which mothers
were tested with odours of their own Kittens the swabs
were used within 10 min of odour collection. In Experi-
ments 2 and 3 in which adult cats were tested with the
odour of alien kittens the swabs were usually used within
30 min of collection but not later than 1 h. During trans-
port the swabs were placed in an insulated bag containing
an ice-pack.

The tests were performed by an experimenter familiar to
the cats and in the presence of an assistant who filmed the
procedure in a standardized manner holding a video camera
approximately 150 cm from the animal’s head. The cats were
presented with the swabs while unrestrained on a table or on
the floor, with each swab held immediately in front of, but
not touching, their nostrils. The animals were unrestrained to
avoid struggling behaviour from affecting olfactory inspec-
tion of the swabs as well as possible influence of the handler.

Behavioural analysis

For each trial the duration of sniffing was defined as the cat
having its nose within 1 cm of the tip of the swab accompa-
nied by movement of the nostrils and often with whiskers
directed forward [see Fig. 1 in Banszegi et al. (2017)]. The

trial ended when the cat turned its head away. Approximately
5 s elapsed between trials while the swabs were changed.
All trials were video recorded with a high-definition cam-
era (Sony HDR-CX405) for further analysis. Behavioural
variables were coded using Solomon Coder (Péter 2015).
To assess inter-rater reliability, 128 of the total 644 trials
(20%) were randomly chosen and analysed by two of the
experimenters, blind to the type of trial. We calculated the
intraclass correlation coefficient (ICC) using the R package
irr (Gamer et al. 2012) and obtained R;--=0.836 which is
considered very good agreement.

Data treatment and statistical analysis

Responder cats sometimes became distracted, did not
respond to the odour stimuli in any visible manner, or
walked away from the setting of the experiment, resulting
in unequal numbers of subjects across conditions and age
classes. Statistical analyses were performed using the soft-
ware Statsoft STATISTICA 10.0 (IBM Corp. 2011). All data
were log-transformed and tested for normality of distribution
using Shapiro—Wilk tests and with Levene’s test for homo-
scedasticity. We performed repeated measures-analyses of
variance (RM ANOVA) followed by Tukey HSD post hoc
tests in the case of significance. An alpha of <0.05 was
taken as the level of significance.
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ent kitten): a when the donor
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Experiment 1: olfactory discrimination
by mothers between kittens of their own
litter

Since in a previous study (Banszegi et al. 2017) we found
that mothers could discriminate between own and alien
kittens using only olfactory cues, here we asked whether
they could also distinguish between odours of individual
members of their own neonatal and weanling litters.

Methods

Nine primiparous and eight multiparous mothers from 1
to 5 years of age were tested in this experiment. One week
after their kittens were born, 15 mothers were successfully
tested in the “same-sex” condition and 13 in the “different-
sex’” condition. Similarly, on the 7th week after the kittens
were born, 16 mothers were tested in the “same-sex’ con-
dition and 14 in the “different-sex” condition. Approxi-
mately equal numbers of male and female kittens were
used in each of the conditions and the order of presenting
the two conditions was balanced across mothers.

Results and discussion

When testing the odours of 1-week-old kittens, analysis of
the data from the “same-sex” condition showed a signifi-
cant difference in the mothers’ sniffing duration across the
4 trials (RM ANOVA: F(3,42)=6.71, P=0.0008). Tukey
post hoc tests reported significant habituation across the
3 trials from the same kitten, but no dishabituation in
response to the odour from a different kitten. In the “dif-
ferent-sex” condition the results were similar. Although
we found a significant difference in sniffing time across
the 4 swabs (F(3,36)=4.11, P=0.013), the post hoc tests
reported a significant decrease in sniffing time indicat-
ing habituation only between the first and the remaining
three trials and thus no indication of dishabituation in the
fourth trial.

The same pattern was seen in the mothers’ response to
their 7-week-old kittens’ odours. In the “same-sex” condi-
tion, RM ANOVA reported a significant difference in snift-
ing duration across the 4 trials (F(3, 45)=3.84, P=0.016),
and Tukey post hoc tests reported a significant decrease
in sniffing time between the first and third swab indicat-
ing habituation to these same-kitten stimuli. However, as
before, no significant difference was found between the
sniffing duration of the third swab and the fourth swab
from a different kitten contrary to the expected effect of
dishabituation in response to the odour of a different kitten
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(Fig. 1a). In the “different-sex” condition no significant
difference in the duration of sniffing was found across the
four trials (F(3,39)=2.34, P=0.09; Fig. 1b).

In summary, the results of this experiment did not pro-
vide evidence that mother cats distinguish among their
kittens from the same litter using olfactory cues, and even
when the kittens were close to weaning age and were of
different sex; that is, following the third trial habituation
phase we did not observe a significant increase in the dura-
tion of sniffing in response to the new, “dishabituation”
odour from a different litter mate.

There are at least five explanations for this result. First,
kittens at the young ages tested here may not yet have
developed distinctive individual odours enabling mothers
to discriminate among them, perhaps because the various
skin glands used by the cat for chemical communication
had not yet matured (cf. Feldman 1994; Miyazaki et al.
2018). Second, the kittens may have acquired a common
“nest” or litter odour with which the mothers were familiar
and to which to some extent they were already habitu-
ated before the start of testing. Thus, any distinction in
the odour of the different kitten presented on the fourth
trial was possibly “masked” by the overall litter odour and
provided no new information of relevance to the mothers.
Third, it could have been a form of phenotype matching
in which mothers perceived some correspondence between
their own odour and that of their kittens (Halpin 1991).
Fourth, mothers might have learned the individual odours
of each of their kittens but grouped these together into one
category of “own kittens”, resulting in reduced interest in
distinguishing between them (cf. Porter and Moore 1981).
And finally, there is the possibility that the method of test-
ing was not sufficiently sensitive to detect mothers’ ability
to distinguish between their individual kittens.

To begin to investigate these possibilities we conducted
a second experiment in which we tested the response of
alien, non-maternal cats to the odours of litter mates, using
the same habituation—dishabituation paradigm.

Experiment 2: olfactory discrimination
between litter mates by alien adults

By testing alien adults with no prior contact with the donor
kittens we aimed to examine the possibility that the kittens
indeed have individually distinct odour signatures when
not masked by the possible maternal behaviour mentioned
above. If the case, it would mean whereas mothers lump
the odours of their own kittens—by whatever mecha-
nism—into one “own kitten” category, alien cats should
distinguish between the odours of individual litter mates.
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Methods

A total of 33 adult cats from 1 to 9 years of age (18 females,
one sexually intact, and 15 males, two sexually intact) were
tested using donor kittens from four litters. The paradigm
was the same as for Experiment 1; that is, when the kittens
were 1-week-old body odour was collected from them, and
unfamiliar adult cats were tested in the “same-sex” condition
(n=19) and “different-sex” condition (n=17). The proce-
dure was repeated when the kittens were 7 weeks old and
23 adult cats were tested in both conditions. Approximately
equal numbers of male and female kittens were used as scent
donors in each of the conditions and the order of presenting
the two conditions was balanced across the adult responders.

Results and discussion

As for the mothers in Experiment 1, when alien adults were
presented with swabs from 1-week-old kittens they sniffed
these briefly for several seconds and showed a significant
difference in duration of sniffing across the four swabs in
both the “same-sex” and “different-sex” conditions (F(3,
54)=3.14, P=0.032 and F(3, 48)=4.45, P=0.008, respec-
tively). Tukey post hoc tests reported a significant decrease
in the duration of sniffing of the first swab compared to
the subsequent swabs, indicating habituation. However, in
neither of the conditions was a significant difference in the
duration of sniffing between the third and fourth (different
kitten) trials observed, that is, no evidence was found for
discrimination between the odour of litter mates at this early
age.

In contrast, the adult cats’ behaviour was different in
response to swabs from 7-week-old kittens. As shown in
Fig. 2, in both the “same-" and “different-sex” conditions
the adult responders sniffed the swabs in general for around
6-8 s, and so considerably longer than the mothers in Exper-
iment 1 in response to kittens of the same age, although
with greater variance. In the “same-sex” and “different-sex”’
condition RM ANOVAs reported a significant difference
in sniffing duration across the four trials (F(3, 66)=4.26,
P=0.008 and F(3,66)=12.2, P=0.0001, respectively), with
Tukey post hoc tests reporting a significant decline in the
duration of sniffing indicating habituation across trials 1 and
3. However, and in contrast to the results from week 1, for
both conditions Tukey post hoc tests reported a significant
increase in sniffing duration between trials 3 and 4, indi-
cating dishabituation and thus discrimination between the
odours of litter mates (Fig. 2).

In summary, the results of the two conditions provide evi-
dence that adult cats with no experience of the body odour of
kittens (other than of their own siblings during early devel-
opment) can discriminate among individual litter mates, at
least when these have reached 7 weeks of age. This was the
case despite the heterogeneity of the responding adults in
terms of sex, age, and reproductive status (gonadally intact
or neutered).

Based on the findings of the present experiments we
can tentatively conclude that adult cats can distinguish
between the body odours of alien litter mates, although
apparently not when these are 1 week old, and that they
do not need previous experience of the kittens to do so.
This suggests that with the approach of weaning, kittens
have developed individual odour signatures and that the

Fig.2 Time spent by male and 18 ; ;
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habituation—dishabituation technique used here is adequate
to demonstrate this. In addition, the present results suggest
the lack of discrimination among individual kitten odours by
the mothers in Experiment 1 may indeed have been because
(1) of the mothers’ familiarity with a common nest or lit-
ter odour and this deflecting their attention from individual
differences, or similarly (2) by mothers perceiving a cor-
respondence between their own and their kittens’ odour, or
(3) mothers having learned the individual odours of each of
their kittens and grouped these together into one category
of “own kitten”.

Experiment 3: olfactory discrimination
by mothers between kittens from alien
litters

To further investigate these possibilities, that is, that moth-
ers’ familiarity with some form of common litter odour, phe-
notype matching, or categorization of individuals’ odours as
“own kittens” reduced mothers’ motivation to discriminate
among their kittens, we conducted a third experiment using
alien litter mates as odour donors.

Methods

We tested 12 mothers from 1 to 3 years of age, 6 primipa-
rous, 6 multiparous, using kittens from 8 litters. Using the
same paradigm as in Experiments 1 and 2, we tested the
response of mothers to the body odours of individual kittens
from alien litters, but only used the “same-sex” condition
(n=10 with 1-week-old kittens’ odour, n =11 with 7-week-
old kittens’ odour). Approximately equal numbers of male
and female kittens were tested. We used only one condition
after finding in Experiment 2 that the sex of the different
individuals in trial 4 had little apparent effect on the outcome
and because of the difficulty in obtaining parallel mothers
and alien litters of similar age and sex composition to imple-
ment both the “same-sex” and “different-sex” conditions.
We tried to collect scent from kittens which were of the
same age as the mothers’ own Kkittens, but as this was not
always possible we set the maximum acceptable age differ-
ence between the kittens to 3 days.

Results and discussion

When mothers were presented with swabs from 1-week-
old alien kittens they sniffed them for several seconds but
showed no significant difference in the duration of sniffing
between any of the swabs (F(3,27)=1.76, P=0.18). How-
ever, as shown in Fig. 3, when the mothers were presented
with swabs from 7-week-old alien litter mates, they sniffed
the swabs for around 4-10 s, and so considerably longer
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Fig.3 Time spent by cat mothers sniffing cotton swabs with odour
from two siblings from alien litters (trials 1-3 with swabs from
the same Kkitten, trial 4 with a swab from a different kitten from the
same litter). Donor kittens were males and females but of the same
sex across the four trials (n=11 mothers), means+0.95 CI. Differ-
ent letters indicate significant differences among trials (P <0.05)
as reported by Tukey HSD post hoc tests following application of a
repeated-measures ANOVA

than the mothers in Experiment 1, although with large vari-
ance. Furthermore, a RM ANOVA reported a significant
difference in sniffing duration across the four trials (F(3,
30)=11.7, P=0.0001) and with Tukey post hoc tests report-
ing significant differences between trials 1 versus 2 and 3
(indicating habituation) and between trials 3 and 4 (indicat-
ing discrimination).

The results confirm those of Experiment 2 showing that
adult cats can discriminate among weanling litter mates
using individuals’ body odour alone. Since this was the case
for mothers when presented with body odour of alien kittens
of the same age as their own litters, the results also support
the interpretation of the negative finding of Experiment 1
that mothers did not distinguish among their own young
possibly because these shared common odour cues famil-
iar to the mother or that mothers had learned the odours of
the individuals and categorized all as “own kittens”. These
results also confirm that possibly kittens do not have indi-
vidually distinct odours at an early age (1 week) or that these
are so weak a shared litter odour masks them. To produce
a sufficiently distinct odour signature may take time during
early development possibly, for example, associated with the
development of scent glands.

General discussion

Returning to the main aim of the study, to investigate
whether mother cats can distinguish between the body odour
of litter mates, the present results suggest they can, at least
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when the kittens are several weeks of age and are not their
own. Thus, in Experiment 1 mothers did not distinguish
between the odours of their own kittens and even when the
odour stimuli were from kittens of different sex, but did so
in Experiment 3 when the stimuli were from individuals of
alien litters. These results, together with previous findings
(Banszegi et al. 2017), suggest that kittens from the same
litter share a general litter odour but also have individually
distinct odours both of which are probably used in chemical
communication between conspecifics.

As mentioned above (Experiment 1, results and discus-
sion), there are several possible explanations for the intui-
tively puzzling result of mothers not distinguishing among
their own kittens, while they do so among alien litter mates.
With this series of experiments we were able to exclude
some explanations, but still three possibilities remain. One
is that mothers might have learned a general “nest” or litter
odour carried by all their kittens Familiarity with such a
shared odour (cf. O’Riain and Jarvis 1997; Bradshaw and
Cameron-Beaumont 2000; Safi and Kerth 2003; Crowell-
Davis et al. 2004) might also explain the generally shorter
duration of sniffing the odour stimuli from own kittens in
Experiment 1 than sniffing equivalent but novel stimuli
from alien kittens in Experiment 3. Of course, this implies
that alien litter mates also carry a general litter odour, but
which is probably not relevant to an alien cat and is distinct
from their individual scent. A second mechanism could be a
form of phenotype matching (cf. Porter et al. 1983b; Holmes
1986; Main and Bull 1996; Sun and Miiller-Schwarze 1997,
Heth et al. 1998). And a third, perhaps less likely possibility
is that kittens do not have a shared litter odour, but mothers
learn the individual odours of their kittens and group these
into a general “own Kkitten” category not requiring a dif-
ferential behavioural response. Although the present study
does not allow us to decide between these explanations and
further investigation is needed, the first possibility seems the
most parsimonious.

Furthermore, the results of Experiments 2 show that at
least by postnatal week 7 individual litter mates possess
odour signatures that are sufficiently distinct even alien non-
maternal male and female adults, with no prior experience
of the stimulus kittens, could discriminate between them,
including when the donor kittens were the same sex. This
was the case even though the majority of the adult cats to
our knowledge had no prior experience of kittens (at least
since they were weaned).

Together the results of the three experiments raise two
main but interrelated questions: what are the sources of
both the sibling kittens’ individual and possibly shared body
odours, and how do maternal and non-maternal adult cats
process and categorize these? Considering the possible ori-
gin of kittens’ body odours, as mentioned in the Introduc-
tion, there are several, not mutually exclusive, possibilities.

One might be differences in the maturation and activity of
odiferous skin glands. There could also be a genetic contri-
bution to such differences, increased by the promiscuous
mating system of the female cat and the frequency of mul-
tiple paternity of litters (Natoli and De Vito 1991; Say et al.
1999; Ishida et al. 2001). This was very likely in the present
study given that most litters were the result of uncontrolled
matings by unconfined females and where in several cases
matings by the same female with several free-ranging males
were observed. Additionally, a source of general body odour
likely to be shared by all kittens and conferring a general lit-
ter odour are the various common sources of odours within
the nest. These could include contact of kittens with each
other, with the mother and her saliva via her frequent lick-
ing of them, and possibly originating from their common
diet, including indirectly the diet of their mother which via
her milk or ventral body odour might also contribute to a
common litter odour (Doane and Porter 1978; Hepper 1988;
Bilko et al. 1994; Coureaud et al. 2002).

Presently unknown is the significance, if any, of such
individual odour signatures for the kittens at this early
(pre-weaning) age. First, can they themselves learn and
distinguish between the odours of individual litter mates?
Certainly, they would seem to be capable of this at both a
sensory and cognitive level. Within a few hours of birth kit-
tens establish a “teat order” in which each individual learns
to identify its “own” nipple(s), almost certainly using olfac-
tory cues (Hudson et al. 2009; Raihani et al. 2009). They
can also distinguish their mother’s greeting or “chirp” calls
from those of other mothers by the time they start to leave
the nest around postnatal week five (Szenczi et al. 2016). But
then if kittens can discriminate between their litter mates by
smell, how early does this develop and for how long might
it endure beyond weaning once the kittens have gone their
separate ways? This is currently under investigation. More
difficult is the question what might be the adaptive function
of any such early and longer-term olfactory discrimination
(recognition) among litter mates? For example, might this
permit greater tolerance among related individuals (since
cats do not defend territories but rather avoid or tolerate con-
specifics in overlapping home ranges), or permit or facilitate
allo-nursing (Izawa and Ono 1986; MacDonald et al. 1987,
Feldman 1993), or reduce inbreeding (Ishida et al. 2001)?

Whatever the case, the results echo the results of our pre-
vious study in which we found that although mothers did
not discriminate between own and alien kittens in retrieval
tests they could discriminate between them by smell (Ban-
szegi et al. 2017); that is, because an animal does not appear
to perceive differences between stimuli in spontaneous
(untrained) contexts does not necessarily mean it cannot.
For a cat mother the matter of main importance is likely to
be whether a kitten is hers or not, with any of the three more
general possible mechanisms mentioned above (Experiment
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2, Results and discussion) overriding attention to individual
body odours.

Finally, perhaps the most interesting immediate outcome
of this study is what it seems to suggest about the multilevel,
complex nature of olfactory mother—young communication
and the processing of olfactory signals in the cat. Thus, at
one level mother cats appear able to lump the odours of their
own kittens into a single general category signifying litter
identity, something they might use to distinguish own from
alien kittens as shown previously (Banszegi et al. 2017). At
the same time, they also appear able to split the odours of
alien litter mates according to the kittens’ individual odour
signatures. This suggests a high level of cognitive process-
ing of olfactory information in the cat that deserves further
investigation.

Acknowledgements Financial support was provided by a research
grant from the Direccién General de Asuntos del Personal Académico,
Universidad Nacional Auténoma de México (DGAPA-IN212416), to
O. B. by the Instituto de Investigaciones Biomédicas, Universidad
Nacional Auténoma de México, and a doctoral fellowship to E. J.
from the Consejo Nacional de Ciencia y Tecnologia, México. We thank
Royal Canin® for generous support in maintaining our cat colony,
Andrea Urrutia for help with behavioural testing, Carolina Rojas for
excellent technical assistance, and 28 private cat owners for allowing
us access to their homes and pets. We also thank the reviewers for their
helpful comments.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All applicable international, national, and/or insti-
tutional guidelines for the care and use of animals were followed. All
procedures performed were in accordance with the ethical standards
of the institution or practice at which the studies were conducted.
Throughout the study, animals were kept and treated according to the
Guide for the Production, Care and Use of Laboratory Animals Mexico
(Norma Oficial Mexicana NOM-062-200-1999), and with approval by
the Institutional Committee for the Care and Use of Experimental Ani-
mals (SICUAE, permission number DC-2017/1-4) of the Faculty of
Veterinary Medicine and Animal Science of the UNAM. This article
does not contain any studies with human participants performed by
any of the authors.

References

Arteaga L, Bautista A, Gonzélez D, Hudson R (2013) Smell, suck,
survive: chemical signals and suckling in the rabbit, cat, and dog.
In: East ML, Dehnhard M (eds) Chemical signals in vertebrates
12. Springer, New York, pp 51-59

Bénszegi O, Jacinto E, Urrutia A, Szenczi P, Hudson R (2017) Can but
don’t: olfactory discrimination between own and alien offspring
in the domestic cat. Anim Cogn 20:1-10. https://doi.org/10.1007/
s10071-017-1100-z

Bilké6 A, Altbdcker V, Hudson R (1994) Transmission of food
preference in the rabbit: the means of information transfer.

@ Springer

Physiol Behav 56:907-912. https://doi.org/10.1016/0031-
9384(94)90322-0

Bradshaw JWS, Cameron-Beaumont C (2000) The signalling reper-
toire of the domestic cat and its undomesticated relatives. In:
Turner DC, Bateson P (eds) The domestic cat: the biology of its
behaviour. Cambridge University Press, Cambridge, pp 67-94

Clark MM, Bone S, Galef BG Jr (1989) Uterine positions and
schedules of urination: correlates of differential maternal ano-
genital stimulation. Dev Psychobiol 22:389-400. https://doi.
org/10.1002/dev.420220406

Corona R, Lévy F (2015) Chemical olfactory signals and parenthood
in mammals. Horm Behav 68:77-90. https://doi.org/10.1016/j.
yhbeh.2014.06.018

Coureaud G, Schaal B, Hudson R, Orgeur P, Coudert P (2002) Trans-
natal olfactory continuity in the rabbit: Behavioral evidence
and short-term consequence of its disruption. Dev Psychobiol
40:372-390. https://doi.org/10.1002/dev.10038

Crowell-Davis SL, Curtis TM, Knowles RJ (2004) Social organiza-
tion in the cat: a modern understanding. J Feline Med Surg
6:19-28. https://doi.org/10.1016/j.jfms.2003.09.013

Doane HM, Porter RH (1978) The role of diet in mother-infant reci-
procity in the spiny mouse. Dev Psychobiol 11:271-277. https
://doi.org/10.1002/dev.420110311

Feldman HN (1993) Maternal care and differences in the use of
nests in the domestic cat. Anim Behav 45:13-23. https://doi.
org/10.1006/anbe.1993.1002

Feldman HN (1994) Methods of scent marking in the domestic cat.
Can J Zool 72:1093-1099. https://doi.org/10.1139/294-147

Gamer M, Lemon J, Singh IFP (2012) IRR: various coefficients of
interrater reliability and agreement. ver. 0.84. http://CRAN.R-
project.org/package=irr

Gustin MK, McCracken GF (1987) Scent recognition between
females and pups in the bat Tadarida brasiliensis mexi-
cana. Anim Behav 35:13-19. https://doi.org/10.1016/S0003
-3472(87)80205-1

Halpin ZT (1986) Individual odors among mammals: origins and
functions. Adv Study Behav 16:39-70. https://doi.org/10.1016/
S0065-3454(08)60187-4

Halpin ZT (1991) Kin recognition cues of vertebrates. In: Hepper PG
(ed) Kin recognition. Cambridge University Press, Cambridge,
pp 220-258

Hamilton WD (1964) The genetical evolution of social behav-
iour. II. J Theor Biol 7:17-52. https://doi.org/10.1016/0022-
5193(64)90039-6

Hepper PG (1988) Adaptive fetal learning: prenatal exposure to gar-
lic affects postnatal preferences. Anim Behav 36:935-936. https
://doi.org/10.1016/S0003-3472(88)80177-5

Hepper PG (1994) Long-term retention of kinship recognition estab-
lished during infancy in the domestic dog. Behav Process 33:3—
14. https://doi.org/10.1016/0376-6357(94)90056-6

Heth G, Todrank J, Johnston RE (1998) Kin recognition in golden
hamsters: evidence for phenotype matching. Anim Behav
56:409-417. https://doi.org/10.1006/anbe.1998.0747

Holmes WG (1986) Kin recognition by phenotype matching in
female Belding’s ground squirrels. Anim Behav 43:38-47. https
://doi.org/10.1016/0003-3472(86)90004-7

Hudson R, Raihani G, Gonzélez D, Bautista A, Distel H (2009) Nip-
ple preference and contests in suckling kittens of the domestic
cat are unrelated to presumed nipple quality. Dev Psychobiol
51:322-332. https://doi.org/10.1002/dev.20371

IBM SPSS Statistics (2011) ver. 20.0. IBM Corp, Armonk, USA

Ishida Y, Yahara T, Kasuya E, Yamane A (2001) Female control of
paternity during copulation: inbreeding avoidance in feral cats.
Behaviour 138:235-250. https://doi.org/10.1163/1568539015
1074401


https://doi.org/10.1007/s10071-017-1100-z
https://doi.org/10.1007/s10071-017-1100-z
https://doi.org/10.1016/0031-9384(94)90322-0
https://doi.org/10.1016/0031-9384(94)90322-0
https://doi.org/10.1002/dev.420220406
https://doi.org/10.1002/dev.420220406
https://doi.org/10.1016/j.yhbeh.2014.06.018
https://doi.org/10.1016/j.yhbeh.2014.06.018
https://doi.org/10.1002/dev.10038
https://doi.org/10.1016/j.jfms.2003.09.013
https://doi.org/10.1002/dev.420110311
https://doi.org/10.1002/dev.420110311
https://doi.org/10.1006/anbe.1993.1002
https://doi.org/10.1006/anbe.1993.1002
https://doi.org/10.1139/z94-147
http://CRAN.R-project.org/package=irr
http://CRAN.R-project.org/package=irr
https://doi.org/10.1016/S0003-3472(87)80205-1
https://doi.org/10.1016/S0003-3472(87)80205-1
https://doi.org/10.1016/S0065-3454(08)60187-4
https://doi.org/10.1016/S0065-3454(08)60187-4
https://doi.org/10.1016/0022-5193(64)90039-6
https://doi.org/10.1016/0022-5193(64)90039-6
https://doi.org/10.1016/S0003-3472(88)80177-5
https://doi.org/10.1016/S0003-3472(88)80177-5
https://doi.org/10.1016/0376-6357(94)90056-6
https://doi.org/10.1006/anbe.1998.0747
https://doi.org/10.1016/0003-3472(86)90004-7
https://doi.org/10.1016/0003-3472(86)90004-7
https://doi.org/10.1002/dev.20371
https://doi.org/10.1163/15685390151074401
https://doi.org/10.1163/15685390151074401

Animal Cognition (2019) 22:61-69

69

Izawa M, Ono Y (1986) Mother-offspring relationship in the feral cat
population. ] Mammal Soc Jpn 11:27-34. https://doi.org/10.11238
/jmammsocjapan1952.11.27

Jesseau SA, Holmes WG, Lee TM (2008) Mother—offspring recogni-
tion in communally nesting degus, Octodon degus. Anim Behav
75:573-582. https://doi.org/10.1016/j.anbehav.2007.06.015

Kaitz M, Good A, Rokem AM, Eidelman AI (1987) Mothers’ rec-
ognition of their newborns by olfactory cues. Dev Psychobiol
20:587-591. https://doi.org/10.1002/dev.420200604

Koskela E, Mappes T, Niskanen T, Rutkowska J (2009) Maternal
investment in relation to sex ratio and offspring number in a small
mammal-a case for Trivers and Willard theory? J Anim Ecol
78:1007-1014. https://doi.org/10.1111/j.1365-2656.2009.01574.x

Lévy F, Nowak R (2017) The role of olfaction in maternal care and
offspring survival. In: Nielsen BL (ed) Olfaction in animal behav-
iour and welfare. CABI, Oxfordshire, pp 102—122. https://doi.
org/10.1079/9781786391599.0102

MacDonald DW, Apps PJ, Carr GM, Kerby G (1987) Social dynamics,
nursing coalitions and infanticide among farm cats, Felis catus.
Adyv Ethol 28:1-66. https://doi.org/10.1016/0168-1591(88)90058
-5

Main AR, Bull CM (1996) Mother-offspring recognition in two Aus-
tralian lizards, Tiliqua rugosa and Egernia stokesii. Anim Behav
52:193-200. https://doi.org/10.1006/anbe.1996.0164

Mateo JM (2006) The nature and representation of individual recogni-
tion odours in Belding’s ground squirrels. Anim Behav 71:141-
154. https://doi.org/10.1016/j.anbehav.2005.04.006

Miyazaki T, Nishimura T, Yamashita T, Miyazaki M (2018) Olfactory
discrimination of anal sac secretions in the domestic cat and the
chemical profiles of the volatile compounds. J Ethol 36:99-105.
https://doi.org/10.1007/s10164-017-0532-x

Moore CL (1981) An olfactory basis for maternal discrimination of sex
of offspring in rats (Rattus norvegicus). Anim Behav 29:383-386.
https://doi.org/10.1016/S0003-3472(81)80097-8

Moore CL, Samonte BR (1986) Preputial glands of infant rats
(Rattus norvegicus) provide chemosignals for maternal dis-
crimination of sex. J Comp Psychol 100:76. https://doi.
org/10.1037/0735-7036.100.1.76

Natoli E, De Vito E (1991) Agonistic behaviour, dominance rank and
copulatory success in a large multi-male feral cat, Felis catus L.,
colony in central Rome. Anim Behav 42:227-241. https://doi.
org/10.1016/S0003-3472(05)80554-8

O’Riain MJ, Jarvis JUM (1997) Colony member recognition and xeno-
phobia in the naked mole-rat. Anim Behav 53:487-498. https://
doi.org/10.1006/anbe.1996.0299

Overall K (2013) Normal feline behavior and ontogeny: neurological
and social development, signaling and normal feline behaviors. In:
Manual of clinical behavioral medicine for dogs and cats, 1st edn.
Elsevier Health Sciences, Canada, pp 312-359

Péter A (2017) Solomon coder: a simple solution for behavior coding.
ver. beta 17.02.15. http://solomoncoder.com/

Poindron P, Lévy F, Keller M (2007) Maternal responsiveness and
maternal selectivity in domestic sheep and goats: the two facets
of maternal attachment. Dev Psychobiol 49:54-70. https://doi.
org/10.1002/dev.20192

Porter RH, Moore JD (1981) Human kin recognition by olfactory
cues. Physiol Behav 27:493-495. https://doi.org/10.1016/0031-
9384(81)90337-1

Porter RH, Cernoch JM, McLaughlin FJ (1983a) Maternal recognition
of neonates through olfactory cues. Physiol Behav 30:151-154.
https://doi.org/10.1016/0031-9384(83)90051-3

Porter RH, Matochik JA, Makin JW (1983b) Evidence for phenotype
matching in spiny mice (Acomys cahirinus). Anim Behav 31:978-
984. https://doi.org/10.1016/S0003-3472(83)80002-5

Raihani G, Gonzalez D, Arteaga L, Hudson R (2009) Olfactory guid-
ance of nipple attachment and suckling in kittens of the domestic
cat: Inborn and learned responses. Dev Psychobiol 51:662-671.
https://doi.org/10.1002/dev.20401

Roberts SC, Eryaman F (2017) Mutual olfactory recognition between
mother and child. In: XIII international society for human ethol-
ogy congress, Stirling, 2017, vol 1. Human Ethology Bulletin,
Stirling, UK, pp 42-52. https://doi.org/10.22330/heb/321/042-052

Safi K, Kerth G (2003) Secretions of the interaural gland contain
information about individuality and colony membership in the
Bechstein’s bat. Anim Behav 65:363-369. https://doi.org/10.1006/
anbe.2003.2067

Say L, Pontier D, Natoli E (1999) High variation in multiple pater-
nity of domestic cats (Felis catus L.) in relation to environmental
conditions. Proc R Soc Lond (Biol) 266:2071-2074. https://doi.
org/10.1098/rspb.1999.0889

Sun L, Miiller-Schwarze D (1997) Sibling recognition in the beaver: a
field test for phenotype matching. Anim Behav 54:493-502. https
://doi.org/10.1006/anbe.1996.0440

Szenczi P, Banszegi O, Urrutia A, Faragd T, Hudson R (2016) Mother—
offspring recognition in the domestic cat: kittens recognize their
own mother’s call. Dev Psychobiol 58:568-577. https://doi.
org/10.1002/dev.21402

Todrank J, Heth G (2003) Odor—genes covariance and genetic relat-
edness assessments: rethinking odor-based “recognition” mech-
anisms in rodents. Adv Study Behav 32:77-130. https://doi.
org/10.1016/S0065-3454(03)01002-7

Verberne G, de Boer J (1976) Chemocommunication among domestic
cats, mediated by the olfactory and vomeronasal senses. Z Tierpsy-
chol 42:86-109. https://doi.org/10.1111/j.1439-0310.1976.tb009
58.x

Wolski TR (1982) Social behavior of the cat. Vet Clin North Am
Small Anim Pract 12:693-706. https://doi.org/10.1016/S0195
-5616(82)50113-1

Yamazaki K, Beauchamp GK, Curran M, Bard J, Boyse EA (2000)
Parent—progeny recognition as a function of MHC odortype
identity. Proc Natl Acad Sci USA 97:10500-10502. https://doi.
org/10.1073/pnas.180320997

@ Springer


https://doi.org/10.11238/jmammsocjapan1952.11.27
https://doi.org/10.11238/jmammsocjapan1952.11.27
https://doi.org/10.1016/j.anbehav.2007.06.015
https://doi.org/10.1002/dev.420200604
https://doi.org/10.1111/j.1365-2656.2009.01574.x
https://doi.org/10.1079/9781786391599.0102
https://doi.org/10.1079/9781786391599.0102
https://doi.org/10.1016/0168-1591(88)90058-5
https://doi.org/10.1016/0168-1591(88)90058-5
https://doi.org/10.1006/anbe.1996.0164
https://doi.org/10.1016/j.anbehav.2005.04.006
https://doi.org/10.1007/s10164-017-0532-x
https://doi.org/10.1016/S0003-3472(81)80097-8
https://doi.org/10.1037/0735-7036.100.1.76
https://doi.org/10.1037/0735-7036.100.1.76
https://doi.org/10.1016/S0003-3472(05)80554-8
https://doi.org/10.1016/S0003-3472(05)80554-8
https://doi.org/10.1006/anbe.1996.0299
https://doi.org/10.1006/anbe.1996.0299
http://​solomoncoder.​com/
https://doi.org/10.1002/dev.20192
https://doi.org/10.1002/dev.20192
https://doi.org/10.1016/0031-9384(81)90337-1
https://doi.org/10.1016/0031-9384(81)90337-1
https://doi.org/10.1016/0031-9384(83)90051-3
https://doi.org/10.1016/S0003-3472(83)80002-5
https://doi.org/10.1002/dev.20401
https://doi.org/10.22330/heb/321/042-052
https://doi.org/10.1006/anbe.2003.2067
https://doi.org/10.1006/anbe.2003.2067
https://doi.org/10.1098/rspb.1999.0889
https://doi.org/10.1098/rspb.1999.0889
https://doi.org/10.1006/anbe.1996.0440
https://doi.org/10.1006/anbe.1996.0440
https://doi.org/10.1002/dev.21402
https://doi.org/10.1002/dev.21402
https://doi.org/10.1016/S0065-3454(03)01002-7
https://doi.org/10.1016/S0065-3454(03)01002-7
https://doi.org/10.1111/j.1439-0310.1976.tb00958.x
https://doi.org/10.1111/j.1439-0310.1976.tb00958.x
https://doi.org/10.1016/S0195-5616(82)50113-1
https://doi.org/10.1016/S0195-5616(82)50113-1
https://doi.org/10.1073/pnas.180320997
https://doi.org/10.1073/pnas.180320997

	Olfactory discrimination between litter mates by mothers and alien adult cats: lump or split?
	Abstract
	Introduction
	General methods
	Study sites and animals
	Olfactory testing
	Behavioural analysis
	Data treatment and statistical analysis

	Experiment 1: olfactory discrimination by mothers between kittens of their own litter
	Methods
	Results and discussion

	Experiment 2: olfactory discrimination between litter mates by alien adults
	Methods
	Results and discussion

	Experiment 3: olfactory discrimination by mothers between kittens from alien litters
	Methods
	Results and discussion

	General discussion
	Acknowledgements 
	References


