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Highlights 
We tested the ability of domestic dogs to recognize scents of closely versus distantly related kin. 

1.  Dogs discriminated the scents of sires despite having no familiarity with sires. 

2.  Male dogs spent more time investigating the scents of distantly related females. 

3.  Sex of subject and scent is important when testing kin discrimination in dogs. 
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Abstract 
Kin recognition requires the ability to discriminate between one’s own genetic relatives and non-

relatives. There are two mechanisms that aid in kin discrimination: phenotype matching and 

familiarity. Dogs may be a good model for assessing these mechanisms as dogs are a 

promiscuous social species with a keen sense of smell. Domestic dogs of both sexes were 

presented with two scents (close kin, distant-kin) and preference was assessed through three 

measures (latency to approach, number of visits, time spent). Experiment 1 explored the 

possibility of phenotype matching as subjects had no contact with sires, whose scent was 

presented alongside a control male’s scent. Experiment 2 explored recognition of siblings raised 

with the subjects and then separated at seven weeks of age. Whereas female dogs in this 

experiment did not show a statistically significant preference, male dogs showed a preference for 

distant-kin when presented with sire and female sibling samples. 

KEYWORDS: Kin Preference; Kin Discrimination; Phenotype Matching; Domestic Dogs 
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1.1. Do Dogs (Canis lupus familiaris) Prefer Family? 

 
Individual recognition is a crucial part of group-living (Cheney and Seyfarth, 1992; Johnston and 

Bullock, 2001; Rendall, Rodman and Emond, 1996) as it may serve to facilitate social structure 

maintenance (Cheney and Seyfarth, 1992), parental care (Balcombe, 1990; Beecher, 1989), and 

the maintenance of in-group/out-group status (Arnold and Wilkinson, 2011; Pokorny and de 

Waal, 2009). More specifically, recognizing an individual as kin allows for differential responses 

to both familiar and unfamiliar individuals on the basis of relatedness (i.e. kin discrimination). 

For example, kin discrimination can be expressed through nepotism, or the preferential treatment 

of kin, and optimal outbreeding - balancing in-group/out-group mate choice (Hamilton, 1964; 

Mateo, 2003). Thus, we might expect many social animals to display kin recognition through kin 

discrimination. 

In many animals, including timber rattlesnakes (Clark, 2004), naked mole rats (Clarke and 

Faulkes, 1999), Belding’s ground squirrels (Mateo, 2002; Sherman, 1981), peafowl (Petrle, 

Krupa and Burke, 1999), and a variety of primates (Kappeler and van Schaik, 2002), at least one 

of the sexes tends to group with kin over non-kin in natural settings. This preference serves as a 

marker of kin discrimination. In laboratory experiments, researchers also explore kin preference 

as a proxy for kin discrimination. Some individuals show a preference for the scent of their kin 

(Bees: Smith, 1983; Golden Hamsters: Heth, Todrank, and Johnston, 1998; Songbirds: Krause, 

Kruger, Kohlmeier, and Caspers, 2012), implying the ability to distinguish between the scents of 

related and unrelated individuals. Yet the mechanism by which they perform these 

discriminations is not clearly understood. 
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 Kin recognition might be achieved through familiarity (Waldeman, 1987), which requires that an 

individual have contact with their closely related kin. Kin familiarity may be facilitated by stable 

family structures that allow extensive, long-term interactions with close relatives or by contact 

during critical periods (e.g. neonatal). Use of a familiarity mechanism would cause unknown kin 

to be treated as non-kin. However, not all animals have a stable family group. In some species, 

like cats, females may mate with and become impregnated by multiple males during the same 

estrus cycle, adult siblings disperse from their natal groups, or the sire does not assist with natal 

care; in which case, kin recognition may be facilitated by phenotype matching rather than 

familiarity (Hain and Neff, 2006; Waldeman, 1987). Phenotype matching allows for individuals 

to apply a representation of their “kin” to determine a genetic relationship with unfamiliar 

individuals (Holmes and Sherman, 1982), which may be beneficial in more dispersed family 

groups. 

There are a number of reasons why animals might evolve a mechanism for detecting kin.  For 

example, an individual would benefit from discriminating kin from non-kin in order to optimize 

outbreeding in mate choice (Hamilton, 1964; Mateo, 2003). Individuals would do well not to 

breed with immediate relatives because of genetic consequences such as alleles that are lethal in 

the homozygous condition. However, ideally individuals should also not breed with distantly 

related individuals because of greater genetic incompatibility, dispersal costs, and risk of 

pathogen transmission (Pusey and Wolf, 1996; Sagvik, Uller, and Olsson, 2005).  

The goal of optimal outbreeding should be most relevant for sexually mature individuals. 

Gerlach and Lysiak (2006) explored the hypothetical differences in preferences for sexually 

immature and mature individuals by testing zebrafish using a flume apparatus, which allowed for 
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two chemical signatures to be presented side by side without contamination. Sexually immature 

zebrafish preferred the chemical signals of unfamiliar kin to unfamiliar non-kin. However, when 

adult females were presented with chemical signals from unfamiliar brothers and unfamiliar non-

kin males, the adult females spent the majority of time near the chemical signature of the 

unrelated fish. Conversely, adult males in a similar test spent equal time between an unfamiliar 

sister and unfamiliar, unrelated female. These results indicate that the kin preferences may differ 

with age and sex. Juvenile zebrafish may look to kin for safety, whereas adults, at least females, 

may try to avoid kin while breeding, thus ensuring optimal outbreeding. This research also 

highlights the need to examine sex differences in kin preferences. 

Winn and Vestal (1986) presented adult female house mice in estrus with a two-choice 

preference test between a sibling (familiar or non-familiar) and an unrelated, unknown male. The 

female mice preferred to spend time around the unrelated, unknown male compared to their 

siblings (familiar or non-familiar). However, when given the choice between familiar and non-

familiar siblings, the mice spent a greater amount of time around their familiar siblings. The 

results indicate that the female mice were able to distinguish familiar siblings from others, but 

preferred unrelated, unknown males to their kin during estrus. Their preference for unrelated 

males was likely the result of a mechanism to prevent inbreeding. When an option to spend time 

with an unrelated individual was not available, voiding the need for the use of a kin recognition 

or mate selection mechanism, a preference for familiarity took precedence. 

In addition to the possible benefits of optimal outbreeding, kin discrimination may 

support nepotism, or the preferential treatment of kin (Hamilton, 1964; Mateo, 2003). After all, 

in species that provide parental or alloparental care, adults (especially non-mothers who provide 
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paternal or alloparental care and for whom relatedness is less certain) may often benefit by being 

able to avoid investing in young who are not genetically related to them and therefore will not 

pass on their genes. Neff and Sherman (2005) explored kin recognition and nepotism in a species 

of sunfish (Bluegill, Lepomis macrochirus) that includes both promiscuous (cuckholders) and 

non-promiscuous (parentals) individuals. Alternate mating styles allow males to develop 

different strategies for successful reproduction and neonatal care, possibly taking advantage of 

different mechanisms for kin recognition. Parentals are males that mature later in life, build nests 

to win females and remain close to the nest until the young fish disperse. Cuckholders show the 

opposite pattern by maturing early, not building a nest of their own and sneaking into a parental 

male's nest to fertilize eggs. Using a three tank apparatus, the experimenters presented parentals 

and cuckholders with chemical signatures from their offspring and unrelated offspring. All 

juveniles were hatched from eggs fertilized in vitro, so the father never had any contact with the 

eggs or subsequent juveniles. The researchers found that parentals spent more time around the 

chemical signature of their genetic offspring than that of unrelated young. Cuckholders did not 

appear to distinguish between their genetic offspring and unrelated young, spending equivalent 

time around both chemical signatures. Phenotype matching may have evolved when promiscuity 

was present and may be used by parentals to determine which young they should invest in. Field 

work supports this supposition as parental bluegill sunfish showed decreased parental care and 

increased abandonment of their nests as the percentage of eggs sired by a cuckholder increased 

(Neff and Gross, 2001). Furthermore, data for both juvenile cichlids (Le Vin, Mable, and Arnold, 

2010) and juvenile zebrafish (Gerlach and Lysiak, 2006) support the idea that nepotistic species 

spend more time investigating the scent of kin rather than non-kin. 
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In addition to supporting the provision of benefits to related individuals, kin discrimination 

should be expressed to avoid aggressing against kin. Therefore, individuals in non-breeding and 

non-nepotistic contexts should spend greater time investigating a non-kin stimulus, as 

demonstrated in female zebrafish (Gerlach and Lysiak, 2006), female house mice (Winn and 

Vestal, 1986) and female bank voles (Kruczek, 2007). In addition, Sun and Müller-Schwarze 

(1997) found that beavers spent a greater amount of time in proximity to non-kin versus kin scent 

stimuli. Thus, direction of kin preference will be influenced by the context in which the scent or 

individual is presented. 

Based on the current data, which suggest that phenotype matching may evolve in promiscuous 

species (Neff and Sherman, 2005; Waldeman, 1987), domestic dogs may be a good model in 

which to explore kin recognition mechanisms. There are multiple features of canine behavior that 

would be especially supportive of a kin recognition mechanism. First, domestic dogs are social, 

engaging in group interactions where relatedness may become important, especially in a feral 

population. Second, females are capable of becoming impregnated by multiple males during the 

same estrous cycle (Pal, 2011) and subsequently give birth to a litter of pups with mixed 

paternity. Finally, domestic dogs have a great sense of smell (Coren, 2004) and are known to use 

chemical communication signals (e.g. urine, scent from interdigital glands) (Cafazzo, Natoli, & 

Valsecchi, 2012). These factors suggest that it may be both useful and possible for domestic dogs 

to have an olfactory mechanism with which to detect kin. 

Thus far, the data on kin recognition in dogs are inconclusive as the research is limited to a single 

experiment. Hepper (1994) tested preferences of individuals for their mothers and siblings versus 

unfamiliar, unrelated conspecifics. Pups from eight litters were tested at seven weeks before they 
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were adopted into new homes, and again at two years of age. Tests at seven weeks documented 

preferences for scents of both their mother and siblings. At two years of age, each offspring was 

presented with a blanket with their mother's scent and a blanket with the scent of an unfamiliar 

female of the same breed, age, and reproductive state as the mother on opposite sides of a “mesh 

box.” Over 75% of the offspring spent more time exploring the blanket scented with their mother 

than the other blanket. A similar experiment was performed with the mothers using offspring and 

non-offspring scents as the stimuli. The majority of mothers spent more time exploring their 

offspring's scent than the scent of an unfamiliar individual. These results imply that the dogs 

prefer the scent of kin. 

In the final stage of testing, young dogs that lived with a sibling, and those that lived alone, were 

tested with a sibling and an unfamiliar individual. The dogs living with a sibling spent more time 

investigating the scent of a different sibling than of an unrelated, unfamiliar individual. However, 

Hepper (1994) reported no differences in time spent investigating a sibling’s scent and an 

unfamiliar, unrelated individual’s scent for the dogs that had no further contact with their kin 

after twelve weeks of age. Hepper (1994) inferred that dogs cannot distinguish between kin and 

non-kin based on phenotype matching alone.  

However, in Hepper's (1994) study, using the same testing apparatus repeatedly could have 

caused residual scent to linger on the metal. If the metal apparatus has any porous sections or 

small cracks/crevices, the metal could retain odor to some extent and cleaning may not remove it 

entirely (Gerritsen and Haak, 2001). In addition, scent drifts, and presenting both blankets in the 

same apparatus separated by minimal space and dividers, could have produced scent cross-

contamination. The current experiments address these concerns and expand on Hepper's research 
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by examining potential kin preference for unfamiliar fathers, as well as siblings. If domestic dogs 

can use phenotype matching, then participant dogs should display a difference in preference for 

kin versus distant-kin stimuli, regardless of familiarity. 

Furthermore, Hepper's study (1994) did not divulge the sex of the dogs or whether the sexes 

differed in their preferences, which would seem to be an important factor based on prior 

research. Although there is some variation between individuals and different breeds, dogs 

become sexually mature between six to twelve months of age (Morey, 1994). Similar to Hepper's 

study (1994), the dogs tested in the present study were sexually mature and between 12 to 18 

months of age. Therefore, the current study considered the effects of sex on preference for kin. In 

Experiment 1, we predicted that the sexually mature females may show a preference for the 

scents of non-kin males as expressed by longer duration of time spent, greater number of visits, 

and shorter latencies to approach non-kin scent sites. If kin recognition serves to promote 

optimal outbreeding we predicted that males may not differentiate between kin and non-kin, but 

if nepotism is a factor, we predicted that males may show more interest in non-kin scent sites as 

well as they may be more vigilant to intruders that are unrelated.  

1.2. Experiment 1 

This experiment tested whether domestic dogs show a preference between the scent of their sire 

and that of a distantly related male, which would indicate possible kin recognition by phenotype 

matching because of the lack of socialization between selected sires and subjects. Individuals 

may have a preference for a distant kin of the opposite sex to facilitate an overt mechanism for 

avoiding inbreeding or a preference for kin to promote nepotism (Mateo, 2003). In the latter 

case, a preference may be indicated by increased attention to non-preferred scents. A lack of 



Do Dogs Prefer Family?11              

 

preference might reflect a lack of recognition, but could also indicate multiple motivations for 

preference formation. 

1.2.1. Methodology 

1.2.2. Subjects. 

The subjects for this study were 15 domestic dogs from 9 litters of Labrador retrievers (N = 8), 

Golden retrievers (N = 3), and a mix of the two breeds (N = 4). For the 9 litters there were 9 

different mothers and six different fathers. Three male breeding stock had their offspring from 

two different litters tested. All dogs spent their first six to seven weeks of life with their mother 

and siblings and then were placed in foster homes to be raised. The subjects were between 12 to 

18 months of age and included seven unaltered males and eight unaltered females (females in 

season were not tested as the monitoring of hormone levels was beyond the scope of this 

experiment; lack of estrus was determined using visual and behavioral cues). These dogs had 

been returned for formal guide dog training at Leader Dogs for the Blind (Rochester Hills, 

Michigan) and data were collected within the first 1-2 weeks of their return. All dogs received 

recent physical exams and were found to be in good health. Dogs chosen for the study were 

limited to those that had been raised in a different state from their sires to limit the likelihood of 

previous interaction. We tested all dogs that met this condition and were available for testing. Up 

to two dogs were tested per litter (one male, one female). Testing dogs from the same litter is 

unlikely to undermine the goals of the study as each dog may have a unique preference for their 

sire whose scent was were paired with unique control dog scents on each trial. All data and urine 

collection occurred while the dog was living on Leader Dog property for training or breeding 

purposes. Breeding stock dogs were kept in a different part of the building from training dogs 
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(including separate relief areas and walking paths), preventing any opportunity for direct contact 

between the subject and the stimulus dogs.  

Urine was collected from 12 breeding males to use as stimuli. The breeding males were Labrador 

Retrievers (N=7) and Golden Retrievers (N=5). Dogs ranged in age from 2 to 5.5 years of age, 

with an average age of 3.67. The urine samples from these males were used as the sire stimuli for 

their offspring and as the control stimuli for a similarly matched male. Samples were matched for 

breed and reproductive state (all intact). Control dogs, also, were matched for age as closely as 

possible to the sires. The experimenter attempted to choose control dogs that were unrelated or 

distantly related to the subject; the coefficient of relatedness ranged from 0.00 to 0.06 with an 

average coefficient of 0.02. 

1.2.3. Materials 

Urine and data collection was completed by one experimenter (JH). Ten to thirty millimeters of 

urine from the sires was collected such that several samples from the same dogs could be used as 

scents of the sire and of controls (depending on the subject dog).  The experimenter collected the 

urine before testing by walking a dog to a relief area and when the dog naturally relieved their 

bladder the urine was collected in a can attached to a long handle. The can was lined with a 

plastic bag to prevent contamination. The urine then was stored in individual plastic containers 

with a dropper in a refrigerated area at 32-38°F. Refrigerated storage kept the urine potent for the 

duration of the study. Four inch by four inch cotton cloths were used to absorb ten drops of urine 

on each trial. These cloths were placed in a 5” x 5” x 1.75” disposable, vented plastic container 

similar to those used for produce. While the vents were positioned along the top and bottom 

edges of the containers, the cloth was placed on the solid plastic in the middle of the container 
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preventing the urine from having direct contact with the floor. These containers were not affixed 

to the floor. Only one dog moved the container from the location where the experimenter placed 

it during testing. For each trial, a new plastic container was used to avoid cross-contamination of 

scents. Painters tape was used to outline the boundaries of the sites and divide the run in half to 

help in the coding process. All trials were filmed using a Canon Powershot digital camera and 

coordinating telescoping tripod. 

1.2.4. Testing Environment 

Testing took place at the Rochester Hills (Michigan) Leader Dog facility. The testing 

environment consisted of a cinder-block room, referred to as a “run.” The run was 15' x 25' with 

a sealed cement floor and a drain in one corner. In the run, there was a window along the back 

wall that was closed and a ceiling fan that was turned off during the experiments to prevent 

drafts. The run was the area in the building where the dogs are released to play and relieve 

themselves, but as the dogs had access to the runs multiple times a day the desire to play, relieve 

themselves, or explore previous scents should not interfere with our behavioral measures. The 

door was made of galvanized steel grating and opens to an aisle lined with kennels where the 

dogs were housed (see Figure 1).  

1.2.5. Procedure. 

Ten drops of urine from the sire and ten drops of urine from a matched control dog (i.e., same 

breed, sex, breeding status and similar age) were deposited on two separate 4” x 4” cotton rags 

and placed in new, disposable, vented plastic containers. One container (counterbalanced across 

trials) was placed halfway back in the run on the left side (site A, see Figure 2), and the other 

container was placed on the right side (site B). For each container, the experimenter started at the 
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door of the run and walked back to minimize the chance that the dog was following the 

experimenter's scent; each container was placed by the wall within a temporary marked square 

(2' x 4', allowing 2' on the three sides of the container not bounded by the wall) to assist with 

coding. The door to the run was shut and a camera on a tripod was set up on one side of the 

doorway leaving room for the dog to pass into the run. The camera was turned on before the dog 

was allowed out of the kennel. The experimenter spoke the name of the dog, date, and trial 

number into the camera at the start of the trial. 

The experimenter released an individual dog into the aisle and walked with them to the run door 

using vocal prompting only. The experimenter asked the dog to sit at the run door before opening 

the door to allow the dog into the run. All dogs were reliable with basic commands, such as ‘sit’ 

and ‘down.’ Each trial was timed using a stopwatch and lasted three minutes, starting from the 

time that the dog entered the run and the run door was completely closed, which allowed the 

dogs sufficient time to explore both scents, but limited the dogs' loss of interest or increased 

desire to destroy the stimulus containers or the tape boundaries. All trials were filmed from the 

doorway. Because of the dog’s interest in the experimenter,  

the experimenter stood to the side where there was a window that allowed her to monitor the 

dogs for negative reactions (destruction, danger, etc.) without drawing the dog's attention. Two 

dogs had their trials stopped after two trials because of questionable responses to the materials in 

the study during their previous trial such as moving the container or scratching at the painters 

tape. These reactions did not present any danger to the dog; so their trials were not interrupted. 

That is the experimenter did not alter the dogs’ behaviors during the trial. Data from these trials 

were not discarded (ultimately these trials were not used in the following results because of the 
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focus on trial 1 data). Each videotaped trial was coded blindly by a research assistant and rater 

reliability was assessed using a randomly determined 25% of the trials coded by a second blind 

coder.  

A dog was considered to be at a site if any part of the dog was within two feet of the 

plastic container, which was marked by the painters tape. Orientation of the dog was not taken 

into account because of the ability of scent to drift from the stimulus container. Each dog 

completed 2-4 trials, depending on the dog’s availability, with the urine of a different unfamiliar 

individual as the control scent for each trial. Within dogs, on half of the trials the sire’s urine was 

on the left, and on the other half it was on the right according to a random schedule. 

Approximately, half of the dogs had the sire’s urine on the left for trial one, whereas half of the 

dogs had the sire’s urine on the right for trial one. The trials were randomized for 

stimulus/control site and order of control dogs presented to limit side bias and order effects. The 

trials all took place in similar rooms. Each individual dog was tested in the same room each trial. 

Only one dog was tested in that room on that day. Rooms were cleaned and bleached between 

trials. 

1.2.6. Methods of Analysis. 

Data collected for each trial included: latency to approach each site, frequency of visits to each 

site, and duration of time spent at each site. A site visit was determined by any part of the subject 

being within the boundaries of the painters tape; because of the possibility of scent drifting and 

the small size of the site, orientation was not taken into account. Because males and females may 

have different motivations to approach or avoid their sires, sex was included as a between-

subjects factor. To determine the effects of individual relatedness and sex on latency to approach 
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a site, frequency of visits to each site, and duration of time spent at each site, each dependent 

variable was analyzed by mixed model ANOVAs. We report data only from the first trial because 

the results from the averaged total trials suggested the possibility of habituation across trials. It 

should be noted, however, that analyses on the fuller set of data revealed similar patterns of 

results (See Supplemental Material for results averaged across the first two trials). Although we 

conducted analyses for both the full set of trials and the first trial for three separate dependent 

measures, we opted not to correct for multiple comparisons based on arguments that corrections 

are inappropriate for instances where there is a greater risk of making a type II error – missing a 

potentially important finding – relative to making a type I error. This is especially the case for 

preliminary work with a necessarily small number of subjects (Crabbe, Wahlsten, & Dudek, 

1999; Field & Armenakis, 1974; Nakagawa, 2003; Perneger, 1998; Rothman, 1990). 

Furthermore, it has been argued that there is no need to correct for multiple cases when one is 

testing a single hypothesis and the findings complement each other (e.g. Ridker, 2008). In this 

case we are not testing multiple hypotheses hoping to find one that works, but rather seeking 

corroborating evidence for a given hypothesis, which is confirmed by the pattern of the data 

itself. However, we are cautious in our interpretation of the results in consideration of this 

choice. 

1.2.7. Results 

The raters’ scores were highly correlated (Pearson r’s ≥ 0.90, p’s < .001) for all of the 

coded measures. Rater 1’s scores were used for all analyses reported below. 

 The resulting data for the first trial were checked for the assumptions of the ANOVA. Latency 

and frequency to visit did not violate any assumptions of the ANOVA. Time spent at the site of 
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the kin’s scent was observed to violate the assumption of homogeneity based on the Levene's test 

(F1,13 = 5.238, p = .039). Due to the matched nature of the repeated measures data, a simple 

transformation was performed by taking the square-root of the time spent at a site for both kin 

and non-kin. There was an improvement in the Levene's test for time spent at the site of the kin's 

scent (F1,13 = 2.439, p = .142); Therefore, the transformed data for time spent was used for all 

subsequent analyses for Experiment 1. ANCOVAs were also conducted to determine that the 

same pattern of results were obtained after removing the effect of relatedness between the subject 

and the control dog. The pattern of results was the same so here we report only results from the 

ANOVAs for simplicity. Also for the sake of simplicity, we refer to distantly related controls as 

“non-kin”. 

To test the relationship between the measured variables (latency, number of visits, and time 

spent) and the within-subjects factor of relatedness (kin, non-kin) and the between-subjects 

factor of subject's sex (male, female), the data were analyzed using a mixed model ANOVA. The 

ANOVA of latency showed no main effect for relatedness (F1,13 = 2.318, p = .152, η2 = .151) or 

subject's sex (F1,13 = 1.384, p = .260, η 2 = .096). In addition, there was no significant interaction 

(F1,13 = 0.042, p = .841, η2 = .003). The ANOVA of number of visits again showed no main 

effects for relatedness (F1,13 = 0.236, p = .635, η2 = .018) or subject's sex (F1,13 = 0.408, p = .534, 

η2 = .030), and no significant interactions (F1,13 = 3.178, p = .098, η2 = .196). Finally, an ANOVA 

was performed on time spent at a scent site. There was no main effect of relatedness (F1,13 = 

0.780, p = .393, η2 = .057) or subject's sex (F1,13 = 0.078, p = .784, η2 = .006). However, there 

was a significant interaction between relatedness and subject's sex (F1,13 = 4.771, p = .048, η2 = 

.268; see Figure 3). 
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To explore this interaction further an ANOVA was performed on time spent with 

relatedness as the within-subjects factor for each sex separately. For females, there was no 

significant difference between time spent at kin and non-kin sites (F1,7 = 0.893, p = .376, η2 = 

.113), although Figure 3 reveals that females showed a trend towards spending more time at kin 

sites. Males showed the opposite pattern by spending more time with non-kin, but this effect 

only approached significance (F1,6 = 4.495, p = .078, η2 = .428).  

1.2.8. Discussion 

Although we measured latency to approach, number of visits, and time spent, not all of these 

variables may have captured kin preference. It is possible that dogs do not detect the relevant 

information in a scent until they are much closer to it, meaning that time spent at the site and 

number of visits to the site may be more relevant measures of interest in the scent compared to 

latency of approach. Time spent encapsulates only time in the site, which should be at a close 

enough proximity to the scent container to make the scent of the sample a predominant feature of 

the site. Each site consisted of only 2% of the total space in the run, limiting the chance that a 

dogs' proximity to the scent site was due to chance. Therefore, the majority of discussion will 

focus on the time spent variable. 

Prior work has examined offspring preference for mothers (Hepper, 1994; Mateo, 2003) and 

mothers’ preference for offspring (Hepper, 1994; Horrell and Hodgson, 1992; Maletínska, 

Spinka, Víchova and Stehulova, 2002). Even sires’ preference for their offspring has been tested 

in other species (Neff and Sherman, 2005), but offspring’s preference for the sire has not been 

well studied. In Hepper’s studies, subject dogs showed a preference for their mother's scent over 

that of other females (Hepper, 1994). In feral domestic dogs, mothers begin to decrease contact 
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after 13 weeks of age (Pal, 2005). However in common breeding colonies, females are separated 

from their young typically around 6-8 weeks of age when the puppies are sent to new homes 

(Sammet, 2005). This practice of separating mothers from their offspring is consistent in both 

Hepper's study (1994) and the current study. This first 6-8 weeks with the mother introduces the 

extra variable of familiarity, which makes phenotype matching difficult to assess. As sires have 

not had access to their offspring, forming a preference based on familiarity was not an option for 

the subjects.  

Even though the sires had no contact with the subjects during their critical development time (0-

7 weeks of age) and lived in separate states from (7 weeks to age of testing), there was still a 

difference in time spent at a scent site depending on relatedness and differing by individual's sex. 

Although the sample was small, males preferred to spend more time exploring the scent site of 

non-kin and females showed a trend toward preferring to explore the scent of kin. With a larger 

sample size, and therefore greater power, it is possible that a significant effect would be obtained 

for both sexes. Further studies are needed to explore this possibility, especially given the 

possibility that our finding was a false positive arising from multiple comparisons. However, the 

interaction between sex and relatedness suggests that dogs indeed have a preference when 

presented with their sire's and an unrelated male's scent, and that this preference is most likely 

based on phenotype matching. If dogs used only familiarity-based mechanisms to determine kin, 

males would have spent equivalent time at each site. Preference for the unrelated male's scent 

could be based on a nepotistic bias against aggressing against one's kin.  

The lack of an effect of relatedness on time spent for females is surprising, as in previous 

research female dogs are seen to be the most particular when choosing potential mates (Gerlach 
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and Lysiak, 2006; Winn and Vestal, 1986). However, the fact that none of the females were in 

estrus at the time of testing (based on behavioral observations and recorded time of previous 

cycle) could explain why there was no preference for non-kin. Males may be more interested in 

other male scents based on territoriality, which would cause them to be more mobile in the run 

(latencies are quicker for males than females) and have a greater chance of coming into contact 

with the sample scents. 

Because of the unique opportunity to test unaltered dogs for whom sires were known but had had 

no contact with offspring, we were limited in the number of dogs that could be tested and in the 

number of trials that each dog received. Future work should include larger samples of different 

breeds and age groups, as well as females throughout the estrus cycle. However, the current 

results provide some preliminary support for phenotype matching in dogs and evidence for the 

ability to discriminate between sires and unrelated individuals with preference dependent upon 

an individual's sex. 

1.3. Experiment 2 

Experiment 2 extended our findings of sire recognition to the study of sibling recognition. We 

attempted to replicate Hepper's (1994) study after addressing concerns with the original 

procedure regarding the repeated use of the same testing apparatus and minimal space between 

the testing stimuli. In addition, the current study accounted for sex differences as males and 

females may have different responses to stimuli from kin and non-kin, as seen in Experiment 1. 

We predicted that females would prefer unrelated male scents but may prefer related female 

scents whereas male dogs might show more interest in unrelated males and females for reasons 

of both territoriality and mate selection. 



Do Dogs Prefer Family?21              

 

1.3.1. Methodology 

1.3.2. Subjects 

The subjects tested were 24 domestic dogs from 14 different litters of Labrador retrievers 

(N=18) and golden retrievers (N=6). A maximum of four dogs were used from each litter; 

however, in four cases only one dog was tested from a litter. All dogs were of similar age, sex, 

unaltered state, breed, and training status as the dogs in Experiment 1 (females in season were 

not tested as the monitoring of hormone levels was outside the scope of this experiment). Four 

dogs from Experiment 1 participated in Experiment 2. The other 20 dogs were naïve to 

experimental testing. All dogs spent their first six to seven weeks of life with their mother and 

siblings and then were placed in foster homes to be raised. All siblings were raised in different 

states to limit the chance of contact after seven weeks of age. All data and urine collection 

occurred while the dogs were living on Leader Dog property in Rochester Hills (Michigan) when 

the dogs returned for formal guide dog training. However, the subjects started training at a later 

date, limiting any chance of prior contact. Dogs received recent physical exams and were found 

to be in good health. 

1.3.3. Materials and Testing Environment 

The materials and testing environment were the same as in Experiment 1 except the urine 

samples were from siblings and from control dogs of similar age and the same breed, sex, and 

unaltered state as the sibling. The experimenter selected control dogs that were distantly related 

or unrelated to the subject; the coefficient of relatedness ranged from 0.00 to 0.16 with an 

average coefficient of 0.02. Only one trial involved a coefficient of relatedness greater than .06. 

For the sake of simplicity we refer to distantly related controls as “non-kin”. 
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1.3.4. Procedure 

The same experimental procedure was used as in Experiment 1 except that this 

experimental condition compared responses to the scents of a sibling and an unfamiliar, 

unrelated dog, repeated at random two to four times (determined by availability) for each test 

dog. Within each sex, half of the subjects were presented with stimuli from female siblings (male 

subject, female stimuli: n= 5; female subject, female stimuli: n= 7) and half were presented with 

stimuli from male siblings (male subject, male stimuli: n = 5; female subject, male stimuli: n= 7). 

A research assistant naïve to the conditions of the study coded the entire set of trials, 

while another naïve assistant coded 17 out of 52 (33%) randomly determined trials. 

1.3.5. Method of Analysis 

Data collected for each trial included latency to approach each site, frequency of visits to each 

site, and duration of time spent at each site. Because males and females may have different 

motivations for approaching or avoiding their siblings, sex for both the subject and the sample 

was added into the model as between-subjects factors. To examine the effects of individual 

relatedness and sex on latency to approach each site, frequency of visits to each site, and duration 

of time spent at each site, these factors were analyzed by mixed model ANOVAs. Similar to 

Experiment 1, data analysis concentrated on trial 1 data. ANCOVAs were also conducted to 

determine that the same pattern of results were obtained after removing the effect of relatedness 

between the subject and the control dog, but here we report only results from the ANOVAs for 

simplicity. The pattern of results was the same. 

1.3.6. Results 
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The raters’ scores were highly correlated (Pearson r’s ≥ 0.90, p’s < .001) for all of the 

coded measures, except for time spent at the site containing the non-kin's scent, which was 

moderately correlated, (Pearson r = 0.508 with p = 0.032). Rater 1’s scores were used for all 

analyses. 

As with the data for sires, analyses were completed on the first trial data alone (See 

Supplemental Materials for results of averaged first two trials). When data were checked to 

ensure all assumptions of the ANOVA were met, latency to approach kin site, latency to approach 

non-kin site and time spent at non-kin site were found to violate the assumptions based on 

Levene's tests (latency kin F3,20 = 5.255, p = .008; latency non-kin F3,20 = 5.334, p = .007; time 

spent non-kin F3,20 = 3.923, p = .024). Time spent at non-kin site, also, violated the assumptions 

of skewness (skewness = 3.152) and kurtosis (kurtosis = 12.186). Due to the matched nature of 

the repeated measure data, both kin and non-kin data were transformed using a square-root 

transformation. Levene's tests conducted on the transformed data showed improvement in the 

results (latency kin F3,20 = 3.172, p = .047; latency non-kin F3,20 = 2.482, p = .090; time spent 

non-kin F3,20 = 1.169, p = .346). Time spent at non-kin site showed an improvement in skewness 

(skewness = 1.362) and kurtosis (kurtosis = 3.810). Based on these results, the transformed 

variables were used in the following analyses. 

The ANOVA for latency showed no significant main effects for relatedness (F1,20 = 0.015, p = 

.904, η2 = .001), subject's sex (F1,20 = 0.042, p = .839, η2 = .002), or sample's sex (F1,20 = 0.384, p 

= .542, η2 = .019). The three-way interaction between relatedness, subject's sex and sample's sex 

proved to be not significant (F1,20 = 0.018, p = .894, η2 = .001). There was no significant two-way 

interaction between relatedness and subject's sex (F1,20 = 0.084, p = .775, η2 = .004) or 
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relatedness and sample's sex (F1,20 = 3.025, p = .097, η2 = .131), but there was a significant two-

way interaction between the subject's sex and the sample's sex (F1,20 = 4.874, p = .039, η2 = 

0.196; see Figure 4).  

To explore the interaction between subject's sex and sample's sex, an ANOVA was 

performed for each subject's sex (female, male) separately while including relatedness as a 

within-subjects factor and the sample's sex as a between-subjects factor. For female subjects, 

there was a significant main effect of sample's sex (F1,12 = 6.310, p = .027, η2 = .345) where 

females approached the site of male scents faster than the site of female scents. Although not 

significant (F1,8 = 0.795, p = .399, η2 = .090), males showed the opposite trend to approach 

female samples faster than male samples. 

The ANOVA for number of visits to a site showed no significant results for the main 

effect of relatedness (F1,20 = 0.634, p = .435, η2 = .031), subject's sex (F1,20 = 1.820, p = .192, η2 = 

.083), or sample's sex (F1,20 = 0.590, p = .451, η2 = .029). There were no significant two-way 

interactions between relatedness and the subject's sex (F1,20 = 0.147, p = .705, η2 = .007), 

relatedness and the sample's sex (F1,20 = 2.443, p = .134, η2 = .109), or the subject's sex and the 

sample's sex (F1,20 = 0.228, p = .638, η2 = .011). The three-way interaction between relatedness, 

subject's sex, and sample's sex was significant (F1,20 = 4.636, p = .044, η2 = .188). 

To probe the three-way interaction, the number of visits to a site was analyzed using an ANOVA 

with the within-subjects factor of relatedness (kin, non-kin) and the between-subjects factor of 

sample's sex (male, female) for each subject sex separately. For female subjects there was no 

significant interaction between relatedness and sample sex (F1,12 = 0.167, p = .690, η2 = .014) 
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(See Figure 5a). For male subjects, there was a significant two-way interaction between 

relatedness and sample's sex (F1,8 = 9.529, p = .015, η2 = .544; see Figure 5b). 

A further ANOVA with the within factor of relatedness (kin, non-kin) analyzing the 

sample's sex (male, female) separately for male subjects was conducted to explore this 

interaction further. Male subjects did not differentiate between male kin and non-kin (F1,4  = 

3.333, p =.142, η2 = .455), but they did differentiate female kin from non-kin (F1,4 = 16.00, p = 

.016, η2 = .800). Males made more visits to female non-kin scent sites than to female kin scent 

sites.  

The ANOVA for time spent at a site showed no significant results for the main effect of 

relatedness (F1,20  = 0.123, p = .730, η2 = .006), subject's sex (F1,2 0 = 1.636, p = .215, η2 = .076), 

or sample's sex (F1,20 = 0.223, p = .642, η2 = .011). The two-way interactions were found to be 

significant between relatedness and subject's sex (F1,20 = 4.599, p = .044, η2 = .187), between 

relatedness and sample's sex (F1,20 =5.172, p = .034, η2 = .205) and between subject's sex and 

sample's sex (F1,20 =4.664, p = .043, η2 = .189). In addition, the three-way interaction between 

relatedness, subject's sex and sample's sex approached significance (F1,20 = 4.118, p = .056, η2 = 

.171). 

To probe the interaction between relatedness, subject's sex, and sample's sex, the time spent at a 

site was analyzed using an ANOVA with the within-subjects factor of relatedness (kin, non-kin) 

and the between-subjects factor of sample's sex (male, female) for each subject’s sex separately. 

For female subjects there was no significant interaction between relatedness and sample sex 

(F1,12 = 0.028, p = .871, η2  = .002; see Figure 6a). For male subjects, there was a significant two-
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way interaction between relatedness and sample's sex (F1,8 = 14.828, p = .005, η2 = .650; see 

Figure 6b). 

A further ANOVA with the within-subjects factor of relatedness (kin, non-kin) analyzing the 

sample's sex (male, female) separately was used to explore this interaction further. Male subjects 

did not significantly differentiate between male kin and non-kin (F1,4 = 3.304, p = .143, η2 = 

.452). However, there was a trend to spend more time at male kin sites than male non-kin sites. 

Male subjects did differentiate between female kin and non-kin (F1,4 = 12.033, p = .026, η2 = 

.751). They spent more time at the site of a non-kin female scent than at a kin female scent.  

1.3.7. Discussion 

The results support previous findings indicating that mammal scent secretions contain 

identifying factors (e.g., sex, genetic relatedness, dominance etc.; Cafazzo et al. 2012; Dunbar, 

1977; Hepper, 1994; Lisberg and Snowdon, 2009; Mateo, 2010; Penn and Potts, 1998; Sun and 

Muller-Schwarze, 1997). In the current study, the dogs reacted differently to same and opposite 

sex scents. This finding supports the assumption that the urine contains some identifying factors 

for dogs, including sex. Female dogs approached male scents quicker than female scents, 

whereas male dogs approached female scents faster than male scents. These results were similar 

to those found by Dunbar (1977) where male domestic dogs spent more time visiting females. 

Here, male dogs spent more time visiting females only when females were distantly related.  

Hepper (1994) stated that dogs are unable to recognize their siblings. Our results question this 

conclusion because including sex differences in the analysis of kin preference allowed us to 

reveal that both males and females differentiated between kin and non-kin with regard to the time 

spent investigating the different scents. Had we also failed to take sex into account, the findings 
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in opposing directions would have resulted in the lack of a significant effect. However, once the 

sex of the subjects and samples are considered, a significant influence of kinship is revealed. 

This finding emphasizes the importance of examining sex differences. Differing motives for 

males and females who must adopt different strategies to achieve reproductive success should 

lead to different predictions regarding their interest in scents of unfamiliar conspecifics. Our 

results make sense in this light. However, again, it is important to note that we did not adjust for 

multiple comparisons, leaving open the possibility that some of our findings were false positives. 

Similarly to Experiment 1, females did not seem to have a significant preference between the 

scents of kin or non-kin; although there was a trend for females to spend more time at kin scent 

sites (regardless of samples' sex). However, as in Experiment 1, none of the females tested were 

in estrus, which may have played a role in the lack of observed preference. Unlike males, 

females during diestrus are unlikely to be sexually motivated when interacting with conspecifics. 

Further research is needed to determine if female behavior changes during estrus. Male subjects 

did not show an overarching trend to prefer kin or non-kin. When the analysis took sex of the 

sample into account, not surprisingly, males showed a preference for female non-kin samples. 

Males visited more frequently and spent longer exploring an unrelated female's scent than their 

sister's scent. They did not show this preference when presented with male samples. These 

results suggest that male dogs’ preference for female samples is influenced by sexual selection, 

but further work examining a wider age and breed range is needed to support the current results. 

Unlike in Experiment 1, male dogs showed a non-significant trend towards exploring male kin 

samples more frequently and for longer durations relative to than male non-kin samples. In 

Experiment 1, males showed a non-significant trend towards spending longer exploring male 
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non-kin samples than male kin samples. Although siblings and sires have comparable genetic 

relatedness to the subject, an important difference between the two experiments is the familiarity 

that the subject had with their siblings. Even though this familiarity ended on average a year 

before the experiment took place, subjects may have been more interested in exploring the scent 

of male siblings who were somewhat familiar.. 

Previous results showed that when relatedness was not a factor, adult female domestic dogs 

tended to explore the urine of unfamiliar more than familiar individuals of both sexes and male 

domestic dogs tended to not have preference in their investigations (Lisberg and Snowdon, 

2009). The dogs in Lisberg and Snowdon's (2009) study were at least one year old and intact or 

spayed/neutered. These females spent the most time exploring intact male/female urine. This 

trend was similar for both intact and neutered females. When data from intact males was 

examined by type of sample (e.g. intact female, intact male), researchers noticed a similar trend. 

However, neutered males showed a greater amount of time investigating the urine from intact 

males than urine from neutered males or intact females. Neutered males were the only 

individuals to not spend equivalent time at both intact male and intact female scent sites. These 

findings highlight that neutering may change the motivations of dogs' preferences, as well as the 

interpretations of different chemical signals. In addition, these dogs were not provided the 

opportunity to distinguish between closely and distantly related kin making it difficult to truly 

compare this study with the current study. In our study, subjects’ preference for sex when 

exploring urine samples appears to depend on kinship. 

Very little work has examined sex differences of sexually mature individuals when forming 

preference for kin. Research on zebrafish showed males having no preference between kin and 
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non-kin and females having a preference for non-kin (Gerlach and Lysiak, 2006), whereas we 

have shown that males exhibit stronger kin-related preferences. However, the reproductive 

strategies between zebrafish and dogs differ with zebrafish having external fertilization and 

neither parent providing the parental care (Gerlach and Lysiak, 2006). Dogs, not only have 

internal fertilization but, if left to breed naturally, both parents may show some parental care 

even if females provide more care than males (Pal, 2005). Therefore, in dogs, both sexes 

demonstrate the potential for greater investment in parental care relative to zebrafish. Males may 

therefore be motivated, in dogs more so than zebrafish, to be selective when choosing potential 

mates. We predict that further preference testing of females during estrus would reveal a 

preference for potential non-kin mates instead of for kin. 

2.1. General Discussion 

Domestic dogs, today, are mainly kept as pets or working animals where their interactions, 

including breeding, are highly supervised. Human interference therefore in a majority of cases 

dismisses the need for kin recognition. Thus, there is the possibility that domestic dogs may have 

lost some of the ability to discriminate kin and non-kin from urinary scents. It is likely that the 

ability is more highly specialized in wild dogs, given the long process of domestication. 

However, our results suggest that, even if kin recognition is not actively used by many 

individuals, dogs have not completely lost the ability to form a preference about kin through 

olfactory means. Interestingly, this preference does not seem to require familiarity with the 

sample before it is formed. 

Previous work indicated that each sex may form a different preference for kin (Gerlach and 

Lysiak, 2006; Winn and Vestal, 1986). Each sex may have different reasons for a kin (or non-kin) 
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preference, including nepotism and inbreeding avoidance. In these experiments, the pattern 

found was in the opposite direction than predicted, with male dogs being more discerning than 

females. One explanation could be that all of the females were in diestrus whereas the males 

were sexually capable at the time of testing. If not prepared for breeding, females may not 

exhibit preferences based on potential mate qualities. Females did not show a significant 

difference in preference between male or female scent samples, which lends more credence to 

the idea that they were not sexually receptive. Males, on the other hand, can be sexually 

interested at any time once reaching reproductive age. If seeking mates is the key motivation for 

exploring scents left behind by conspecifics for males, being discerning, especially when the 

scents were produced by females, may be more important to males. Further work should examine 

the preferences of females throughout their estrus cycle to explore this hypothesis. 

Another possibility is that females do not have the ability to match by phenotype. This inability 

could arise for a several reasons including lack of need because of a lack of dispersal and a lack 

of uncertainty in genetic relatedness of offspring. Pal, Ghosh, and Roy (1998) observed feral 

dogs in India for two years and recorded differences in male and female dispersal patterns. 

Significantly more males dispersed and the majority dispersed earlier than females; although of 

those who did disperse, females and males disperse about the same distance from the natal site. 

Dispersal may not be fully accomplished until around three years of age, but female wild dogs 

also tend to disperse earlier than their male conspecifics (McNutt, 1996). However, in African 

wild dogs, both parents stay with the pups until dispersal or death (McNutt, 1996), whereas in 

feral domestic dogs the mothers begin decreasing contact after the pups have reached thirteen 

weeks of age and the sires begin decreasing contact at four weeks of age (Pal, 2005). McNutt 
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(1996) noted that dispersal in wild dogs was related to the presence of the opposite sex parent. 

Assuming the presence of sires serves to encourage dispersal, the majority of female dogs will 

not be pressured to disperse as sires decrease contact with pups early in development. If, on 

average, females stay close to the natal site, then they are less likely to encounter kin who 

disperse. 

Another explanation for the differences in preferences may involve paternal uncertainty. 

Paternity uncertainty refers to a male’s inability to be certain who fertilized a female’s eggs 

(Alvergne, Faurie and Raymond, 2009; Langos, Kulik, Mundry and Widdig, 2013). Similarly to 

the Bluegill sunfish in Neff and Sherman's (2005) experiment, male dogs cannot always have 

paternal certainty. Female dogs can give birth to a litter of pups sired by multiple males. Some 

male dogs help provide paternal care for the young (Pal, 2005). In this case, males may have 

evolved the ability to recognize kin through phenotype matching to ensure that only their 

offspring benefit from paternal support. As females can use other processes, such as familiarity, 

to recognize offspring, females may not have developed phenotype matching. If this is the case, 

then the ability to differentiate the kinship of offspring may be especially well developed in 

males, but not females. Current evidence does not disprove this hypothesis, as in the few species 

where there is evidence of female phenotype matching (bank voles: Kruczek, 2007; house mice: 

Winn and Vestal, 1986) and dispersal patterns are known (bank voles: Viitala, Hakkarainen, and 

Ylonen, 1994; house mice: Groo, Szenczi, Banszegi and Altbacker, 2013), the females disperse 

at a similar rate as males. It is not currently known whether phenotype matching differs by sex 

when dispersal rates also differ.  
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One of the drawbacks of preference testing is that similar outcomes can arise because of multiple 

different motivations. McLeman, Mendel, Jones, White, and Wathes (2005) discussed an 

inability to determine motivation as a significant issue with preference testing. Maternal sows did 

not appear to show a preference for their live offspring, but their behavior toward offspring was 

different than to non-kin piglets (Maletínska et al., 2002). Indeterminate motivations can confuse 

findings; for instance in the current study, males showed an interesting trend of spending more 

time at non-kin sites in both experiments. However, it is difficult to give a reason for the 

preference. The trend towards a preference for non-kin has been speculated to be because of 

avoidance of aggressing kin or inbreeding avoidance (Gerlach and Lysiak, 2006; Sun and 

Muller-Schwarze, 1997; Winn and Vestal, 1986).  This could be an individualized strategy 

depending on each sample (i.e., male non-kin could be rivals, female non-kin could be mates) or 

a generalized strategy (i.e., always explore non-kin sites as they could be possible rivals or 

mates). This question could be explored by using samples from neutered individuals to see how 

the intact subject responds. If the males are using a generalized strategy they should still spend 

more time at non-kin scent sites.  

In conclusion, the current experiments suggest that male dogs are able to recognize kin and that 

familiarity is not required. The motivation for males' preference remains uncertain; however, the 

pattern is similar to other research that suggests avoiding aggressing kin and/or inbreeding 

avoidance. Female dogs did not show a significant preference for close kin or distantly related 

kin, but without further research including the entire estrus cycle, we are reluctant to conclude 

that females are unable to recognize kin. If future work indicates that female dogs do not 

demonstrate a kin preference then there are various theories that may provide insight into why 
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females lack kin preference, including natal dispersal and paternity uncertainty.  Although many 

strides have been made in the area of kin recognition from showing template formation (Gerlach, 

Hodgins-Davis, Avolio, and Schunter, 2008) to showing sex differences (Gerlach and Lysiak, 

2006), there are still more questions to answer. Further work should examine what aspects of 

scent individuals are basing their decisions on and what motivates each preference.  
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Figure Captions 

 
Figure 1: Images of the testing environment. A) View of kennels lining the aisle toward the run; 
B) View of the front of the run and door leading to aisle with the kennels; C) View of back of the 
run. 
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Figure 2: Set up of kennel space used for preference testing. A and B mark the location where a 
stimulus was placed. X marks the position of the camera at the run door. The black dashed lines 
are the outlines of the painter tape. The circle in the back of the run represents the floor drain. 
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Figure 3: Raw data for time spent as a function of relatedness (kin, non-kin) to the adult male 
scent stimuli and subject's sex (male, female). 
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Figure 4: Raw data for latency to approach as a function of subject's sex (female, male) and 
sample's sex (female, male). * indicates p < 0.05.  
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Figure 5: Raw data for number of visits as a function of relatedness (kin, non-kin), subject's sex 
(male, female) and sample's sex (male, female). A) Number of visits to a site for female subjects. 
B) Number of visits to a site by male subjects. * indicates p<0.05. 
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Figure 6:  Raw data for time spent as a function of relatedness (kin, non-kin), subject's sex (male, 
female), and sample's sex (male, female). A) Time spent at a site for female subjects. B) Time 
spent at a site by male subjects. * indicates p<0.05. 


