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1. Summary 9 

Dominance is a well-established phenomenon in ethology, however the dog-owning public often 10 

misuses the term. A questionnaire study was launched to investigate the validity of owner-derived 11 

estimates of dominance in dog dyads sharing the same household (N=1151). According to the 12 

owners, dominant dogs (87%) have priority access to resources (resting place, food, and rewards), 13 

undertake certain tasks (defend the group during perceived or actual threats, bark more when a 14 

stranger comes to the house, and lead the group during walks), display dominance (lick the other’s 15 

mouth less, win fights, and mark over the other’s urine), have a certain personality (smarter, more 16 

aggressive and impulsive), and were older than their partner dog (all p<0.0001). An age related 17 

hypothesis has been suggested to explain formal dominance in dogs; however, we found that 18 

dominance status was a better predictor than age status for 11 of the items examined. Results 19 

suggest that dog owners’ estimates of dominance rank correspond to previously established 20 

behavioural markers of dominance displays. Size and physical condition were unrelated to 21 

dominance. Surprisingly, in mixed-sex dyads, females were more frequently dominant than males. 22 

For future studies that wish to allocate dominance status using owner report we offer a novel 6-item 23 

survey. 24 
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 25 

2. Introduction 26 

The term “dominance” when used in reference to dogs, has often been misunderstood in the 27 

popular media, which suggests that the public (and therefore the average dog owner) maybe unsure 28 

what dominance really is. For example, a dog is often referred to as dominant if it shows a 29 

particularly assertive personality, and very often dominance is used to describe the relationship 30 

between the dog and the owner, rather than the relationship between dogs living in multi dog 31 

households. To address the misuse and misunderstanding of the word in the general vocabulary of 32 

dog owners and trainers, we aimed to evaluate whether the dog-owning public recognised dominant 33 

individuals in multi-dog households, and what attributes they associated with dominance. 34 

In ethology, the term dominance describes long-term dominant-subordinate social relationships 35 

within a dyad or group. Dominant individuals usually have priority access to key resources such as 36 

food, and reproductive partners, due to the consistent winning of agonistic interactions [1,2] or 37 

deference, during which one individual consistently gives way to another [3,4]. Based on 38 

observations in macaques, de Waal distinguishes agonistic dominance, established through force in 39 

agonistic interactions, and formal dominance, based on the acceptance of the dominant individual by 40 

the group, signalled through for example ritualistic greetings [5]. 41 

Although dominance hierarchies have previously been described in free-ranging dogs [6–8], in dogs 42 

living in packs in enclosures [9–11], and in neutered pet dogs at a dog day care centre [12,13], the 43 

existence and validity of linear dominance hierarchies in these animals is highly debated (mainly 44 

because they are rare and have only been detected by examining submissive behaviours such as 45 

mouth licks) [11,14–20]. Thus, dominance hierarchies in dogs can be detected without agonistic 46 

interactions (i.e. aggression). For example, in multi-dog households one dog might defend a 47 

particular toy while another is not interested in that toy but instead values sleeping in a particular 48 

bed. Because these dogs defer to the priority of the other, there are no agonistic interactions 49 

.CC-BY-ND 4.0 International licenseunder a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available 

The copyright holder for this preprint (which wasthis version posted September 17, 2018. ; https://doi.org/10.1101/419044doi: bioRxiv preprint 

https://doi.org/10.1101/419044
http://creativecommons.org/licenses/by-nd/4.0/


3 

 

between them. If these dogs peacefully co-exist without social interactions (they avoid each other) 50 

there is no dominance hierarchy between them, and their relationship is ‘non-interactive’ according 51 

to the definition of Trisko et al. [13]. If dogs affiliate regularly (e.g. play with each other) without 52 

agonistic behaviour and exhibiting dominance, their relationship is ‘egalitarian’. However, it is also 53 

possible that dogs living together both affiliate and exhibit dominance (and thus show ‘formal’ 54 

dominance), or do not affiliate but exhibit dominance ( known as ‘agonistic’ dominance) [13]. In a 55 

group of 24 neutered companion dogs at a day-care facility, most dogs formed dominance 56 

relationships with other dogs. Dominance hierarchies were identified based on frequent submission 57 

(e.g. muzzle lick and low posture) and infrequent, low intensity aggression (threat andf attack). Older 58 

dogs out-ranked younger dogs, but size was unrelated to dominance rank. Dominance relationships 59 

were most commonly found in same-sexed pairs [12]. 60 

Although problem behaviours such as jumping or excessive humping are sometimes interpreted by 61 

the public, including dog trainers, as the dog’s desire to be the “alpha”, or the head of the household, 62 

dominance is not “misbehaviour”. According to our present knowledge, dogs are unlikely to have a 63 

concept of “hierarchy”, as they lack the cognitive processes that would be necessary for such a 64 

strategy. Instead, dogs’ relationships with other dogs (and with people) are built up progressively 65 

through associative learning [20]. Bradshaw et al. [18,20] have stressed that intra-specific dominance 66 

should not be used to support the concept of inter-specific hierarchy, such as the outdated “alpha 67 

dog” myth, which stipulates that owners should maintain their leadership over their dog through 68 

force and intimidation if necessary, in order to become the “alpha” or “pack leader”. Such obsolete 69 

beliefs have often been used to justify the use of abusive training techniques, and were based on 70 

erroneous models of wolf pack organisation, which were used to explain aspects of dog behaviour 71 

[18]. Indeed, the use of positive punishment and negative reinforcement training techniques can 72 

cause increased stress, fear and mistrust, and are associated with increased aggression towards 73 

other dogs in the household  [21], and towards human family members [22]. Behavioural 74 
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modification based on operant and classical conditioning can provide an effective intervention for 75 

inter- and intra-specific aggression problems [17]. 76 

Dominance describes social relationships, therefore, according to ethologists, it is not a personality 77 

trait. Personality is largely independent of context and it is stable over time [23], while dominance 78 

status depends on the interacting partners. However, some dog owners describe dogs that often 79 

show dominant behaviour towards other dogs as having a “dominant personality”. This 80 

misunderstanding can be partly explained by the fact that based on a literature review on canine 81 

personality, psychologists have identified a broad dimension labelled as ‘Submissiveness’, and 82 

defined it as the opposite of dominance. According to the authors, “Dominance can be judged by 83 

observing which dogs bully others, and which guard food areas and feed first. Submission can also be 84 

reflected by such behaviors as urination upon greeting people” [24]. Thus, even in the scientific 85 

literature there are inconsistencies regarding dominance as a personality trait. Moreover, dominance 86 

status has been found to be associated with some personality traits (e.g. aggression towards people) 87 

and also with leadership [7,25], which suggests that certain personality traits affect dominance ranks. 88 

Leadership, in contrast to dominance, cannot be forced or demanded, as it requires followers who 89 

choose to follow for their own benefit. More technically, leadership is a non-random differential 90 

effect on group activities. Using directional correlation analysis on high-resolution spatio-temporal 91 

GPS trajectory data from a group of six dogs, leader and follower roles in dyads were found to be 92 

dynamically interchangable. However, on a longer timescale, leader and follower tendencies to lead 93 

became clearer. The dogs’ positions in the leader-follower network positively correlated with 94 

dominance rank, trainability, controllability, aggression, and age [25]. 95 

Because of the commonly found link of dominance with age, Bradshaw et al. [26] suggested that a 96 

simple rule of thumb could help to explain formal dominance in dogs: “in order to be allowed to stay 97 

in the group, perform affiliative behaviour towards all the members of the group older than you are”. 98 

This hypothesis could also explain unidirectional hierarchical relationships found in companion dogs 99 

living in multi-dog households. Indeed, a body of literature using field observations, suggests that 100 
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among dogs and the closely related wolf, older individuals are more likely to be dominant and/or 101 

leaders [6,7,12,27,28]. In free-ranging dogs, leaders were more likely to receive submissive displays 102 

in both greeting ceremonies and in agonistic contexts from many partners, and leadership was also 103 

dependent on group composition [7], suggesting that it is not an inherent characteristic of 104 

individuals, similarly to dominance.  105 

As mentioned previously, dominance relationships differ between same-sexed and mixed-sexed 106 

dyads, as mixed-sex dyads are more likely to affiliate and less likely to show dominance than same-107 

sex pairs [12]. Conflicts between dogs living in the same household have been reported to occur 108 

more often between members of the same-sex, and more often involve females than males [29,30]. 109 

In wolves, separate male and female age-graded dominance hierarchies have been observed in 110 

captive packs [31]. Male wolves were on average found to be more often dominant and/or leaders of 111 

the pack [27,32,33]. In one study on free-ranging dogs, a sex age graded hierarchy was found, such 112 

that males dominate females in each age class, and adults dominate over subadults, and subadults 113 

over juveniles. Adult males were on average larger than adult females, but there were no differences 114 

in body size among subadults and juveniles [6].  115 

 Dog breeds and breed groups differ greatly in morphology and typical behaviour [34,35][19]. 116 

Therefore, social interactions and the types of relationships found in pet dogs may also be highly 117 

dependent on the breed composition of the group [36]. Based on the literature cited above, 118 

dominance hierarchies do exist among dogs living in the same household, albeit the characteristics of 119 

the social relationships are influenced by multiple factors, such as breed, personality, sex, and age. 120 

We conducted a questionnaire study to better understand how dog owners perceive dominance 121 

ranks, and which behavioural/physical traits and other demographic factors influence the assumed 122 

rank between dogs living in the same household. Both the benefits and the challanges of using a 123 

“citizen science” model, relying on the dog-owning public, are well-known [37]. The quality of data 124 

produced by citizen scientists has proved to be satisfactory not only in recognising dog behaviours 125 

but also for conducting behavioural experiments [37]. 126 
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Several studies have utilised owner questionnaires in order to determine dominance rank in multi-127 

dog households [25,38,39]. Pongrácz et al. [38] used a four item questionnaire to measure dogs’ 128 

dominance levels in dyads, and related them to differences in social learning in response to a human 129 

or dog demonstrator. The questions focused on social behaviours that can be easily recognized and 130 

do not require assumptions from the owner regarding the dominance rank of the dog. The four 131 

questions were the following: (1) “When a stranger comes to the house, which dog starts to bark first 132 

(or if they start to bark together, which dog barks more or longer)?”, (2) “Which dog licks the other 133 

dog’s mouth more often?” (reverse scored), (3) “If the dogs get food at the same time and at the 134 

same spot, which dog starts to eat first or eats the other dog’s food?”, (4) “If the dogs start to fight, 135 

which dog wins more frequently?” Dogs were identified as dominant if they displayed at least three 136 

behaviours (e.g. barks more/longer, eats first, and wins fights). Dominant dogs were less likely to 137 

learn from observing other dogs and more likely to copy a human demonstrator. Subordinate dogs 138 

showed better learning in the dog demonstrator condition. Dominant dogs also performed better 139 

than subordinates in a problem solving task but only when observing a human demonstrator [39]. 140 

Results indicate that owner questionnaires could be a valid method to determine the dominance 141 

rank of individuals within dog dyads.  142 

We asked owners of multiple dogs, which of the dogs is dominant according to them, and 143 

investigated the relationship between the dogs’ ranks, behaviour, and demography. In the 144 

questionnaire, we integrated items from previous studies [38,39], and added more items that might 145 

be linked to an individual’s ability to win in contests over resources, or asymmetry in experience. In 146 

addition, we included other factors, which have previously been proposed to be relevant when 147 

measuring leadership and dominance, such as age, sex, size, physical condition, leadership and 148 

specific behavioural characteristics, including intelligence, obedience, aggressiveness, and 149 

impulsiveness [2,6,40,41]. 150 

We hypothesized that dominance as perceived by the owners is related to specific behaviours such 151 

as controlling resources, and to demographic and specific behavioural trait factors. We also tested 152 
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the age related hypothesis suggested by Bradshaw et al. [26] by comparing which factor best 153 

explained behavioural and demographic differences between the dyads, owner reported hierarchical 154 

status or age status. 155 

 156 

 157 

3. Materials and Methods 158 

 159 

Subjects 160 

Between 25th June and 13th August 2017, 1156 owners of two or more dogs filled in a questionnaire 161 

in Hungarian, which was advertised in a social media Dog Ethology group. We identified the dogs 162 

using their given names, to ensure that no duplicate entries were included in the analysis. After 163 

deleting questionnaires with missing data, 1151 responses remained, which detailed owners’ 164 

responses for unique individual pairs of dogs. Owners indicated the sex and reproductive status of 165 

each dog in the dyad, after allocating them to either Dog A or Dog B (based on their own choice). 166 

Both dogs were male in 23% of the pairs, both were females in 28%, both dogs were neutered in 37% 167 

of the pairs, and 30% of pairs were both intact. Counting each dog separately, N = 2302 individuals, 168 

there were 47.13% males, and 53.87% neutered individuals.  169 

 170 

Procedure 171 

The questionnaire consisted of 21 items (Table 1). In the case of items 1-19, owners indicated which 172 

of the two dogs best fits the description: Dog A, or Dog B. Owners could also select “Similar” if both 173 

dogs fitted the description, or “N/A”. When the owners marked “N/A” we assumed that they could 174 

not answer the question as the dog/dogs did not display that behaviour, or that situation did not 175 

occur (e.g. the dogs never fight with each other or they do not go for walks together), or they were 176 

unsure/did not fully understand the question, or the answer was not known to them (e.g. they could 177 
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not assess which of the dogs was in better physical condition). Items 2-4 and 6 were the same as 178 

those used in [38]. In the case of items 20 and 21, the owner could also indicate “both” or “neither” 179 

dogs (Table 1).  180 

 181 

Item 

number 
Short form Questionnaire 1: Relative characteristics 

1 status 
Which of the dogs is the “boss” (has a dominant status) to the best of your 

knowledge?  

2 bark 
When a stranger comes to the house, which dog starts to bark first (or if 

they start to bark together, which dog barks more or longer)? 

3 lick mouth Which dog licks the other dog’s mouth more often? 

4 eat first 
If the dogs get food at the same time and at the same spot, which dog starts 

to eat first or eats the other dog’s food? 

5 reward If they got a special reward (e.g. a marrowbone), which dog obtains it? 

6 fight If the dogs start to fight, which dog wins more frequently? 

7 play ball 
If you play with a ball with both dogs, which one retrieves it more 

frequently? 

8 
greet 

owner 

When you enter your home, which dog greets you first? 

9 walk first Which dog goes in the front during walks? 

10 
resting 

place 

Which dog acquires the better resting place? 

11 pee Which dog marks over the other’s pee? 

12 
defend 

group 

If the dog’s group is perceived as being under attack, which dog is in the 

front? 

13 smart Which dog is smarter? 

14 obedient Which dog is more obedient? 

15 aggressive Which dog is more aggressive? 

16 impulsive Which dog is more impulsive? 

17 size Which dog is heavier? 

18 
physical 

condition 

Which dog is in a better physical condition? 

19 age Which dog is older? 

20 sex Which dog is male? 

21 neutered Which dog is neutered? 

 182 

Table 1. Questionnaire items. Owners were asked to fill out the questionnaire for two of their dogs 183 

(‘A’ and ‘B’) and indicate which dog corresponds better to the description. They could also select 184 

“Similar” if both dogs fitted the description or “N/A” if the question did not apply to the dog dyad. 185 

 186 

Statistical Analysis 187 
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Analyses were performed in SPSS 22.0 and R. Descriptive statistics were calculated for the sample 188 

and summarised in the results section. To investigate the certainty of owners in their answers, and 189 

the usefulness of each item in terms of whether they might be suitable to scrutinise status 190 

differences in behaviour/demographics, we examined which “N/A” and “Similar” proportions were 191 

one standard deviation below or above the mean. 192 

 193 

Binomial tests using Dominance Status on the full sample 194 

To investigate the owners’ responses for each item (1 to 21), we calculated the percentage allocation 195 

of the dogs to each possible category: “Differ” (the dogs in a particular dyad differed in that 196 

behaviour/characteristic), “Similar” (the dogs’ behaviour was similar) and “N/A” (the owner was not 197 

able to determine if the dogs differed). Next, for the dogs that were allocated a “dominant” or a 198 

“subordinate” status (the response of the owner to item 1 (“Which of your dogs is the 199 

boss/dominant?”)), binomial tests were used to compare the distribution of observations between 200 

the dogs for each of the replies to items 2 to 21. Please note we did not consider dyads where 201 

owners indicated in item 1 (“Which of your dogs is the boss/dominant?”) that their dogs were 202 

“Similar” in status, or where they marked “N/A” (N=148). Then, for items (2-21), dyads were also 203 

excluded from the analysis pairwise, if the owner marked them as “Similar” or ”N/A” in that 204 

particular behaviour or characteristic (sample sizes are indicated in Figure 1). 205 

We examined whether each behaviour/physical attribute was equally likely to occur in dominants 206 

and subordinates (derived from item 1) using a two-tailed test. We lowered the p level to 0.0023 207 

from 0.05 as suggested by a Bonferroni correction for the 22 comparisons.  208 

 209 

Binomial tests using Age Status on the full sample 210 

We then repeated the binomial analyses but instead of dominance status, we used the response of 211 

the owner to Age (“Which of your dogs is older?”, item 19), to assess differences between dogs 212 

allocated an “older” or “younger” status (dogs which were “Similar” in age, or that where marked 213 
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“N/A”, N=72, were excluded). Next, we used two-sample tests for equality of proportions with 214 

continuity correction in order to determine which factor (Dominance status or Age status) best 215 

explained the behavioural and demographic differences between the dogs.  216 

 217 

Binomial tests on the mixed-sex and same-sex dyads 218 

In order to examine any effect of the dyad composition on dominance status allocation, we created 219 

subsets of data including mixed sex dyads (N=491), and same-sex dyads (N=512), and ran additional 220 

binomial tests to inspect possible associations for items 2 – 21. We again adjusted for multiple 221 

comparison using Bonferroni correction, and lowered the significance level to 0.0025. 222 

 223 

Dominance Score and Difference Score 224 

Next, we aimed to examine how large the difference in ranks between same-sexed, mixed-sexed, 225 

neutered, and intact dyads. We created a “Dominance Score”, by summing all the items that were 226 

significantly associated with a “dominant” status (see below: bark, lick mouth, eat first, reward, fight, 227 

walk first, resting place, pee, defend group, smart, aggressive, and impulsive) for each dog in every 228 

dyad. Then we created a “Difference score” by subtracting the subordinates’ “Dominance score” 229 

from the dominants’ for each dyad. After a power transformation to achieve normal distribution 230 

(Boxcox, lamda = 0.67, three outliers removed) the “Difference score” was then used as the response 231 

variable in a General linear model that was performed in R, to identify the key variables associated 232 

with Dominance score. The sixteen possible sex and neuter status combinations of the dominant and 233 

subordinate dyads were entered as a fixed factor (dyad), as well as the age status of the dominant 234 

(the first two letters characterise the dominant’s sex and neutered status, last two letters 235 

characterise the subordinate’s sex and neutered status: MIFI: dominant = male intact, subordinate = 236 

female intact (N = 45); MIFN: male intact female neutered (N = 50); MIMI: male intact male intact (N 237 

= 100); MIMN: male intact male neutered (N = 14); MNFI: male neutered female intact (N = 36); 238 

MNFN: male neutered female neutered (N = 66); MNMI: male neutered male intact (N = 41); MNMN: 239 
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male neutered male neutered (N = 44); FIFI: female intact female intact (N = 89); FIFN: female intact 240 

female neutered (N = 45); FIMI: female intact male intact (N = 45); FIMN: female intact male 241 

neutered (N = 20); FNFI: female neutered female intact (N = 40); FNFN: female neutered female 242 

neutered (N = 128); FNMI: female neutered male intact (N = 86); FNMN: female neutered male 243 

neutered (N = 98)). We also included the order the dogs were entered into the questionnaire (Dog A 244 

and Dog B) to examine order effects. We included only the dyads where an asymmetry in dominance 245 

was detected by the owner (N= 931). We set Male Intact Female Intact (MIFI) as the comparison for 246 

the dyad factor as this combination had the highest Difference score.  247 

 248 

4. Results 249 

 250 

Descriptive statistics 251 

The descriptive statistics are presented in Figure 1. Eighty-seven percent of owners indicated that 252 

their dogs differed in their social status, 10% perceived them as similar, and 3% marked the question 253 

as “N/A”. Dogs were designated as “Similar” more often than the mean + SD (16.1 + 8.6 = 24.7%) in 254 

three items: greeting the owner, smartness, and physical condition. Only 7.1-7.3 percent of owners 255 

claimed that their dogs were similar in size and age (which is lower than the mean – SD: 16.1 – 8.6 = 256 

7.5, Fig. 1). 257 

The owners marked four items as “N/A” more often than the mean + SD (8.8 + 7.3 = 16.1): lick 258 

mouth, fight, pee, and aggressive (16.2-24.3%). Most respondents could assess differences between 259 

their dogs regarding size, age and obedience, as only around 0.7-1.4% of owners indicated “N/A” 260 

(which is lower than the mean – SD: 8.8 – 7.3 = 1.5).  261 

 262 
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 263 

Figure 1. Descriptive statistics of the sample. Items in which owners responded that the two dogs 264 

were “Similar” more often than 1 SD above mean (>24.7%) are indicated with #. Items where owners 265 

indicated “N/A” more often than 1 SD above mean (>16.1%) are marked with *. Item numbers are in 266 

brackets. Sample sizes are indicated in the table below the graph.  267 
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 268 

 
Dominance Status Age Status Prop. 

diff 

2-sample test for equality of 

proportions 

Item Count Total Prop Z P Count Total Prop Z P X2 P 95% CI 

Bark 547 884 0.619 7.03 <0.0001* 512 920 0.557 3.40 <0.0001* 0.062 6.953 0.008 0.016 0.109 

Lick mouth 259 737 0.351 -8.03 <0.0001* 218 779 0.280 -12.25 <0.0001* 0.071 8.669 0.003 0.024 0.120 

Eat first 473 717 0.660 8.51 <0.0001* 400 746 0.536 1.94 0.0261 0.124 22.662 <0.0001* 0.072 0.175 

Reward 497 684 0.727 11.81 <0.0001* 386 714 0.541 2.13 0.0164 0.186 51.141 <0.0001* 0.135 0.237 

Fight 606 700 0.866 19.31 <0.0001* 443 703 0.630 6.86 <0.0001* 0.236 101.920 <0.0001* 0.190 0.281 

Play ball 404 793 0.509 0.50 0.7150 349 835 0.418 -4.71 <0.0001* 0.091 13.330 <0.0001* 0.042 0.141 

Greet owner 352 644 0.547 2.32 0.0100 295 674 0.438 -3.20 <0.0001* 0.109 15.194 <0.0001* 0.054 0.164 

Walk first 532 795 0.669 9.50 <0.0001* 430 824 0.522 1.22 0.1114 0.147 35.819 <0.0001* 0.099 0.196 

Resting place 517 716 0.722 11.85 <0.0001* 425 754 0.564 3.46 <0.0001* 0.158 39.352 <0.0001* 0.109 0.208 

Pee 400 669 0.598 5.03 <0.0001* 372 697 0.534 1.74 0.0407 0.064 5.465 0.019 0.010 0.118 

Defend group 527 739 0.713 11.55 <0.0001* 437 760 0.575 4.10 <0.0001* 0.138 30.545 <0.0001* 0.089 0.187 

Smart 433 665 0.651 7.76 <0.0001* 410 692 0.592 4.83 <0.0001* 0.059 4.710 0.030 0.651 0.593 

Obedient 415 838 0.495 -0.24 0.6221 477 879 0.543 2.50 0.0063 -0.048 3.679 0.055 -0.096 0.001 

Aggressive 524 762 0.688 10.32 <0.0001* 392 780 0.503 0.11 0.4572 0.185 53.997 <0.0001* 0.136 0.235 

Impulsive 512 908 0.564 3.82 <0.0001* 313 952 0.329 -10.53 <0.0001* 0.235 103.120 <0.0001* 0.190 0.280 

Size: heavier 497 929 0.535 2.10 0.0178 575 999 0.567 5.43 <0.0001* -0.032 3.051 0.081 -0.086 0.005 

P Cond: Better 353 687 0.514 0.69 0.2461 209 734 0.285 -11.63 <0.0001* 0.229 76.941 <0.0001* 0.175 0.280 

Age: Older 615 931 0.661 9.77 <0.0001*     

Sex: Male 427 927 0.461 -2.36 0.0090 503 990 0.508 0.48 0.3168 -0.047 4.128 0.042 -0.093 -0.002 

Sex: Female 576 1078 0.534 2.22 0.0131 556 1128 0.493 -0.45 0.6936 0.041 3.621 0.057 -0.001 0.080 

Neutered 580 1073 0.541 2.63 0.0043 613 1133 0.541 2.73 0.0031 0 0.000 1.000 -0.043 0.042 

Intact 423 933 0.453 -2.82 0.0024 446 985 0.453 -2.93 0.0017* 0 0.000 1.000 -0.045 0.046 
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 269 

Table 2. Results of the binomial tests using the owners’ allocation of the dogs to “dominant” or 270 

“subordinate” status (item 1) and “older” or “younger” status (item 19) as the predicted variables 271 

and the 21 items. Bold type indicates that status was associated with the characteristic after 272 

Bonferroni correction (for the Binomial tests all p values are ≤ 0.0022 and significant results are 273 

indicated with a *). Two-proportion z-tests were used to determine whether the proportion of 274 

“dominant” and “older” dogs were equal for each item. P Cond= Physical condition, Prop = 275 

Proportion, Prop Diff = Proportion difference, and 95% CI=95% Confidence intervals. 276 

 277 

Binomial tests using Dominance Status on the full sample 278 

We tested which items (from items 2-21) were associated with the perceived dominance rank. The 279 

binomial tests revealed that dogs the owners considered as dominant (i.e. the “boss” at home, item 280 

1) bark sooner/more, lick the other’s mouth less, eat food and obtain rewards first, win most fights, 281 

and walk in the front during walks. They more often obtained better resting places, marked over the 282 

other’s pee, and defended the group in case of perceived danger. “Dominant” dogs were also 283 

reported to be smarter, more aggressive, and more impulsive, than their partner dog, and they were 284 

more often the older dog in the dyad (p < 0.0001; see Table 2 for an overview of the results). 285 

 286 

Binomial tests using Age Status on the full sample 287 

We examined which items (from item 1-18, 20-21) were associated with age status (item 19). 288 

According to the binomial tests, older dogs bark sooner/more, lick the other’s mouth less, win most 289 

fights, and play with the ball and greet the owner less (Table 2). They more often obtained better 290 

resting places and defended the group in case of perceived danger. “Older” dogs were also reported 291 

to be smarter and less impulsive than their partner dog, and they were less often intact, were in 292 

worse physical condition and more often the larger dog in the dyad (p < 0.001; see Table 2 for an 293 

overview of the results). 294 
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 295 

Comparison of Dominance Status and Age Status as predictor variables 296 

Results from two-sample tests for equality of proportions with continuity correction revealed that 297 

dominance status was a stronger predictor of eat first, reward, fight, walk first, resting place, defend 298 

group, aggressive, and impulsive, in comparison to age status. For one variable, age status tended to 299 

be a stronger predictor, lick mouth. However, after correction for multiple comparison the difference 300 

between the two proportions was no longer significant (Table 2).  301 

 302 

Binomial tests on the mixed-sex dyad sample 303 

In mixed-sex pairs (N = 491), females were more often dominant over males (57% females, binomial 304 

test z = 3.249, p < 0.001; Fig. 2). There was also a higher proportion of neutered individuals compared 305 

to intact (58.7% neutered). After correction for chance probability, we found a trend for neutered 306 

dogs to be more often dominant than intact dogs (binomial test z = 1.95, p = 0.025, not significant 307 

after Bonferroni correction). Moreover, as in the main sample, in mixed-sex dyads dominant 308 

individuals were more often older than the subordinates (N=296 dyads, 65% older, binomial test z = 309 

6.38, p < 0.001). All of the remaining items that were found to describe dominant individuals in the 310 

full sample (bark, lick mouth, eat first, reward, fight, walk first, resting place, defend group, smart, 311 

aggressive, and impulsive), were also significant after Bonferroni correction in the mixed pairs 312 

subsample, apart from pee; dominant and subordinate individuals were found to mark over each 313 

other’s urination equally (51% dominants). Please refer to Supplementary Table S1 for more 314 

information. 315 

 316 
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  317 

Figure 2. Percentage distribution of dominant dogs living in mixed sex pairs (N=491) based on their 318 

relative age compared to their partner. Females were reported more often to be dominant than 319 

males (p=0.001) and dominant dogs were more often older than the subordinates (p<0.001). 320 

 321 

Binomial tests on the same-sex dyad sample 322 

In same-sex pairs (N = 512 dyads, 48.5% neutered in the total sample), there was no significant 323 

difference between the number of neutered and intact dominant animals (53% neutered, z = 1.86, p 324 

= 0.063). Dominant individuals were again more often older than subordinates (N=319 dyads, 67% 325 

older, binomial test z = 7.38 p < 0.001, Figure 3). As in mixed-sex pairs all the items that best 326 

described dominant individuals also remained significant in the same-sex pairs subsample, with the 327 

addition of pee (dominant individuals marked over subordinates more often in same-sex pairs), and 328 

apart from the item impulsive (i.e. there was no difference in impulsivity between dominants and 329 

subordinates in same-sex pairs). Results can be found in Supplementary Table S1. 330 

 331 

 332 
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 333 

Figure 3. Distribution of age in dominant dogs living in same-sex (male-male, female-female) pairs 334 

(N=512), based on their relative age compared to their subordinate partner. Older dogs were more 335 

often dominant than young dogs (p < 0.001). 336 

 337 

Comparison of dominants in mixed-sex dyads and same-sex dyads 338 

Since there were a few differences between mixed-sex and same-sex dyads, we compared the 339 

dominants proportion of each item of each group using a z score calculation. Again, we used 340 

Bonferroni correction for multiple comparisons. Results revealed that dominant individuals in same-341 

sex dyads do indeed mark over subordinate urinations more often than dominants from mixed-sex 342 

dyads (same-sex 69% and mixed-sex 51%; please refer to Supplementary Table S1). In addition, 343 

dominant individuals were more often neutered in mixed-sex dyads in comparison to same-sex dyads 344 

(mixed-sex 63%, same-sex 53%). 345 

 346 

Comparison of male and female dominants in mixed-sex dyads  347 

In our analysis of the mixed-sex subsample, we found that females were more often dominant than 348 

males. In order to determine whether there were differences between the dominant males and 349 

females in each item measured, we compared the dominants proportion of each group (dominant 350 

male and dominant female in mixed-sex group) using a z score calculation. Results are displayed in 351 
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Table 3. When a male was dominant in a mixed-sex pair, he more often marked over his female 352 

partner and defended the group in case of perceived danger. In addition, he was often larger in size 353 

than the female subordinate. Finally, when a female was the dominant individual, she was more 354 

often neutered than when the male was the dominant (female neutered 72%, male neutered 51%).  355 

 356 

  Dominant female Dominant male Proportion 
difference 

Proportion 
comparison 

Item Count Total Prop Count Total Prop Z P 

Bark 162 248 0.65 106 176 0.60 0.05 1.07 0.2846 

Lick mouth 125 201 0.62 102 155 0.66 -0.04 -0.70 0.4839 

Eat first 128 201 0.64 86 147 0.59 0.05 0.98 0.3271 

Reward 137 187 0.73 97 142 0.68 0.05 0.98 0.3271 

Fight 177 205 0.86 112 133 0.84 0.02 0.54 0.5892 

Play ball 111 220 0.50 81 163 0.50 0.01 0.15 0.8808 

Greet owner 96 175 0.55 86 139 0.62 -0.07 -1.25 0.2113 

Walk first 137 222 0.62 116 153 0.76 -0.14 -2.87 0.0041 

Resting place 154 197 0.78 92 143 0.64 0.14 2.82 0.0048 

Pee 39 193 0.20 138 153 0.90 -0.70 -12.93 <0.0001* 

Defend group 127 212 0.60 128 150 0.85 -0.25 -5.22 <0.0001* 

Smart 118 183 0.64 87 138 0.63 0.01 0.27 0.7872 

Obedient 114 228 0.50 88 176 0.50 0.00 0 1.0000 

Aggressive 126 206 0.61 114 153 0.75 -0.13 -2.66 0.0078 

Impulsive 158 255 0.62 94 180 0.52 0.10 2.03 0.0424 

Size: heavier 106 257 0.41 128 193 0.66 -0.25 -5.27 <0.0001* 

Physical Condition 89 184 0.48 79 141 0.56 -0.08 -1.37 0.1707 

Age: Older 159 258 0.62 137 197 0.70 -0.08 -1.75 0.0801 

Neutered 203 282 0.72 107 210 0.51 0.21 4.78 <0.0001* 
 357 

Table 3: Results for mixed-sex dyads by the sex of the dominant. Bold type indicates that social status 358 

was associated with the characteristic after Bonferroni correction (for the Binomial tests all p values 359 

are ≤ 0.0026 and significant results are indicated with a *). Prop= Proportion. 360 

 361 

Dominance Score and Difference Score 362 

Dominant dogs had higher dominance scores than subordinates (dominant mean ± SD = 6.03±2.46, 363 

range = 0-12 vs. 2.92±1.91, range = 0 – 8, Mann-Whitney U test = -27.326, P <0.001). In comparison, 364 
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dogs that were rated as similar in status had similar scores (3.23±2.01, range = 0 – 9 for Dog A, and 365 

3.46±2.10, range = 0 – 11 for Dog B, Mann-Whitney U test = 0.837, P =0.403).  366 

 367 

 368 
 Estimate Standard 

error 
T value F P Partial 

eta 

Dyad    2.2029 0.005 0.035 
FNMI -0.948 0.268 -3.540  0.000  
FIMI -0.875 0.308 -2.837  0.005  
FNMN -0.694 0.262 -2.647  0.008  
FNFN -0.577 0.252 -2.286  0.022  
FIMN -0.703 0.344 -2.042  0.041  
MIMI -0.495 0.261 -1.896  0.058  
MNFN -0.515 0.281 -1.829  0.068  
MIFN -0.401 0.299 -1.342  0.180  
MNMN -0.377 0.309 -1.220  0.223  
FIFI -0.280 0.266 -1.050  0.294  
FIFN -0.406 0.393 -1.033  0.302  
FNFI -0.272 0.317 -0.858  0.391  
MNFI -0.272 0.325 -0.836  0.404  
MNMI 0.174 0.314 0.555  0.579  
MIMN -0.161 0.445 -0.360  0.719  
MIFI - - -  -  
Order: Dog B -0.407 0.138 -2.941 8.6522 0.003 0.010 
           Dog A - - -  -  
Dom age: Younger 0.320 0.127 2.520 6.3501 0.012 0.010 
                Older - - -  -  
 369 

Table 4: Results of the general linear model showing the direction and magnitude of effects and the 370 

significance level of the terms in the demographic variables associated with “Difference score”. 371 

Significant P values (in bold) indicate which group differs from the reference value in the respective 372 

analysis. (The reference value for categorical variables was set to the last category in the group, and 373 

is denoted by “-“). 374 

 375 
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 376 

Figure 4: Mean and 95% confidence intervals of the “Difference score” of the sixteen possible sex and 377 

neuter status combinations of the dyads listed in descending order. The final five combinations 378 

(FNFN, FIMN, FNMN, FIMI, and FNMI) are all significantly different from the comparison group (MIFI) 379 

p<0.05. 380 

 381 

Results of the general linear model utilising the “Difference score” as the response variable revealed 382 

significant effects of dyad combination, order, and dominant age (Table 4,). However, the overall 383 

variance explained by the model was low (Multiple R-squared: 0.04477, F-statistic: 2.517 on 17 and 384 

913 DF, P < 0.001). When using the combination MIFI as the reference category, five dyad 385 

combinations had a significantly lower “Difference score”: FNFN, FIMN, FNMN, FIMI, and FNMI 386 

(Figure 4). Interestingly, when the dominant was the younger animal the “Difference score” was 387 

higher, regardless of dyad combination. There was also a significant order effect. Dominant Dog A-s 388 

differed more from their partners than Dominant Dog B-s.  389 

 390 
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5. Discussion 391 

In this study, we investigated dominance rank predictors in dog dyads using an owner questionnaire. 392 

Eleven different dog-dog or dog-owner oriented behaviours, five behavioural/personality traits and 393 

five demographic factors were examined. Eighty-seven percent of owners labelled one of their dogs 394 

as dominant, which supports that dominance relationships are a robust and well-perceivable 395 

component of companion dog behaviour.  396 

We found that within dyads, dominant dogs (1) have priority access to certain resources, (2) 397 

undertake specific tasks, (3) display dominance, (4) have characteristic personality traits and (5) are 398 

usually older than subordinates. More specifically, dominant dogs bark sooner/more, lick the other’s 399 

mouth less, eat food and obtain rewards first, win most fights, walk in the front during walks, obtain 400 

better resting places, mark over the other’s pee, defend the group in case of perceived danger, are 401 

smarter, more aggressive, more impulsive, and older than their partner. Physical condition, 402 

obedience, sequence of greeting the owner and retrieving balls were unrelated to dominance. 403 

Results were the same in the full sample and in the subsamples of mixed-sex and same-sex dyads, 404 

except for pee (mark over), which did not differ between dominants and subordinates in mixed-sex 405 

dyads. 406 

In contrast to the age related hypothesis, which suggests that age explains formal dominance in dogs 407 

[26], we found that dominance status, as perceived by the owner, was a better predictor than age 408 

status for 11 of the items examined. 409 

Thirteen percent of owners were unable to determine a clear rank order between their dogs. This 410 

may be because (1) the owner has more than two dogs and these two are closer in rank or have a 411 

non-interactive or ‘egalitarian’ relationship; (2) the dogs may not have lived together long enough to 412 

form a clear rank order; (3) the owner might actively work against the dogs displaying dominance 413 

behaviour, preventing situations in which rank could form from happening (e.g. chasing away the 414 

dominant dog from the better resting place, not allowing the dominant to feed first, prevented 415 
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fights, and favouring the loser dog, etc.); (4) the owner does not accept/understand the concept of 416 

dominance. 417 

Items that previously were convincingly associated with dominance, such as bark first or more often, 418 

lick mouth (reverse coded), eat first and fight [38], predicted the owner’s estimate of dominance in 419 

the present study too. Note however, that 28-34.1% of owners indicated that their dogs do not lick 420 

each other’s mouths and never fight with each other (or are similar in this regard); therefore, these 421 

items are not predictive in a third of the population. 422 

Items related to obtaining resources (resting place, eating first, and getting food rewards first) square 423 

with the classical definition of dominance by [42], which maintains that dominant individuals have 424 

priority access to resources. However, items that examined control over other resources, such as a 425 

ball and the owner (greeting), were not different between “dominant” and “subordinate” dogs. 426 

Three of the items used in the current study, mouth licking, pee, and win fights are related to 427 

dominance displays established through ethological fieldwork that are easy to observe for lay people. 428 

These displays were associated with the owner’s estimate of the dog’s rank, indicating that owner-429 

derived reports about dominance ranks have external validity. 430 

Mouth licking was more often observed among subordinate dogs. This behaviour may be derived 431 

from food begging behaviour and it is part of the submission ritual, most often during greetings, both 432 

in wolves [43,44], and dogs [6,11].  433 

Owners indicated that dogs higher in status over mark lower ranking dogs. One previous study 434 

reported that dogs’ rate of countermarking indicated high status in both male and female dogs [45]. 435 

However, in the current study, detailed analysis showed that dominants in same-sex dyads mark over 436 

subordinate urinations more often than dominants from mixed-sex dyads. However, when a male 437 

was dominant in a mixed-sex pair, he more often marked over his female partner (and also defended 438 

the group in case of perceived danger). Results suggests that for females intra-sexual competition 439 

may be prioritised over intersexual competition. 440 
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According to their owners, 24.1% of dyads never fight, a result which is in harmony with the finding 441 

that aggression in companion dogs is rare and usually of low intensity [12]. However, 65.9% of dyads 442 

do fight. Aggression between dogs in the same household has been interpreted as disputes over 443 

dominance by several authors [17,46]. In free-ranging dogs, dominance relationships were based on 444 

agonistic interactions, and were correlated with priority access to food [47].  445 

 Aggression levels are likely to increase when there is direct competition for resources (which can 446 

include the owner), and previous experiences have led to success in agonistic interactions. In 447 

addition, aggression towards other dogs in the household has been associated with increasing age in 448 

previous studies, number of dogs in the household, and with the type of training techniques used by 449 

the owner [21]. Context-specific associative learning can help to clarify the complexities of social 450 

interaction, and provides an explanation of why the relationship between dyads of dogs can change 451 

from one situation to another (for example when competing for access to food, and over a favourite 452 

toy) [48,49]. Additionally, context-specific associative learning can explain why dogs do not tend to 453 

show aggression in multiple contexts [21]. 454 

Items theoretically concerning the responsibilities that come with a higher status were also 455 

associated with dominance. According to the owners, dominant dogs defend the group during 456 

perceived or actual threats, bark more when a stranger comes to the house, and lead other dog/s 457 

during walks, in harmony with previous findings on dominance-leadership associations [25]. 458 

Dominant dogs were reported to have certain personality traits: they were more aggressive, 459 

impulsive and smarter than subordinates were. In a small group of dogs aggression towards people, 460 

controllability, and leadership were associated with dominance [25]. Results suggest that these 461 

personality traits influence social relationships.  462 

Aggressivity as a personality trait increases the likelihood of exhibiting dominance via agonistic 463 

interactions. Depending on whether dogs in the dyad affiliate or not, they can form formal or 464 

agonistic dominance (see also [5]). Unfortunately in our study affiliation was only measured using the 465 
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item “lick mouth”, which is also a signal of submission, therefore we could not distinguish between 466 

these two dominance types [12].  467 

Impulsivity is also associated with dominance in the full and the mixed-sex sample. Without utilising 468 

a multi-dimensional assessment of impulsivity (for example, as used in [50]), impulsivity is difficult to 469 

distinguish from aggression, although it can alternatively co-vary with anxiety, too [51]. The fact that 470 

impulsivity did not differ between dominant and subordinate individuals in same-sex pairs indicates 471 

that intrasexual competition may influence impulsivity in dogs, or there is a sex difference in 472 

impulsivity.  473 

‘Smartness’ could be an important mediator of both dominance and leadership. In smaller packs (i.e. 474 

nuclear families in wolves), apparent dominance can be observed as the parents exert parental 475 

guidance over their offspring. Mathematical models predict, that the fitness of group members 476 

increases if the dominant individual is experienced with the group’s surroundings, thus it is 477 

advantageous for the group if the knowledge of dominant individuals exceeds that of other members 478 

[40,41]. Based on the data on free-ranging dogs, Bonanni et al. [7] assumed that age and experience 479 

play a part in maintaining the rank of dominants. If the owner’s estimate of dog-smartness is a good 480 

reflection of the dog’s knowledge and cognitive skill, the association between leadership and 481 

dominance could be based on the underlying association between smartness and dominance. 482 

However, it is also possible that owners attribute higher intellect to the dominants or alternatively, 483 

subordinate dogs do not show their full potential (e.g. they are stressed and or inhibited by the 484 

dominant). 485 

As predicted, older individuals were more often allocated a higher status by owners in the full 486 

sample, and in both subsamples (mixed and same-sex pairs). Previous studies in wolves, free ranging 487 

dogs, and pet dogs confirm that older individuals are more likely to be dominant and/or leaders 488 

[6,7,12,28,44,52]. In addition, older dogs have usually stayed within the family home for longer than 489 

younger dogs, a factor, which contributes to their level of experience and knowledge.  490 
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An interesting and unexpected finding in the current study is that females were perceived by owners 491 

as more dominant than males in mixed-sex dog dyads. This is surprising, because in captive wolves, 492 

formal submission (see definition by de Waal [5]) was found to be consistently asymmetrical in 493 

favour of males (i.e. females submitted more to their male partners [27]). Some authors have 494 

concluded that among wolves the breeding male is more dominant [32,33]. However sex had no 495 

clear effect on dominance in a family pack of captive arctic wolves, although sex separated linear 496 

hierarchies showed a stronger linearity than female-male hierarchies [44]. Male free-ranging dogs 497 

are usually also dominant over females [47]. 498 

One reason why female dogs dominate males more often in mixed-sex dyads could be due to the fact 499 

that dominant females were more often neutered than dominant males. Previous studies have 500 

determined that hormonal activity influences inter-dog aggression [29]. Aggression has been found 501 

to increase in neutered females [53], so that the observed effect of reproductive status in our study 502 

may present an aggression-based amplification of the female dominance behaviour. Females were 503 

able to dominate males even though in 59% of the dyads they were smaller in size than their male 504 

partner. Note that dominant females were not observed to be more aggressive than dominant 505 

males. There does not appear to be a similar effect of neutering on males; in mixed-sex dyads, 506 

dominant males were equally likely to be neutered or intact. Our results are in line with previous 507 

data, which indicated that hierarchy formation did not seem to be affected by even prepubertal 508 

castration [54]. However, in the current study, dominant males were more likely to defend the group 509 

and to mark over their subordinate, than dominant females. Which indicates that dominant females 510 

may be taking on only some of the characteristics of a dominant animal. Future studies should 511 

examine whether neutered female dogs usually lean towards the agonistic dominance style. 512 

On average, individuals that were labelled as “dominant” expressed the traits and features that were 513 

identified as those that are characteristic of a dominant animal to a greater extent than 514 

subordinates, as measured through the dominance difference score. Although there was quite some 515 

variation in both dominant and subordinate individuals, which reflects the complex nature of social 516 
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relationships, and the influence of context and previous experience on behaviour. The dyad that 517 

showed the greatest difference score between the dominant and subordinate (and therefore the 518 

clearest status or relationship difference) was in a mixed sex dyad when an intact male was dominant 519 

over an intact female. Which partially collaborates the suggestion that mixed sex dog dyads tend to 520 

have more defined relationships, in comparison to same sex pairs [19]. However, in the current 521 

study, when a male was dominant in a mixed sex pair, he more often marked over his female partner 522 

and defended the group in case of perceived danger, than when a female was dominant. Therefore, 523 

male dominants received a higher dominance score than female dominants in mixed sex groups. 524 

Which points to a possible sex influence on some dominance related behaviours.  525 

This assumption is further supported when comparing the difference score of dyads with an intact 526 

male dominant and an intact female subordinate with all other possible dyads. Results revealed that 527 

mixed-sex dyads with dominant females (FIMI, FNMI, FNMN, and FIMN), had significantly lower 528 

difference scores. Dominant males may be performing mate-guarding behaviour in an attempt to 529 

control intact females mating opportunities. This behaviour includes increased urine marks on or 530 

near a females urine spots, which serves to hide the odour trail of an oestrous female from other 531 

dogs [55]. When female free-ranging dogs are in heat, males tend to become more aggressive 532 

towards each other, and hierarchies become more pronounced during this time [56]. However, this 533 

does not explain why for some owners of intact mixed sex dyads the female was perceived as 534 

dominant. There is evidence from humans that socially dominant males and females are more similar 535 

in behavioural profiles (regardless of age), than is commonly believed [57]. Biologists have 536 

underrated overt competitiveness in females, as evolutionary and biological approaches suggested 537 

that social dominance is predominately an aspect of male social organization.  538 

In pre-schoolers, caretaker assessments of dominance status was found to be a valid means to divide 539 

children into dominant and subordinate groups, as those designated as socially dominant were more 540 

likely to control a desired resource in a play situation [58]. Age, but not sex was found to predict 541 

social dominance; however, in a similar result to the current study, caretakers did not merely order 542 
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the children by age, as additional factors such as personality traits (assertiveness and extraversion), 543 

and friendship modulate dominance behaviour. Hawley [58] concludes that social dominance is not a 544 

single-indicator construct, as individuals vary in their resource-directed behaviour and are not equal 545 

in their abilities and/or motivation to pursue resources in the presence of others. 546 

Although McGreevy et al. [19] suggested that mixed-sex dog dyads tend to have more defined 547 

relationships, in comparison to same-sex pairs, we did not find any differences in the behaviour of 548 

dominants in mixed-sex and same-sex pairs, apart from in the proportion of dogs that marked over 549 

subordinates (see above), and the number of neutered individuals. Dominant individuals were more 550 

often neutered in mixed-sex dyads in comparison to same-sex dyads. This is not surprising when we 551 

consider the difficulties of keeping intact males and females together in the same household.  552 

An additional confound is that as dogs age, the chance of reproductive problems increases especially 553 

in females, which leads to an increase in neutered individuals with age. Pyometra (an infection in the 554 

uterus), is one of the most common diseases affecting over 50% of all intact females before 10 years 555 

of age [59]. Older intact male dogs have an increased risk of prostatic disorders, which affects more 556 

than 80% of male dogs over 5 years of age [60]. Therefore, older individuals are more likely to be 557 

neutered than younger individuals among groups of dogs where the owners’ common practice is to 558 

keep them sexually intact for as long as possible (for example breeders and people who show their 559 

pedigree dogs). In line with this fact, we found that dominant individuals in the full sample were 560 

more often neutered and older, than intact and older. 561 

In the full sample and in both subsamples (same-sex and mixed-sex dyads), size was unrelated to 562 

dominance ranks, as has previously been found in pet dogs [12]. However, when we examined the 563 

differences between dominant males and dominant females in mixed-sex dyads, we found that 564 

dominant males were more often larger than their partner. The domestic dog is the most 565 

morphologically variable mammalian species [61]. Male-larger sexual size dimorphism is present in 566 

most dog breeds and in larger breeds is comparable to their wolf ancestor [62]. Therefore, larger, 567 

heavier males have an advantage over smaller, lighter females, which can result in males successfully 568 
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out competing females for resources, and potentially becoming dominants. However, since sexual 569 

size dimorphism becomes smaller with decreasing body size (a pattern termed Rensch’s rule [62]), 570 

smaller breeds are nearly monomorphic, which could result in increased numbers of females 571 

attaining a dominant position.  572 

By examining the proportion of dyads found in each of the sixteen possible dominance, sex and 573 

neuter status combinations, we were able to determine common patterns in keeping practices within 574 

our sample. Either owners tended to keep all their dogs intact and in same-sex dyads, or they were 575 

all neutered. This finding could indicate that owners kept multiple pedigree dogs, that need to 576 

remain intact for breeding and showing purposes, or they kept multiple mixed breed dogs possibly 577 

obtained from shelters, where it is the common practice to neuter the individuals. Alternatively, it 578 

could reflect differences in owner attitudes to neutering [63]. Unfortunately, we did not obtain 579 

information on either the breed, the origin of the dog, the age at acquisition, or the reason for 580 

neutering, and therefore further studies are necessary to elucidate the relationship between early 581 

life experiences, owner breed preferences, neutering attitudes, and dominance relationships 582 

between same and mixed-sex groups. 583 

 584 

6. Conclusion 585 

Our study has several limitations, such as the fact that only relationships between single dyads were 586 

examined. Previous work has determined that individuals can and do establish different types of 587 

relationships including “friendships”, when paired with different individuals, and these relationships 588 

can also change over time, suggesting high social complexity in dogs [13]. Future studies should 589 

examine how individuals’ relationships differ within multi-dog households. Unfortunately, we did not 590 

include items on affiliative behaviour in the questionnaire, so it was not possible to classify the 591 

dominance relationships further into formal (affiliation and dominance), and egalitarian (affiliated 592 

with no dominance) types. Additionally, we were not able to examine breed differences in 593 
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dominance relationships because larger sample sizes would be necessary. Finally, due to time 594 

constraints, we applied single item statements to describe personality traits.  595 

However, our study opens up the way for a better understanding of dominance in dogs and 596 

highlights the usefulness of citizen science when studying animal behaviour. Based on our data, we 597 

suggest for future studies that wish to allocate dominance status using owner report, to include the 598 

following six items: Which dog starts to eat first, obtains the reward, walks in the front, acquires the 599 

better resting place, defends the group, and is more aggressive. However, asking which dog wins 600 

fights or which dog licks the mouth of the other might also be useful as both were highly predictive 601 

of social status if they do occur (in approx. 70% of cases). 602 
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