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Among the animals on this planet, dogs are uniquely adapted for life with humans, a status that 
exposes them to risks of human-mediated traumatic experiences. At the same time, some lineages 
of dogs have undergone artificial selection for behavioral phenotypes that might increase risk or 
resilience to stress exposure, providing an opportunity to examine interactions between heritable and 
acquired traits. In a large-scale study (N = 4,497), English-speaking dog guardians reported on their 
dogs’ life histories, current living environments, and provided observer ratings of dog behavior using 
the Canine Behavior Assessment and Research Questionnaire (C-BARQ). Our analysis revealed that 
adverse experiences in the first six months of life, such as abuse and relinquishment, were significantly 
associated with increased aggression and fearfulness in adulthood, even when accounting for factors 
such as acquisition source, sex, and neuter status. Additionally, effects of adversity on fearful and 
aggressive behavior systematically varied at the breed level, suggesting heritable factors for risk 
and resilience for developing particular phenotypes. Our findings establish that breed ancestry and 
individual experience interact to show fear and aggressive behavior in pet dogs, confirming that 
socioemotional behavior is shaped by gene-environment interactions.
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Dogs (Canis familiaris) were the first species domesticated by humans, and their behavioral, physiological, 
neural, and anatomical phenotypes have been uniquely shaped for, and by, life with our own species1–3. This 
offers an opportunity to study behavioral mechanisms that allow dogs to be well-adapted for their niche within 
the human sphere. This includes not only the “sunny side” of life with humans, like adaptations for increased 
sociality4 and interspecies communication5,6, but also a “dark side” as well. Because they are embedded in human 
households, family pets are exposed to risks for physical and psychological harm associated with the human 
world. Furthermore, among extant free-ranging dogs, the leading cause of early-life mortality appears to be 
human action7, suggesting that adaptation for these risks has been part of domestic dogs’ evolutionary history 
from the beginning.

At the same time, understanding dogs’ responses to trauma exposure has real-world implications for both 
canine and human wellbeing. Problematic behaviors in dogs, particularly fear and aggression, are leading 
contributors for relinquishment, bite injuries, and euthanasia8–10, posing serious public health and animal 
welfare challenges. These issues incur substantial societal costs, including medical expenses from dog bites, 
shelter expenditures for managing displaced animals, and lost productivity due to injury-related absenteeism 
and legal actions. The high prevalence of these issues, exacerbated by the COVID-19 pandemic, underscores the 
need to understand the underlying factors driving these behaviors11–15. Identifying risk factors for severe fearful 
and aggressive behavior is essential to explain this trend and guide effective mitigation strategies.

One set of candidate risk factors involves adverse experiences during early development, which can have 
profound and lasting effects on behavior and health. In humans, childhood maltreatment, resource scarcity, and 
trauma reliably predict later life psychopathology, including anxiety, depression, and antisocial behavior16–19. 
Primary caregivers also play a crucial role in normative development, with early interactions and ties between 
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child and caregiver laying the groundwork for adult relationships20. Similar long-term impacts have been 
observed in laboratory animal models such as rodents and primates21–23. Individuals exposed to resource scarcity 
or maternal loss under laboratory conditions are more likely to behave anxiously, impulsively, or aggressively24. 
However, the real-world impacts of commonly occurring adverse events remain poorly understood, especially 
in species that share the human environment as dogs do25–27. Understanding these effects in companion dogs is 
crucial, as they often encounter unique stressors that may predispose them to problematic behaviors.

To address this gap, in a large-scale study (N = 4,497) we examined the relationship between various common 
early life adversities and observer-rated fearful or aggressive behavior in adult dogs. Previous research has largely 
focused on extreme cases of maltreatment28–31 or specific populations like working and service dogs32,33, and 
outcomes of early life experiences in the general pet dog population are underexplored. In rescue dogs, severe 
physical abuse has been linked with increased fear and aggression towards strangers (both human and canine), 
while hoarding has been linked with elevated fear and altered social attachment behavior. These studies are 
compelling evidence for the impact of experiences, while not specifically pointing to the role of timing. In military 
and service dog populations (often single breed dogs such as German Shepherds or Labrador Retrievers), the 
first year of life has been identified as a critical time for personality development, with maternal style, puppy 
raiser experience, and household composition influencing temperament and future success as adults in working 
dog programs32–34. Taken together, these findings suggest that adverse events, particularly during the first year, 
carry long-term consequences for dogs and so we explored experiences that could occur in the lifetime of a 
typical pet such as injury, rehoming, and physical or emotional abuse. We hypothesized that dogs exposed to 
these types of adversities, particularly during the first six months of life, would exhibit higher levels of fear and 
aggression compared to those without such experiences. Identifying these specific risk factors will provide a 
foundation for developing targeted behavioral interventions to improve dog welfare and reduce the societal 
burden of canine behavioral issues.

Consistent with our predictions, results showed that dogs with a history of early adversity showed higher 
fear and aggression, with life history explaining at least as much variance in each behavior type as sex or neuter 
status. The adversity-aggression association was most pronounced for events occurring in the first six months 
of life, aligning with sensitive periods of behavioral development35,36. Furthermore, some breeds were at greater 
risk to the effects of adversity than others, suggesting an important genetic factor in fear and aggressive behavior.

Our results provide novel evidence that common adverse events can have lasting negative impacts on canine 
behavior in a large community sample of household companion dogs, specifically within a critical risk window 
in the first six months. Given the high prevalence of childhood adversity37 and anxiety-related disorders38,39, our 
results in dogs also inform the etiology of behavioral problems in humans. More broadly, this work underscores 
the importance of early experiences in shaping lifelong phenotypes and demonstrates the value of companion 
dogs as a window on the complex interplay of genes and environment in behavioral development.

Results
We compiled usable responses from 4,497 dogs (see Methods). Information about the dogs in this sample is 
provided Supporting Information Table S2-S3 and in Fig. 1.

Impact of early life adversity on perceived aggression and fear in dogs
As preregistered, we examined the association between early life adversity and guardian-perceived aggression 
and fear in dogs using linear regression models. Our analysis revealed that dogs who experienced adversity 
within the first six months of life exhibited significantly higher levels of aggression (M = 1.93, 95% CI [1.88, 
1.97]) compared to those without such a history (M = 1.82, 95% CI [1.78, 1.86]; Fig. 2), t(4447) = 5.15, p <.001. 
The effect size of early life adversity on aggression was substantial, surpassing the impact of cohabitation with 
other dogs and sex status, and was comparable to the effects of sex and age (Table 1).

A similar pattern emerged for fear behavior. Dogs who experienced adversity within the first six months of 
life showed significantly higher levels of fear (M = 2.21, 95% CI [2.16, 2.26]) compared to dogs without early 
life adversity (M = 2.06, 95% CI [2.02, 2.11]; Fig. 2), t(4447) = 6.45, p <.001. The impact of early life adversity on 
fear was comparable to the effect of cohabitation with children and exceeded the combined effects of individual 
characteristics such as sex, desexed status, and age (Table 1). Supporting analyses of adversity on subtypes of 
both aggression and fear revealed a systematic positive effect across all C-BARQ subscales, 0.038 < β < 0.118, 
except for “unfamiliar dog aggression”, β = 0.015, p =.292. See supplemental material for further results, and a 
variation of the main model using Fédération Cynologique Internationale breed classification to include more 
breeds in the analysis40 (Table S1).

Association between age at time of adversity and perceived fear and aggression
To further investigate the impact of early life adversity on behavior, we compared dogs who were reported 
as having their first exposure in early life to those who had been exposed in adolescence or adulthood. This 
analysis revealed a significant main effect of early life adversity on aggression, F(4, 4491) = 16.55, p <.001. As 
Fig.  3 shows, dogs that experienced adversity before six months of age were perceived as significantly more 
aggressive compared to dogs of other age groups; pairwise comparisons between dogs of less than six months 
and dogs of all other age groups yielded t-values ranging from 3.23 to 6.51, and p-values ranging from .001 
to  .011. Additionally, dogs that had experienced a greater number of adverse events were perceived as more 
aggressive, F(1, 4491) = 18.70, p <.001. Results were similar for fear behavior, main effect: F(4, 4491) = 21.24, 
p <.001, and pairwise comparisons between dogs of less than six months and other age groups yielded t-values 
ranging from 2.73 to 8.42, and p-values ranging from .001 to .051, with dogs experiencing a greater number of 
adverse events perceived as more fearful F(1, 4491) = 18.94, p <.001.
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Fig. 1.  Key information about the included sample of dogs. A) Theoretical model including key factors in 
shaping aggressive and fearful phenotypes in dogs. B) Key demographic characteristics of dogs in the study 
sample. 33% of the entire sample reported certain early life adversity. C) Adverse events for which guardians 
reported their dogs’ life history. The bar graph indicates how many dogs (X axis) were reported in each 
category (Y axis) by age (fill) at first experience of the event. D) Distribution of single breed dogs (n = 2,376) 
across phylogenetic clades with a combined category, “Other Clades*”, for grouping clades with < 3% of the 
sample (i.e., Alpine, American Terrier, American Toy, Asian Toy, Continental Herder, Drover, Hungarian, 
Nordic Spitz, Pinscher, Pointer setter, Schnauzer, Small Spitz, Spaniel, Toy Spitz) and single breeds not linked 
with clades. E) Ten most numerous breeds in the sample based on breed n, with early life adversity individuals 
shown as a subset in parentheses and background colors indicating clade membership.
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Impact of adversity on perceived aggression and fear by individual breeds
To explore the impact of selective breeding on reports of aggressive and fearful behavior, in a follow-up analysis 
we examined individual breeds. We fitted a linear model that included breed, adversity, and a breed x adversity 
interaction for breeds represented by at least 5 dogs with and 5 dogs without early life adversity (k = 34; min n/
cell = 5). As Fig. 4 shows, some breeds showed a significantly greater difference in mean fear and aggression 
between individuals with and without adversity, including American Eskimo Dogs, t(1658) = 2.31, p <.021, 
American Leopard Hounds, t(1658) = 2.26, p =.024, and Siberian Huskies, t(1658) = 2.05, p =.040. Conversely, 
some breeds showed very little difference in aggressive behavior after early life adversity, such as Golden Retrievers 
and Labrador Retrievers, 0.135 < |ts| ≤ 0.45, ps > 0.685 (Fig. 4). Parallel analyses with a non-parametric Monte 

Fig. 3.  Mean behavior score by age group at time of adversity.

 

Aggression Fear

Covariate F p-value r F p-value r

Clade 5.50 < 0.001 0.163 3.87 < 0.001 0.137

Weight (kg) 57.10 < 0.001 0.113 79.10 < 0.001 0.132

Sex 40.16 < 0.001 0.074 0.27 0.602 0.008

Age (years) 18.48 < 0.001 0.074 0.70 0.403 0.025

Desexed (yes/no) 1.50 0.221 0.018 5.88 0.015 0.036

Cohabit with child (yes/no) 152.71 < 0.001 0.185 30.99 < 0.001 0.087

Source of acquisition (breeder/not-breeder) 75.89 < 0.001 0.129 78.12 < 0.001 0.132

Early adversity (yes/no) 26.50 < 0.001 0.078 41.54 < 0.001 0.096

Cohabit with dog (yes/no) 10.53 0.001 0.057 0.01 0.929 0.020

Exercise (hrs) 3.32 0.068 0.025 7.05 0.008 0.039

Table 1.  Contribution of heritable and environmental factors on perceived aggression and fear. Note. 
Estimates of effects obtained from car package (Version 3.1-2; Fox & Weisberg, 2019). Numerator df is 22 for 
clade and 1 for all other covariates. F = test statistic of Type II Anova. r = effect size obtained by taking the 
square root from the partial R2 estimates of each covariate from the jtools package (Version 2.2.2; Long, 2022).

 

Fig. 2.  Average perceived aggression and fear scores by adversity.

 

Scientific Reports |        (2025) 15:32590 4| https://doi.org/10.1038/s41598-025-18226-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Carlo permutation test confirmed these results (Supporting analyses with a more conservative threshold, min 
n/cell = 10, yield very similar overall results. Figure S1-S2).

Applying an analogous set of tests to the fear data, Airedale Terriers stood out as having a stronger association 
between adversity and increased fear, t(1658) = 2.41, p =.016, as did American Eskimo Dogs, t(1658) = 2.14, 
p =.033, and Golden Retrievers, t(1658) = 2.04, p =.042, while other breeds showed non-significant trends in the 
same direction, Pembroke Welsh Corgis, t(1658) = 1.87, p =.062, and American Leopard Hounds, t(1658) = 1.79, 
p =.074. Labrador Retrievers again showed very little difference in fear behavior after early life adversity, 
t(1658) = 0.96, p =.320 (Fig. 5).

Discussion
Fearful and aggressive dog behavior are serious issues, impacting public health and wellbeing in dog-human 
relationships. To better understand factors influencing dog fear and aggression, we examined the effect of adverse 
experiences on behavior phenotypes with a large survey of English-speaking companion dog guardians. Using 
guardian self-report data to look at behavior outcomes of adversity, we found that dogs with a known history 
of adverse experiences in the first six months of life scored higher on scales of fearful and aggressive behavior 
compared to dogs without a history of adversity, or that experienced adversity in later life (Figs. 2 and 3). There 
was significant variability across dog breeds (Figs. 4 and 5), with some breeds appearing to have increased risk 
for developing fearful and aggressive behaviors after early life adversity, particularly breeds historically bred 

Fig. 4.  Average aggression by breed and history of adversity. Note. Estimated means of average aggression 
for dogs with and without history of adverse life experiences by breed, obtained from a linear model with 
adversity, breed, and adversity x breed interaction. We focused on breeds with at least five individuals per 
condition. To account for unequal sample sizes by breed, we performed a Monte Carlo permutation test 
(k = 5000) —a non-parametric procedure testing the null hypothesis by generating a distribution of permuted 
data under the assumption that the observed effect is due to chance. Carats next to the breeds indicate 
significant difference at p <.05 in linear regression, while stars next to the breed reflects proportion of permuted 
statistics that were as extreme or more extreme than the observed statistic (also p <.05). Dot size corresponds 
to the sample size within experience level for each breed. In no breeds did early life adversity cause a significant 
reduction in aggression scores. Breeds which seem to indicate this pattern have small sample sizes and large 
error estimates.
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for livestock guarding or bringing down game. Conversely, other breeds seemed relatively unimpacted by early 
life adversity, suggesting a potential resilience to stress. Overall, these results demonstrate long-term negative 
impacts of adversity on companion dog behavior and suggest critical gene-environment interactions underlying 
aggressive and fearful behavior. Though there is much anecdotal evidence about the impact of experiences on 
dog behavior, there has been very little empirical work addressing this at the general population level. Our 
study provides a novel vantage point to assess behavioral outcomes of adversity in a large, community sample of 
companion dogs.

Impacts of early life adversity on dog behavior parallel those in humans and other mammals
Our results are in line with the findings of prior work with humans, dogs, and other mammals. Early life adversity 
in humans has received substantial scientific attention, and the links between early life adversity and mental 
health disorders such as depression and anxiety have been well documented (for reviews see41–44. Similarly, in 
non-human primates, altered emotional reactivity and social behavior have been linked with abusive maternal 
styles45, and in rodents early maternal separation is associated with increased anxiety when exposed to stress in 
later life46,47. Previous canine studies have focused on situations of extreme adversity such dog victims of abuse 
or neglect, or in special working dog populations, providing strong evidence that traumatic experiences have a 
negative impact on fear and aggressive behavior29,48 and that the first year of life is critical for development32–34,49. 
Here we extended these findings in the general companion dog population, and also identified the sensitive 
period when dogs are most vulnerable to stress. Combined, this research provides strong evidence that a similar 
phenomenon occurs in dogs as in other mammals: early life adversity is associated with later increases in fear 
and aggressive behavior, and the earlier the stimulus is experienced the more pronounced the effect.

Fig. 5.  Average fear by breed and history of adversity. Note. Estimated means of average fear for dogs with and 
without history of adverse life experiences by breed, obtained from a linear model with adversity, breed, and 
adversity x breed interaction. We focused on breeds with at least five individuals per condition. To account for 
unequal sample sizes by breed, we performed a Monte Carlo permutation test (k = 5000) —a non-parametric 
procedure testing the null hypothesis by generating a distribution of permuted data under the assumption that 
the observed effect is due to chance. Carats next to the breeds indicate significant difference at p <.05 in linear 
regression, while stars next to the breed reflects proportion of permuted statistics that were as extreme or more 
extreme than the observed statistic (also p <.05). Dot size corresponds to the sample size within experience 
level for each breed. In no breeds did early life adversity cause a significant reduction in fear scores. Breeds 
which seem to indicate this pattern have small sample sizes and large error estimates.
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Breed differences in behavior
In the absence of adversity, previous research has documented that there are breed differences in fearful and 
aggressive behavior linked to genetic predispositions50–53. Together with the evidence that environmental factors 
influence behavior expression36,49,54,55, this suggests possible breed differences in behavior may be related, in 
part, to differences in sensitivity to early life adversity. To assess this possibility, we examined behavior scores of 
a subset of well-represented breeds in the sample. We compared within-breed behavior differences for dogs with 
and without early life adversity. This approach identified a few breeds with significant differences in fear and/
or aggression as a function of adverse life history: American Leopard Hound, American Eskimo Dog, Siberian 
Husky, and Golden Retriever. Notably, some breeds show a significant impact of adversity on aggression but 
not fear, and vice versa. This suggests that some breeds may have a lower threshold to developing problematic 
behaviors of a particular type, or that there is a heritable risk component that increases susceptibility to stress. 
Such genetic risks have been found in other species, such as humans56,57 and laboratory animal species (e.g., 
rats58; mice59; monkeys60,61. We also found some breeds that showed an inverse pattern, with exposure to early 
life adversity associated with reduced fear and aggression (though none of these instances were statistically 
significant). A similar outcome has been observed in other species exposed to early life stress62 and there are 
hypotheses about the adaptive role that stress may have in boosting resilience and preparing some individuals 
to cope with challenges in later life (for reviews see63,64). Future research with larger sample sizes per breed is 
necessary to interpret the behavioral impacts of adversity in these breeds and to more deeply explore breed-level 
risk or resilience to stress.

Adversity timing and amount are critical
Dogs undergo rapid physical65,66, behavioral67,68, and cognitive development69 in the first weeks of life, during 
the so-called “socialization” period (weeks 3–12). Disruptions to these processes through impoverished early 
rearing environments36, inadequate maternal care70,71, and inconsistent or overwhelming social interactions35 
during socialization have been identified as sources of behavioral problems. Our study examined the impact of 
events during the socialization period and part of the juvenile period (3–6 months), extending past the typical 
age of interest and capturing events that occur after separation from the dam and leaving the breeder. The results 
suggest that adverse events throughout this time period are important for behavioral development: compared to 
the outcomes from adverse experiences at other life stages, dogs that experience adversity in the first 6 months 
of life show on average higher levels of fearful and aggressive behavior.

Additional genetic and environmental factors that affect fear and aggression
While adverse experiences during development have a substantial impact in shaping adult behavior, long-term 
environmental factors and individual differences contribute as well. Our study identified age, sex, and body 
size (i.e., weight) as key characteristics influencing behavior profiles, consistent with previous findings51,52,72,73. 
Looking beyond biological factors, we also found that environmental factors such as living with children were 
associated with increased fear and aggression. This is consistent with prior work examining trends in human 
directed aggression74,75, as children are frequent targets of aggression. They are less likely to interpret and respond 
to dog behavior correctly, and when cohabiting with dogs there are increased opportunities for inappropriate 
or unsupervised interactions (e.g., taking away toys or food) that can increase risk. A separate reason that dogs 
cohabiting with children may be scored higher is that parents have a lower sensitivity threshold for interactions 
involving their child. What might be considered normal boundary setting by a dog when interacting with an 
adult could be perceived as more threatening and dangerous when involving a child. Future research should 
investigate this possibility in greater depth.

Limitations and future directions
We relied on guardians’ reports to obtain a large and diverse group of dogs with varied life experiences—the 
only pragmatic way to capture the diversity of canine aggression at scale. Because no systematic life history 
records exist due to a lack of centralized pet databases and registries, the only alternative approach would have 
been to recruit and track dogs in a prospective longitudinal study. While this approach may be perceived as the 
golden standard, it is impractical when our goal is to understand the diversity of experiences and the differential 
impact of adversity across breeds. Also, in the context of adversity-aggression research, prospective longitudinal 
studies can distort the results due to Hawthorne effects on dog guardians (i.e., guardians would receive more 
information about the study aims and hypotheses and likely alter their behavior ratings in the wake of an adverse 
event). Critically, while our approach prevents us from independently verifying life histories, we controlled 
for the guardian’s level of confidence about adverse events, and in the main analyses only classified early life 
adversity as such if the reports included concrete information about life history. In this way we controlled for 
the impact of guardians’ lay theories about the causal nature of adversity on behavior, especially in the case of 
dogs adopted as adults (e.g., “Charlie is scared of men, probably because a man abused him at some point in 
his past”). Another common challenge in survey studies is that there is variability in guardians’ knowledge of 
behavior and ability to report and describe it in the context of their dog. Though C-BARQ has been validated in 
different populations of dog guardians and in multiple languages and cultures76,77 (also see our supplementary 
analyses on the psychometric structure of C-BARQ), an unavoidable limitation of a survey-based approach is 
the use of a small number of labels to describe behavior. Consequently, some guardians may have underreported 
fearful or aggressive behavior in their dog due to limited examples provided. Finally, though we found that 
subtypes of fearful and aggressive behavior were consistently impacted, it is possible that meaningful heterogeny 
exists across subtypes of problematic behavior by adversity types. For example, prior work found that resource 
guarding was not more frequent in dogs that had experienced resource scarcity through criminal cruelty (i.e., 
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hoarding, dog fighting, or puppy mills)31, suggesting that food-related aggression may be influenced by factors 
other than experience, such as heritable traits —an important avenue for future research.

Conclusions
This study assessed canine behavioral profiles and lifetime stressful experiences using the largest sample of 
companion dogs yet assembled. We found that stressful events occurring before six months of age are associated 
with significant increases in undesirable behavior. Furthermore, we observed significant effects of heritable, 
biological factors like sex and breed ancestry, as well as environmental and experiential factors like presence 
of children in the household and prior shelter stays. This points toward clear opportunities for future research 
to examine the genomic, physiological, and neurological mechanisms underlying the effects observed here 
to facilitate diagnosis, treatment, and prevention of canine fear and aggression problems. Future research in 
both basic and applied sciences can move toward identifying genetic variants linked to problematic behaviors 
to inform breeding practices that focus on temperament for particularly at-risk breeds, and support targeted 
rehabilitation strategies for dogs exposed to early life adversity using medication and behavior modification 
training. It can also guide rehoming decisions for particularly at-risk dog breeds by matching them with 
knowledgeable guardians in non-triggering environments. More broadly, our results identify substantial overlap 
in the adverse life experiences influencing psychological wellbeing in dogs, humans, and other diverse species.

Materials and methods
Participants
All materials and procedures were reviewed and approved by the Institutional Review Board of the Harvard 
University-Area Committee on the Use of Human Subjects and the methods were carried out in accordance 
with all relevant guidelines and regulations. Participants were recruited through social media (Twitter, 
Facebook, Instagram, and LinkedIn), with paper fliers, and through in-person outreach at dog sporting and 
local community events. A sample of adult, English-speaking dog guardians (hereafter guardians) gave informed 
written consent to participate in the study and subsequently provided information about their dogs’ behavior 
and life history (N = 4,497, MAge = 5.42 years, female = 44%; spay/neuter status: intactFemale = 302/intactMale = 
587, single breed = 52.3%). The sample included 211 distinct dog breeds (Fig. 1; Table S2-S3). Most guardians 
(n = 2,499) reported that they were the dog’s first caregiver after separation from the dam. Of these, 1,485 dogs 
were acquired directly from a breeder. Other sources of acquisition included animal shelters (n = 852), foster 
organizations (n = 1,173), family or friends (n = 576), and other various sources (n = 410; e.g., found the dog 
while traveling). We excluded additional incomplete responses (i.e., more than half of the aggression scale or 
fear scale were left blank; n = 210), bot-like responses (i.e., strings of nonsensical text in open response fields 
or identical responses across multiple entries; n = 765) and participants with a dog less than 6 months of age 
(n = 101). To incentivize participation, we had a prize drawing for 20 $50 (USD) gift cards. Information about 
dogs in this sample is provided in Supporting Information (Tables S2-S3) and in Fig. 1.

Procedure
The study hypotheses and methods were pre-registered on OSF on October 4, 2022. We conducted data 
collection with an online questionnaire between October 5, 2022 – July 31, 2024. Guardians were asked to 
provide their dogs’ life and health history, a range of individual characteristics (e.g., the dog’s weight, sex, age, 
breed), and completed an assessment of their dog’s current behavioral profile (via the Canine Behavior Research 
Questionnaire, C-BARQ78.

Materials and measures
Early life adversity
The life history section included questions about adverse events the dog may have experienced. These adversity 
questions were based on tools used in child psychiatry, in particular, a parent-report tool developed to describe 
exposure to adversity for children under seven, the Traumatic Events Screening Inventory - Parent Report 
Revised (TESI-PRR79;. We asked guardians about seven distinct types of adversity. To reduce mischaracterization 
of abstract categories, we provided concrete examples of each adversity type: (i) physical punishment/corrections 
(e.g., alpha roll, holding the dog’s mouth shut); (ii) separation from or lack of a primary caregiver (i.e., time in a 
shelter, living on the street); (iii) physical abuse (e.g., hitting, kicking); (iv) being attacked by a dog or other animal; 
(v) being intensely frightened by a person or in situations involving a person; (vi) suffering a serious physical 
injury/the threat of a serious physical injury (e.g., being hit by a car, fire, near drowning); and (vii) chaining/
tethering outdoors for long periods of time. For each, guardians reported whether their dog had experienced such 
adversity via two-step chain prompts. First, guardians responded whether a specific adversity type was present, 
by selecting one of the four response options (“yes”, “I suspect so”, “no”, or “I don’t know”). Affirmative responses 
(“yes” and “I suspect so”) triggered concrete follow-up questions that collected information on (to the best of 
the guardian’s knowledge) the dog’s age at the time of the adverse experience, number of times the same type of 
experience had occurred over the lifespan, and when the most recent experience of adversity had occurred. We 
operationalized early life adversity as adverse events occurring before six months of age and created a binary 
variable to indicate the presence (1) or absence (0) of early life adversity in dogs. Using a conservative approach, 
in the main analyses we solely focused on non-ambiguous responses, coding strong affirmative responses (“yes”) 
as present for early life adversity. To further reduce ambiguity, in our core analyses we only examined responses 
that provided concrete details concerning adversity time points in the follow-up questions. Thus, only responses 
that indicated strong certainty about an adverse event that occurred during the first six months of life would 
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be included in the “early life adversity” group for all analyses. This approach controlled for the possibility that 
speculative responses about dogs adopted from shelters would be disproportionately impacting results.

Perceived aggression and fear
Next, we assessed behavior profiles of dogs using the full 5-point C-BARQ78,80, a validated guardian-report 
behavior assessment tool. To prioritize collection of the subscales most immediately relevant to our hypotheses, 
guardians first reported on the aggression, fear, and separation-related behaviors prior to sub-scales measuring 
training, excitability, attachment and attention-seeing, and miscellaneous behavior. Guardians rated their dog’s 
typical behavioral response on 27 aggression items and 18 fear items (0 = “no visible signs of aggression/fear” to 
4 = “serious aggression: snaps, bites, or attempts to bite”/“extreme fear: cowers, retreats, or hides”; see OSF for 
item wording and scale flow). Reliability of fear and aggression C-BARQ ratings was high (aggression α = 0.94; 
fear α = 0.90). Therefore, for the main analyses we averaged the respective items of perceived aggression and 
fear within each scale, with higher scores indicating a more extreme behavioral response. We also performed 
exploratory analyses to understand the effect of adversity on specific subtypes of aggression and fear78,80. For 
measurement model fit and results for subtype analyses, please see Supporting Information.

Breed grouping
To account for heritability in behavior, we categorize breeds according to phylogenetic clades81. This approach 
allowed for a data-driven framework for breed categorization and facilitated analysis and interpretation of the 
results using the latest in canine phylogenetic analyses. Breed groups include: i- Alpine; ii - American Terrier; 
iii – American Toy; iv – Asian Spitz; v - Asian Toy; vi - Continental Herder; vii - Drover; viii – European Mastiff; 
ix - Hungarian; x - Mediterranean; xi – New World; xii – Nordic Spitz; xiii – Pinscher; xiv – Pointer Setter; xv - 
Poodle; xvi – Retriever; xvii – Scent Hound; xviii – Schnauzer; xix - Small Spitz; xx – Spaniel; xxi – Terrier; xxii 
– Toy Spitz; xxiii – UK Rural. We categorized breeds that were not included in Parker et al., (2017) as “Non-Clade 
breeds,” and dogs of multiple breed or uncertain genetic ancestry as “Mixed breed” (see Fig. 1 and Table S2-S3 
for detailed demographic information of the sample).

Analytic procedure
We analysed the data in R (Version 4.3.282; data and analysis script are on OSF). To examine our preregistered 
hypotheses about the associations between early life adversity and perceived aggression and fear, we performed 
linear regression analyses with aggression/fear as criterion variables, with clade, sex (male/female), spay/neuter 
status (desexed: yes = 1/no = 0), age (years, continuous), weight (kg, continuous), cohabitation with other dogs 
or children (yes = 1/no = 0), source of acquisition by the guardian (breeder vs. not-breeder), and dog’s average 
weekly exercise (hours) as predictors. Another regression model explored whether the association between 
adversity and perceived aggression varied by the age at which the dog experienced the adversity. To this end, age 
at time of first-reported adverse event was categorized as early (before 6 months of age), mid (6–12 months of 
age), or late (1 year or older) and was included in the model with an interaction term quantifying the number 
of known adversities.

To explore whether the effect of early life adversity varies by specific breeds, we performed a separate 
regression analysis on breeds that included at least five participants with, and five participants without life 
history of adversity, respectively (k = 34 breeds; 36.7% of the total sample). To confirm that our findings were not 
driven by outliers, we also performed a non-parametric Monte Carlo permutation test with 5000 permutations. 
We shuffled the adversity labels within each breed group to calculate permuted differences in mean behavior 
score for fear and aggression. The observed differences were compared to the permuted distribution to obtain 
p-values for each breed, thus ensuring that the observed associations were not driven by outliers or specific data 
distributions.

Data availability
Materials, data and analysis scripts are available on OSF (https://osf.io/gesh7/).
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