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Abstract 

Separation anxiety in domestic (SA) dogs is a common and distressing behavioural 

disorder that compromises welfare and is a leading cause of relinquishment. It arises 

through the interaction of biological predispositions and environmental experience, 

reflecting dysregulation of emotional and attachment systems. Heritability studies and 

genome-wide analyses indicate that traits linked to fearfulness, attachment, and anxiety are 

moderately to highly heritable, with variation in serotonergic, dopaminergic, 

oxytocinergic, and vasopressinergic pathways influencing stress reactivity and social 

bonding. Physiological data further reveal chronic activation of the hypothalamic–

pituitary–adrenal (HPA) axis and autonomic nervous system in affected dogs. 

Environmental influences, including maternal care, socialisation quality, rehoming history, 

and training style, play a critical role in determining whether these genetic predispositions 

manifest behaviourally. Stable, enriched environments and reward-based handling promote 

resilience, while early adversity and inconsistent routines increase anxiety vulnerability. 

Together, the evidence supports SA being a multifactorial disorder, highlighting the need 

for integrated prevention and treatment strategies that address both canine biology and the 

human caregiving environment. 
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Absztrakt 

A szeparációs szorongás a háziasított kutyák egyik leggyakoribb és legmegterhelőbb 

viselkedési rendellenessége, amely komolyan veszélyezteti az állat jólétét, és a menhelyre 

kerülés egyik vezető oka. Kialakulása a biológiai hajlamok és a környezeti tapasztalatok 

kölcsönhatásának eredménye, és az érzelmi, valamint a kötődési rendszerek 

szabályozásának zavarára utal. Az örökölhetőségi vizsgálatok és a teljes genomot átfogó 

elemzések arra utalnak, hogy a félelemhez, kötődéshez és szorongáshoz kapcsolódó 

tulajdonságok közepesen vagy erősen örökölhetők. A szerotonin-, dopamin-, oxitocin- és 

vazopresszin-rendszerek működésében megfigyelhető variációk befolyásolják a stresszre 

adott válaszokat és a társas kötődést. A fiziológiai adatok emellett a hipotalamusz–

hipofízis–mellékvese tengely és az autonóm idegrendszer tartós aktivációját mutatják az 

érintett kutyákban. 

A környezeti tényezők például az anyai gondoskodás minősége, a korai szocializáció, az 

örökbefogadás előtti tapasztalatok és a kiképzési módszerek alapvetően befolyásolják, 

hogy ezek a genetikai hajlamok miként nyilvánulnak meg a viselkedésben. A stabil, 

gazdagított környezet és a pozitív megerősítésen alapuló nevelés elősegíti a rugalmasság és 

a stressztűrő képesség kialakulását, míg a korai hátrányos tapasztalatok és a következetlen 

napi rutin fokozzák a szorongásra való hajlamot. 

Összességében a bizonyítékok arra utalnak, hogy a szeparációs szorongás összetett, több 

tényező együttes hatására kialakuló rendellenesség. A hatékony megelőzés és kezelés 

érdekében olyan integrált megközelítésre van szükség, amely figyelembe veszi mind a 

kutya biológiai sajátosságait, mind az emberi gondozási környezet pszichoszociális 

tényezőit. 
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1. Introduction 

Behavioural problems are common in domestic dogs and have a major impact on animal 

welfare, public safety, and pet ownership. Issues such as fear, anxiety, and aggression are 

among the most common reasons why dogs are surrendered to shelters or rehomed [1]. If we 

can better understand how much of these behaviours are influenced by nature (genetics) and 

nurture (environment), we could make more informed decisions when matching dogs to 

owners, helping to reduce the manifestation or exacerbation of behavioural problems and 

prevent unnecessary abandonment or euthanasia [2]. 

The study of behaviour has long been shaped by the debate between nature and nurture, 

questioning whether behaviour is something we are born with or something we learn from 

our environment. Since Darwin first proposed the theory of evolution [3], researchers have 

worked to understand this balance. In recent decades, rapid advances in genetic technology, 

especially tools like genome-wide association studies (GWAS), have made it possible to 

identify genes linked to complex traits. These methods allow scientists to compare genetic 

patterns across individuals and species, offering new insights into how genes influence 

behaviour. Such discoveries don’t just help us understand animal behaviour; they also 

contribute to research on human psychiatric conditions that may share similar biological 

foundations. 

Dogs, in particular, are an outstanding model for studying behaviour and inheritance. 

Through centuries of selective breeding, humans have created an incredible variety of dog 

breeds, each with its own distinct appearance, temperament, and skill set. This diversity 

makes dogs an ideal species for exploring how genetics shape behaviour. Because each breed 

represents a relatively uniform genetic group, it’s easier for researchers to identify links 

between specific genes and behavioural traits [4]. 

Interestingly, several behavioural disorders in dogs, such as SA, compulsive behaviour, and 

generalised fear, closely resemble human mental health conditions in both symptoms and 

underlying biology [4]. This similarity has made dogs increasingly valuable as comparative 

models for studying psychiatric conditions. For example, genome studies have identified 

candidate genes linked to fear, anxiety, and obsessive traits in dogs [5], many of which 

overlap with genes associated with similar conditions in humans. These findings highlight 
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how studying dogs not only helps us improve their wellbeing but also deepens our 

understanding of the shared genetic and neurological roots of behaviour across species. 

2. Fear, Anxiety, and Phobia 

SA in dogs is a complex condition that may involve multiple motivational components, 

rather than representing a single, uniform disorder. It often overlaps with fear- and anxiety-

related behaviours, but the exact nature of this relationship is still not fully understood [4]. 

Although fear, anxiety, and phobia are distinct emotional states, they are thought to share 

similar neurochemical pathways in the brain. 

Fear is typically an emotional response to a real and immediate threat, while anxiety arises 

from the anticipation of a possible or uncertain danger. Both states trigger physiological and 

behavioural reactions designed to protect the animal, such as heightened vigilance or 

avoidance [6]. Phobias, on the other hand, occur when a fear response becomes persistent 

and exaggerated, even in the absence of the original threat, due to the brain’s failure to 

extinguish the learned fear association [4]. 

When an animal perceives a threat to its stability or safety, its body activates two main 

systems, the autonomic nervous system and the HPA axis. These regulate the “fight, flight, 

or freeze” response and help maintain homeostasis. Stressful situations that disrupt security 

such as separation from an attachment figure or exposure to an unfamiliar environment are 

known to activate these systems [7]. 

Importantly, predictability and control influence how an animal experiences stress. When a 

dog can anticipate or control a stressful event, the physiological signs of distress are reduced 

[7]. Conversely, when stressors are unpredictable, such as an owner’s sudden departure, 

especially if it has previously been associated with fear-inducing events, the animal’s anxiety 

response is heightened [4]. 
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3. Separation Anxiety 

SA is defined as a behaviour or group of behaviours which are problematic and arise 

exclusively in companion dogs during the physical or perceived absence of their owner. 

Anxiety-fear-related problems, including SA are the second most prevalent and distressing 

behavioural disorders in domestic dogs, following aggression [8]. Due to the behaviours 

associated with it, SA not only threatens canine welfare but also severely strains the human-

animal bond [9, 10]. Increasing scientific attention has focused on the underlying aetiology 

of SA especially the interlinked effects of genetics, breed associations, and environmental 

influences. 

3.1 Behaviours Associated with SA 

Dogs with SA display one or more characteristic behaviour upon the departure of their 

owner. Destruction, excessive vocalization, urination and/or defecation indoors, 

hyperactivity, excessive salivation, and self-mutilation are common behaviours associated 

with SA. These behaviours often intensify at the point of owner departure, with peaks in 

vocalization and destructive activity occurring early in separation and recurring periodically 

[11]. 

3.2 Physiological Correlations with SA 

Dogs with SA show a consistent pattern of autonomic and neuroendocrine arousal when left 

without their attachment figure. Multiple studies using behavioural observation together 

with physiological measures indicate that separation-related distress is not purely 

behavioural, it reflects measurable alterations in stress physiology involving the sympathetic 

nervous system, the HPA axis, and related neurohormonal pathways. 

3.2.1 Panting and respiratory signs 

Frequent, sustained panting during separation is a common and easily observable indicator 

of sympathetic activation in anxious dogs. Video-based and clinical studies of separation-

related problems regularly list panting among the core signs of distress and link it to other 

autonomic indicators. Panting corresponds with increases in circulating catecholamines such 

as adrenaline and noradrenaline, reflecting activation of the “fight-or-flight” response. While 
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panting may also occur with thermoregulation or exertion, its persistence during absence 

contexts supports its interpretation as a stress-related autonomic response [12]. 

3.2.2 Heart rate and heart-rate variability 

An elevated heart rate during separation provides a clear indication of sympathetic 

activation. Experimental evidence shows that brief social interactions, such as petting before 

departure, can lower heart rate and promote calmer behaviour during short periods of 

absence, highlighting the role of social contact in modulating autonomic responses relevant 

to SA [13]. Beyond transient heart rate changes, dogs with anxiety-related behaviour 

problems also display reduced heart rate variability (HRV). HRV is a measure of variation 

in the intervals between successive heartbeats. Lower HRV reflects increased sympathetic 

and/or reduced parasympathetic tone compared with behaviourally normal dogs, who 

display a higher HRV. This reduction in HRV has been documented in dogs with anxiety-

related disorders and is associated with reduced vagal tone and increased sympathetic 

activity. Low HRV mirrors findings in human anxiety research, supporting its validity as a 

physiological marker of chronic stress and reduced emotional regulation [14]. 

3.2.3 Gastrointestinal signs  

Physical symptoms such as vomiting, hypersalivation, diarrhoea, and self-directed 

behaviours like excessive licking or chewing are frequently reported in dogs with SA. These 

signs are believed to result from activation of the sympathetic nervous system and associated 

neuroendocrine pathways, reflecting the body’s physiological response to stress rather than 

purely behavioural reactions.  

Patel et al. demonstrated that acute stress, such as owner separation, significantly alters the 

gut microbiota, elevates cortisol, and increases behavioural and physiological signs of 

arousal. These changes were characterised by reduced populations of beneficial bacteria 

(Lactobacillus, Bifidobacterium) and increased stress-associated taxa, reflecting a disruption 

of the gut–brain axis. Such findings suggest that the vomiting, diarrhoea, hypersalivation, 

and other behaviours often observed in dogs with SA are mediated by autonomic and 

gastrointestinal interactions driven by stress physiology. This mirrors findings in other 

mammalian species and linking emotional distress to microbial dysbiosis [15]. 
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3.2.4 Neuroendocrine and Hormonal Responses 

While cortisol has been the most frequently examined biomarker of stress in canine SA, 

mounting evidence indicates that a broader group of neuroendocrine systems, including 

oxytocin, vasopressin, prolactin, and catecholamines, contribute to the physiological and 

emotional manifestations of the disorder. These systems interact with both the HPA and 

sympatho-adrenal medullary axes, modulating arousal, attachment, and coping capacity. 

Cortisol  

Cortisol, the principal glucocorticoid secreted by the adrenal cortex, remains a reliable 

indicator of HPA axis activation in response to stress. Dogs exhibiting separation-related 

distress typically show elevated salivary cortisol during or immediately following owner 

departure [16, 17]. In controlled separation paradigms, Hydbring-Sandberg and colleagues  

measured cortisol at baseline and at five, fifteen, and thirty minute intervals after the owner 

left, finding a significant rise during absence that normalised upon reunion, mirroring 

patterns seen in infant–caregiver separation in primates [17]. Rooney et al. reported similar 

elevations, particularly in dogs showing overt behavioural distress, reinforcing that cortisol 

reactivity corresponds to subjective emotional intensity [18]. 

Chronic dysregulation of cortisol signalling has been linked to maladaptive stress responses, 

diminished hippocampal feedback inhibition, and sustained sympathetic activation, patterns 

consistent with the physiological trends often observed in dogs with recurrent SA episodes. 

Oxytocin 

Oxytocin, a neuropeptide synthesised in the hypothalamus and released both peripherally 

and centrally, plays a central role in social bonding and attenuation of stress responses. Its 

release during calming interactions, such as gentle stroking, eye contact, or proximity to the 

owner, has been documented to reduce cortisol levels and heart rate in dogs [19, 20]. 

In one controlled study, Handlin et al. collected blood samples from both dogs and their 

owners before and after a brief petting session. Both species showed parallel increases in 

oxytocin and decreases in cortisol, indicating a bidirectional hormonal synchrony that 

supports social buffering [19]. Rehn et al. further demonstrated that dogs with secure 

attachment behaviours, e.g., exploration following reunion, reduced distress during short 
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separation, had higher baseline oxytocin and lower cortisol concentrations than those with 

insecure attachment patterns [21]. 

Oxytocin administration studies provide causal support for its role in modulating stress and 

social behaviour. Romero et al. administered intranasal oxytocin to dogs before brief 

separations and found significantly increased welcoming behaviour toward owners and 

reduced stress vocalisations upon reunion [22]. These results suggest that oxytocin directly 

facilitates emotional regulation and attachment security, both of which are disrupted in SA. 

Vasopressin 

Arginine vasopressin (AVP) is structurally related to oxytocin but exerts largely opposing 

effects on stress and arousal. While oxytocin inhibits HPA activity and promotes agreeable 

behaviour, vasopressin enhances corticotropin-releasing hormone (CRH) release and 

amplifies ACTH secretion, thereby potentiating cortisol responses [23]. 

In dogs, elevated plasma vasopressin has been correlated with heightened anxiety and 

aggression. A study was carried out that measured both oxytocin and vasopressin in pet dogs 

exhibiting aggressive or fearful behaviour compared to controls. Dogs with aggression or 

fear disorders showed significantly higher vasopressin and lower oxytocin concentrations, 

supporting the hypothesis that a relative imbalance between these neuropeptides contributes 

to heightened stress reactivity. Similarly, another study found that aggressive dogs displayed 

elevated basal vasopressin and reduced oxytocin:vasopressin ratios. Though aggression and 

SA are distinct, both involve maladaptive social stress responses, suggesting overlapping 

neuroendocrine substrates [24]. 

Vasopressin’s involvement in arousal and vigilance may explain why some dogs with SA 

exhibit hyper-responsivity to environmental cues and prolonged recovery following 

separation, hallmarks of heightened central AVP activity. 

Prolactin 

Prolactin, a pituitary hormone best known for its role in lactation, also functions as a stress-

responsive neuroendocrine regulator influencing emotional resilience and parental 

behaviours. Under chronic or uncontrollable stress, prolactin secretion can increase as part 
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of a compensatory mechanism that dampens HPA axis activation and promotes adaptive 

coping [25]. 

Early veterinary research demonstrated that prolactin responds to emotional stress in dogs. 

A study measured circulating cortisol and prolactin in dogs subjected to short- and long-term 

kennelling stress, finding significant elevations in both hormones after prolonged 

confinement [26]. This provided some of the first evidence that prolactin acts as an indicator 

of sustained emotional strain in companion animals. 

More recent endocrinological studies have confirmed and expanded on these findings. 

Serum prolactin and cortisol concentrations were examined in castrated male domestic dogs 

and found that prolactin increased in individuals exposed to chronic environmental or 

behavioural stress. The authors proposed that prolactin may serve as a potential biomarker 

of long-term stress in dogs, complementing cortisol as a measure of emotional welfare [27]. 

Collectively, these findings suggest that prolactin contributes to the physiological adaptation 

to stress and may play a role in emotional regulation and attachment behaviour in dogs. 

While its specific involvement in SA has yet to be fully explored, dysregulation of this 

hormone under chronic stress conditions could help explain persistent anxiety or attachment 

disturbances observed in affected individuals. 

Catecholamines 

The catecholamines, epinephrine and norepinephrine, mediate acute “fight-or-flight” 

responses through sympathetic nervous system activation. Increases in plasma epinephrine 

and norepinephrine in dogs exposed to separation and restraint stressors were observed, 

paralleling elevated heart rate, panting, and behavioural agitation. Such elevations indicate 

immediate autonomic engagement, distinct from the slower-acting cortisol response [16]. 

Sustained sympathetic activation, if repeatedly triggered by separations, may contribute to 

chronic hyperarousal, gastrointestinal dysmotility, and behavioural sensitisation. Moreover, 

the interplay between catecholamines and central monoamine systems, e.g., serotonin and 

dopamine, likely contributes to the emotional dysregulation seen in SA [28]. 



11 
 

3.3 Diagnosis 

Despite being one of the most frequently discussed behavioural disorders in dogs, there is 

still no universally accepted diagnostic definition for SA. This lack of clarity means that 

many affected dogs may go undiagnosed, while others may be misdiagnosed when their 

behaviours resemble SA but stem from other causes, such as environmental stressors or poor 

training.  

In an observational study, Lund and Jørgensen video-recorded twenty dogs of various 

breeds, aged between eight months and nine years, for four hours following their owners’ 

departure. Most dogs remained alert and restless, showing behaviours such as barking, 

whining, howling, destructiveness, and oral activities like licking, yawning, or chewing. One 

dog also exhibited hyperventilation and urination. These behaviours tended to occur together 

rather than in isolation, suggesting that SA manifests as a cluster of related stress responses. 

Vocalisation was most intense during the first twenty minutes after the owner left, while 

general activity and arousal peaked within the first hour before declining, only to resurge at 

irregular intervals throughout the observation period [29]. 

A similar approach was taken by Palestrini et al., who used video recordings of twenty-three 

dogs left alone for twenty to sixty minutes to capture a more objective picture of behaviour. 

On average, dogs spent around 23% of their time vocalising and 21% orienting to their 

environment, with both behaviours decreasing as time passed. Interestingly, panting, an 

indicator of activation of the autonomic nervous system, increased and remained elevated 

throughout separation [30]. In contrast, Scaglia et al. found that dogs without signs of SA 

spent most of their time resting when left alone [31]. 

Overall, these findings suggest that video-based behavioural analysis offers a more precise 

and detailed assessment of separation-related behaviours compared with owner-reported 

questionnaires alone. Direct observation allows researchers to identify the timing, intensity, 

and combination of stress-related behaviours, making it possible to differentiate genuine SA 

from other problems that may present with similar signs [12]. Going forward, diagnostic 

reliability is likely to improve through the integration of standardised and objective tools, 

including validated behavioural questionnaires, video recordings, and physiological 

measures, that collectively capture both the frequency and severity of anxiety-related 

responses. 
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4. Materials and Methods 

4.1 Obtaining Materials 

Materials for this literature review were obtained through scientific databases including 

Google Scholar, PubMed, and ScienceDirect. The main focus centred on research exploring 

SA in dogs, with particular emphasis on studies examining its genetic, physiological, and 

environmental determinants. 

The review focused primarily on peer-reviewed papers published between 2000 and 2025, 

due to the study of behavioural genetics and neuroendocrine mechanisms in dogs having 

advanced rapidly in recent decades. These more recent works reflect the growing use of 

techniques such as GWAS, epigenetic analysis, and endocrine profiling in behavioural 

research. 

However, to provide a comprehensive scientific foundation, earlier studies were also 

included, especially those concerning attachment theory, learning processes, and the effects 

of early rearing and domestication on canine behaviour. This broader approach ensures that 

modern findings on the genetics and physiology of SA are considered within their historical 

and theoretical context, highlighting how both nature and nurture contribute to the 

development of this complex disorder. 

4.2 Methods Used During Research 

4.2.1 Standardised Behavioural Tests 

Standardised behavioural testing is frequently used to objectively assess anxiety and stress-

related behaviour in dogs. These tests expose dogs to controlled situations, such as brief 

periods of isolation or exposure to unfamiliar environments, and record their behavioural 

responses. Typically, dogs are video-recorded during these tests, allowing researchers to 

later quantify the frequency and duration of behaviours such as vocalisation, pacing, 

destruction, panting, or attempts to escape. The procedure provides an opportunity to 

evaluate the dog’s emotional reactivity under repeatable conditions. 

The main strength of this method is its objectivity and replicability, as it enables the direct 

comparison of behavioural responses across individuals and breeds. However, results may 



13 
 

be influenced by prior learning or environmental context, as well as by the dog’s immediate 

physical or emotional state. It can also be challenging to distinguish between stress caused 

by the testing environment and that caused by true separation distress. 

4.2.2 Owner Questionnaires 

Owner questionnaires are one of the most widely used tools for collecting large-scale 

behavioural data from pet dogs. They allow researchers to gather information about dogs’ 

day-to-day behaviours in their natural home settings. 

The most commonly used tool in this field is the Canine Behavioural Assessment and 

Research Questionnaire (C-BARQ), developed by James Serpell at the University of 

Pennsylvania. This validated instrument asks owners to rate their dog’s behaviour in 

response to a range of everyday scenarios, such as being left alone, encountering strangers, 

or hearing loud noises, on a five-point scale. 

The advantage of this approach is that it provides access to large and diverse samples of 

dogs, often numbering in the thousands, which would be impossible to observe directly. 

Owners are typically well placed to report on their dog’s habitual behaviour over time. 

However, the method is also subject to owner bias, as interpretations of behaviour can vary 

depending on individual experience or emotional connection to the dog. Additionally, owner 

reports may lack precision compared to objective observational data. 

4.2.3 Expert Questionnaires 

In some behavioural studies, researchers gather data from professionals such as 

veterinarians, trainers, breeders, or behaviourists rather than from owners. These individuals 

typically interact with a larger number of dogs and may have more experience identifying 

behavioural patterns objectively. 

Expert questionnaires are valuable because they draw on the professional experience and 

consistent observational skills of specialists, helping to minimise some of the subjective bias 

that can occur in owner-reported data. However, there remains a risk of subjective judgment, 

especially where breed stereotypes or differing levels of behavioural knowledge exist. 

Furthermore, responses can vary depending on each expert’s background or interpretation 

of certain behavioural traits. 
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4.2.4 Physiological and Endocrine Assessments 

Physiological and endocrine testing methods are often employed to quantify the biological 

responses associated with separation stress. These typically include the measurement of 

hormones such as cortisol, oxytocin, vasopressin, prolactin, and adrenaline/noradrenaline, 

which are key indicators of activation in the HPA axis and the autonomic nervous system. 

Commonly used methods include salivary, blood, or urinary sampling before and after owner 

separation or controlled social interactions. Heart rate and HRV monitoring are also 

frequently applied to assess changes in autonomic balance between sympathetic and 

parasympathetic activity. 

The major advantage of these physiological measures is their objectivity, they provide 

quantifiable data that can validate behavioural observations. However, they can be affected 

by external factors such as time of day, handling stress, or environmental conditions. 

Additionally, some collection methods, e.g., blood sampling, can themselves induce mild 

stress, which must be accounted for during interpretation. 

4.2.5 Genome-Wide Association Studies and Genetic Mapping 

GWAS are used to investigate the genetic basis of behavioural traits by scanning the 

genomes of large numbers of dogs for single nucleotide polymorphisms (SNPs). These 

markers are then statistically analysed to identify associations between specific genetic 

variants and behavioural phenotypes such as anxiety or attachment behaviour. This approach 

allows researchers to identify candidate genes and chromosomal regions potentially involved 

in behavioural regulation. GWAS is particularly valuable for exploring complex traits like 

SA, which result from multiple genetic and environmental influences. 

Its main strength is its comprehensiveness, as it can reveal previously unknown genetic 

relationships. However, GWAS cannot establish causation, it can only suggest correlation, 

and requires very large sample sizes to achieve reliable results. Furthermore, genetic data 

must be integrated with behavioural and environmental information for meaningful 

interpretation. 
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5. Influential factors of SA 

5.1 Nature 

SA in dogs manifests as an array of behaviours, shaped by complex genetic, neurochemical, 

and physiological factors. While environmental variables play critical roles in expression 

and severity, numerous studies indicate that innate predispositions including breed lineage, 

family heritability, and specific gene variants may underlie susceptibility to anxiety-related 

disorders such as SA. 

5.1.1 Breed Predisposition  

Breed affiliation appears to be a significant predictor of SA risk, with multiple large-scale 

studies demonstrating breed-specific variation in SA prevalence and related behaviours. For 

instance, a landmark cross-sectional study of twenty-three Labrador Retrievers (from seven 

litters) and seventeen Border Collies (from five litters) demonstrated that over 57% of Labs 

and 35% of Border Collies exhibited separation-related behaviour at eighteen months, 

compared to 29% in a general reference population [32] suggesting familial aggregation 

within breed lines. 

Salonen et al. extended these insights to other breeds and found Soft-Coated Wheaten 

Terriers to be notably overrepresented among dogs diagnosed with SA, due to them 

vocalising, salivating or panting when left alone. Meanwhile, mixed-breed dogs frequently 

show a higher reported incidence of SA while being more likely to urinate, defecate or be 

destructive when left alone. However, this may be confounded by their overrepresentation 

in shelter environments, where early adversity and rehoming can exacerbate anxiety risk [9].  

Working breeds, including Border Collies, Australian Shepherds, and Belgian Malinois, also 

exhibited heightened rates of separation-related problems, consistent with their selection for 

high energy, vigilance, and owner-dependence [33]. Collectively, these findings 

demonstrate that genetic selection for attachment, sociability, or sensitivity may 

inadvertently increase vulnerability to SA in certain breeds. 

Serpell and Duffy analysed behavioural differences among the 30 most popular AKC-

registered breeds using the C-BARQ, a validated tool measuring traits such as fear, anxiety, 

aggression, sociability, and trainability. Comparing breed-level averages, they identified five 
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key anxiety-related dimensions: stranger-directed fear, unfamiliar dog-directed fear, non-

social fear, e.g., loud noises, novel objects, separation-related behaviour, and touch 

sensitivity. Breed effects were highly significant across all factors (Kruskal–Wallis, P < 

0.0001) [34]. 

Smaller breeds, especially toy and miniature varieties, were consistently more anxious than 

larger breeds, as seen in Figure 1. Miniature dachshunds and toy poodles, for example, 

scored significantly higher than their standard counterparts. Breeds such as the Chihuahua, 

dachshund, Maltese, toy poodle, and Yorkshire terrier showed elevated fear scores across 

nearly all contexts, while brachycephalic and larger breeds e.g., bulldogs, retrievers, 

rottweilers, huskies, exhibited lower fear responses [34]. 

Figure 1. Breed variation in separation-related behaviour scores [34]. 

Mean (± S.E.) C-BARQ scores show significant breed-level differences in separation-

related behaviours, with smaller breeds generally exhibiting higher anxiety scores than 

larger breeds. 

Small and toy breeds previously identified as being prone to aggression, fearfulness, 

attachment/attention-seeking, and excitability also exhibited above-average levels of 

persistent barking. Notably, the miniature schnauzer and Shetland sheepdog were included 

in this group, with the latter showing the highest barking frequency of all breeds studied. In 

contrast, larger and brachycephalic breeds vocalised far less, with the Siberian husky rarely 
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barking [34]. Because persistent barking is recognised as a common manifestation of 

separation-related distress, these findings support that small, toy, and certain herding breeds 

may have an elevated risk of developing SA, aligning with earlier findings from Bradshaw 

et al. and Zapata et al. that working and high-energy breeds show increased susceptibility to 

separation-related problems [32, 33]. 

Table 1. Summary of Breed Associations and Prevalence 

Breed SA Prevalence/Evidence Noted Study 

Labrador Retriever 57% at 18 months in one cohort 
Bradshaw et al. 

(2002) 

Border Collie 35% at 18 months in one cohort 
Bradshaw et al. 

(2002) 

Soft-Coated Wheaten Terrier Higher rates of vocal SA response Salonen et al. (2020) 

Toy & Miniature breeds Higher frequency in several studies 
Serpell & Duffy 

(2016) 

Mixed Breeds Highest in some surveys  
Salonen et al. (2020); 

others 

Working dogs 
Increased risk of separation related 

problems 
Zapata et al. (2022) 

   

These variations suggest that genetic predispositions, resulting from historical selection for 

temperament, such as attachment, vigilance and sociability, underlie breed differences in 

anxiety expression including SA. 

5.1.2 Heritability Estimates and Familial Patterns 

Quantitative analyses of behavioural heritability reveal that genetic factors account for a 

substantial portion of variance in canine emotional traits. Across large pedigree datasets, the 

mean interbreed heritability for major behavioural traits is estimated at h² ≈ 0.51, with 

attachment/attention-seeking behaviours, closely related to SA, estimated at h² = 0.56. 

Trainability (h² = 0.73) and stranger-directed aggression (h² = 0.68) also exhibit high 

heritability, underscoring the strong genetic basis of temperament [24]. 
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Within-family aggregation has been noted across studies, with littermates and related dogs 

demonstrating similar propensities for anxiety and separation distress [32]. These findings 

indicate that the risk of SA is transmitted, at least in part, through heritable gene variants 

influencing stress regulation and social attachment systems. 

5.1.3 Sex and Neuter Status 

The relationship between sex, reproductive status, and the likelihood of separation-related 

behaviours remains inconsistent across studies. Salonen et al. reported that separation-

related behaviours were marginally more common in male dogs, with males showing a 

higher probability of elevated separation-related distress scores (P = 0.039). Similarly, intact 

dogs also demonstrated a greater likelihood of high separation-related distress scores (P = 

0.011), suggesting a potential hormonal or sex-linked influence on anxiety-related traits [9]. 

These findings, however, contrast with those of McGreevy et al., who found no significant 

sex difference and, in some cases, noted higher rates of anxiety behaviours in neutered 

animals [35].   

Dinwoodie et al. further reported that neutered males and females were nearly twice as likely 

to exhibit general behavioural problems, including anxiety-related behaviours, compared 

with intact counterparts [36]. This suggests that gonadal hormones may exert a protective or 

regulatory effect on emotional stability and stress responsiveness in some dogs.   

Despite these associations, no clear consensus has been reached regarding the role of sex or 

neuter status in canine SA. Zapata et al. noted that sex effects on anxiety and separation-

related behaviours vary widely across datasets and breeds, implying that any observed 

differences are likely moderated by genetic background, breed-specific selection pressures, 

and individual life history rather than sex alone [33]. 

5.1.4 Genetic Mapping: Candidate Genes and GWAS 

A series of GWAS and candidate gene studies have identified several candidate genes and 

chromosomal regions associated with anxiety and separation-related behaviours. 
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Table 2. Summary of Genes associated with SA 

Chromosome Gene/Locus Associated Behaviour Key Finding / Role 

15 IGF1 SA, aggression, size 
Small-dog allele linked to SA 

risk 

10 HMGA2 SA, touch sensitivity 
Variant correlates with higher 

SA 

X IGSF1, FIRRE Aggression, anxiety, size X-linked loci under selection 

18 GNAT3–CD36 Fear/aggression 
Associated with behavioural 

clusters 

20 MITF Separation urination/SA GWAS marker for SA traits 

24 
RALY, EIF2S2, 

ASIP 
Non-social fear, SA 

GWAS evidence for trait 

mapping 

11 MAPK9 (JNK2) Social fear 
Great Dane study, anxiety 

linkage 

 

Variants in IGF1 (Insulin-like Growth Factor 1) and HMGA2 (High Mobility Group AT-

Hook 2), both associated with small body size, are repeatedly linked to higher rates of SA, 

touch-sensitivity, and aggression [37]. 

The DRD2 (Dopamine Receptor D2) CAA haplotype has been significantly associated with 

increased risk of SA in Golden Retrievers, with similar trends in other breeds. This supports 

dopamine’s role in social attachment regulation [10]. 

Similarly, AVPR1A (Arginine Vasopressin Receptor 1A) and OXTR (oxytocin receptor) 

polymorphisms, though inconsistently significant, have been implicated in modulating 

attachment and social responsiveness [38].  

Recent GWAS also identify loci such as IGSF1 (Immunoglobulin Superfamily Member 1), 

MSRB3, and ANGPT1 on chromosomes X, 10, and 13 as being pleiotropically associated 

with anxiety and separation-related behaviours. Specifically, markers at chrX:105 Mb and 

chr10:11 Mb were linked to separation-related anxiety, while loci on chr20 and chr24 were 

associated with separation urination and anxiety phenotypes. These findings indicate that 

genetic influences on SA overlap with broader fear and stress-related pathways in the canine 

genome [33]. 
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Figure 2. Summary of chromosomal loci associated with behavioural traits in dogs [33]. This 

diagram illustrates the primary chromosomal regions (Chr1–ChrX) linked to various 

behavioural diagnoses, including anxiety, fear, aggression, compulsive behaviours, and sleep-

related traits. Red markers indicate loci significantly associated with each behavioural 

phenotype, highlighting key genetic regions implicated in anxiety and aggression, notably on 

chromosomes 1A, 20, and 24A in relation to anxiety.  

5.1.5 Neurochemical and Genetic Markers  

Beyond structural genetic factors, neurochemical systems play a key role in shaping 

susceptibility to SA. Several candidate genes, including the serotonin transporter (SERT), 

dopamine receptor D2 (DRD2), and vasopressin receptor (AVPR1A), are involved in 

regulating emotional stability, impulsivity, and stress responsiveness in both humans and 

dogs. Variations in these genes can alter neurotransmitter reuptake or receptor signalling, 

leading to heightened anxiety sensitivity. The therapeutic efficacy of selective serotonin 

reuptake inhibitors (SSRIs) and related anxiolytics further supports the biological relevance 

of these pathways in the expression of SA [8]. 

At a broader level, genome-wide analyses have linked specific neurotransmitter systems to 

behavioural traits closely associated with separation-related distress. MacLean et al. 

demonstrated that genes regulating dopaminergic signalling, critical for social bonding and 

attachment in mammals, were significantly enhanced in breeds displaying higher attachment 

and attention-seeking scores [24]. This suggests that variations in dopaminergic function 

may contribute to heightened social dependency and emotional reactivity in dogs 

predisposed to SA. 
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Further gene ontology (GO) enrichment analysis revealed that these associations extend 

beyond dopaminergic pathways to a diverse array of biological processes, including neuron 

projection regulation, GTPase activity, phospholipid metabolism, and chromatin binding 

(Figure 3., [24]). Many of these processes are integral to neural development, synaptic 

transmission, and cellular responses to stress, mechanisms that directly influence emotional 

regulation and learning. Notably, GO terms such as negative regulation of neuron projection 

development and lipid phosphorylation reflect potential alterations in neuronal connectivity 

and signalling efficiency, providing a molecular basis for the behavioural variability 

observed among breeds [24]. 

Figure 3. Significant Gene Ontology terms associated with separation-related 

behaviours [24]. 

GO enrichment analysis identified biological pathways linked to neuronal regulation, 

chromatin binding, phospholipid metabolism, and GTPase activity highlighting 

potential molecular mechanisms underpinning separation-related behaviours in dogs. 

Taken together, these findings suggest that canine SA arises from a complex interplay of 

genetic and neurobiological factors, where both neurotransmitter regulation and gene 

expression pathways shape emotional reactivity and behaviour. The convergence of these 

mechanisms with those seen in human anxiety disorders highlights the value of dogs as 

models for exploring the genetic foundations of emotional regulation. 
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5.1.6 Epigenetic Modulation and Gene–Environment Interaction 

Beyond DNA sequence variation, epigenetic mechanisms play an important role in 

modulating anxiety expression. DNA methylation patterns associated with stress and anxiety 

have been documented in dogs, particularly in genes regulating the serotonergic and 

dopaminergic systems. Environmental experiences such as early-life adversity, quality of 

maternal care, and social deprivation can alter methylation and gene expression, influencing 

behavioural outcomes across development [39]. 

Recent work has demonstrated statistically significant associations between methylation 

profiles and behavioural traits such as attention-seeking, non-social fear, and stranger-

directed fear, even after adjusting for confounders such as age [39]. These findings suggest 

that environmental modulation of gene expression contributes to the continuity between 

innate predisposition and acquired behaviour, integrating nature and nurture in the 

manifestation of SA. 

5.1.7 Limitations of Breed Stereotypes 

While breed-based behavioural patterns are statistically significant, they account for only a 

small proportion of overall behavioural variation in dogs. Genome-wide analyses indicate 

that although behavioural traits are highly heritable across breeds (mean h² ≈ 0.51), breed 

identity explains only about 9% of total behavioural variance [24]. This reflects a key 

distinction that selective breeding has produced distinct average behavioural profiles 

between breeds, yet individual variation within breeds remains far greater than differences 

between them [28]. This pattern arises because behaviour is polygenic and environmentally 

modulated. As a result, while some breeds may show elevated population-level tendencies 

toward anxiety or sociability, individual outcomes are heavily influenced by life history, 

social environment, and learning. 

Consequently, reliance on breed stereotypes to predict a dog’s temperament or risk of SA is 

inherently limited. Breed may indicate broad predispositions but cannot substitute for 

individual behavioural and contextual assessment. Increasing evidence supports a model in 

which gene–environment interplay, rather than breed identity alone, determines emotional 

stability and susceptibility to separation-related problems [24, 28]. 
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5.1.8 Comorbidity with Other Behavioural Disorders 

SA rarely occurs as an isolated condition. Instead, it often appears alongside other anxiety-

related or behavioural disorders, indicating that these problems may share common genetic, 

neurochemical, and developmental roots. Consistent comorbidity patterns observed across 

studies suggest that SA should be understood not as a stand-alone behavioural issue, but as 

part of a broader spectrum of anxiety-related traits in dogs [9]. 

Noise Sensitivity 

It was found that separation-related behaviours occur approximately 1.4 times more 

frequently in noise-sensitive dogs [9]. Similarly, studies found that around half of dogs 

diagnosed with SA also displayed fear responses to loud noises or thunderstorms [40, 41]. 

Earlier work by Overall et al. had already highlighted a significant overlap between SA, 

noise phobia, and thunderstorm anxiety, an association later reaffirmed by Dinwoodie et al. 

[36, 42]. These findings suggest that noise sensitivity and SA may share overlapping genetic 

pathways, possibly involving dysregulation of serotonergic or dopaminergic 

neurotransmission.   

Generalised Fear and Social Anxiety 

Over 50% of dogs exhibiting separation-related behaviours also demonstrate generalised 

fearfulness towards strangers, unfamiliar dogs, or novel environments [9]. This comorbidity 

indicates the presence of common neurobiological vulnerabilities, potentially within limbic 

circuits regulating emotional reactivity and attachment behaviours. Such overlap mirrors 

human anxiety models in which SA often co-occurs with generalised anxiety and specific 

phobias.   

Compulsive and Impulsive Disorders 

A significant correlation was found between SA and compulsive behaviours such as tail 

chasing, fly snapping, and repetitive licking. Dogs exhibiting SA were 4.1 times more likely 

to be described as impulsive or hyperactive, and 3.4 times more likely to be rated as 

inattentive compared with dogs without separation-related problems [9]. This aligns with 

evidence which found that excitable dogs were nearly 10 times more likely to experience 
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separation distress [35]. Such patterns point toward overlapping serotonergic and 

dopaminergic modulation of both impulsivity and anxiety.   

Aggression and Related Behaviours 

Comorbid aggression is also observed in certain breeds predisposed to SA and related traits. 

Staffordshire Bull Terriers, for instance, frequently display elevated levels of compulsive 

behaviour, hyperactivity, and inattention, while Border Collies show heightened compulsive 

tendencies, particularly tail chasing and fly snapping [9]. These tendencies parallel the 

neurobiological profiles associated with anxiety-prone breeds. Dinwoodie et al. further 

identified strong associations between SA and destructive behaviour (odds ratio [OR] = 3.35; 

95% CI: 2.69–4.15; P < 10⁻⁶), as well as anxiety-linked house soiling during owner absence 

(OR = 2.76; 95% CI: 2.18–3.46; P < 10⁻⁶) [36].  

Collectively, these strong phenotypic correlations suggest that SA, rather than being an 

isolated disorder, represents one manifestation within a broader behavioural continuum 

influenced by shared genetic, developmental, and neurobiological mechanisms. The 

clustering of SA with traits such as noise sensitivity, compulsivity, hyperactivity, and 

aggression underscores the importance of considering these behaviours within an integrated 

genetic, neurobiological and environmental framework. 

5.1.9 Genetic Screening and Predictive Models 

Recent advances in canine behavioural genetics have enabled the development of predictive 

models capable of estimating an individual dog’s susceptibility to SA using molecular 

markers. Genetic screening based on selected SNPs and haplotypes has demonstrated 

moderate predictive accuracy for behavioural diagnoses, including SA. Logistic regression 

models incorporating a small number of high-impact loci have been shown to correctly 

classify up to 58% of dogs with SA, even among breeds not included in the initial GWAS 

datasets [33].   

These findings highlight the potential for genomic research to be applied practically. 

Identifying dogs with a genetic predisposition to SA early in life allows for more tailored 

behavioural management and training strategies. In breeding contexts, this knowledge can 
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help guide responsible selection practices, ultimately aiming to reduce the frequency of 

heritable anxiety disorders across dog populations while improving overall welfare. 

5.2 Nurture 

Environmental experience plays a decisive role in shaping how genetic predispositions 

toward anxiety are expressed. From early rearing through adulthood, factors such as 

maternal care, socialisation, training, daily routine, and owner behaviour interact to influence 

emotional regulation and attachment security [43, 44]. 

The developing canine nervous system is highly plastic, making early experience 

particularly influential. Supportive caregiving, predictable routines, and positive social 

exposure foster resilience, while inconsistent care, aversive training, or chaotic 

environments heighten stress sensitivity and increase the risk of separation-related 

behaviours [16, 45]. Environmental enrichment and stability later in life can partially buffer 

against early adversity, highlighting the lifelong interplay between experience and stress 

physiology [46]. 

In this context, nurture encompasses the full social and environmental history that shapes 

the dog’s ability to cope with absence and uncertainty. Rearing environment, socialisation, 

training methods, routine, and owner characteristics are each suspected to contribute to the 

development, or prevention, of SA. 

5.2.1 Early life & socialisation 

Early development is one of the most formative periods in a dog’s life, shaping how it 

responds to stress, forms attachments, and regulates emotion. Due to puppies being born  

being born in an immature state, their nervous systems continue to develop after birth, and 

so the quality of their early environment has a lasting influence on both their physiology and 

behaviour [43, 44]. Experiences during this stage can either promote resilience to stress or 

heighten vulnerability to anxiety-related disorders, including SA. 

Maternal behaviour plays a particularly influential role. It was observed that puppies raised 

by highly attentive mothers were generally bolder and more exploratory, showing lower 

levels of fear in novel situations than puppies that received less maternal care [43].  
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Variations in maternal care during this sensitive period have been shown to induce persistent 

changes in stress regulation, mirroring findings in other mammals where early rearing 

differences modulate HPA axis reactivity [47]. When maternal care is inconsistent or absent, 

the resulting stress dysregulation can persist into adulthood, predisposing dogs to heightened 

stimulation and anxiety when separated from their attachment figures. 

According to Howell et al., a puppy’s early social development can be divided into three 

overlapping phases, the primary, socialisation, and juvenile enrichment periods, which each 

contribute uniquely to behavioural shaping. The primary period spans from birth to 

approximately three weeks of age. During this time, the puppy’s sensory systems are not yet 

fully functional, and it relies primarily on maternal care. Research indicates that gentle 

human handling during this early window produces long-term behavioural benefits, 

including calmer demeanour and enhanced stress tolerance in later life. Early tactile 

stimulation has also been associated with improved physiological outcomes, such as stronger 

cardiovascular and immune function, suggesting that mild early stressors can promote 

adaptive stress regulation [44]. 

As the primary period concludes, the mother gradually reduces her constant care, and 

puppies begin interacting more actively with littermates, signalling the onset of the 

socialisation period which is approximately three to fourteen weeks of age. This stage is 

supposedly the most critical for long-term behavioural development [48]. During this time, 

puppies begin to explore their environment, engage in play, and learn social cues from each 

other. Fear responses also emerge and refine during this period, therefore, early exposure to 

humans and novel stimuli can reduce fear and encourage curiosity, whereas absence of such 

experiences can lead to persistent fearfulness and impaired social bonding [44]. Puppies 

deprived of human interaction before fourteen weeks often fail to form normal relationships 

with people, underscoring the necessity of early and positive exposure [48]. 

The juvenile or enrichment period, extends from about fourteen weeks of age to sexual 

maturity, represents a phase of consolidation rather than rapid sensory development. By this 

time, vaccinated puppies are generally free to explore broader environments, and appropriate 

exposure to varied experiences such as unfamiliar people, animals, and places continues to 

strengthen emotional stability. Dogs that receive consistent, positive experiences during this 

stage are less reactive to novel situations and more capable of coping with stressors later in 

life [44]. 
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Another large‐scale questionnaire study (N = 3,264 dogs) found that fewer socialisation 

experiences, limited human interaction, restricted outdoor exposure and lower quality 

maternal care in puppyhood were significantly associated with increased incidence of SA (p 

= 0.007) and other anxiety traits [43].  

Foyer et al. followed dogs raised under differing early-life conditions and found that puppies 

exposed to higher quality maternal care, greater human handling, and more varied 

environmental stimuli displayed more favourable temperament outcomes later in life. These 

included lower levels of fearfulness, better novelty processing, and improved trainability. 

The study demonstrated that early-life rearing context is a significant predictor of adult 

behavioural phenotype [43]. 

A more recent longitudinal study using the Generation Pup cohort (n = 145 at six months of 

age) identified specific early-life practices that reduced risk of separation‐related behaviours, 

in particular, routine and predictability. The study revealed that puppies with stable daily 

routines including consistent feeding and sleeping times, adequate rest, restricted to crates 

overnight before sixteen weeks, and gentle early experiences of owner absence, were much 

less likely to develop distress-related behaviours as adults. Puppies allowed sufficient rest, 

typically nine or more hours per night, and gradually acclimated to brief periods of solitude 

exhibited lower rates of destructive or vocal behaviour when later left alone [49]. 

Across studies, the following themes emerge, firstly that the timing of social exposure 

matters, and so, new people, dogs, objects and varied environments should be introduced 

early, commonly from three to twelve weeks of age when neural and sensory systems are 

highly plastic. Secondly, the quality of maternal and litter‐mate interaction, as well as 

consistent and predictable human-dog bonding experiences shape resilience. And thirdly, 

continued exposure beyond the puppy period, combined with structured management of 

early home environment, supports long‐term emotional flexibility. 

In the context of SA, these findings suggest that insufficient early socialisation may 

predispose dogs to develop maladaptive stress responses when the owner is absent. A puppy 

reared with minimal human contact or limited variation in stimuli may lack the coping 

mechanisms necessary for owner departures, making abrupt separation more likely to trigger 

pathological anxiety rather than temporary stress. Accordingly, targeted early socialisation 
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protocols covering handling, novel stimuli exposure, habituation to being alone for short 

periods and stable daily routines, offer promising opportunities for prevention. 

5.2.2 Rehoming, Early Adversity and Shelter Effects 

Rehoming history and early adversity are consistently associated with an elevated risk of 

separation-related problems. Dogs that experience early maternal separation, inconsistent 

caregiving, or time spent in kennels or shelters display higher rates of separation-related 

behaviours on validated owner-report instruments such as the C-BARQ and often exhibit 

altered stress physiology relative to companion dogs raised in stable environments [50, 51]. 

Prospective adoption studies demonstrate that these dogs commonly display behavioural 

instability, including anxiety-linked behaviours, during the first months following rehoming, 

and that their long-term trajectory is strongly influenced by both their previous life history 

and the quality of early management in the new home. 

Physiological research has substantiated these behavioural findings, showing that dogs 

housed in shelters typically exhibit sustained activation of the HPA axis. Elevated salivary, 

urinary, or hair cortisol levels, together with increased locomotor activity and reduced 

resting time, indicate chronic stress exposure compared to dogs maintained in foster or home 

settings [52, 53]. Brief foster placements or structured human interaction sessions can 

transiently reduce cortisol levels and promote restfulness, highlighting the buffering 

potential of social contact even in stressful environments. However, these benefits often 

dissipate once the animal returns to the kennel, suggesting that the shelter environment itself 

is a major chronic stressor capable of sensitising the stress-response system and predisposing 

dogs to later separation-related distress [46]. 

The impact of early adversity is not uniform, its type, intensity, and timing all influence 

long-term outcomes. Dogs exposed to prolonged shelter stays, repeated rehoming, or early 

maternal loss demonstrate higher C-BARQ separation-related scores and are more likely to 

show destructive behaviour, vocalisation, and house-soiling when left alone, symptoms 

indicative of maladaptive coping and dysregulated stress physiology [54, 55]. Screening 

tools combining behavioural observations with physiological indices, such as salivary or hair 

cortisol, could be used to identify individuals at greater risk of post-adoption anxiety. Such 

integrated welfare assessments enable targeted interventions, such as early fostering, 

enrichment, and adopter counselling, before rehoming occurs. 
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Emerging work also points to potential long-term neurobiological and gut–brain effects of 

early stress exposure. While some controlled studies have shown that acute stressors such as 

brief separation or transport do not always induce measurable changes in faecal microbiota 

composition [46], chronic and repeated early stress has been linked to more persistent 

alterations in HPA axis function, immune regulation, and neurobiological signalling 

pathways in both animal and human models [56]. These findings suggest that early adversity 

may act through multiple biological routes to heighten emotional reactivity and impair stress 

resilience. 

Collectively, the evidence supports a model in which shelter experience, early instability, 

and caregiver inconsistency interact to shape neuroendocrine sensitivity and emotional 

regulation. Rehoming does not inherently cause SA, but exposure to unpredictable or 

socially deprived early environments appears to sensitise dogs to later separation stress, 

particularly when compounded by insufficient support during the transition into a new home. 

5.2.3 Socialisation After Adoption, Early Management and Routine 

The immediate post-adoption period represents a pivotal phase in behavioural and emotional 

adjustment, particularly for dogs transitioning from shelters or foster settings into new 

homes. During this time, dogs must form new attachment bonds, establish routines, and learn 

to cope with temporary social isolation. Recent longitudinal and intervention-based research 

has highlighted that the management practices implemented during the early weeks after 

adoption are critical in determining whether separation-related behaviours persist or resolve 

[54, 57]. 

Prospective cohort studies reveal that separation-related behaviours are highly prevalent in 

the early post-adoption phase. Powell et al. reported that over 80% of rehomed dogs 

displayed at least one sign of separation-related distress, such as vocalisation, pacing, or 

destruction, within the first ninety days post-adoption, though many improved with time. 

Dogs whose adopters established consistent, predictable daily routines and implemented 

structured, gradual alone-time training exhibited significantly faster behavioural 

stabilisation. In contrast, inconsistent or chaotic household routines were associated with 

prolonged or worsening signs of distress [35]. 
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Physiological data provide some support for behavioural evidence that environmental 

stability can influence canine stress regulation. For example, studies of salivary cortisol in 

dogs have shown that dogs in more stable housing conditions or with greater human 

interaction tend to exhibit lower baseline cortisol concentrations and more favourable 

behavioural signs of welfare [27, 46]. Predictability and structured interaction, including 

consistent human presence and reduced environmental novelty, are proposed to promote a 

sense of control and safety in dogs, both of which are known to mitigate stress responses in 

mammals [58]. 

Structured adopter education has also proven to be an effective preventive strategy. In a 

randomised controlled trial, Blackwell et al. demonstrated that adopters who received written 

behavioural guidance focusing on gradual separation training, enrichment, and positive 

reinforcement reported approximately 50% fewer separation-related behaviours at eight to 

twelve weeks than those in a control group [57]. Similarly, Tiira et al. found that early 

participation in training classes or behaviour support programs predicted lower incidence of 

anxiety-related disorders in later life [28]. These findings underscore that even brief, 

accessible educational interventions can yield long-term welfare benefits when implemented 

at or shortly after the point of adoption. 

Environmental enrichment further enhances post-adoption adjustment, particularly for dogs 

with limited early socialisation. Activities that encourage exploration and positive 

engagement, such as scent games, foraging tasks, and interactive play, have been shown to 

accelerate habituation to novel stimuli, improve relaxation during owner absences, and 

reduce physiological stress indicators [46, 59]. These findings highlight that enrichment is 

not simply an optional addition to behavioural management, but a fundamental element in 

supporting emotional resilience and the development of secure attachment. 

The ‘two-phase model’ of post-adoption adjustment proposes that dogs initially undergo an 

acute stress period lasting several weeks, followed by a consolidation phase marked by 

adaptation to the new environment and social bonds. Implementing calm, low-arousal 

departures, enrichment, and gradual exposure to brief absences during this stage may prevent 

maladaptive learning and lower the risk of chronic SA [54]. 

In summary, the post-adoption environment plays a decisive role in shaping long-term 

behavioural trajectories. Predictable daily structure, early positive separation training, and 
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environmental enrichment all contribute to emotional stability and attachment security, 

serving as protective factors against the development of SA. Effective socialisation and 

management after adoption not only mitigate the residual effects of earlier adversity but 

actively promote psychological resilience in companion dogs. 

5.2.4 Training methods and reinforcement strategies 

Training methodology represents a major environmental determinant of emotional 

development and behavioural resilience in dogs. Beyond its role in learning, the way a dog 

is trained can shape long-term stress physiology, cognitive processing, and attachment 

security, factors that directly influence the risk of developing anxiety-related disorders such 

as SA. 

A substantial body of empirical research now demonstrates that aversive or punishment-

based training methods are associated with poorer welfare outcomes and heightened 

physiological and behavioural indicators of stress. In a multi-centre experimental study, 

Vieira de Castro et al. found that dogs trained predominantly with aversive techniques, 

including leash jerks, shouting, or electric collars, exhibited significantly elevated salivary 

cortisol concentrations and more frequent stress-related behaviours such as lip-licking, 

yawning, and body lowering. These dogs also displayed a more negative emotional reaction, 

interpreting ambiguous stimuli as threatening, reflecting an underlying state of chronic stress 

and anxiety vulnerability [45]. Comparable findings have been reported in earlier studies 

[60–62], confirming the consistency of this relationship across training contexts. 

These effects are particularly significant in relation to separation-related behaviours. Dogs 

punished for destruction, vocalisation, or elimination following owner absence often develop 

an increased anticipation of negative outcomes upon reunion, thereby making separations 

more distressing to the dog [56]. Such responses not only heighten distress but also interfere 

with desensitisation learning, perpetuating the cycle of anxiety. In essence, punishment-

based management reinforces fear and uncertainty, the very foundation of separation-related 

distress. 

Conversely, training that relies on positive reinforcement, predictability, and low-arousal 

desensitisation has been consistently associated with improved welfare and behavioural 

stability. Reward-based training promotes positive emotional associations, enhances 
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confidence in novel situations, and strengthens the human–dog bond, which are protective 

factors against the development of SA [62]. Structured desensitisation programmes, 

involving gradual increases in the duration of owner absences paired with reinforcement of 

calm behaviour, have shown to be effective for both prevention and treatment of separation-

related problems [63]. When implemented alongside environmental management, such as 

provision of enrichment, consistent daily routines, and safe resting areas, these interventions 

could promote adaptive coping and emotional regulation. 

Emerging neurobiological data provide a mechanistic explanation for these effects. Chronic 

exposure to aversive techniques has been linked to sustained activation of the HPA axis, 

reflecting prolonged stress [45]. By contrast, reward-based learning engages dopaminergic 

reward pathways and promotes neuroplasticity within circuits governing motivation and 

emotional regulation, processes that counteract the physiological patterns seen in chronic 

anxiety. 

The quality of interactions during training profoundly shapes the dog–caregiver bond, 

further highlighting its significance. Consistent, reward-focused handling fosters secure 

attachment bonds between dogs and their caregivers, which in turn help them manage stress 

responses during brief separations [62]. In contrast, inconsistent or punitive interactions have 

been associated with uncertain or insecure attachment styles, similar to those observed in 

human separation-related anxiety disorders [64]. 

Overall, the evidence suggests that training style is a critical environmental factor 

influencing both behavioural expression and emotional health. Positive reinforcement and 

gradual desensitisation not only improve obedience and cooperation but actively support 

neurobiological and psychological stability. In contrast, aversive or punitive methods can 

disrupt trust, sensitise stress pathways, and heighten susceptibility to anxiety-based 

conditions, including SA. 
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5.2.5 Predictability, control, and daily routines 

A dog’s ability to anticipate and make sense of daily events plays a crucial role in its 

emotional stability. Environmental predictability and perceived control are powerful 

modulators of stress physiology, influencing how dogs respond to separation and other 

routine stressors. When daily experiences, including owner departures, occur in a consistent 

and low-arousal context, dogs are better able to regulate their emotional responses and show 

lower rates of separation-related behaviours. In contrast, unpredictable or erratic routines, 

such as sudden departures or inconsistent pre-departure signals, have been linked to elevated 

physiological stress markers and higher separation-related behaviours incidence [58]. 

Predictable cues appear to help dogs form expectations around absence, reducing uncertainty 

and the contextual anxiety often associated with owner departure. 

The concept of perceived control is equally important. Dogs that experience routine in their 

environment, through predictable social interactions, consistent reinforcement, and 

opportunities to engage in natural behaviours, show greater emotional resilience and lower 

stress reactivity. Access to regular exercise, interactive play, and problem-solving 

enrichment provides dogs with a sense of environmental control, which buffers against 

anxiety suscebtibility. Findings from a large Finnish population study demonstrated that 

dogs with lower levels of daily exercise were significantly more likely to exhibit separation-

related behaviours [28]. Beyond its physical benefits, exercise likely promotes emotional 

regulation through modulation of arousal and enhancement of serotonergic function, 

mechanisms analogous to those observed in human anxiety research. 

Maintaining stable daily routines also supports physiological homeostasis. Regular feeding, 

resting, and activity schedules appear to synchronise behavioural and hormonal rhythms, 

reducing anticipatory arousal before separation. Inconsistent or disrupted schedules, 

particularly when combined with high-intensity departures e.g., rushed exits, heightened 

owner emotion, can amplify stress responses and reinforce maladaptive coping behaviours 

[28, 58]. 

Collectively, the evidence indicates that predictability and control within the home 

environment form an important protection against separation-related distress. Management 

strategies that incorporate structured daily routines, clear and consistent departure cues, and 

adequate opportunities for physical and cognitive engagement help promote emotional 
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stability. These practices complement early-life socialisation and positive reinforcement 

training by ensuring that the dog’s everyday environment continues to support calm, 

predictable interactions and adaptive coping throughout life. 

5.2.6 Owner factors: personality, attachment style and mental health 

Owner psychological and behavioural characteristics exert a significant influence on the 

shaping of the dog’s attachment security and vulnerability to separation-related behaviours. 

A growing body of research indicates that owner personality traits, attachment style, and 

mental health status influence how dogs perceive and cope with periods of separation, 

functioning as indirect but powerful determinants of stress regulation. 

Evidence from attachment theory frameworks adapted to human–dog relationships suggests 

that the emotional availability and responsiveness of the caregiver underpin the development 

of the dog’s attachment style. In a large-scale study of over 1,500 owner–dog pairs, Konok 

et al. reported that owners scoring high on adult attachment avoidance were significantly 

more likely to have dogs exhibiting separation-related disorders. In contrast, owner 

attachment anxiety showed no clear association. The authors proposed that avoidant 

individuals, who tend to suppress emotional closeness and maintain greater interpersonal 

distance, may struggle to provide the consistency and reassurance that dogs rely on to form 

a secure base. The resulting ambiguity in caregiving responses may promote insecure 

attachment in the dog, predisposing to SA when the owner is absent [65]. 

Personality traits have also been implicated as predictors of canine emotional outcomes. In 

a survey of 1,564 dog owners, Dodman et al. found that lower scores in the Big Five traits 

of Agreeableness, Extraversion, Conscientiousness, and Emotional Stability (i.e., higher 

neuroticism) were associated with higher prevalence of owner-reported separation-related 

behaviours [66]. Similar findings have emerged in more recent large-scale datasets, showing 

that owner neuroticism and poor mental wellbeing predict greater anxiety-related behaviours 

and attachment insecurity in dogs [67, 68]. These associations mirror those observed in 

human developmental psychology, where caregiver inconsistency and anxiety correlate with 

insecure attachment patterns in children [69]. 

The link between owner characteristics and canine SA appears to operate mainly through 

day-to-day interactions rather than through specific training methods. Owners who are 
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emotionally unstable or tend to avoid attachment may respond inconsistently to their dogs, 

providing mixed signals during departures and reunions. This inconsistency can make the 

dog’s environment feel unpredictable and insecure. Likewise, owners experiencing 

psychological distress may unintentionally increase their dog’s stress by altering their tone 

of voice, body language, or daily routines, subtle changes that can heighten the animal’s 

vigilance and anticipation of anxiety. 

Overall, these findings suggest that an owner’s personality and attachment style contribute 

to the broader social and emotional environment in which dogs learn to cope with stress. 

Recognising and addressing these human factors, alongside direct behavioural interventions, 

may improve treatment outcomes for SA. Consistent, calm, and predictable interactions not 

only foster a greater sense of security in dogs but also enhance the emotional wellbeing of 

both dog and owner. 

6. Conclusion 

SA in dogs is a complex and multifactorial behavioural disorder that develops through the 

interplay between biological predispositions and environmental experiences. Across the 

reviewed literature, there is clear and consistent evidence that both nature and nurture work 

together to shape the emotional regulation systems underlying this condition. 

From a biological perspective, genetic and epigenetic factors contribute to individual 

differences in stress sensitivity, attachment patterns, and emotional stability. Variations in 

genes regulating serotonin, dopamine, oxytocin, and vasopressin systems, such as SLC6A4, 

DRD4, OXTR, and AVPR1A, have been linked to traits associated with anxiety, impulsivity, 

and social bonding. Recent findings in canine epigenetics further suggest that gene 

expression relevant to emotional regulation can be modified by experience, offering a 

biological bridge between inherited risk and environment. Physiological studies complement 

this view, showing that SA involves dysregulation across multiple hormonal systems, 

including the HPA axis and oxytocin–vasopressin pathways, leading to heightened arousal, 

slower stress recovery, and disrupted attachment processes. 

Environmental influences are equally critical. Early life experiences, such as the quality of 

maternal care, rearing environment, and socialisation, play vital roles in shaping behavioural 

resilience. Dogs exposed to early instability, inconsistent caregiving, or prolonged shelter 
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stays are more likely to show stress reactivity and separation-related behaviours later in life. 

Post-adoption management further modulates these outcomes and methods such as 

predictable routines, positive training experiences, and gradual exposure to short separations 

can reduce or eliminate anxiety, while punitive or chaotic environments often intensify 

anxiety. Owner characteristics, including personality, attachment style, and mental 

wellbeing, also form a key part of the dog’s emotional environment, influencing the 

consistency, tone, and predictability of daily interactions. 

Overall, the evidence indicates that SA rarely stems from a single cause. Instead, it emerges 

when biological sensitivity interacts with environmental stressors, tipping the balance 

between resilience and vulnerability. A genetically predisposed dog may thrive in a calm, 

structured home yet develop anxiety in an unpredictable or punitive setting, whereas a dog 

without such predisposition may still experience distress if exposed to early adversity or 

inconsistent care. SA, therefore, represents a breakdown in the delicate equilibrium between 

neurobiological regulation and environmental support. 

Despite major advances in understanding, important knowledge gaps remain. Long-term, 

integrative research combining genetic, neuroendocrine, and behavioural data is still limited, 

leaving causal mechanisms and developmental timing uncertain. Further exploration of the 

gut–brain axis, chronic hormonal adaptation, and intergenerational epigenetic effects would 

deepen our understanding of the physiological roots of anxiety. Similarly, greater attention 

to owner-related psychological factors and caregiver–dog relational dynamics is essential 

for developing complete treatment models. 

Future research should adopt an interdisciplinary framework, bridging behavioural science, 

genetics, neurobiology, and welfare practice, to create a more comprehensive model of SA. 

Such work will help shift the focus from managing symptoms to addressing root causes, 

enabling more effective, humane prevention and intervention strategies. 
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7. Summary 

SA remains a complex and multifactorial behavioural disorder, shaped by both genetic 

predisposition and environmental experience. Although recent GWAS and heritability 

analyses have identified several genomic regions and candidate genes associated with 

anxiety-related traits, our understanding of the genetic architecture underlying SA is still 

incomplete. The biological pathways regulating attachment, stress reactivity, and emotional 

regulation, such as serotonergic, dopaminergic, and oxytocinergic systems, are only partially 

mapped, and gene–environment interactions further complicate interpretation. 

At present, the diversity of behavioural phenotypes, coupled with environmental variability, 

limits our ability to predict which genetic variants are truly causative. SA, like many anxiety 

disorders, cannot yet be explained by single loci or linear inheritance models. Continued 

integration of GWAS, epigenetic profiling, and longitudinal behavioural studies is required 

to clarify how biological susceptibility interacts with early-life experience and owner factors 

to produce the full clinical expression of the disorder. 

In essence, SA demonstrates the challenges of behavioural genetics, in it being complex, 

polygenic, and deeply influenced by nurture. While progress is ongoing, further 

interdisciplinary research is essential to move from association toward understanding, 

ultimately guiding more effective prevention and treatment strategies for affected dogs. 
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