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The fear of loud and sudden noises is a well-known 
problem for many companion and working dogs. Dogs 
may react to everyday noises such as the rattling of 
kitchen utensils or vacuum cleaners, traffic noises and 

construction work, and weather phenomena such as rain, thun-
der and wind. The most frequent fear reactions are reported to 
happen when the dogs are exposed to (unexpected) sudden and 
loud noises such as fireworks, gunshots, thunder and roaring traf-
fic noises (Sherman and Mills, 2008; Storengen and Lingaas, 2015; 
Salonen et al, 2020). Commonly displayed fear-related behaviours 
include (Overall et al, 2001; Blackwell et al, 2013; Tiira et al, 2016; 
Handegård et al, 2020):
	z Trembling or shaking 
	z Attention seeking
	z Hiding 
	z Vocalising 
	z Panting
	z Drooling or licking 
	z Destructiveness
	z Restlessness 
	z Indoor toileting 
	z Self-mutilation 
	z Refusal of food or water. 

Owners of the most noise-reactive dogs report that the dogs 
may display these behaviours in the hours before events with large 
fireworks displays, such as on New Year’s Eve (Handegård et al, 
2020). 

Understanding the genetic background of noise reactivity in 
dogs can help breeders make informed decisions to reduce the 
prevalence of noise-related behavioural issues in specific breeds. It 
can also shed light on behaviour modification strategies for affect-

ed dogs, potentially leading to more effective interventions. For 
example, knowledge of specific genetic markers associated with 
noise reactivity could enable targeted therapies or medications. 
However, genetic studies on noise reactivity are not straightfor-
ward. 

Noise reactivity, like other behaviour traits, is complex. There 
is huge variation in phenotype presentation; dogs may be fearful 
of all, just one or a few very specific noises, and display a range 
of different behaviours, from a slight tremble to complete panic. 
Complex traits are affected by a combination of genetic factors, 
environmental factors and life experiences (Blackwell et al, 2013), 
where the importance and value of the individual effects are un-
known and/or variable (Figure 1). For example, studies have found 
that factors such as gender, age, castration status, early experiences 
and the owner’s gender may be important in the development of 
noise reactivity (Blackwell et al, 2013; Tiira and Lohi, 2015; Can-
nas et al, 2018; Salonen et al, 2022). It has also been suggested that 
some noise-reactive dogs suffer from musculoskeletal pain, pain 
in the ears and/or a change in auditory response (Scheifele et al, 
2016; Tiira et al, 2016; Lopes Fagundes et al, 2018). A thorough 
clinical health examination is always advised in all dogs that dis-
play excessive fearfulness or any other problematic behaviour. 

 Studies on fear, phobia and anxiety have been conducted in 
numerous species, both domestic and wild animals, as well as 
laboratory animals; however, no consistent definition of fearful-
ness as a behavioural trait exists in veterinary medicine (Mobbs 
et al, 2019). Different literature, as well as different veterinarians 
and behaviourists, uses terminology like ‘noise reactivity’, ‘noise 
aversion’, ‘noise sensitivity’, ‘noise phobia’, ‘noise anxiety’ and ‘fear 
response to noise’ to describe, at least partly, the same phenome-
non of dogs showing abnormally strong reactions to all or specific 
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noises (Stephens-Lewis et al, 2022). 
Fear, phobia and anxiety have different definitions, but in eve-

ryday speech among dog owners and veterinarians, these terms 
are very often mixed and used interchangeably. Similarly, there is 
a spectrum of different approaches to behavioural assessment in 
dogs, including battery testing, owner-directed survey and expert 
breed assessment (Jones and Gosling, 2005; Spady and Ostrander, 
2008). These tests are often adapted to different breeds, ages and 
purposes; for example, the ‘dog mentality assessment’, the ‘behav-
iour and personality assessment’ and the ‘public access test’. Spe-
cial tests have been adapted for puppies with the purpose of select-
ing the best-qualified individuals for future training. The results of 
such tests may then be used to select breeding animals, potential 
working dogs or assess the heritability of different personality 
traits (Wilsson and Sundgren, 1997; Ruefenacht et al, 2002; La-
zarowski et al, 2021). Likewise, different versions of questionnaires 
have been developed: the most frequently used to date is the ca-
nine behavioural assessment and research questionnaire (Hsu and 
Serpell, 2003). This lack of unified terminology and standardised, 
well-validated behaviour recording schemes makes it difficult 
to compare data between studies, thus making epidemiological 
studies of both genetic background and treatment of behaviour-
al problems in dogs very challenging (Overall, 2013). The great 
majority of noise-reactive dogs never undergo a behaviour test, 
and relatively few owners seek professional help for noise-reactive 
dogs (Rugbjerg et al, 2003; Dale et al, 2010; Blackwell et al, 2013). 

Genetic background of noise reactivity
Genetic mutations occur in different parts of the genome all the 
time, and cause genetic differences between individuals, popula-
tions and species. Some mutations may be beneficial and provide 
a selective advantage to individuals carrying them, which leads to 

the spread of those mutations in a population. When a particular 
beneficial mutation becomes fixed, every individual in the popula-
tion possesses that mutation. In genetics, an allele is a variant form 
of a gene. When an allele becomes fixed in a population, every 
individual in that population has that allele for a specific gene. In 
wild animals, this typically occurs through the process of genetic 
drift or natural selection. In modern dog breeds, artificial selec-
tion of specific traits (beneficial or not) has created breed-specific 
fixed alleles, which makes it possible to distinguish one breed from 
another through DNA tests. Phenotypically, all dogs of the same 
breed have the same unique characteristics that identify the breed 
– they are observed as fixed traits. One of the key characteristics of 
a fixed trait is the absence of significant variation within a popu-
lation. In other words, individuals within the population tend to 

Table 1. Heritability (narrow) for a selection of 
noise/fear-related behaviour traits in dogs 
Trait Heritability (h²) Breed
Curiosity/
fearlessness

0.23 German shepherd dog

Fear 0.46 Guide dogs (Labrador 
retriever)

Firework fear 0.16 Standard poodle
Gun shyness 0.56/0.21 Labrador retriever/German 

shepherd dog
Gunfire reaction 0.19/0.23 German shepherd dog
Gunshot fear 0.37 Flat coated retriever
Non-social fear 0.27 Golden retriever
(Goddard and Beilharz, 1983; Ruefenacht et al, 2002; Lindberg et al, 2004; Strandberg 
et al, 2005; van der Waaij et al, 2008; Meyer et al, 2012; Schiefelbein, 2012; Handegård 
et al, 2021)

Figure 1. Fearfulness and other behaviour traits are complex and influenced by a number of different factors, both genetic and 
environmental, where the importance of the individual effects are unknown and variable. 
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have similar genetic makeup regarding that specific trait.
Fearfulness and other behaviour traits are likely highly poly-

genic, meaning they are controlled by a large number of gene al-
leles which all have small effects. It is also very likely that many of 
these alleles are fixed in the population. Noise reactivity occurs 
in all purebreeds and mixed breeds, which is no surprise given 
the fact that fear, including fear of noises, is a natural trait and an 
essential part of natural selection and survival skills (McFarland, 
1981; Erhardt and Spoormaker, 2013; Ressler, 2020). Fearfulness, 
by nature, is a very useful trait. Fear makes animals (and humans) 
keep a safe distance from things that may be harmful, and thus 
is a trait that has been very beneficial for dogs for many genera-
tions before they became domesticated. In some cases, however, 
the fearfulness becomes more severe than ‘normal’ and may ul-
timately negatively impact the dog’s welfare and the dog-owner 
relationship, and the behaviour may then be classified as patho-
logical (Overall, 2013). The impact of extreme fearfulness in dogs 
can be huge, both for the individual dog and animals and humans 
it interacts with (Rugbjerg et al, 2003; Shore, 2005; Cannas et al, 
2018), and may have a profound negative impact on the dog’s life 
expectancy (Scarlett et al, 1999; Dreschel, 2010). While noise re-
activity may not directly determine a dog’s lifespan, the stress and 
anxiety associated with such traits could potentially contribute to 
health issues that may impact longevity. Additionally, dogs may 
be more prone to accidents or injuries if they display extreme fear 
reactions, for instance by running away from the owner. Dogs that 
are overly sensitive to noise may have a reduced quality of life if 
they are constantly distressed by their environment, and if the 
problem becomes impossible to manage the owner may opt for 
euthanasia or rehoming.

Studies show that there are significant breed differences in 
the prevalence and severity of noise reactivity. In some breeds, as 
many as 30% show a strong or very strong fear of loud noises, and 
more than 50% may show some signs of noise reactivity (Black-
well et al, 2013; Storengen and Lingaas, 2015; Tiira et al, 2016; 
Riemer, 2019; Handegård et al, 2020; Salonen et al, 2020). This 
difference between breeds suggests a relevant genetic component 
to noise reactivity (Morrow et al, 2015; Storengen and Lingaas, 
2015; Overall et al, 2016) which may be explained by selective 
breeding; for example, gun shyness is not a favourable trait in 
hunting dogs, while guard and herding dogs may exhibit height-
ened vigilance and reactivity as a result of their historical roles as 
guardians and protectors. 

Many studies on behaviour have been conducted as heritability 
studies. Heritability is measured from 0 to 1, where 0 is low and 1 
is high. Heritability estimates indicate how much of the pheno-
typical variation in a population can be explained by genetic vari-
ation or in other words: how much of the phenotypical variation 
cannot be explained by environmental factors or by chance. Thus, 
heritability must not be confused with heredity. Environmental 
factors are likely to play a big role in the development of behaviour 
problems, including excessive fear. However, heritability estimates 
of non-social or noise-related fear show that these behaviours also 
have a significant genetic component (Table 1). This indicates that 
it should be possible to reduce the prevalence of reactivity to loud 
noises through the systematic breeding of less fearful dogs. 

The within-breed and between-breed variation in prevalence 
and presentation of noise reactivity, combined with low–medium 
heritability estimates, suggest the existence of causative genetic 
variants. Many studies have been performed in search of such var-
iants but with limited success, probably because of the nature of 
complex traits. Genome-wide association studies have identified 
some candidate genes that may be of interest for several complex 
traits, including behaviour-related traits such as canine obsessive-
compulsive disorder, sociability and fearfulness (Dodman et al, 
2010; Tang et al, 2014; Persson et al, 2016; Zapata et al, 2016; 
Sarviaho et al, 2019; 2020; Shan et al, 2021). The development in 
gene technology is progressing fast, and genome-wide association 
studies are now being rapidly replaced by more modern methods 
such as whole genome sequencing, third-generation sequencing 
and low-pass sequencing. Almost everything that is known about 
the canine genome has been discovered in the past 20 years, and 
many more discoveries should be expected to unfold over the next 
decades. 

Animal welfare
Fear, phobias and anxiety are negative emotions that may have a 
significant effect on the welfare of dogs (Sherman and Mills, 2008; 
Bovenkerk and Nijland, 2017). In selected breeds, around 50% of 
dog owners report that their dogs show some sign of fear when 
exposed to loud and sudden noises, such as fireworks (Blackwell 
et al, 2013; Handegård et al, 2020), which makes it one of the most 
extensive welfare issues for companion dogs. For 10–50% of re-
linquished dogs, the owner states that behaviour issues are part 
of the reason why they feel unable to keep the dog (Marston et 
al, 2004; Kwan and Bain, 2013; Salonen et al, 2020); most of these 
dogs are younger than 3 years old (Kwan and Bain, 2013). These 
findings are supported by two studies based on veterinary records 
which found that undesired behaviour was the predominant cause 
of mortality for dogs aged 3 years or younger (Boyd et al, 2018; Yu 
et al, 2021). Fear-related behaviour is also a common reason for 
dogs being released from guide dog training programmes, with-
drawn after successful guide dog training (Batt et al, 2008; Caron-
Lormier et al, 2016) and in discharged adult military dogs (Evans 
et al, 2007). A positive association has been found between noise 
reactivity and other serious behavioural problems, including ag-
gression, separation anxiety and general fearfulness (Overall et al, 
2001; Tiira et al, 2016; Salonen et al, 2020), which are in themselves 
well-known reasons for euthanasia and relinquishment. It has also 
been documented that many dog owners are unaware of the pos-
sibility of behaviour modification and pharmaceutical treatment 
of firework fear (Blackwell et al, 2013). Habituation, training and 
psychopharmaceutic intervention have well-documented effects 
on fearfulness in dogs, so owners should be encouraged to seek 
professional help and advice.

Conclusions 
Noise reactivity is a profound problem for many dogs and the fear 
reactions are often severe. To date, little is known about the ge-
netic influence on fear, or why specific noises such as fireworks 
cause extreme fear reactions in some dogs. It is difficult to claim 
that all dogs with some degree of noise reactivity have reduced 
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animal welfare. However, with evidence that noise reactivity has a 
relevant hereditary component, it may be advisable to recommend 
that seriously affected dogs should not be used for breeding, which 
over time can help reduce the prevalence of noise reactivity in the 
breed. Continued research on canine fear and behaviour promises 
to improve understanding of noise reactivity, ultimately benefiting 
the welfare of dogs and enhancing the bond between humans and 
their canine companions. CA
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S ince the Pet Travel Scheme (PETS) was relaxed in 2012, making it easier for owners to take their pets abroad when they travel, whether for short or longer periods, pet travel has increased year on year, with 287 016 UK dogs travelling on the Pet Travel Scheme in 2017, up from 164 836 in 2015. This increase has occurred at a time of both increased human migration and climate change, providing favourable conditions for the rapid spread of parasitic diseases and their vectors. Increased travel in the face of increased parasite and vector distribution is likely to increase the risk of pets and their owners encountering these agents while abroad. 
Official Veterinarians (OVs) are in a privileged position of providing pet passports for clients’ pets travelling on PETS. This provides an opportunity for OVs to ensure that appropriate parasite prevention advice is given, based on pet lifestyle and the parasites present in destination countries. Some of these parasites are ‘the usual suspects’, forming the core of pet travel advice, and will be familiar to UK veterinary surgeaons and veterinary nurses involved with pet travel clinics. 

Familiarity must not lead to complacency, however, as the distribution of these parasites in Europe is fluid and rapidly changing. In addition, new parasites are emerging or spreading into Europe from other parts of the world. These will be unfamiliar to most UK veterinary surgeons, with potentially fewer licensed preventative products, but must still be considered when giving pettravel advice. 
Consideration of Echinococcus multilocularis, Dirofilaria immitis (heartworm), Leishmania infantum, and tick-borne diseases forms the basis of pet travel parasite control advice, due to the pathogenicity or zoonotic risk of these parasites, in combination with their wide ranges of distribution. 

Echinococcus multilocularis 
Echinococcus multilocularis, the cause of cystic echinococcosis, is a severe zoonotic parasite, and cystic echinococcosis is listed in the World Health Organization’s 17 most neglected diseases. The adult tapeworm is carried by both foxes and domestic canids, with foxes acting as a reservoir of infection and microtine voles as intermediate hosts. Dogs and foxes become infected by predation of these voles, with infection in dogs bringing the parasite into close proximity to people. Cats can also act as definitive hosts for E. multilocularis, but have a lower worm burden with lower fecundity than do canids. 

Distribution
The last decade has seen a doubling of disease incidence in humans in France, Germany, Austria and Switzerland, as well as a dramatic increase in the Baltic States. The disease has also become established in the Jutland peninsula of Denmark, Sweden, Norway and the north-western coast of France (Figure 1). Now, only the UK, Ireland, Malta, Finland and Norway have endemic free status in Europe (GOV.UK, ND).

Pathological significance in dogs
Echinococcus multilocularis infections in canids are almost always sub-clinical even when heavy worm burdens are present, and are of no clinical significance in infected pets.

Zoonotic significance
Zoonotic infection occurs through ingestion of eggs passed in the faeces of dogs and foxes. This can occur though association with infected dogs; through contamination of public spaces through dog fouling; or though eating contaminated fruit and 

Parasite prevention in the 
travelling pet

The number of pets travelling under PETS increases year on year, with the number almost doubling between 2015 and 2017. In addition to this, climate change is affecting parasite distributions worldwide, including in Europe.  Most notably it is allowing the further expansion of some parasites northwards. The UK is at high risk of many exotic parasites becoming endemic if they are allowed to enter, and a consistent strategy is key in preventing this from happening. A bespoke parasite control plan should be created for each pet travelling abroad and care should be taken by veterinary professionals not to become complacent when dealing with common exotic parasites. This article will consider ‘the usual suspects’ and some lesser known threats that pets may face when travelling abroad in Europe and offer advice and information on their significance and prevention. 10.12968/coan.2019.24.4.175
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S ince the Pet Travel Scheme (PETS) was relaxed in 2012, making it easier for owners to take their pets abroad when they travel, whether for short or longer periods, pet travel has increased year on year, with 287travelling on the Pet Travel Scheme in 2017, up from 1642015. This increase has occurred at a time of both increased human migration and climate change, providing favourable conditions for the rapid spread of parasitic diseases and their vectors. Increased travel in the face of increased parasite and vector distribution is likely to increase the risk of pets and their owners encountering these agents while abroad. 
Official Veterinarians (OVs) are in a privileged position of providing pet passports for clients’ pets travelling on PETS. This provides an opportunity for OVs to ensure that appropriate parasite prevention advice is given, based on pet lifestyle and the parasites present in destination countries. Some of these parasites are ‘the usual suspects’, forming the core of pet travel advice, and will be familiar to UK veterinary surgeaons and veterinary nurses involved with pet travel clinics. 

Familiarity must not lead to complacency, however, as the distribution of these parasites in Europe is fluid and rapidly changing. In addition, new parasites are emerging or spreading into Europe from other parts of the world. These will be unfamiliar to most UK veterinary surgeons, with potentially fewer licensed preventative products, but must still be considered when giving pettravel advice. 
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Xylitol is a 5-carbon sugar alcohol. Although o� en 

described as an arti� cial sweetener this is not the 

case, as xylitol occurs naturally in low concentrations 

in fruit and vegetables and is a normal intermediary 

metabolite in glucose metabolism. It was originally made by 

extracting a precursor from hardwoods but is now produced from 

other, cheaper sources, and is most commonly encountered as a 

sweetener in a wide variety of foods. 

Sources of xylitol
Xylitol is found in numerous products (Box  1). It is used as a 

sweetener and is frequently found in sugar-free chewing gums 

(Figure 1) and confectionary, where it protects against tooth decay. 

It is also present in some toothpastes. It has multiple e� ects on 

oral hygiene, including the inability of oral bacteria to use it as 

an energy source (Nayak et al, 2014). Although xylitol is found in 

some drinking water additives for animals at low concentrations 

to decrease dental plaque and calculus formation by inhibiting 

growth of oral bacteria (Clarke, 2006), this is generally not a source 

of poisoning in pets (Murphy and Coleman, 2012). Xylitol is also 

found as an excipient in some human and veterinary medicines, 

particularly in chewable medicines including supplements, 

nicotine gums and lozenges for smoking cessation. � e ingredients 

of any medicine or product labelled as ‘sugar-free’ should also 

be checked, as it may contain xylitol. Other sweeteners such as 

sucralose, maltitol, sorbitol, saccharin, aspartame and acesulfame 

K may also be present in sugar-free products; these sweeteners do 

not have the same e� ect as xylitol and generally only cause mild 

gastrointestinal upset if eaten in excess. 

Xylitol lowers the calories in products, and the glycaemic 

index, and is found in some ice creams and peanut butters 

(usually speciality brands). Xylitol is not broken down, denatured 

or modi� ed in baking or cooking processes and is available as a 

granulated powder (Figure 2a) for use as a sugar replacement in 

baking, so home-baked cakes (Figure 2b), mu�  ns and biscuits are 

also potential sources of xylitol exposure.

It is important to note that on some food packaging xylitol may 

only be listed by its food additive code, E967. 

In America, xylitol has also been used to lace baits for the control 

of predators such as wolves and coyotes (Talcott et al, 2015). 

Owners are o� en unaware of the risk of xylitol poisoning, and 

xylitol-containing products may be readily accessible to dogs, e.g. 

le�  in handbags, baked goods le�  out to cool, etc. 

Species differences in effects of xylitol

� ere are important species di� erences in the e� ect of xylitol but the 

reasons for these di� erences are unknown.

Cats 
Xylitol-induced hypoglycaemia and liver damage is not seen in 

cats. In an experimental study, oral doses of 100, 500 or 1000 mg/kg 

given to cats did not cause signi� cant changes in haematological or 

biochemical parameters up to 72 hours a� er ingestion. All the cats 

remained well, with only transient salivation reported (Jerzsele et 

al, 2018). 

Rabbits and rodents 

Xylitol is also well tolerated in rabbits and rodents. Acute oral 

administration does not cause hypoglycaemia or severe liver damage 

in rabbits (Wang et al, 1973) or rodents (Truhaut et al, 1977; Ellwood 

et al, 1999). � e oral LD50 of xylitol in rabbits is >2 g/kg (Pool 

and Hane, 1970) and in mice is 21–25.7 g/kg (Kieckebuch et 

al, 1961; Salminen, 1982). Xylitol given to rats at a dose of 

1.25–10 g/kg/day for 14 days did not cause hepatotoxicity or any 

histopathological changes (Truhaut et al, 1977).

Birds 
� ere are no studies on the e� ects of xylitol in birds, but they appear 

Xylitol toxicosis in dogs
Xylitol is toxic to dogs, causing hypoglycaemia and, in some cases, liver failure. This sweetener is found in 

many foods, medicines and confectionary, particularly chewing gums, because it has anticaries properties and 

a low glycaemic index. The most common source of xylitol poisoning in dogs is chewing gum, in which the 

xylitol content can vary enormously. In addition, granulated xylitol is available as a sugar substitute for baking. 

Xylitol-induced hypoglycaemia may be rapid in onset or, as is often the case with chewing gums, delayed for 

several hours. Elevated liver enzymes may be apparent within a few hours in some cases. Treatment is aimed at 

monitoring blood glucose and correcting hypoglycaemia, and protecting the liver. Dogs can survive high doses of 

xylitol with prompt aggressive treatment. In contrast, xylitol-induced hypoglycaemia and liver failure is not seen in 

cats, rabbits or rodents, but poisoning has been reported in birds.  10.12968/coan.2019.24.4.182
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In America, xylitol has also been used to lace baits for the control 

of predators such as wolves and coyotes (Talcott et al, 2015). 
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le�  in handbags, baked goods le�  out to cool, etc. 

Species differences in effects of xylitol

� ere are important species di� erences in the e� ect of xylitol but the 

Xylitol-induced hypoglycaemia and liver damage is not seen in 

cats. In an experimental study, oral doses of 100, 500 or 1000 mg/kg 

given to cats did not cause signi� cant changes in haematological or 

biochemical parameters up to 72 hours a� er ingestion. All the cats 

remained well, with only transient salivation reported (Jerzsele et 

Xylitol is also well tolerated in rabbits and rodents. Acute oral 

administration does not cause hypoglycaemia or severe liver damage 

in rabbits (Wang et al, 1973) or rodents (Truhaut et al, 1977; Ellwood 

et al, 1999). � e oral LD50 of xylitol in rabbits is >2 g/kg (Pool 

and Hane, 1970) and in mice is 21–25.7 g/kg (Kieckebuch et 

al, 1961; Salminen, 1982). Xylitol given to rats at a dose of 

1.25–10 g/kg/day for 14 days did not cause hepatotoxicity or any 

histopathological changes (Truhaut et al, 1977).

� ere are no studies on the e� ects of xylitol in birds, but they appear 

Xylitol is toxic to dogs, causing hypoglycaemia and, in some cases, liver failure. This sweetener is found in 

many foods, medicines and confectionary, particularly chewing gums, because it has anticaries properties and 

a low glycaemic index. The most common source of xylitol poisoning in dogs is chewing gum, in which the 

xylitol content can vary enormously. In addition, granulated xylitol is available as a sugar substitute for baking. 

Xylitol-induced hypoglycaemia may be rapid in onset or, as is often the case with chewing gums, delayed for 

several hours. Elevated liver enzymes may be apparent within a few hours in some cases. Treatment is aimed at 
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N eutering is a common surgical procedure performed in domestic rabbits. Both males and females are neutered to prevent breeding and to prevent ‘unwanted’ behaviours. Females are also neutered to prevent the development of uterine pathology. Castration of males and ovariohysterectomy of females may also be used to treat specific medical or behavioural conditions. Castration is a relatively simple procedure, while spaying is more technically challenging, particularly in obese females. Anaesthesia, surgical technique and perioperative management (with particular attention to pain control) are very important factors for the successful outcome of rabbit neutering. Additionally, the veterinary surgeon should discuss with the owner, prior to scheduling the procedure, aspects related to ethics, welfare, indications and outcome, in order to generate appropriate expectations.

Ethical considerations
While routine surgical neutering has been practised for many years without much ethical discussion, controversy may arise now or in the near future about whether it is ethical to surgically neuter rabbits, or on what grounds the procedure should be acceptable. Ethical and welfare considerations that should be taken into consideration when recommending or performing this procedure in rabbits include:
zz Any surgical procedure will induce discomfort/pain/stress in a rabbit, therefore potential costs and benefits should be evaluated and compared to other alternatives, such as pharmacological methods of suppressing fertility, vasectomy of males, behavioural/husbandry modifications (such as keeping males and females separate to prevent breeding), or doing nothing
zz The potential health benefits of neutering rabbits should be properly assessed. Entire does have a high incidence of pathological uterine conditions as they age (Greene and Saxton, 1938; Baba and von Haam, 1972; Bertram et al, 2018). However, there is presently no scientific study available assessing the benefits of leaving an intact reproductive system in females; similarly, there is no study comparing life span 

in neutered vs entire females. In humans, hysterectomy is considered to be a major operation, performed only in cases of severe disease and when other alternatives are not available. Studies have shown that there are undesirable effects of spaying does, such as increased ageing of ligaments (Lemmex et al, 2016), osteoporosis (Wen et al, 2015), urinary incontinence (Bujok et al, 2016) and corneal alterations (Achari et al, 2008. Colonic obstruction (Guzman et al, 2015) and ureteral stenosis (Duhamelle et al, 2017) have also been reported as complications of ovariohysterectomy in does. For male rabbits, castration to prevent testicular tumours does not appear to be justified, due to the low incidence of this type of neoplasia (Hartmann and Kohler, 2001).
zz The potential behavioural benefits of neutering rabbits should be assessed from an ethical perspective. Is it ethical to neuter rabbits (and assuming associated discomfort/pain/stress) in order to prevent behaviours, such as territorial aggression and urine marking, that are normal for the species but undesirable for the owners? The fact that those ‘unwanted’ behaviours will not occur in all animals is another aspect that should be taken into consideration. Treating a behavioural problem may pose different ethical issues than preventing a future clinical disease problem, particularly when not all animals will develop the behavioural problem. The owner should also be made aware that neutering may not completely resolve these behavioural problems. 
zz Neutering induces weight gain in males (Georgiev et al, 2011), and probably also in females (as in other species). Obesity is a common source of health problem in rabbits (urine scalding, uneaten caecotrophs, pododermatitis etc.), therefore the impact of neutering on obesity-related problems should be taken into consideration.

Perioperative management for neuteringThe description of anaesthetic protocols is beyond the scope of this article, but proper anaesthetic monitoring is important to assure success of the whole procedure. Body temperature should be monitored using a rectal temperature probe; supplementary 

Rabbit neutering
Rabbits are commonly presented in clinical practice for neutering. While castrating males and performing ovariohysterectomies in females may be considered routine surgical procedures, the veterinary surgeon should discuss with the owner regarding ethical issues, indications and expectations of the procedure, and possible alternatives, prior to performing the surgery. Pre-operative preparation of the patient, surgical techniques and postoperative care are described in this article.  
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