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abStract
This study aimed to identify the opinions and knowledge of Croatian veterinarians-to-be relating to exotic pet 

birds, reptiles, amphibians and fish, and their welfare. A total of 589 (87%) veterinary students from all six years 
of the integrated undergraduate and graduate study programme were surveyed in the 2019-2020 academic year. 
Student opinions and knowledge were assessed using a 5-point Likert scale and the following statements: the level 
of cognition, sentience and welfare compromise in pet animals observed; the importance of biological functioning, 
emotional states and natural living for their welfare; their acceptability as pets and owner awareness; the level of risk 
posed by these pet animals to other animals, public health and safety, and the environment; and the level of knowledge 
students considered themselves to have about their feeding, housing, health and behaviour. Students provided neutral 
responses to or disagreement with most of the statements, in particular for animals other than birds, with no significant 
differences between study years. Accordingly, the study results point to the need for additional student education on 
exotic non-mammal pets, and can serve for the upgrading of the veterinary curriculum in the field, having implications 
not only for the welfare of these animals but also for other animals, public health and safety, and environmental 
protection.
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Introduction
Non-traditional or exotic pets are becoming 

increasingly popular worldwide (SCHUPPLI et 
al., 2014; GRANT et al., 2017), referring generally 
to animals that are either non-native to a region or 
non-domesticated (WARWICK et al., 2018). It is 
estimated that there are 52.01 million ornamental 
pet birds, 29.95 million small mammals, 10.39 
million aquaria and 9.05 million reptiles in Europe 
alone (STATISTA, 2021). 

The trade in and keeping of exotic pets raise 
a number of ethical concerns, including issues 
of animal welfare, public health and safety, and 
biodiversity conservation (HERREL and VAN 
DER MEIJDEN, 2014; PASMANS et al., 2017; 
WARWICK et al., 2018). The annual trade in 
exotic vertebrates as pets is a multi-billion dollar 
global business. Thousands of species and tens 
of millions of individual animals are shipped 
internationally, as well as within countries, to 
meet this demand (LOCKWOOD et al., 2019), 
including increasing illegal trade as a worldwide 
issue (KIESWETTER, 2017; VAN ROON et al., 
2019). Many animals may suffer or die at any point 
in the trade and keeping chain, including capture, 
handling, storage, transportation, intensive captive 
breeding, poor housing conditions, captivity stress, 
injuries and diseases. Many species are endangered 
due to individual animals being taken away 
from wildlife, while many animals are released 
accidentally or deliberately to a new area and may 
become an invasive alien species (WARWICK, 
2014). Many exotic pets may cause injuries or 
poisoning (WARWICK and STEEDMAN, 2012), 
or transmit diseases to their keepers or to other 
species (SCHUPPLI et al., 2014).

Although most people, veterinarians in 
particular, are familiar with the needs and problems 
related to domesticated animals, not only is less 
known about exotic species but their needs and 
problems are generally by far more specific 
(GRANT et al., 2017; WARWICK et al., 2018). 
For instance, little is known about the prevention 
and treatment of diseases in many non-traditional 
pet species, while for some others this information 
may exist, but only a few veterinarians have 
relevant knowledge of the issue. In any case, these 

animals may suffer from inappropriate therapy, for 
example, due to between-species extrapolation, 
resulting in morbidity or mortality (SCHUPPLI et 
al., 2014).  

Therefore, exotic pet medicine presents new 
challenges for the veterinary profession and 
requires future veterinarians to have knowledge 
and skills in this aspect of veterinary medicine as 
well, especially in relation to exotic non-mammal 
pet animals (VERMEULEN et al., 2008; SIĞIRCI 
et al., 2019). The latter authors performed self-
evaluation of the competency and knowledge of 
small pet practitioners about exotic pets in Istanbul, 
Turkey. The results of their study revealed that 
90% of veterinarians consider that their education 
on exotic pet animal practice received during 
undergraduate study was inadequate, while more 
than half of veterinarians stated that they had 
appropriate skill and knowledge related to birds but 
not to turtles, other reptiles and fish.  

This study investigated and compared the 
opinions and knowledge of veterinary students in 
Croatia regarding different exotic non-mammal 
pets and their welfare.  

Materials and methods
A total of 589 (87%) veterinary students from 

the first to sixth year of the integrated undergraduate 
and graduate study programme at the Faculty of 
Veterinary Medicine, University of Zagreb, Zagreb, 
Croatia, were surveyed in the autumn semester of 
the 2019-2020 academic year. The survey was 
voluntary and anonymous, approved by the Faculty 
Board for Quality Management. Before completing 
the questionnaire, students were informed that study 
results would be used for educational and scientific 
purposes. All students had attended an obligatory 
course on animal welfare in their first study year, 
but knowledge of and practice with exotic pets were 
also acquired in other subjects during their study 
programme, with several elective subjects focusing 
only on birds, reptiles, amphibians and fish. All 
students had followed the same curriculum. The 
study included first-year student responses after 
they had completed the animal welfare course. 

The questionnaire was written and divided 
into two parts. The first part aimed to obtain basic 
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demographic information about the students. As 
shown in Table 1, 78.8% of subjects were female 
and 54% were in the 18-21 age group; 69.9% 
reported having been raised in urban setting; 88.8% 
had completed high school; the greatest proportion 
of students (40.6%) aspired to a career with pet 
animals; and 97.3% of students owned or kept pet 
animals, including exotic pets (51.6%). 

Table 1. Demographic data on the student sample 
(N=589)

%
Study year:
first 20.9
second 18.3
third 17.8
fourth 15.3
fifth 11.5
sixth 16.2
Gender:
male 21.2
female 78.8
Age (yrs):
18-21 54
22-24 24.1
>24 21.9
Setting where they grew up:
rural 30.1
urban 69.9
Secondary school:
high school 88.8
veterinary 7.8
other 3.4
Previous owning/keeping pets:
yes 97.3
no 2.7
Previous owning/keeping exotic petsEP:
yes 51.6
no 48.4
Favoured/chosen study trackST:
pet animals 40.6
farm animals and horses 15.1
hygiene and technology of animal foodstuffs 
and veterinary public health

12.7

I do not know 31.6
EP – exotic pets considered all pet species except for dogs 
and cats; ST – study track is chosen in 10th semester, with 
enrolment quota for particular study tracks

The second part of the questionnaire contained a 
set of 15 Likert type questions (1 for ‘fully disagree’ 
through 5 for ‘fully agree’) designed to assess their 
opinions and knowledge relating to exotic non-
mammal pet animals, i.e., birds, reptiles, amphibians 
and fish, and their welfare. The statements referred 
to the level of cognition, sentience and welfare 
compromise in these pet animals; the importance of 
biological functions, emotional states and natural 
living for their welfare; their acceptability as pet 
animals, and owner awareness; the level of risk that 
these pet animals represent for the health and safety 
of other animals and humans, and the environment; 
and the level of knowledge the students considered 
themselves to have on feeding, housing, and the 
health and behaviour of these pets.

The IBM SPSS Statistics v. 21.0 program 
(IBM Corp., 2012) was used on all analyses. The 
frequencies of student responses were determined 
by use of univariate analysis. Descriptive analysis 
indicated that the data did not follow normal 
distribution, therefore differences in total mean 
student responses (mean values of all study years) 
and mean responses between study years according 
to the pet animals observed were tested by the 
Kruskal-Wallis test and the Mann-Whitney U-test. 
The results were expressed as mean (±SEM) 
student responses.  

results
The students fully agreed that biological 

functioning and natural living are important for 
the welfare of pet birds, reptiles, amphibians and 
fish. They also agreed that emotional states were an 
important component in bird, reptile and amphibian 
welfare, but were undecided in the case of fish. 
Students believed that birds are capable of having 
cognitive abilities and sentience, were undecided 
about this in relation to reptiles and amphibians, 
and stated that fish had no such abilities. Students 
were undecided whether keeping birds, reptiles, 
amphibians and fish as pet animals was acceptable, 
and whether their owners had collected adequate 
information on such pets before getting them, 
the welfare of which, according to the students’ 
opinions, might be compromised (Fig. 1). 
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*1 - fully disagree, 5 - fully agree; a,b,c,dvalues within the same item marked with different letters differ significantly (P<0.05) 

Fig. 1. Total mean student responses regarding the level of cognition and sentience, and welfare compromise in pet 
birds, reptiles, amphibians and fish, the importance of biological functioning, emotional states and natural living for 

their welfare, their acceptability as pets and owner awareness on these pets.

Students believed that keeping birds, 
amphibians and fish as pet animals did not pose a 
risk for the health and safety of other animals and 

*1 - fully disagree, 5 - fully agree; a,b,cvalues within the same item marked with different letters differ significantly (P<0.05)

Fig. 2. Total mean student responses regarding the level of risk that keeping pet birds, reptiles, amphibians and fish 
represents for other animals, public health and safety, and environment.

humans, whereas they were undecided in the case 
of reptiles. They also agreed that none of these pet 
animals posed an environmental risk (Fig. 2). 
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Students stated they had inadequate knowledge 
about the feeding, housing, health and behaviour 

of amphibians, whereas in the case of other non-
mammal pets they were mostly undecided (Fig. 3). 
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Fig. 3. Total mean student responses regarding the level of knowledge they considered themselves to have about 
feeding, housing, health and behaviour of pet birds, reptiles, amphibians and fish.

Although expressing neutral opinions, students 
considered keeping birds and fish as pet animals 
significantly more acceptable (P<0.05) compared 
with keeping reptiles and amphibians. They 
considered keeping reptiles to pose a significantly 
higher risk (P<0.05) for the health and safety 
of other animals and humans, and keeping fish 
a significantly lower risk (P<0.05) including 
environmental risk, as compared with other pet 
animals observed. In almost all other statements, 
the total mean score was significantly higher 
(P<0.05) for birds compared with other pets (Figs. 
1-3). 

Both first-year and sixth-year students gave 
neutral responses to or expressed disagreement 
with most of the statements, in particular those 
referring to pet reptiles, amphibians and fish, 
without significant differences between these 
two study years. Mainly there were no significant 
differences in the mean responses provided by 
students of other study years either. The statements 
referring to the importance of emotional states for 
the welfare of pet birds, the compromised welfare 
of pet reptiles and amphibians, the acceptability of 
all animals observed as pets, owner awareness of 

pet birds, the risk posed by pet reptiles for other 
animals and humans, and the knowledge students 
considered themselves to have about the feeding, 
housing, health and behaviour of these pets, with 
the exception of fish feeding, yielded no significant 
differences between individual study years. 

Discussion  
Veterinarians should be the main actors who 

ensure and promote the welfare of all animals 
(OIE, 2012; OSTOVIC et al., 2017), taking into 
consideration different animal welfare concepts, 
i.e., basic animal health and functioning, their 
emotional states and natural life, at least to some 
degree (FRASER, 2008; OSTOVIĆ et al., 2016). At 
first sight, this may seem consistent with the present 
study of Croatian veterinarians-to-be opinions and 
their knowledge on pet birds, reptiles, amphibians 
and fish, and their welfare. However, students were 
not sure whether emotional state was an important 
component in fish welfare. They considered fish 
incapable and birds capable of having cognitive 
abilities and sentience, and were undecided whether 
reptiles and amphibians had such abilities, although 
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they believed that emotional state was important 
for reptile and amphibian welfare. Study results 
of student opinions and knowledge on pet reptiles 
and their welfare have already been thoroughly 
reported previously (OSTOVIĆ et al., 2021).

It appears that students associated cognition 
with sentience in all animals investigated. In 
addition, most likely they were focused on 
whether animals had and could express pleasant 
feelings, while failing to consider unpleasant ones 
such as pain, which is known to be experienced 
by all vertebrates (NRC, 2009). As reported by 
BROOM (2016), the information on learning, 
awareness, and capacity for pain and other feelings 
in reptiles, amphibians and fish is clear enough 
to justify argumentation for their protection 
when used in experiments, as food, or for other 
purposes. Sentience does not require advanced 
cognition and can be demonstrated independently. 
Defining sentience through cognitive ability can 
be potentially harmful for animal welfare. It could 
raise the risk of a sentient species being neglected 
for their lower cognitive ability, rather than their 
capacity to suffer (DAWKINS, 2006; PROCTOR, 
2012; VALLORTIGARA, 2017). 

Beside the usual welfare challenges encountered 
in keeping traditional pet species such as dogs and 
cats, ensuring the welfare of non-traditional pets 
is additionally complicated by the factors such as 
inadequate knowledge, difficulties in meeting their 
needs at home, and where and how animals are 
obtained (for more information on welfare issues 
in exotic pets, see the studies by SCHUPPLI et 
al. (2014) and GRANT et al. (2017)). Currently, 
ever better scientific understanding reveals that the 
biological needs of animals are by far more complex 
than previously believed. Thus, the more we learn 
about animals and their needs, the greater is the 
challenge to take humane care of them in captivity. 
This is supported by the recently published 
recognition of play behaviour in fish, frogs and 
reptiles, posing the challenge to provide novel 
stimulation (BURGHARDT, 2015; WARWICK et 
al., 2018). This is in line with our veterinary students’ 
responses, showing them to be undecided whether 
keeping birds, reptiles, amphibians and fish as pet 
animals is acceptable, and whether their owners had 

collected adequate information on these pets and 
their needs. The students found the welfare of all 
pet animals observed to be jeopardized, obviously 
not associating it with their cognition and sentience 
in the case of reptiles, amphibians and fish.

Students considered that keeping birds, 
amphibians and fish as pet animals does not pose a 
danger to the health and safety of other animals and 
humans, whereas they were not sure whether this 
was true for reptiles. Yet, keeping reptiles was found 
to be a significantly higher risk to other animals and 
humans, and keeping fish a significantly lower risk, 
including an environmental risk compared to other 
pets observed. We can presume that students were 
focused exclusively on animal-linked injuries; 
however, their indecisiveness about reptiles was 
quite surprising. For instance, deaths of humans 
have been known to be caused by exotic pet snakes 
(TEGEDER, 2015). Therefore, either students do 
not think or have inadequate information about the 
issue, and/or in Croatia they encounter pet reptiles 
for which they are not sure whether they are able 
to inflict fatal or some other injuries to humans or 
other animals, or not. People are likely to forget 
that these pets are essentially wild animals with 
intact defensive and aggressive behaviour, along 
with robust physical characteristics (WARWICK 
and STEEDMAN, 2012). 

Nevertheless, veterinary students are expected 
to be aware that these pets can also endanger the 
health of humans and other animals via other routes, 
i.e., transmission of diseases such as salmonellosis 
(JORN et al., 2009; PEES et al., 2013; CORRENTE 
et al., 2017). It has been estimated that exposure 
to reptiles and amphibians is associated with 
74,000 human Salmonella infections per year in 
the United States (MERMIN et al., 2004). A study 
by LUKAC et al. (2015) on the prevalence of 
Salmonella in captive reptiles in Croatia showed 
that 13% of reptiles belonging to private owners or 
the Zagreb ZOO were positive for Salmonella, and 
that these animals could harbour serovars that are 
not generally encountered in veterinary or human 
microbiological practice.  

Exotic pets can pose the highest health risk to 
newborns and toddlers because these population 
groups are prone to infections due to their 
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suboptimal hygienic routine and naive immune 
system, along with their size and innate curiosity, 
predisposing them to injuries from attacks, bites 
and scratches inflicted by such pets (SMITH et 
al., 2012). According to MERMIN et al. (1997), 
paediatricians, veterinarians and pet shop owners 
should inform their patients and clients of the 
potential risks associated with ownership of exotic 
pets, and should ensure appropriate preventive 
education.

It was quite surprising that our students 
agreed that none of these animals kept as pets 
posed a risk to the environment. There are many 
examples of introducing exotic pets into non-native 
environments, where they pose a threat because 
they may replace the native species through 
predation, hybridization, pathogen transmission, 
or competence for resources (SCHUPPLI et al., 
2014). Florida is one of the best known examples, 
with the greatest number of established (i.e., 
reproducing) non-native herpetofaunal species in 
the world. At least 180 non-native herpetofaunal 
taxa have been introduced to the state, 63 of 
them established (KRYSKO et al., 2016). One-
third of the worst aqueous invasive species in the 
world have resulted from aquarium or ornamental 
releases (PADILLA and WILLIAMS, 2004). The 
most common reason for releasing fish into wildlife 
is that they have become boring or too large or 
too fertile for accommodation (SCHUPPLI et al., 
2014). CARRETE and TELLA (2008) report on 50 
non-native breeding pet bird species in wildlife in 
Spain, with pet birds escaping from cages as the 
main source of avian invasions by exotic species. 
LANGTON et al. (2011) report on at least 51 non-
native species, subspecies, intergrades or hybrids of 
amphibians and reptiles recorded as living wild in the 
London area. Imported pet red-eared slider turtles 
are frequently released, having invaded wetland 
habitats in Europe, Asia, Africa (SCHUPPLI 
et al., 2014) and Australia (HENDERSON and 
BOMFORD, 2011). The European Commission 
publication on 49 invasive alien plant and animal 
species of Union concern appeared in 2017 (EC, 
2017). Seventeen species from the list, including 
the pond slider, i.e., its most popular subspecies in 

the pet trade, the red-eared slider turtle, have been 
recorded in Croatia (BORŠIĆ et al., 2018). 

Although students were not so convinced 
whether keeping birds, reptiles, amphibians and 
fish as pet animals was acceptable, and whether 
their owners had collected adequate information 
on such pets before purchasing, they considered 
keeping birds and fish as pet animals significantly 
more acceptable than reptiles and amphibians. It 
was no surprise considering that birds and fish are 
more commonly kept as pets compared to reptiles, 
and amphibians in particular, which require more 
complex living conditions. In addition, when asked 
about their level of knowledge of the feeding, 
housing, health and behaviour of these pet animals, 
students considered themselves to have the least 
knowledge about amphibians, followed by reptiles.

For most statements, the total mean score was 
significantly higher for birds as compared with 
other animals. Similar results have been reported 
by SIĞIRCI et al. (2019) on small pet practitioners 
in relation to exotic pets in Turkey. Beside the fact 
that birds and fish are more common pets than 
reptiles and amphibians, these findings could also be 
explained by the fact that birds are more frequently 
encountered as patients in comparison to other 
animals observed, as supported by other studies 
(NIELSEN et al., 2014). It could additionally be 
attributed to the fact that people come in contact 
with birds more frequently, and that birds are more 
prone to bonding, and so are more preferred than 
other animals observed (BATT, 2009; BORGI and 
CIRULLI, 2015). 

Throughout the study years, most of the 
statements received neutral responses or 
disagreement, in particular those referring to pet 
animals other than birds. Mostly there were no 
significant differences between individual study 
years, including differences in the responses 
given by first-year and sixth-year students on the 
knowledge they considered themselves to have 
about the pets observed.

conclusions
In this study of the opinions and knowledge of 

Croatian veterinarians-to-be on exotic non-mammal 
pet animals and their welfare, students provided 
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neutral responses to or disagreement with most of 
the questionnaire statements, in particular those 
related to exotic pets other than birds. Therefore, 
the study results suggest the need for additional 
student education on exotic non-mammal pets, and 
can be used for upgrading the veterinary curriculum 
in the field, thus contributing to the welfare of these 
animals, other animals, human health and safety, 
and environmental protection.
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SaŽetaK
Ovo istraživanje imalo je za cilj ispitati mišljenja i znanje budućih hrvatskih doktora veterinarske medicine o 

egzotičnim kućnim ljubimcima, pticama, gmazovima, vodozemcima i ribama te njihovoj dobrobiti. Anketno je 
ispitivanje provedeno u akademskoj godini 2019./2020. i obuhvatilo je ukupno 589 studenata (87 %) svih šest godina 
integriranog preddiplomskog i diplomskog studija veterinarske medicine. Mišljenja i znanje studenata ispitani su 
pomoću Likertove mjerne ljestvice od pet stupnjeva i izjava koje su se odnosile na sljedeće: razinu kognitivnih 
sposobnosti, emocija i narušenosti dobrobiti u istraživanih životinja – kućnih ljubimaca; važnost biološkog 
funkcioniranja, emocionalnih stanja i prirodnog načina života za njihovu dobrobit; prihvatljivost tih životinja kao 
kućnih ljubimaca i osviještenost vlasnika; razinu rizika koji te životinje kao kućni ljubimci predstavljaju za druge 
životinje, javno zdravlje i sigurnost te okoliš; razinu znanja koje studenti smatraju da posjeduju o njihovoj hranidbi, 
držanju, zdravlju i ponašanju. Na većinu izjava studenti su odgovorili neutralnim odgovorima ili su izrazili neslaganje, 
osobito u slučaju gmazova, vodozemaca i riba, bez utvrđenih znakovitih razlika među godinama studija. Dobiveni 
rezultati upućuju na potrebu dodatne izobrazbe studenata o istraživanim egzotičnim kućnim ljubimcima i mogu 
poslužiti za unapređenje nastavnog plana i programa ovog područja, a time i dobrobiti tih životinja, drugih životinja, 
javnog zdravlja i sigurnosti te zaštite okoliša.

Ključne riječi: studenti veterinarske medicine; mišljenje; znanje; egzotični kućni ljubimci; životinje; dobrobit 
životinja


