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Abstract
The Five Freedoms, Five Domains, Five Welfare Needs, and other similar models or principles, are key aspirational or 
outcome-led frameworks aimed at safeguarding animals under human custodianship, and are widely used in legisla-
tion, guidance documents, and protocols. We aimed to investigate the effectiveness of these animal welfare models as 
intended protections. Our study considered three informational tiers of relevance for guidance: Tier 1, key welfare models 
and principles governing legislation; Tier 2, formal secondary guidance; and Tier 3, welfare outcomes. We conducted a 
literature review of key welfare models, as well as reports of persistent animal welfare problems associated with exotic 
pets, and collated available examples of relevant legislation and their implementation. Of the 91 studied regions that 
adopted animal welfare models, the following were directly or closely aligned with: Five Freedoms n = 64, Five Welfare 
Needs n = 26, Five Domains n = 1. We identified the following numbers of welfare concerns for animals kept in trade and 
private home situations: invertebrates n = 21, fishes n = 27, amphibians n = 26, reptiles n = 43, birds n = 22, mammals 
n = 43. Despite the frequent adoption of one or other model or principle, animal welfare concerns and problems were 
regularly identified in relation to both commercial and home environments across all animal classes. We recommend that 
animal welfare is assigned priority over traditional pet selling or keeping practices through the adoption of modernised 
animal welfare models, underpinned by evolving scientific knowledge and precautionary principles, that aim to promote 
animal-centric preferred life quality.

Keywords  Five Freedoms · Five Domains · Five Welfare Needs · Exotic pet · Companion animal · Wild animal · Animal 
welfare

1  Introduction

The Five Freedoms [1], Five Domains [2], Five Welfare Needs [3], and other models, such as the three ethical concerns 
(Freedom, Feelings & Function) [4], are key established, influential, aspirational or outcome-led approaches aimed at 
safeguarding welfare for animals under human custodianship [1–7]. Animal welfare models are used by governments 
and legal frameworks (e.g., [8, 9]), teaching (e.g., [10]), husbandry guidance documents (e.g., [8]), other protocols (e.g., 
[11, 12]), and policy statements (e.g., [13]). Relatedly, a recent major investigation into the Five Freedoms and their impact 
on farm livestock in The Netherlands concluded that the model is out of date with modern welfare science, and that 
legislative improvements are required to include more positive and holistic outcomes for animals [14].
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For this report we summarise key animal welfare models and examine available materials regarding the management 
of pet invertebrates, fishes, amphibians, reptiles, birds, and mammals within pet commercial and home environments. 
This project aims to review the application of animal welfare models within the exotic pet sector, and, in particular, to 
consider how effectively the Five Freedoms, Five Domains, Five Welfare Needs and other key animal welfare principles 
serve exotic pet welfare. Relatedly, our study aims to examine three tiers of relevance: key welfare models and principles 
that are used by governments and other formal legislators (Tier 1), availability of formal secondary guidance that inter-
prets welfare models and principles to instruct specific obligatory husbandry practices (Tier 2), and welfare outcomes 
to estimate the possible effectiveness or otherwise (e.g., benefits or disbenefits to animal welfare) of their application in 
both commercial and private home situations (Tier 3).

Throughout, we have adopted a precautionary principle, which allows for presumption in favour of animal welfare 
where evidence is lacking [15, 16]. For example, the precautionary principle is increasingly applied across a breadth 
of reasonable situations, such as sentience and welfare [17–20], development of positive lists regarding species for 
trade and keeping [15, 21, 22], biodiversity conservation [23, 24], public health protection [16], and is otherwise 
enshrined in related national and international legislation [15–17, 19, 21–23]. Accordingly, the precautionary principle 
is a permissive, rather than prohibitive, approach that seeks to provide pre-emptive safeguards and alternatives to 
prospective bans.

1.1 � Animal welfare models

The following sections summarise the key animal welfare models as well as other welfare principles. Whilst the historical 
introduction of the models follows the Five Freedoms (1979), three ethical concerns (1997), Five Welfare Needs (2005), 
Five Domains (2015, 2020), the arrangement herein will vary according to chronological development and frequency of 
citation or use where relevantly discussed.

1.1.1 � Five Freedoms

The Five Freedoms model (Table 1) was published in 1979, to offer a concise foundation for animal welfare protections 
[1]. Since then, the Five Freedoms have been incorporated into many welfare provisions, laws, guidance documents, 
and assessment protocols.

1.1.2 � Five Domains

The Five Domains model (Table 2) was published in 2015 [2], and updated in 2020 [25] to include behavioural interactions 
with the environment, other (non-human) animals, and humans (Domain number 4), and was designed to provide robust 
assessment not only against conditions with negative welfare implications, but also to promote positive welfare states, 
including feelings [2, 5]. The Five Domains in part refines the basis of the Five Freedoms to produce a model that focuses 
on specific criteria including nutrition, environment and health, and is aimed at achieving positive affective states with 
the overarching principle of securing ‘a life worth living’ for all animals [7, 26].

Table 1   Five Freedoms

Derived from [1, 6]

Freedom Provision

1. Freedom from hunger and thirst
2. Freedom from discomfort
3. Freedom from pain, injury, or disease
4. Freedom to express normal behaviour
5. Freedom from fear and distress

By ready access to fresh water and a diet to maintain full health and vigour
By providing an appropriate environment including shelter and a comfortable resting area
By preventing animals from getting ill or injured and by making sure animals are diagnosed and 

treated rapidly
By providing sufficient space, proper facilities, and company of the animal’s own kind
By ensuring conditions and treatment, which avoid mental suffering
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1.1.3 � Five Welfare Needs

The Five Welfare Needs model (Table 3) was published in 2005, and proposed to provide enhanced protections above 
the Five Freedoms to raise welfare quality protection principles from aspirational to outcome-led [3].

1.1.4 � Three ethical concerns

The three ethical concerns (Freedom, Feelings & Function) model (Table 4) was published in 1997 [4]. Development of the 
Three Fs resulted from an investigation of three commonly expressed ethical concerns and concepts regarding quality 
of life for animals, notably what freedoms it has, how it feels, and how it functions.

1.1.5 � Other welfare principles

The key models described above present various structured protocols designed for assessing, improving, or securing 
animal welfare. However, numerous other scientific principles have been conceived that offer standalone criteria that 
do not present as specifically described models, but are in use nonetheless (Table 5).

Table 3   Five Welfare Needs

Derived from [3]

1. Need for a suitable environment
2. Need for a suitable diet
3. Need to be able to exhibit normal behaviour patterns
4. Need to be housed with, or apart, from other animals
5. Need to be protected from pain, suffering, injury, and disease

Table 4   Three ethical concerns (Freedom, Feelings & Function)

Derived from [4]

1. Freedom: that animals should lead natural lives through the development and use of their natural adaptations and capabilities
2. Feelings: that animals should feel well by being free from prolonged and intense fear, pain, and other negative states, and by experienc-

ing normal pleasures
3. Function: that animals should function well, in the sense of satisfactory health, growth and normal functioning of physiological and 

behavioural systems
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1.2 � Pet trading and keeping

The keeping of animals as pets or companions has a history extending at least 17,000 years [45], although in recent 
decades the trading and keeping of both wild and domesticated species has increased dramatically to include at least 
13,000, almost exclusively exotic (wild, non-native, non-traditional, or non-domesticated) forms [46]. Despite various 
models aimed at ameliorating problems pertinent to the trading and keeping of exotic pets, major animal welfare issues 
have long persisted, and even multiplied (e.g., [13, 44, 46–73]).

From the literature, it is clear that there are significant welfare issues regarding exotic pets, and a general lack of knowledge of, 
or disregard for, their needs. For example, a survey of knowledge regarding reptiles among 50 pet shop managers in the United 
Kingdom found that information generally was highly limited, and only 8% of staff were able to advise on signs of ill health indica-
tors [74]. Despite general commercial availability and keeping of diverse species, for many animals with highly specialised needs, 
acceptable care is considered to be rare [13]. A survey within the British veterinary profession found that 81% of practitioners 
expressed concern that the welfare needs of exotic pets were not being met, with 58% of animals not having their Five Welfare 
Needs provided [75]. In particular, the survey found that of the Five Welfare Needs, respondents considered that the need for a 
suitable environment (92%), a suitable diet (85%), and protection from pain, suffering injury and disease (62%) was often not 
provided. Similar findings were reported from Ireland, where it was found that over 80% of veterinarians were prepared to treat 
exotic pets, but both owner and veterinarian lacked knowledge of the species, as well as access to resources [76].

A study of over 26,000 animals at wholesaler facilities in the USA found a cumulative mortality for invertebrates, 
amphibians, reptiles, and mammals to be 72% within six weeks, which was confirmed by industry experts to be within 
standard mortality rates for the wholesale sector [49]. Invertebrates included scorpions, tarantulas, and millipedes; 
amphibians included frogs, toads, newts, salamanders, and caecilians; reptiles included freshwater turtles, tortoises, 
lizards, and snakes; and mammals included hedgehogs, hamsters, mice, rats, prairie dogs, spotted squirrels, guinea 
pigs, short-tailed opossums, flying squirrels, chinchillas, wallabies, sloths, kinkajous, coatimundis, lemurs, and agoutis. 
Scientific, veterinary, and forensic investigations determined that all 26,000 animals had suffered significant welfare 
problems arising from poor husbandry.

Amphibians and reptiles represent particularly serious concerns. A study of 1,533 amphibians and reptiles displayed and sold 
at pet expos (shows or markets) in three countries (Germany, Spain, and the United Kingdom) recorded (during one-minute 
observation intervals) frequent stress-related behaviours, notably: interaction with a transparent boundary 27.5%; hyperactiv-
ity 11%; hyperalertness 1.8%; rapid body movement 2.1%; flattened body posture 2.4%; head-hiding 4.6%; inflation of the 
body 0.5%; and other significant signs (e.g. rostral lesion) 1.0% [77]. Another study of 480 tortoise keepers in Morocco found 
that despite the species being indigenous, keeper knowledge about the animals was generally limited, which raised welfare 
concerns [78]. Furthermore, a study of pet suppliers at wildlife markets in Morocco found that over 88% of the 2,113 observed 
animals were kept in conditions that did not meet the Five Freedoms [79]. In Australia 251 snake owners were surveyed, reveal-
ing that less than half had enclosures large enough for snakes to fully stretch [62], which is a behaviour essential to health and 
welfare [33, 67, 80], that just over half used enclosure sizes consistent with elementary government guidance, and 40% failed 
to identify basic behaviour among their snakes [62]. A survey of knowledge among reptile pet keepers in Portugal found that 
whilst 68% scored very good to excellent for knowledge of behaviour, only 15% met four basic reptile care needs (temperature, 
lighting, diet and refuge), and 43% met two or fewer needs. In addition, behavioural indicators of captivity stress and poor wel-
fare were regarded as normal by around 25% of respondents, which may have been attributable to the common frequency of 
such behaviours being misinterpreted [64]. A survey of 188 frog and turtle owners in Australia found that whilst both positive 
and negative welfare indicators were identified, less than 20% of owners had enclosures that met the minimum standards set 
out by government [81].

A review of parrot selling and keeping that considered the biological requirements of these complex birds and 
the basis of the Five Freedoms, concluded that, in many cases, numerous essential requirements were not being 
met. Unmet requirements included providing for appropriate veterinary care, sociality, normal behaviour, free-
dom from physical and thermal discomfort, as well as for freedom from psychological stress [82]. Another study 
reported owner identified problematic behaviours in birds and rabbits [83]. In the context of the provisions of the 
Five Freedoms, human-directed aggression by many birds (41%) and rabbits (45%) was recorded. Furthermore, 16% 
of bird keepers and 19% of rabbit keepers reported providing no exercise for their animals. The study also outlined 
other concerns, for example, fear of loud noises (birds 27%, rabbits 33%), separation anxiety (birds 15%, rabbits 
19%), destructive behaviours (birds 21%, rabbits 37%), and anxious behaviours (birds 21%, rabbits 21%) [83].
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A study of Malta’s pet trade involving exotic amphibians, reptiles, birds and mammals, found that welfare provisions 
for these classes was concerning and that new and stringent protocols were required [84]. A survey of exotic pet keepers 
in Russia found that many supported new controls to protect animal welfare [85].

These issues are not limited to unusual exotic species; it is equally concerning that for even relatively well-known small 
mammals, which are subject to purportedly solid legal protections in the UK, good welfare is not well established. A study 
of guinea pigs in UK homes found that over 20% of these social animals were not housed with a conspecific, with overly 
restrictive spatial environments being common [86]. Although guinea pigs have potential lifespans of around 9 years 
[86], this study reported an average longevity of 4.1 years. Such deficiencies in providing for relatively well-known and 
common species may offer some understanding as to the implicit challenges in meeting the needs of less well under-
stood exotic animals.

From these studies, it is clear that concerns are warranted and further investigation is justified regarding the effec-
tiveness of in-situ protocols and laws, and whether such approaches are sufficiently stringent or enforceable to protect 
exotic animal welfare.

2 � Methods

We assessed the provisions of key welfare models and principles and their prevalence in worldwide ‘primary’ legisla-
tion (Tier 1) by reviewing a region’s Animal Welfare Act or equivalent legislation. Ascertaining the degree to which 
the legislation incorporated any, or any part of, a key welfare model is open to interpretation. However, we primarily 
based our categorisation on two criteria in particular: First, certain governments plainly state their adopted welfare 
model. Second, other governments describe their adopted approach to welfare by listing all or some of the identifi-
able criteria from a particular model, thus indicating its origins by implication. For example, where provisions reflect 
(e.g.) ‘Freedom from cruelty and neglect’, these descriptions equated to (e.g.) Five Freedom 3. In some situations, 
governments adapt or merge certain criteria identifiable to more than one model, in which cases the predominance 
of certain criteria led to categorisation.

We also undertook a limited study of international ‘secondary’ formal guidance (Tier 2) to ascertain the degree to 
which key animal welfare models, or their components, were incorporated into pet animal welfare codes and regula-
tions. Using Google and Opera search engines (Opera where use of a virtual private network to access sites outside 
UK was necessary), the search terms included the specific region followed by ‘government pet animal care guideline 
OR legislation OR regulation’; ‘government pet establishment guideline OR legislation OR regulation’, ‘government 
pet store guideline OR legislation OR regulation’; ‘government pet animal care legislation enclosure size dimension’. 
Through trial and error these terms seemed to come up with the most relevant results. Tier 2 guidance can typically 
be considered as distinct from Tier 1 provisions by way of its level of detail (i.e., relatively specific husbandry and 
other management instructions based on taxonomic class, group, or species). However, some examples of formal 
guidance appear to be based on limited expansions of Tier 1 information (i.e., contain some minimalistic examples 
of husbandry and/or refer only to a highly limited range of species). In these situations, we have categorised such 
information as Tier 2a.

The study included the United States, Canada, Europe (11 countries of which 10 are in the European Union), 
Australia, and New Zealand. For countries and regions where English is not the official language, unofficial English 
translations or Google translations were used. Table 6 provides summary examples of use of animal welfare models 
or principles by region, country, or state (see the Discussion section for more extensive information).

We conducted a literature search using Scopus and Google Scholar search engines and the terms presented in 
Box 1. The literature review followed the guidelines for rapid reviews [87, 88]. Materials from the animal class-specific 
searches were reviewed for information describing positive or negative welfare issues associated with commercial or 
home environments for exotic animals, and observations of images of captive conditions as described or depicted 
within the reviewed literature, were also performed.

We then compared model provisions and guidance versus the presence of reported signs consistent with nega-
tive states for animals and apparent welfare outcomes (Tier 3). In principle, if the key welfare models were serving 
animals well, i.e., adopted and fully implemented as functional systems, then signs of negative states or outcomes 
should be minimal or absent.
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Box 1 Searches

Search Search strings (since 2000) Reports remain-
ing after initial 
assessment

Reports remaining after 
further reading and 
removal of duplicates and 
irrelevant reports

Reports added 
from authors 
libraries

General search 
(i.e., re key wel-
fare models)

Five freedoms AND animal welfare
Five Domains AND animal welfare
Five Welfare Needs AND animal welfare
Three ethical concerns AND animal welfare
Three ethical concerns AND function AND animal 

welfare
Three ethical concerns AND feel AND animal welfare

20 13 5

Invertebrates Scopus: (pet OR ”companion animal” AND wel-
fare AND invertebrate)

(pet OR ”companion animal” AND (morbidity OR mor-
tality AND invertebrate)

(“pet shop” OR ”pet store” AND (morbidity OR mortal-
ity) AND invertebrate

Scholar: invertebrate (pet OR “companion animal”) 
(“pet shop” OR “pet store”) home welfare mortality 
morbidity first 5 pages

111 17 2

Fishes Scopus: (pet OR ”companion animal” AND wel-
fare AND fish)

(pet OR ”companion animal” AND (morbidity OR mor-
tality AND fish)

(“pet shop” OR ”pet store” AND (morbidity OR mortal-
ity) AND fish

Scholar: fish (pet OR “companion animal”) (“pet shop” 
OR “pet store”) home welfare mortality morbidity 
first 5 pages

122 17 1

Amphibians Scopus: (pet OR ”companion animal” AND wel-
fare AND amphibian)

(pet OR ”companion animal” AND (morbidity OR mor-
tality AND amphibian)

(“pet shop” OR ”pet store” AND (morbidity OR mortal-
ity) AND amphibian

Scholar: amphibian (pet OR “companion animal”) 
(“pet shop” OR “pet store”) home welfare mortality 
morbidity first 5 pages

79 4 4

Reptiles Scopus: (pet OR ”companion animal” AND wel-
fare AND reptile)

(pet OR ”companion animal” AND (morbidity OR mor-
tality AND reptile)

(“pet shop” OR ”pet store” AND (morbidity OR mortal-
ity) AND reptile

Scholar: reptile (pet OR “companion animal”) (“pet 
shop” OR “pet store”) home welfare mortality mor-
bidity first 5 pages

172 6 6

Birds Scopus: (pet OR ”companion animal” AND wel-
fare AND bird)

(pet OR ”companion animal” AND (morbidity OR mor-
tality AND bird)

(“pet shop” OR ”pet store” AND (morbidity OR mortal-
ity) AND bird

Scholar: bird (pet OR “companion animal”) (“pet shop” 
OR “pet store”) home welfare mortality morbidity 
first 5 pages

170 3 1
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Search Search strings (since 2000) Reports remain-
ing after initial 
assessment

Reports remaining after 
further reading and 
removal of duplicates and 
irrelevant reports

Reports added 
from authors 
libraries

Mammals Scopus: (pet OR ”companion animal” AND wel-
fare AND mammal)

(pet OR ”companion animal” AND (morbidity OR mor-
tality AND mammal)

(“pet shop” OR ”pet store” AND (morbidity OR mortal-
ity) AND mammal

Scholar: mammal (pet OR “companion animal”) (“pet 
shop” OR “pet store”) home welfare mortality mor-
bidity first 5 pages

130 14 1

Total number of relevant search reports used: 74
Total number added from authors’ libraries: 20

3 � Results

3.1 � Key animal welfare models and principles: global use (Tiers 1 and 2)

Table 6 provides summary examples of use of animal welfare models or principles, mainly in legal instruments, by region, 
country, or state in Northern America, Europe, Australasia, and globally. Of the 91 studied regions, countries, or states 
that adopted animal welfare models or principles in legislation, the following were directly or closely aligned with: the 
Five Freedoms n = 64, Five Welfare Needs n = 26, Five Domains n = 1, three ethical concerns n = 0. While prospective and 
likely incomplete, our search for further formal secondary husbandry regulation found 35 (out of 91) regions adopting 
examples of formal Tier 2 (n = 14) and similar Tier 2a (n = 21) guidance.
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3.2 � Pet trading and keeping: animal welfare concerns (Tier 3)

From the literature we identified the following numbers of welfare concerns for animals kept in trade and private home 
situations: invertebrates n = 21, fishes n = 27, amphibians n = 26, reptiles n = 43, birds n = 22, mammals n = 43. Tables 7, 8, 
9, 10, 11, 12 provide summary information regarding negative issues or concerns identified in literature.

Table 13 provides comparisons of selected basic criteria relevant to welfare versus formal trade husbandry guidance 
provided by two governments (England, United Kingdom and Queensland, Australia) that utilise the Five Freedoms and 
Five Welfare Needs, and that are relevant to commonly kept exotic pet animals.

Table 7   Summary example pet welfare issues or concerns identified in literature and from observation of images of captive conditions: 
invertebrates

Wholesale / retail conditions Sources Home conditions Sources

Difficulty to keep/unanticipated or overly demanding husbandry [13, 52] Difficulty to keep/unanticipated 
or overly demanding husbandry

[13, 52]

Overly restrictive spatial conditions [49, 66]
Long periods in poor conditions [49]
Insanitary environments/poor hygiene [49, 66]
Inappropriate thermal and humidity provisions [49, 66]
Incompatible conspecifics [49, 66]
Co-occupant aggression [49]
Cannibalism [49]
Absent or minimal environmental enrichment [49, 66]
Overcrowding [49, 66]
Overcrowding/injuries, crushing [49, 66]
Injuries consistent with inhumane handling techniques [49, 66]
Hypothermia [49, 66]
Stress [49, 66]
Abnormal behaviours [57] Abnormal behaviours [57]
Dehydration [49]
Starvation/emaciation [49]
Infection, parasitism [49, 126, 127]
Mortality rate 18% in 10 days (arachnids, chilopods, diplopods, crustaceans) [49]
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4 � Discussion

The key welfare models may be open to some interpretation as to their scope. In particular, the Five Freedoms and the 
Five Welfare Needs are superficially similar in design and wording, although subtle and important differences are implied. 
For example, in the Five Freedoms, provision 1 states: ‘Freedom from hunger and thirst’, and in the Five Welfare Needs, 
provision 2 states: ‘Need for a suitable diet’. Five Freedom provision 1 does not indicate appropriateness or quality of diet, 
whereas Five Welfare Need provision 2 does indicate appropriateness or quality of diet. Broadly, these examples convey 
how the Five Freedoms are more directed at avoiding negative experiences for animals, whereas the Five Welfare Needs 
are more directed at both avoiding negative outcomes or experiences and promoting positive outcomes or experiences 
for animals. In this regard, the Five Domains also reflect the Five Welfare Needs. In terms of construction of wording, the 
Five Freedoms are essentially written in a negative (e.g., not deprive) context, whereas the Five Welfare Needs and the 
Five Domains are essentially written in a positive (e.g., must provide) context. However, the wording used in some legis-
lation is arguably ambiguous, because provisions may be expressed in negatively worded contexts whilst also implying 
some degree of positive outcome-led instructions. For this report, we have interpreted ambiguous contexts cautiously 
by ascribing predominantly negatively worded legislation to be more closely aligned with the Five Freedoms, and pre-
dominantly positively worded legislation to be more closely aligned with the Five Welfare Needs or the Five Domains.

4.1 � Key animal welfare models and principles: global use

In Table 6 we presented summary examples of use of animal welfare models or principles by region, country, or state, 
which we will discuss further. The US Federal Animal Welfare Act [89] does not apply to pet animals (with the exception 
of dealers where minimum care is promulgated), and individual states and territories regulate the treatment of pet ani-
mals. Most US states and territories have animal welfare acts that make it an offence to neglect an animal or subject it to 
cruelty or physical torture with minimum care requirements of food, water, and adequate shelter. Generally, US legisla-
tions incorporate minimal care requirements only and none of them wholly incorporate any of the models in this paper.

The Federal Canadian Criminal Code [91] makes it an offence to cause unnecessary suffering to an animal, but more 
comprehensive legislation regarding pet animals is governed by individual provinces and territories. Of the 10 provinces 
and three territories in Canada, all but two (Nanavut and the Northwest Territories, which have no relevant animal wel-
fare regulations), include the basic standards of care for animals similar to the Five Freedoms (1,2,3) and the Five Welfare 
Needs (1,2,5) in their respective legislation.

The European Union and its member states, under the Treaty of Lisbon, ‘shall, since animals are sentient beings, pay full 
regard to the welfare requirements of animals, while respecting the legislative or administrative provisions and customs 
of the Member States’ [103]. The recognition of animals as sentient beings, and therefore having the capacity to experi-
ence pleasure, pain and subjective emotions, should be a head-starter for EU animal welfare legislators, but in fact animal 
welfare protections and enforcement in many countries are seriously lacking [192]. Also, The European Convention for the 
Protection of Pet Animals [104], which has been ratified by 26 EU countries, states that ‘any person who is keeping a pet 
animal or who is looking after it shall provide accommodation, care and attention which take account of the ethological 
needs of the animal in accordance with its species and breed’, which is in spirit similar to the Five Welfare Needs. The 
provision further stipulates that an animal shall not be kept as a pet animal if in spite of these conditions being met, the 
animal cannot adapt itself to captivity. Member states that have ratified this Treaty do not necessarily specify meeting 
the behavioural needs of pet animals or their potential inability to adapt to a captive environment.

The Austrian Animal Welfare Act [105] and Belgian legislation [106] use similar provisions within the Five Welfare 
Needs, including meeting both physiological and ethological needs of animals. The Finnish Animal Welfare Act [107] 
has general principles that include meeting the physiological and behavioural needs of all animals and prohibition of 
undue distress, and is therefore similar to provisions within the Five Welfare Needs model. In France, the Code Rural et de 
la Pêche Maritime [108] makes it an offence not to provide for basic needs of animals(equivalent to provisions within the 
Five Freedoms), but does not cover ethological needs or mental state. The German Animal Welfare Act [109] encompasses 
most of the Five Welfare Needs principles, including behavioural requirements although the mental state of the animal 
is not specifically mentioned. Italy’s Animal Welfare Act [110] makes it unlawful to mistreat or abandon an animal, which 
is in greater accord with the Five Freedoms. However, regional laws legislate more specifically. The Netherlands Animals 
Act [114] uses the Five Freedoms to define animal welfare. Spanish animal welfare legislation [111] includes minimal 
animal protection rules that apply to pet animals, and indicate World Organisation for Animal Health care principles, 
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which promote the Five Freedoms. However, each region of Spain can legislate more specifically. The Swedish Animal 
Welfare Act [112] states that animals kept by people must be in an environment that promotes their well-being, enables 
behaviours for which they are strongly motivated (natural behaviour), and prevents behavioural disorders, which broadly 
equate to the Five Welfare Needs. In Swiss legislation [113], the well-being of animals encompasses clinical health, appro-
priate husbandry and feeding, and allowance for species-specific behaviour within the limits of the animal’s biological 
capacity to adapt, and therefore is also similar to the Five Welfare Needs model. In the United Kingdom the Five Welfare 
Needs form the basis of animal welfare legislation [115], and are widely referenced in various laws and codes of practice.

In Australia, as in the UK, the RSPCA has a range of powers to enforce animal welfare legislation (across the whole of 
Australia except the Northern Territories). The Australian RSPCA [116] uses the Five Domains as a basis for its animal wel-
fare protocols, and stipulates the need to address mental well-being as well as physical health. Individual state legislation 
varies in Australia, and currently Queensland [117] encompasses the Five Freedoms. In New South Wales, South Australia, 
Tasmania, Victoria, and Western Australia [119–123] legislation includes individual provisions for basic minimum stand-
ards of care similar to specific elements within the Five Freedoms, whereas in the Northern Territory [118], provisions are 
similar to those within the Five Welfare Needs (1,2,5). Four States are currently reviewing their animal welfare legislation, 
and recent official reviews of the New South Wales Prevention of Cruelty to Animals Act 1979 and the Western Australia 
Animal Welfare Act 2002 emphasise the need to update legislation in line with current scientific opinion by including 
the Five Domains model to focus on the subjective experiences of the animal. Relevant New Zealand legislation [124] 
incorporates the provisions similar to those within the Five Welfare Needs.

The World Organisation for Animal Health (WOAH, formerly OIE) incorporates the Five Freedoms as guiding principles 
for animal welfare, defining good welfare as an animal that is ‘healthy, comfortable, well nourished, safe, is not suffering 
from unpleasant states such as pain, fear and distress, and is able to express behaviours that are important for its physical 
and mental state’. The scientific basis for WOAH recommendations also includes measuring the strength of animals’ pref-
erences, motivations and aversions to assess the animals’ needs and affective states such as hunger, pain, and fear [125].

4.2 � Frequency of citation

To acquire information concerning frequency of citation and / or use of each key welfare model in relation to others, we 
also conducted a simple search (Table 14) using Google (non-scientific and governmental items) and Google Scholar 
(scientific items) for the number of registered results for “Five Freedoms”, “Five Domains”, “Five Welfare Needs”, “three 
ethical concerns”, respectfully, and in conjunction with the term “animal welfare”.

Table 14 provides the results of the simple Google and Google Scholar searches regarding frequency of citation and 
/ or use of each key welfare model in relation to others.

The results of the simple Google and Google Scholar searches regarding frequency of citation of each key welfare 
model (Table 14) indicated that the Five Domains were the most frequently cited model in both engines, followed by the 
Five Freedoms, and Five Welfare Needs. The search regarding the three ethical concerns provided non-specific and largely 
irrelevant results. However, the frequency of citation during the searches did not corroborate the actual representation 
of a model, or selected similar provisions, in practical use. In this study, the Five Freedoms, or selected similar provisions, 
were most commonly used, followed by the Five Welfare Needs, or selected similar provisions.

Table 14   Approximate 
number of results per simple 
search for each key animal 
welfare model

Search conducted 10.3.24

Model Results per search
Google

Results per search
Google Scholar

“Five Freedoms” 226,000 10,900
“Five Domains” 1,540,000 117,000
“Five Welfare Needs” 7930 130
“Three ethical concerns” Term insufficiently specific to provide relevant results
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4.3 � Information relevance and study limitations

The three tiers of relevance in our study should have an operational continuum where Tier 1 establishes primary princi-
ples necessary for good welfare, Tier 2 provides operational care instructions based on Tier 1, and Tier 3 constitutes the 
outcomes or consequences related to the application of Tiers 1 and 2. Below, we briefly discuss each of these tiers, their 
relevance, and limitations within this study.

4.3.1 � Tier 1. Key welfare models & principles

The key welfare models (Tables 1, 2, 3, 4, 5) can be considered the primary or foundational components of relevant gov-
ernment regulation for a functional control system. Tier 1 should adopt modern evidence-based concepts and principles 
that provide fundamental welfare guarantees. As detailed in Table 6, numerous regional, national or local governments 
have adopted Tier 1 concepts and principles; thus, this component of the operational continuum is reasonably well 
documented, at least for many authorities.

4.3.2 � Tier 2. Formal guidance & Tier 2a minimalistic examples of formal guidance

Tier 2 information should rationally adopt modern evidence-based and detailed husbandry guidance that provides 
enhanced welfare guarantees. During our study and limited search of government databases, 35 (out of 91) formal agen-
cies were found to have published Tier 2 guidance. Accordingly, the majority of governments appeared to rely primarily 
on relatively minimal guidance published by individual authorities that interpret and directly apply certain Tier 1 key 
models to welfare protection. The species covered and the amount of documented information detail for the Tier 2 and 
Tier 2a guidance varied widely. Also, numerous examples of Tier 2 guidance were significantly lacking both in terms of 
history of introduction and detail. For example, the UK only introduced Tier 2 guidance for pet sellers in 2018 [8, 193], and 
there remains no formal guidance for animals in the private home environment. Australian regional governments have 
provided Tier 2 guidance for keepers since at least 2013 (e.g., New South Wales [194]; Queensland [172]; Victoria [195]).

It is beyond the scope of this study to critically evaluate Tier 2 or Tier 2a guidance generally; thus, we have focused on 
its availability rather than quality. However, it is worth noting that some of the detailed Tier 2 guidance has been strongly 
criticised by the scientific community [67, 69] for its lack of scientific credibility. Certain governments, for example, Mani-
toba, New Brunswick, Newfoundland and Labrador, and Prince Edward Island, in Canada, utilise guidance developed 
by the pet industry, which holds a vested interest in certain types of messaging. This reported lack scientific credibility 
is exemplified by the English Government guidance [8], which has raised concerns regarding its interpretation of Tier 1 
concepts and principles, as well as for its lack of evidence-based and objective content [67, 69]. In particular, rather than 
utilise independent objective scientific input to develop policy and educational tools, DEFRA operates selective consulta-
tion practices with exotic pet selling and keeping vested-interest stakeholders, which can be managed in secret without 
broad input from independent scientists and animal welfare organisations [67, 69] [FOI response DEFRA to E Toland 20th 
March 2024]. Similarly, although to a far lesser extent, Australian State governments (Victoria [195]; Queensland [172]; 
New South Wales [194]) have also been criticised for publishing guidance lacking in scientific substance and its develop-
ment in association with vested interest groups [62, 81, 196].

In addition, application of Tier 2 or Tier 2a guidance is further problematically compounded due to poor uptake 
by animal keepers, for example, in the UK [46], USA [197], and in Australia [62]. Moreover, instead of voluntarily using 
objective evidence-based guidance from scientific sources, many exotic pet sellers and keepers instead frequently rely 
on handed-down arbitrary husbandry practices that lack validity or are known to be harmful [144, 198]. Therefore, even 
where established Tier 1 concepts and principles, as well as obligatory formal Tier 2 guidance, are published, end point 
practices do not necessarily follow such instructions or may even be harmful to animals if followed. Nevertheless, the 
apparent incompleteness of published Tier 2 guidance means that this component of the educational continuum is prob-
ably lacking, at least for many species. The lack of examples prevents more comprehensive analysis of such prospective 
provisions. In any event, a lack of Tier 2 guidance does not hinder assessment of key welfare models and related welfare 
outcomes, as discussed below.
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4.3.3 � Tier 3. Welfare outcomes

Established welfare criteria, which are extensively documented for both behavioural and physiological considerations 
(discussed elsewhere herein, see Tables 7, 8, 9, 10, 11, 12), constitute the primary indicators for the effectiveness or oth-
erwise of husbandry practices, whether or not resulting from any specific guidance. For example, a person or business 
can be held to account for welfare infringements based entirely on the existing condition of animals and their current 
care without reference to them knowing relevant laws or recommendations for husbandry. Accordingly, whether or not 
a government has adopted key welfare models or has introduced any obligatory husbandry guidance, the outcomes or 
consequences for animals constitute standalone measures regardless of welfare of any Tier 2 guidance. As detailed in 
Tables 7, 8, 9, 10, 11, 12, while incomplete, there is a strong body of evidence indicating that welfare outcomes for exotic 
pet animals are persistently and widely poor; thus, this component of the operational continuum is also reasonably well 
documented, at least for many species. Accordingly, while the incompleteness of Tier 2 information must be acknowl-
edged, such information does not anyway necessarily translate to good welfare outcomes, and conclusions can be for-
mulated regarding the effectiveness Tier 1 information based entirely on Tier 3 outcomes, and without Tier 2 information.

4.4 � Evaluating the key animal welfare models

4.4.1 � Five Freedoms

Of the Five Freedoms (Table 1), Freedoms 1, 2, 3 & 5 are directed at providing for essential husbandry conditions and for 
avoiding or preventing negative impacts and states; thus, they do not specifically instruct good welfare. Only Freedom 
4 (Freedom to express normal behaviour), directly implies positive physical and affective states, in that animals must be 
allowed carry out strongly motivated behaviours. If applied in an animal-welfare centric way, Freedom 4 would dramati-
cally alter how captive animals are housed and managed. However, in practice, the stipulation has strong limitations, 
because there is an inherent yet silent presumption that in this context normal behaviours are confined to those permit-
ted within the restrictions of frequently minimalistic captive environments in terms of space and habitat diversity. Thus, 
as typically used, the Five Freedoms continue to limit the model to mean, for example, that animals are simply allowed 
the abilities of stretching their bodies, moving around, and having shelters in which to hide, without proper assessment 
of a wide range of naturalistic behaviours.

Normal behaviours such as long-distance flight, terrestrial transient or migratory behaviour, and deep burrowing 
are, by default, not typically accommodated. Reproductive and young-rearing behaviours are frequently thwarted, as 
are many natural social interactions. Accordingly, whilst Freedoms 1, 2, 3 & 5 remain inherently minimalistic, Freedom 4 
holds considerably greater relevance if interpreted within the context of modern animal welfare science, and if applied 
more robustly to include factors such as relevant space and habitat diversity. At development, the Five Freedoms model 
reflected aspirations aimed at cruelty prevention that resulted largely from specific deprivations [2, 7]. The Five Freedoms 
also have their roots in farm animal welfare, which is often held to a lower standard than for pets. However, today the 
Five Freedoms are criticised for essentially lagging behind modern animal welfare science, as presented and discussed 
in detail [7, 14].

From the simple Google search regarding frequency of citation (Table 14), the Five Freedoms model manifests strong 
representation, despite recent criticisms of the model being out of date. Although uncertain, this greater representation 
may relate to two factors. First, the early publication and, thus, the head-starting of the model. Second, the preparedness 
and / or ability of regulators and others to minimally interpret its provisions due to the basicness of the criteria and their 
aspirational rather than outcome-led nature. In addition, publications concerning, in particular, The Five Domains, but 
also other models, frequently discuss the Five Freedoms in a historical context, thus potentially also raising that model’s 
profile in the literature.

4.4.2 � Five Domains

The Five Domains (Table 2) constitute an advancement of the Five Freedoms aimed at incorporating modern animal 
welfare science [2, 5, 7, 25, 26], and arguably provides the most evolved framework of its kind that potentially allows for 
improved estimation of what an animal may experience. The model, especially if applied scientifically and animal-centri-
cally, provides for systematic assessment and promotion of welfare, including environmental, physiological, behavioural, 
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and—in some depth—mental, factors, as well as determining negative and positive outcomes and states [7, 199]. Along 
with the target of securing animals ‘a life worth living’ [5, 7, 200–202], inherent messages convey that animals should 
experience positive emotions and pleasures, which elevate the value of the Five Domains above many existing protocols. 
Relatedly, feelings and emotions may be separable from other welfare measures in their importance [35].

The summary principle of a ‘life worth living’, inherent to The Five Domains, is an intelligent proposal that, if robustly 
interpretated, ought to convey that a captive animal is holistically thriving and content with its conditions. As for the Five 
Freedoms, a minimalist interpretation may still be pursued to infer that various compromises can be presumed whereby 
an animal simply chooses life over death (or has no such choice). In human terms, such a choice may also be made by a 
permanently incarcerated person occupying deprived conditions in which they may experience some positive states. 
Therefore, it is conceivable, on the isolated principle of ‘life worth living’, that an animal may or may not be provided with 
genuinely good conditions that fulfil that principle.

From the simple search regarding frequency of citation (Table 14), the Five Domains was the most represented model. 
Whilst the Five Domains model is significantly more evidence-based and detailed than the Five Freedoms, and includes 
a greater outcome-led element, it is also more intricate and complex in design, which perhaps deters some potential 
users. Relatedly, some legislators may be reluctant to fully adopt the Five Domains due to anticipated probable highly 
limiting impacts (although scientifically justified) on pet selling and keeping practices.

4.4.3 � Five Welfare Needs

The Five Welfare Needs model (Table 3) promotes healthy condition through stipulating fundamental environmental 
and biological requirements with broad welfare implications. These implications cause the model to involve a strong 
outcome-led context beyond the more aspirational foundations used for the Five Freedoms [3]. The aims of the Five 
Welfare Needs arguably infer greater responsibility, above the Five Freedoms, to provide for animals, including for behav-
iours such as calm interaction, relaxation, and play [2, 203]. Of the Five Welfare Needs, Need 4 (Need to be housed with, 
or apart, from other animals) is infrequently inferred in legislation, although, arguably, it is also implied in Need 3 (Need 
to be able to exhibit normal behaviour patterns).

From the simple Google search regarding frequency of citation (Table 14), the Five Welfare Needs was the least repre-
sented model. Curiously, despite similarities in application and simplicity to the Five Freedoms, the Five Welfare Needs 
appear not yet to have achieved similar traction.

4.4.4 � Three ethical concerns

The three ethical concerns (Freedom, Feelings & Function) (Table 4), provide concepts and principles that historically and 
currently underlie or are integral to various animal welfare models, due to inherent broad biological and philosophical 
elements [4, 7, 29, 204, 205]. Of the three ethical concerns, Freedom implies consideration of the animal’s welfare by its 
ability to lead a life under its control, rather than measurements such as, physiological criteria, immune competence, 
fitness and morbidity. Feelings convey that if an animal feels comfortable or good, then its life quality may meet a 
satisfactory welfare standard, regardless of environmental or physiological factors. Function implies the importance 
of providing for an animal’s biological (including environmental, nutritional, and clinical) requirements, so that certain 
essential ‘life-support’ elements are not overlooked. All elements of the three ethical concerns should be regarded as a 
unified concept. Accordingly, the three ethical concerns are both enduring and strongly animal-centric in their nature, 
and loosely included in the background of other models.

From the simple Google search regarding frequency of citation (Table 14), the three ethical concerns provided an 
extremely high number of results, and irrelevant results with no identifiable reference to animal welfare. Accordingly, its 
proportionate relevance to all other models was not possible to assess. However, given the wide influence and endur-
ance of the three ethical concerns in animal welfare science, it is in our view unfortunate that the model appears, at least 
superficially, to be considerably under-represented as an outcome-led system compared with the other approaches.
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4.4.5 � Other animal welfare principles

Whilst the Five Freedoms, Five Domains, Five Welfare Needs, and three ethical concerns constitute structured models, 
a raft of other scientific principles have been conceived that offer standalone criteria, or potentially, models in them-
selves (Table 5). The other animal welfare principles or models are diversely utilised across, for example, governmental, 
private managemental, research, and publication situations. However, these principles or models are often not distinctly 
presented as such, and instead probably become introduced as philosophical ideas and guides during discussion of 
particular problems.

Although Table 5 presents summary definitions for these principles or models, there are arguably two clear categories, 
human-centric (focused on humans or their preferences), and animal-centric (focused on animals or their preferences). 
Human-centric considerations include Quality of life [27, 206], Controlled deprivation [28], Positive and negative states 
[7], Our control, Our responsibility [29],  One Welfare, One Biology [30–32], and Crypto-overcrowding [33]. These consid-
erations constitute powerful instructors of human liability towards both managing and understanding animals in their 
care. Rationally, these considerations ought to underpin and govern all efforts, responsibilities, and obligations, whether 
formal or informal, by caretakers towards animals. Animal-centric considerations include Motivation and preference [34], 
Control over environment (e.g., [34, 35]), Sentience (e.g., [20, 29]), and If it leaves, does it come back? (e.g., [33, 44]). These 
considerations incorporate expressions by animals of self will and the ability to choose the best available options based 
on individual physiological, behavioural, and psychological drivers. The ability of animals to constantly express self-will 
should constitute a fundamental concept for captive individuals. However, expression of self-will does not infer that, for 
example, predator and prey species interactions are to be encouraged, because doing so would not reflect the will of 
the prey and, thus, could contradict managemental responsibilities.

4.5 � Pet trading and keeping

Objective data regarding welfare outcomes associated with pet trading and home keeping are generally lacking, which 
may be due to inherent difficulties in conducting investigations into commercial enterprises, lack of openness among 
those entities, and challenges in surveys and obtaining accurate data based on self-declared information across both 
situations. Also, there appears to be relatively little information concerning some animals, in particular for invertebrates, 
which may be due to broadly lower levels of concern and lack of relevant research regarding the well-being of these 
animals compared with others, and to minimal or no legal or other regulation regarding their care.

Whilst Tables 7, 8, 9, 10, 11, 12 summarise numerous documented exotic pet welfare issues or concerns, certain com-
mon background reasons may be inherently related to these problems. In particular, these background reasons include 
stresses associated with: 1. wild-capture, handling, storage, and transportation (e.g., [146, 207]); 2. captive-breeding 
and associated intensive housing (e.g., [146, 207]); 3. development of genetically-related morbidities among captive-
bred species (e.g., [146]); 4. poor adaptability of many species to captive environments (e.g., [54, 146]); 5. fundamental 
limitations of captivity as a holistic provider for animals (e.g., abnormal stressors pertaining to artificial environments) 
(e.g., [146, 150]); 6. inherent unsuitability of wild animals (whether wild-caught or captive-bred) for trading and keep-
ing as pets, or unanticipated and overly demanding husbandry (e.g., [13, 15, 52, 54, 82, 128, 144]); 7. difficulties due to 
widespread lack of knowledge regarding species-specific biologies, husbandry needs, and veterinary treatment (e.g., 
[53, 54, 65]); 8. poor quality trade-generated information (e.g., [46, 52, 74, 144, 208, 209]); 9. and poor uptake of quality 
information even when provided (e.g., [52, 53, 62, 81–83, 144, 150, 196]). These considerations are plainly relevant to all 
welfare criteria within all models because they include matters of nutrition, environment, health, behaviour, sociality, 
mental state, adaptability, function, feelings, and, overarchingly, positive and negatives states.

4.5.1 � Animal welfare models versus welfare outcomes

Based on the reports identified for this study, the frequent presence of significant welfare problems among pet animals in 
both commercial and home environments constitutes a persistent and major cause for concern. Such persistent welfare 
problems can be regarded as strong indicators that any or all approaches to their resolution (including key welfare models 
and guidance) are, at least partially and probably grossly, failing. As indicated previously, all welfare models probably har-
bour highly relevant limitations, both inherently and as a result of under-implementation. Whether a model is used and 
to what extent may depend on policy makers balancing scientific information with common trade husbandry practices.
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4.5.2 � Evolved animal biologies versus welfare models

In this section, we present case examples that examine potentially important considerations pertinent to some common 
exotic pet species under natural and captive conditions. Probably all animals have some form of avoidance mechanism 
for adverse stimuli, indicating that negative situations or stress or pain can affect any species. In any event, such presump-
tion should be made. Whilst birds and mammals are commonly regarded as highly social, many other studied species, for 
example, amphibians and reptiles, manifest sociality often rivaling that of the popular contenders (e.g., [28, 147]); thus, 
these features should be assumed relevant to all animals. However, certain relatively solitary species, as well as individuals 
of some highly social species may display agonistic behaviours resulting in conspecific co-occupant aggression, injuries, 
and stress [57]. In nature, space is almost unlimited, and thus animals are typically able to preferentially select their home 
ranges, which frequently also involve extended ranges where animals migrate or manifest other transient behaviours. 
Obviously, home ranges are greatly variable. For example, some species that are frequently referred to as sedentary, such 
as certain spiders (e.g. tarantulas), may generally occupy areas of metres above and below ground, but detailed studies 
have shown that home ranges can be extensive, although include periods of sedentarism [210, 211]. Therefore, even for 
apparently highly sedentary species, actual home ranges may be far more extensive than is often anticipated. Accord-
ingly, the natural home ranges of animals are manifestly at great odds with the characteristically diminutive enclosures 
measured in centimetres or metres that are associated with almost all captive conditions.

Relatedly, all animals should be presumed to possess strong internal motivations to pursue the behaviours and the 
lifestyles that they were evolved to live, as well as the sentience to acknowledge the environments that they occupy 
(e.g., [20, 29, 36–42]). All animal classes have been studied to varying degrees regarding sentience. Sentience implies 
the capacity to perceive and feel subjectively, including positive, neutral, and negative experiences, such as pleasure, 
enjoyment, emotion, rest, pain, and suffering, as well as to experience consciousness and self-awareness. Growing evi-
dence as well as scientific and legal acceptance of sentience, observation of behavioural indicators of stress, and the 
precautionary principle, imply that all animals should benefit from the best husbandry and general welfare protections 
that are applied to the most well-safeguarded animal classes [12, 18, 20, 37, 40, 57, 212–227]. In addition to the above 
commonalities, there are also certain specific  attributes  to ectothermic or endothermic organisms.

4.5.3 � Ectothermic animals

Ectothermic animals (invertebrates, fishes, amphibians, and reptiles) have certain features in common that influence 
their welfare needs. In particular, these features include: very strong dependence on environmental temperatures, tem-
perature-linked thermoregulatory behaviours, physiological states, and related immunological condition; strong innate-
ness; and common nocturnalism [150, 228, 229]. Anticipating or providing for these features can be extremely difficult 
to manage. Thermoregulation involves often highly precise control of body temperatures that can only be realistically 
determined by the activities of each individual animal according to its present physiological state. Achieving thermal 
homeostasis, normal movement, digestion, metabolism, and immunity are all examples directly linked to thermoregu-
lation, which is also directly linked to spatial and other habitat conditions [150, 228]. For many, if not most, species 
thermoregulatory needs typically far exceed the limitations of captive environments [144, 230]. Innateness infers natu-
rally programmed ancestral drives pertaining to behavioural and mental habits and needs, which includes such factors 
as hard-wired requirements towards long-distance roaming, complex exploratory activity, environmental interactions, 
acquisition of food, and others; which for certain ectotherms (e.g., reptiles) is a recognised behavioural-spatial issue (e.g., 
[33, 146]). There is also great diversity in lifestyles amongst the very many (at least 860 [46]) species of invertebrate pet, 
which implies extensive requirement for specific biological data and husbandry requirements.

Failure to account for these needs frequently results in captive animals failing to adapt to artificial conditions, and 
developing a range of stress-related behavioural and mental problems. Relatedly, presumptions such as the provision of 
food in captivity negates biological drives directed at searching out food over extensive spaces are erroneous [144, 231]. 
Nocturnalism means that relevant species are characteristically active at low light or during darkness, which conflicts 
with the usual activity patterns of humans. Whilst nocturnalism is not a unique feature of ectotherms, it is inherently 
common. Nocturnal lifestyle activities conflict between these animals and humans, which implies not only potential 
disturbances to animals’ normal resting periods (e.g., caused by noise, vibration, light, and extraneous movement), but 
also human caretakers likely are unable to observe nocturnal creatures sufficiently to be able to assess potential welfare 
issues [33, 57, 152, 232].
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Many ectotherms (such as most invertebrates, fishes, and amphibians) kept as pets are commonly of small size 
(whether as species, larvae, or juveniles) and possess delicate structures (e.g., insect extremities and fish or amphibian 
skin), which expose these animals to particular risks from injury, dehydration, and other problems; and, where aquatic 
forms are involved, there is significant susceptibility to water quality [40, 52, 57, 233]. However, for larger individuals, the 
lower general metabolic rate means development of malnutrition, injuries, and diseases and associated onset of signs 
can involve a significant lag-phase, during which time animals may appear normal but be experiencing decline and poor 
welfare [228]. Thus, superficial appearance of healthy animals can be highly misleading, and relatedly, good health does 
not infer good welfare [231]. All of these considerations hold relevance to several criteria within different models; for 
example, nutritional, social, and behavioural needs that are imbedded within The Five Freedoms (e.g., criteria 1,2,3,4,5), 
The Five Domains criteria (e.g., 1,2,3,4,5), and the Welfare Needs (e.g., criteria 1,2,3,4,5). Further, all of these considerations 
are also itemised as problematic outcomes; for example, see Tables 7, 8, 9, 10, 11, 12.

4.5.4 � Endothermic animals

Endothermic animals (birds and mammals) frequently have certain features in common. In particular, these features 
include: high energy demands due to strong physiological heat production; large social groupings; and parental care. 
Again, anticipating or providing for these features can be extremely difficult to manage. Endothermy is a high-cost 
biological system that infers corresponding high intake of food as fuel. In turn, this need for fuel places strong demands 
on food gathering and eating, which when mixed with strong social and other needs, require energetic-loop lifestyles 
[152]. Even short period deficits in food can result in hunger, aggression, and cannibalism, loss of physiological condi-
tion, and poor health. Large social groupings imply a strong need for animals to be with multiples of their own species, 
especially within a complex spatial environment in order to preserve natural interactive dynamics. Failure to provide 
for such dynamics holds strong prospects for psychological stress, and many if not most captive conditions are unlikely 
to offer the adequate environments to support all important social behaviours. Parental care is a strong characteristic 
of endotherms, implying a need to directly raise offspring, and can be regarded as an important expression of normal 
behaviour necessary for holistic welfare [234]. Relatedly, receiving parental care may be highly important to offspring 
[54]. Also, many birds and small mammals are crepuscular or nocturnal and, as indicated for many ectotherms, welfare 
implications are implied for captive animals [152]. All of these considerations hold relevance to several criteria differ-
ent models; for example, nutritional, social, and behavioural needs that are imbedded within The Five Freedoms (e.g., 
criteria 1,3,4,5), The Five Domains criteria (e.g., 1,3,4,5), and the Welfare Needs (e.g., criteria 2,3,4,5). Further, all of these 
considerations are also itemised as problematic outcomes; for example, see Tables 7, 8, 9, 10, 11, 12.

4.5.5 � Comparing selected biological criteria with formal husbandry guidance

The comparative examples presented in Table 13 regarding formal regulatory husbandry guidance for some species 
commonly kept as exotic pets (although highly incomplete and notably lacking for invertebrates) frequently present 
strongly contrasting information between lifestyles experienced in nature and those in captivity under the provisions of 
animal welfare models. When other general biological information that is essential to good welfare (as presented above 
regarding: 1. All animal classes, 2. Ectothermic animals, and 3. Endothermic animals) is factored-in to the selected criteria 
and examples in Table 13, the contrast between natural lifestyles and those in captivity is magnified.

Government stipulations using, for example the key welfare models, as indicated in Table 14, did not include guidance 
pertaining to invertebrates; thus, the care of these animals is essentially abandoned by legislators, despite the evidence 
for their sentience and welfare needs (e.g., [40, 215, 220, 224, 227, 233]). Government stipulations also frequently cited 
guidance in terms of provisions being ‘suitable’, which does not offer, require, or even promote scientific evidence-based 
information standards regarding biological needs or husbandry. When referencing to Zoo Standards, which are better 
than other standards, these are not readily used by the pet trade, regulators or general public. Governmental guidance 
refers to expectations that private home environments for animals should be of a higher standard than commercial 
conditions (e.g., [8]). However, guidance on animal care in the home is typically based on compliance with primary 
legislation. Primary legislation establishes broad rules and principles rather than specific husbandry guidance, thus it 
is frequently even more minimalistic than formal guidance for commercial sellers. Accordingly, in the absence of better 
formal guidance, prospective and actual keepers are likely voluntarily or otherwise directed towards widely available 
information provided by vested interest sectors, such as sellers and hobbyists, that frequently produce non-scientific, 
non-evidence-based, and inaccurate materials [46, 144, 197].
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The apparent failure of the key animal welfare models and principles to safeguard pet animal welfare across numer-
ous regions and countries is concerning, but not entirely surprising. As concluded by Burghardt [28], even in the most 
advanced and well-resourced situations such as the best zoos, providing for animals’ complex needs is unachievable, 
resulting in controlled deprivation. Thus, it may be said that evolved lifestyles in nature set a very high bar that few or 
no protocols and provisions in captivity can reach. As indicated previously, captive lifestyles and care can probably be 
regarded as inadequate or poor for most species. Importantly, many exotic pet species, such as red-kneed tarantulas 
(Brachypelma smithii), clownfishes (Amphiprion ocellaris), bearded dragons (Pogona vitticeps), ball pythons (Python regius), 
lovebirds (Agapornis spp), and hedgehogs (Atelerix albiventris), are commonly presented as ‘easy’ animals to care for, 
and it may be argued that these species are supported by the most developed and available information bases [52]. 
However, the presence of persistent welfare problems for these commonly kept animals implicitly signals major welfare 
concerns for the majority of the other 13,000 or more traded and privately kept species, for which there is less available 
information regarding their biology and needs. Despite the challenges of meeting the natural lifestyle bar, the duty of 
care remains among caretakers and legislators to pursue conditions as close as possible towards safeguarding welfare for 
wild animals on which artificial environments are imposed, and the key models occupy an important role in this regard.

4.6 � Animal‑centric preferred life quality

Measuring animal welfare can be complex, and may be significantly compromised by inherent difficulties involved in 
assessing an animal’s subjective mental state [235]. Accordingly, most elements of welfare assessment are essentially 
assumptive and observational [29, 231]. Whilst some issues, including basic environmental, physiological, behavioural, 
and clinical factors, can be strongly guided by modern species-specific biological data, understanding what an animal 
truly needs or prefers is not amenable to the same types of evidence-based considerations.

Preference studies are increasingly used across all animal classes as high-standard investigative methodologies for 
determining criteria relevant to animal welfare (e.g., [145, 199, 236–245]). Essentially, preference studies provide strong 
indications for motivational states. Accordingly, in some important respects, there can be few, if any, better guides to 
animal welfare and to necessary life quality than what an animal itself prefers to do. In this context, animal-centric pre-
ferred life quality means not merely aiming for or achieving a life worth living, but also a life that the animal would itself 
choose, and where it can occupy conditions capable of satisfying such motivations; hence the principle: ‘open the cage 
doors and test its desire for freedom!’.

Some interpretative caution is required concerning animal-centric preferred life quality in that, for example, an animal 
may express the preference to voluntarily leave an enclosure yet become exposed to a particular threat, such as: 1. unex-
pected and inappropriate climate; 2. leap from a window during escape and acquire injury; 3. fail to leave an enclosure 
due to some underlying problem, such as physical disability, clinical disease, or behavioural compromise; or 4. become 
fixated on excessively consuming unnatural and eventually unhealthy foods due to certain enticing contents. Also, an 
animal may be provided with overly limited choices, for example, between two or more unsuitable options. Relatedly, 
a predatory animal might prefer to attack and kill its own prey, but this may not be a desirable outcome from a prefer-
ence—the prey would prefer not to be attacked and killed by the predator.

Domesticated species, namely dogs, typically have the ability to express preferences to, for example, occupy a house 
or a garden at will, explore habitat over additional and large areas, accept or reject social experiences, and even largely 
determine when their caretaker attends to their preferences. Such preferences are largely accepted as normal condi-
tions for the welfare of these animals. Additionally, dogs  are highly affiliative species involving a strong human-animal 
bond [45], and much is known and locally available (i.e., via veterinarians) regarding their biology, care, and welfare. In 
contrast, exotic species are typically restricted or entirely prevented from expressing preferences due to forced confine-
ment in diminutive enclosures, with presumptively controlled climates, and caretaker-assumed biological needs. Were a 
comparative-sized dog to be housed in facilities that were similarly restrictive for a snake then the caretaker might face 
prosecution for cruelty. Relatedly, many species do not possess affiliative traits, and little—or incorrect—information is 
available regarding their welfare biology.

Life quality (positive or negative) is arguably imbued in all animal welfare assessments and objectives, and positive 
or good life quality is clearly a primary target. Duration of good life quality has in itself also been suggested as a positive 
marker of welfare [246]. A generalised attitudinal shift towards animal-centric preferred life quality may offer a reset for 
welfare enhancement, and arguably assist towards the proper interpretation of the key animal welfare models, as well 
as other animal welfare principles.
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5 � Conclusions

The Five Freedoms, Five Domains, Five Welfare Needs, and other key welfare models provide relevant criteria for both 
fundamental and, potentially, advanced positive animal welfare safeguards. Formal or informal stipulations frequently 
utilise these models, or variations of them, as foundations for the protection of animals. Accordingly, these key models 
have clearly been successful through raising the profile of scientific and other assessments of welfare, regular inclusion 
in governmental and non-governmental policy, frequent citation, setting guidance standards, and inspiring considera-
tion of welfare issues within a wide variety of situations.

However, despite the adoption of and claimed commitment to these welfare models, wild animals across all classes 
frequently experience commercial practices and husbandry conditions that manifestly do not meet either the aspirational 
or outcome-led principles integral to any welfare model summarised herein. These failures raise serious concerns on at 
least two grounds. First, biological (including physical and mental) requirements that are essential to animal welfare are 
being poorly, or at least inconsistently, met. Relatedly, such deficiencies in the hard application of these models prob-
ably cause significant stress, morbidity, and mortality for animals. Second, by not strongly applying available welfare 
models, government authorities, commercial entities, and animal keepers, are probably not fulfilling, and in some cases 
are potentially directly breaching, both formal legal provisions and / or ethical criteria for protecting animal welfare. 
Moreover, when compared with other welfare principles, as presented earlier, some key welfare models manifestly and 
largely fail both hypothetical and applied tests. Regardless of actual performance in securing or improving animal welfare, 
it is probably also the case that reliance on these common welfare models may invite regulatory complacency through 
over assumption of compliance and effectiveness. In summary conclusion, with regard to how well the Five Freedoms, 
Five Domains, Five Welfare Needs and other models are serving exotic pet welfare, it may reasonably be said that in both 
the contexts of evolved biological needs and scientifically documented outcomes of concern, these models, as currently 
applied, may fail to serve animal welfare well, or even entirely.

Robust application of Five Freedoms, Five Domains, Five Welfare Needs, or other commonly cited approaches such 
as the three ethical concerns, holds the capacity to alleviate or rectify many of the current major concerns inherent to 
exotic pet trading and keeping, and indeed to wider animal welfare issues. However, our assessment of the application of 
these models suggests that formal authorities and others that are responsible for implementing these welfare-protection 
systems currently aim for an overly minimalist interpretation. This interpretation undervalues numerous provisions within 
the key welfare models, and probably stems from compromises that disfavour animals and welfare science in favour of 
the facilitation of pet trading and keeping. Such favouritism towards pet trading and keeping wrongly undermines the 
purposes and designs of the welfare models. Accordingly, attitudinal, applied, and outcome-led shifts are required, and 
scientifically warranted, to refocus priorities to animal welfare as the centralised and mandatory objective of any and all 
animal welfare models and principles. With respect to these shifts, we provide recommendations that redirect priorities 
to promote animal-centric preferred life quality as a unifying theme for legislation and practice.

6 � Recommendations

1.	 Animal welfare and not the facilitation of any pet selling or keeping practices should constitute the centralised and 
mandatory objective in the use of relevant models and principles.

2.	 Modernised interpretation and robust enforceable application should be urgently and universally promoted in the 
use of existing and future animal welfare models and principles.

3.	 Animal welfare models, principles, and criteria should aim to promote animal-centric preferred life quality.
4.	 Governments should develop legally enforceable detailed husbandry guidance and welfare assessment protocols 

using primarily objective scientific evidence-based information from independent non-vested interest parties to 
instruct both commercial and private sectors to better ensure the conveyance of key animal welfare models, princi-
ples, and outcomes.

5.	 Updating models, principles, and criteria should be underpinned by evolving scientific knowledge.
6.	 Precautionary principles should be instituted where uncertainty exists on welfare issues, thus applying the benefit 

of doubt to any animal in any situation.



Vol:.(1234567890)

Review	 Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2

Acknowledgements  The authors would like to thank Dr Monica Biondo for her contribution, as well as the two independent reviewers, who 
contributed many helpful comments and suggestions.

Author contributions  Conceptualization: Catrina Steedman, Clifford Warwick, Rachel Grant; Literature research: Rachel Grant, Clifford Warwick, 
Catrina Steedman; Formal analysis and investigation: Clifford Warwick, Rachel Grant, Catrina Steedman; Writing—original draft preparation: 
Clifford Warwick; Writing—review and editing: Clifford Warwick, Catrina Steedman, Rachel Grant, Mike Jessop.

Funding  This project was funded by World Animal Protection (UK), which had no input regarding design, analysis, conclusions, recommenda-
tions, or other directional role in this report.

Data availability  Not applicable.

Code availability  Not applicable.

Declarations 

Competing interests  The authors declare no conflict of interest.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Farm Animal Welfare Council: Farm Animal Welfare Council Press Statement. https://​webar​chive.​natio​nalar​chives.​gov.​uk/​20121​01001​
2428/​http://​www.​fawc.​org.​uk/​pdf/​fivef​reedo​ms1979.​pdf (1979). Accessed 23 February 2020.

	 2.	 Mellor DJ, Beausoleil N. Extending the ‘Five Domains’ model for animal welfare assessment to incorporate positive welfare states. Anim 
Welf. 2015;24(3):241. https://​doi.​org/​10.​7120/​09627​286.​24.3.​241.

	 3.	 RSPCA: Animal Welfare Act—The five welfare needs. https://​www.​rspca.​org.​uk/​whatw​edo/​endcr​uelty/​chang​ingth​elaw/​whatw​echan​
ged/​anima​lwelf​areact (2006). Accessed 11th December 2023.

	 4.	 Fraser D, Weary DM, Pajor EA, Milligan BN. A scientific conception of animal welfare that reflects ethical concerns. Anim Welf. 1997;6:187–
205. https://​doi.​org/​10.​1017/​S0962​72860​00197​95.

	 5.	 Mellor DJ, Reid C. Concepts of animal well-being and predicting the impact of procedures on experimental animals. WBI Stud Repository. 
1994;7:3–18.

	 6.	 Webster J. Animal welfare: a cool eye towards Eden. Oxford: Blackwell Science; 1995.
	 7.	 Mellor DJ. Updating animal welfare thinking: moving beyond the “Five Freedoms” towards “a Life Worth Living.” Animals. 2016;6(3):21. 

https://​doi.​org/​10.​3390/​ani60​30021.
	 8.	 DEFRA: Selling animals as pets licensing: statutory guidance for local authorities. https://​www.​gov.​uk/​gover​nment/​publi​catio​ns/​animal-​

activ​ities-​licen​sing-​guida​nce-​for-​local-​autho​rities/​selli​ng-​anima​ls-​as-​pets-​licen​sing-​statu​tory-​guida​nce-​for-​local-​autho​ritie​s--2 (2023). 
Accessed 15 June 2023.

	 9.	 Blackett T, Marsh G, Groves G, Morgan A, Whittaker M, Morgan D: Core Fundamental Standard of Practice for Captive Wild Animals. 
https://​wildw​elfare.​org/​wp-​conte​nt/​uploa​ds/​Core-​Funda​mental-​Stand​ard-​of-​Pract​ice-​for-​Capti​ve-​Wild-​Anima​ls-​Oct20​20.​pdf (2020). 
Accessed 29 May 2023.

	 10.	 De Briyne N, Vidović J, Morton DB, Magalhães-Sant’Ana M. Evolution of the Teaching of Animal Welfare Science, Ethics and Law in Euro-
pean Veterinary Schools (2012–2019). Animals. 2020;10(7):1238. https://​doi.​org/​10.​3390/​ani10​071238.

	 11.	 Diggles B, Cooke S, Rose J, Sawynok W. Ecology and welfare of aquatic animals in wild capture fisheries. Rev Fish Biol Fisheries. 
2011;21:739–65. https://​doi.​org/​10.​1007/​s11160-​011-​9206-x.

	 12.	 Berlinghieri F, Panizzon P, Penry-Williams IL, Brown C. Laterality and fish welfare-a review. Appl Anim Behav Sci. 2021;236: 105239. https://​
doi.​org/​10.​1016/j.​appla​nim.​2021.​105239.

	 13.	 BVA: Prioritising the welfare of non-traditional companion animals. https://​www.​bva.​co.​uk/​news-​and-​blog/​blog-​artic​le/​prior​itisi​ng-​the-​
welfa​re-​of-​non-​tradi​tional-​compa​nion-​anima​ls/ (2023). Accessed 25 May 2023.

	 14.	 Voogt AM, Ursinus WW, Sijm DT, Bongers JH. From the Five Freedoms to a more holistic perspective on animal welfare in the Dutch 
Animals Act. Front Anim Sci. 2023;4:20. https://​doi.​org/​10.​3389/​fanim.​2023.​10262​24.

	 15.	 Toland E, Bando M, Hamers M, Cadenas V, Laidlaw R, Martínez-Silvestre A, et al. Turning negatives into positives for pet trading and 
keeping: a review of positive lists. Animals. 2020;10(12):2371.

	 16.	 Aronson JK. When I use a word… The Precautionary Principle: a brief history. Br Med J. 2021. https://​doi.​org/​10.​1136/​bmj.​n3111.
	 17.	 Birch J. Animal sentience and the precautionary principle. Anim Sentience. 2017;16(1):1–15. https://​doi.​org/​10.​51291/​2377-​7478.​1200.
	 18.	 Van Huis A. Welfare of farmed insects. J Insects Food Feed. 2019;5(3):159–62. https://​doi.​org/​10.​3920/​JIFF2​019.​x004.
	 19.	 Birch J, Browning H. Neural organoids and the precautionary principle. Am J Bioeth. 2021;21(1):56–8. https://​doi.​org/​10.​1080/​15265​161.​

2020.​18458​58.

http://creativecommons.org/licenses/by/4.0/
https://webarchive.nationalarchives.gov.uk/20121010012428/http://www.fawc.org.uk/pdf/fivefreedoms1979.pdf
https://webarchive.nationalarchives.gov.uk/20121010012428/http://www.fawc.org.uk/pdf/fivefreedoms1979.pdf
https://doi.org/10.7120/09627286.24.3.241
https://www.rspca.org.uk/whatwedo/endcruelty/changingthelaw/whatwechanged/animalwelfareact
https://www.rspca.org.uk/whatwedo/endcruelty/changingthelaw/whatwechanged/animalwelfareact
https://doi.org/10.1017/S0962728600019795
https://doi.org/10.3390/ani6030021
https://www.gov.uk/government/publications/animal-activities-licensing-guidance-for-local-authorities/selling-animals-as-pets-licensing-statutory-guidance-for-local-authorities--2
https://www.gov.uk/government/publications/animal-activities-licensing-guidance-for-local-authorities/selling-animals-as-pets-licensing-statutory-guidance-for-local-authorities--2
https://wildwelfare.org/wp-content/uploads/Core-Fundamental-Standard-of-Practice-for-Captive-Wild-Animals-Oct2020.pdf
https://doi.org/10.3390/ani10071238
https://doi.org/10.1007/s11160-011-9206-x
https://doi.org/10.1016/j.applanim.2021.105239
https://doi.org/10.1016/j.applanim.2021.105239
https://www.bva.co.uk/news-and-blog/blog-article/prioritising-the-welfare-of-non-traditional-companion-animals/
https://www.bva.co.uk/news-and-blog/blog-article/prioritising-the-welfare-of-non-traditional-companion-animals/
https://doi.org/10.3389/fanim.2023.1026224
https://doi.org/10.1136/bmj.n3111
https://doi.org/10.51291/2377-7478.1200
https://doi.org/10.3920/JIFF2019.x004
https://doi.org/10.1080/15265161.2020.1845858
https://doi.org/10.1080/15265161.2020.1845858


Vol.:(0123456789)

Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2	 Review

	 20.	 Browning H, Birch J. Animal sentience. Philos Compass. 2022;17(5): e12822. https://​doi.​org/​10.​1111/​phc3.​12822.
	 21.	 World Animal Protection: Risky business: the unregulated exotic pet trade in Canada. https://​www.​world​anima​lprot​ection.​ca/​sites/​defau​

lt/​files/​media/​ca_-_​en_​files/​wap_​exotic_​pets_​in_​canada_​report_​final_​forweb_​oct_3_​2019.​pdf (2019). Accessed June 2nd 2023.
	 22.	 Eurogroup for Animals: Analysis of national legislation related to the keeping and sale of exotic pets in Europe. https://​www.​eurog​

roupf​orani​mals.​org/​files/​eurog​roupf​orani​mals/​2020-​07/​Eurog​roup%​20for%​20Ani​mals_​Exotic%​20pets%​20reo​prt_​v5%​20%​281%​29.​
pdf (2020). Accessed 30 November 2022.

	 23.	 Alam S, Mohammad SN. The precautionary principle in biodiversity and natural resource management: institutional and policy chal-
lenges for a sustainable future. Envtl Pol’y & L. 2018;48:187. https://​doi.​org/​10.​3233/​EPL-​180077.

	 24.	 Convention on Biological Diversity: Precautionary Approach. https://​www.​cbd.​int/​marine/​preca​ution​ary.​shtml (2022). Accessed 30 
November 2022.

	 25.	 Mellor DJ, Beausoleil NJ, Littlewood KE, McLean AN, McGreevy PD, Jones B, et al. The 2020 five domains model: Including human–animal 
interactions in assessments of animal welfare. Animals. 2020;10(10):1870. https://​doi.​org/​10.​3390/​ani10​101870.

	 26.	 Mellor DJ. Operational details of the five domains model and its key applications to the assessment and management of animal welfare. 
Animals. 2017;7(8):60. https://​doi.​org/​10.​3390/​ani70​80060.

	 27.	 Taylor K, Mills D. Is quality of life a useful concept for companion animals? Anim Welf. 2007;16(S1):55–65. https://​doi.​org/​10.​1017/​S0962​
72860​00317​30.

	 28.	 Burghardt GM. Environmental enrichment and cognitive complexity in reptiles and amphibians: concepts, review, and implications for 
captive populations. Appl Anim Behav Sci. 2013;147(3–4):286–98. https://​doi.​org/​10.​1016/j.​appla​nim.​2013.​04.​013.

	 29.	 Mendl M, Mason G, Paul ES. Animal welfare science. In: Call J, Pepperberg IM, Snowdon CT, Zentall T, editors. APA Handbook of Compara-
tive Psychology. Washington: American Psychological Association; 2017. p. 793–811.

	 30.	 Rabozzi G, Bonizzi L, Crespi E, Somaruga C, Sokooti M, Tabibi R, et al. Emerging zoonoses: the “one health approach.” Saf Health Work. 
2012;3(1):77–83. https://​doi.​org/​10.​5491/​shaw.​2012.3.​1.​77.

	 31.	 García PR. One welfare impacts of COVID-19–a summary of key highlights within the one welfare framework. Appl Anim Behav Sci. 
2021;236: 105262. https://​doi.​org/​10.​1016/j.​appla​nim.​2021.​105262.

	 32.	 Tarazona AM, Ceballos MC, Broom DM. Human relationships with domestic and other animals: one health, one welfare, one biology. 
Animals. 2020;10(1):43. https://​doi.​org/​10.​3390/​ani10​010043.

	 33.	 Arena PC, Warwick C. Spatial and thermal factors. In: Warwick C, Arena PC, Burghardt GM, editors. Health and welfare of captive reptiles. 
2nd ed. Cham: Springer; 2023. p. 417–45.

	 34.	 Dawkins MS. From an animal’s point of view: motivation, fitness, and animal welfare. Behav Brain Sci. 1990;13(1):1–9. https://​doi.​org/​10.​
1017/​S0140​525X0​00771​04.

	 35.	 Broom DM. Animal welfare: concepts and measurement. J Anim Sci. 1991;69(10):4167–75. https://​doi.​org/​10.​2527/​1991.​69104​167x.
	 36.	 Broom DM. Sentience and animal welfare. Wallingford: Cabi; 2014.
	 37.	 Brown C. Fish intelligence, sentience and ethics. Anim Cogn. 2015;18(1):1–17. https://​doi.​org/​10.​1007/​s10071-​014-​0761-0.
	 38.	 Lambert H, Carder G, D’Cruze N. Given the cold shoulder: a review of the scientific literature for evidence of reptile sentience. Animals. 

2019;9(10):821. https://​doi.​org/​10.​3390/​ani91​00821.
	 39.	 Mellor DJ. Welfare-aligned sentience: enhanced capacities to experience, interact, anticipate, choose and survive. Animals. 2019;9(7):440. 

https://​doi.​org/​10.​3390/​ani90​70440.
	 40.	 Lambert H, Elwin A, D’Cruze N. Wouldn’t hurt a fly? A review of insect cognition and sentience in relation to their use as food and feed. 

Appl Anim Behav Sci. 2021;243: 105432. https://​doi.​org/​10.​1016/j.​appla​nim.​2021.​105432.
	 41.	 Lambert H, Elwin A, D’Cruze N. Frog in the well: a review of the scientific literature for evidence of amphibian sentience. Appl Anim Behav 

Sci. 2022. https://​doi.​org/​10.​1016/j.​appla​nim.​2022.​105559.
	 42.	 Lambert H, Cornish A, Elwin A, D’Cruze N. A kettle of fish: a review of the scientific literature for evidence of fish sentience. Animals. 

2022;12(9):1182. https://​doi.​org/​10.​3390/​ani12​091182.
	 43.	 Jones M. Why the recognition of sentience is so important for animal welfare. Anim Sentience. 2022;6(31):12. https://​doi.​org/​10.​51291/​

2377-​7478.​1726.
	 44.	 Peng S, Broom DM. The sustainability of keeping birds as pets: should any be kept? Animals. 2021;11(2):582. https://​doi.​org/​10.​3390/​

ani11​020582.
	 45.	 Serpell JA. The human-animal bond. In: Kalof L, editor. The Oxford handbook of animal studies. Oxford: Oxford University Press; 2017. p. 

81–97.
	 46.	 Warwick C, Steedman C, Jessop M, Arena P, Pilny A, Nicholas E. Exotic pet suitability: understanding some problems and using a labeling 

system to aid animal welfare, environment, and consumer protection. J Vet Behav. 2018;26:17–26. https://​doi.​org/​10.​1016/j.​jveb.​2018.​
03.​015.

	 47.	 Laidlaw R. Scales and tails: The welfare and trade of reptiles kept as pets in Canada. Toronto, Canada: WSPA/World Animal Protection; 
2005.

	 48.	 Toland E, Warwick C, Arena P. The exotic pet trade: pet hate. Biologist. 2012;59(3):14–8.
	 49.	 Ashley S, Brown S, Ledford J, Martin J, Nash AE, Terry A, et al. Morbidity and mortality of invertebrates, amphibians, reptiles, and mam-

mals at a major exotic companion animal wholesaler. J Appl Anim Welf Sci. 2014;17(4):308–21. https://​doi.​org/​10.​1080/​10888​705.​2014.​
918511.

	 50.	 Martínez-Silvestre A. How to assess stress in reptiles. J Exotic Pet Med. 2014;23(3):240–3. https://​doi.​org/​10.​1053/j.​jepm.​2014.​06.​004.
	 51.	 Warwick C. The morality of the reptile “pet” trade. J Anim Ethics. 2014;4(1):74–94. https://​doi.​org/​10.​5406/​janim​aleth​ics.4.​1.​0074.
	 52.	 Warwick C, Steedman C, Jessop M, Toland E, Lindley S. Assigning degrees of ease or difficulty for pet animal maintenance: the EMODE 

system concept. J Agric Environ Ethics. 2014;27(1):87–101. https://​doi.​org/​10.​1007/​s10806-​013-​9455-x.
	 53.	 Whitehead ML, Vaughan-Jones C. Suitability of species kept as pets. Vet Rec. 2015;177(22):573.
	 54.	 Grant RA, Montrose VT, Wills AP. ExNOTic: should we be keeping exotic pets? Animals. 2017;7(6):47. https://​doi.​org/​10.​3390/​ani70​60047.
	 55.	 Moorhouse TP, Balaskas M, D’Cruze NC, Macdonald DW. Information could reduce consumer demand for exotic pets. Conserv Lett. 

2017;10(3):337–45. https://​doi.​org/​10.​1111/​conl.​12270.

https://doi.org/10.1111/phc3.12822
https://www.worldanimalprotection.ca/sites/default/files/media/ca_-_en_files/wap_exotic_pets_in_canada_report_final_forweb_oct_3_2019.pdf
https://www.worldanimalprotection.ca/sites/default/files/media/ca_-_en_files/wap_exotic_pets_in_canada_report_final_forweb_oct_3_2019.pdf
https://www.eurogroupforanimals.org/files/eurogroupforanimals/2020-07/Eurogroup%20for%20Animals_Exotic%20pets%20reoprt_v5%20%281%29.pdf
https://www.eurogroupforanimals.org/files/eurogroupforanimals/2020-07/Eurogroup%20for%20Animals_Exotic%20pets%20reoprt_v5%20%281%29.pdf
https://www.eurogroupforanimals.org/files/eurogroupforanimals/2020-07/Eurogroup%20for%20Animals_Exotic%20pets%20reoprt_v5%20%281%29.pdf
https://doi.org/10.3233/EPL-180077
https://www.cbd.int/marine/precautionary.shtml
https://doi.org/10.3390/ani10101870
https://doi.org/10.3390/ani7080060
https://doi.org/10.1017/S0962728600031730
https://doi.org/10.1017/S0962728600031730
https://doi.org/10.1016/j.applanim.2013.04.013
https://doi.org/10.5491/shaw.2012.3.1.77
https://doi.org/10.1016/j.applanim.2021.105262
https://doi.org/10.3390/ani10010043
https://doi.org/10.1017/S0140525X00077104
https://doi.org/10.1017/S0140525X00077104
https://doi.org/10.2527/1991.69104167x
https://doi.org/10.1007/s10071-014-0761-0
https://doi.org/10.3390/ani9100821
https://doi.org/10.3390/ani9070440
https://doi.org/10.1016/j.applanim.2021.105432
https://doi.org/10.1016/j.applanim.2022.105559
https://doi.org/10.3390/ani12091182
https://doi.org/10.51291/2377-7478.1726
https://doi.org/10.51291/2377-7478.1726
https://doi.org/10.3390/ani11020582
https://doi.org/10.3390/ani11020582
https://doi.org/10.1016/j.jveb.2018.03.015
https://doi.org/10.1016/j.jveb.2018.03.015
https://doi.org/10.1080/10888705.2014.918511
https://doi.org/10.1080/10888705.2014.918511
https://doi.org/10.1053/j.jepm.2014.06.004
https://doi.org/10.5406/janimalethics.4.1.0074
https://doi.org/10.1007/s10806-013-9455-x
https://doi.org/10.3390/ani7060047
https://doi.org/10.1111/conl.12270


Vol:.(1234567890)

Review	 Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2

	 56.	 Warwick C, Jessop M, Arena P, Pliny A, Nicholas E, Lambiris A. Future of keeping pet reptiles and amphibians: animal welfare and public 
health perspective. Vet Rec. 2017;181(17):454–5. https://​doi.​org/​10.​1136/​vr.​j4640.

	 57.	 Warwick C, Jessop M, Arena P, Pilny A, Steedman C. Guidelines for inspection of companion and commercial animal establishments. 
Front Vet Sci. 2018;5:151. https://​doi.​org/​10.​3389/​fvets.​2018.​00151.

	 58.	 Whitehead ML. Factors contributing to poor welfare of pet reptiles. Testudo. 2018;8(5):47–61.
	 59.	 Alves RRN, de Araújo BMC, da Silva PI, Pereira HM, Borges AKM, da Silva Vieira WL, et al. Keeping reptiles as pets in Brazil: ethnozoological 

and conservation aspects. J Nat Conserv. 2019;49:9–21. https://​doi.​org/​10.​1016/j.​jnc.​2019.​02.​002.
	 60.	 Biondo MV, Burki RP. A systematic review of the ornamental fish trade with emphasis on coral reef fishes—an impossible task. Animals. 

2020;10(11):2014.
	 61.	 D’Cruze N, Paterson S, Green J, Megson D, Warwick C, Coulthard E, et al. Dropping the Ball? The Welfare of Ball Pythons Traded in the EU 

and North America. Animals. 2020;10(3):413. https://​doi.​org/​10.​3390/​ani10​030413.
	 62.	 Howell TJ, Warwick C, Bennett PC. Self-reported snake management practices among owners in Victoria, Australia. Vet Rec. 

2020;187(3):114. https://​doi.​org/​10.​1136/​vr.​105409.
	 63.	 Pouil S, Tlusty MF, Rhyne AL, Metian M. Aquaculture of marine ornamental fish: overview of the production trends and the role of aca-

demia in research progress. Rev Aquac. 2020;12(2):1217–30. https://​doi.​org/​10.​1111/​raq.​12381.
	 64.	 Azevedo A, Guimarães L, Ferraz J, Whiting M, Magalhães-Sant’Ana M. Pet reptiles—are we meeting their needs? Animals. 2021;11(10):2964. 

https://​doi.​org/​10.​3390/​ani11​102964.
	 65.	 Ostović M, Sabolek I, Piplica A, Žaja IŽ, Menčik S, Nejedli S, et al. A survey study of veterinary student opinions and knowledge about 

pet reptiles and their welfare. Animals. 2021;11(11):3185. https://​doi.​org/​10.​3390/​ani11​113185.
	 66.	 Warwick C, Steedman C. Wildlife-pet markets in a one-health context. Int J One Health. 2021;7(1):42–64. https://​doi.​org/​10.​14202/​IJOH.​

2021.​42-​64.
	 67.	 Warwick C, Grant R, Steedman C, Howell TJ, Arena PC, Lambiris AJ, et al. Getting it straight: accommodating rectilinear behavior in cap-

tive snakes—a review of recommendations and their evidence base. Animals. 2021;11(5):1459. https://​doi.​org/​10.​3390/​ani11​051459.
	 68.	 Warwick C, Steedman C. Regulating pets using an objective positive list approach. J Vet Behav. 2021;42:53–63. https://​doi.​org/​10.​1016/j.​

jveb.​2021.​01.​008.
	 69.	 Warwick C, Steedman C. Exotic pet trading and keeping: proposing a model government consultation and advisory protocol. J Vet Behav. 

2021;43:66–76. https://​doi.​org/​10.​1016/j.​jveb.​2021.​03.​002.
	 70.	 Warwick C, Arena P, Burghardt GM. Health and welfare of captive reptiles. 2nd ed. Cham: Springer; 2023.
	 71.	 Eurogroup for Animals: Exotic Pet Trade: Analysis Of The Problems And Identification Of Solutions. https://​www.​eurog​roupf​orani​mals.​

org/​files/​eurog​roupf​orani​mals/​2020-​03/​Exotic%​20pet%​20tra​de%​20rep​ort%​20EG%​20gen​eral%​20ver​sion%​20fin​al.​pdf (2020). Accessed 
8 June 2023.

	 72.	 BFF, RSPCA: The exotic pet-demic: the UK’s ticking time bomb exposed. https://​www.​rspca.​org.​uk/​docum​ents/​14949​39/​77125​78/​The+​
Exotic+​Pet-​demic%​3A+​UK%​27s+​ticki​ng+​timeb​omb+​expos​ed.​pdf/​07575​4a7-​fa68-​f9bf-​66b4-​ccb0d​559db​28?t=​16316​17196​174 (2021). 
Accessed 25 June 2023.

	 73.	 World Animal Protection: Fighting the deadly exotic pet trade to keep wild animals where they belong—in the wild. https://​www.​world​
anima​lprot​ection.​org/​our-​work/​anima​ls-​wild/​exotic-​pets (2018). Accessed 8 June 2023.

	 74.	 Williams DL, Jackson R. Availability of information on reptile health and welfare from stores selling reptiles. Open J Vet Med. 2016;6(3):59–
67. https://​doi.​org/​10.​4236/​ojvm.​2016.​63007.

	 75.	 BVA: Voice of the Veterinary Profession survey. https://​www.​bva.​co.​uk/​take-​action/​voice-​survey/ (2022). Accessed 25 May 2023.
	 76.	 Goins M, Hanlon AJ. Exotic pets in Ireland: 2. Provision of veterinary services and perspectives of veterinary professionals’ on responsible 

ownership. Ir Vet J. 2021;74(1):13. https://​doi.​org/​10.​1186/​s13620-​021-​00191-5.
	 77.	 Arena PC, Steedman C, Warwick C. Amphibian and reptile pet markets in the EU: An investigation and assessment. London: Animal 

Protection Agency, Animal Public, International Animal Rescue, Eurogroup for Animals, Fundación para la Adopción, el Apadrinamiento 
y la Defensa de los Animales, People for the Ethical Treatment of Animals; 2012. p. 52.

	 78.	 Segura A, Delibes-Mateos M, Acevedo P. Implications for conservation of collection of Mediterranean spur-thighed tortoise as pets in 
Morocco: residents’ perceptions, habits, and knowledge. Animals. 2020;10(2):265. https://​doi.​org/​10.​3390/​ani10​020265.

	 79.	 Bergin D, Nijman V. An Assessment of Welfare Conditions in Wildlife Markets across Morocco. J Appl Anim Welf Sci. 2019;22(3):279–88. 
https://​doi.​org/​10.​1080/​10888​705.​2018.​14924​08.

	 80.	 Warwick C, Arena P, Steedman C. Spatial considerations for captive snakes. J Vet Behav. 2019;30:37–48. https://​doi.​org/​10.​1016/j.​jveb.​
2018.​12.​006.

	 81.	 Howell TJ, Warwick C, Bennett P. Pet management practices of frog and turtle owners in Victoria, Australia. Vet Rec. 2022;191(12): e2180. 
https://​doi.​org/​10.​1002/​vetr.​2180.

	 82.	 Engebretson M. The welfare and suitability of parrots as companion animals: a review. Anim Welf. 2006;15(3):263–76. https://​doi.​org/​
10.​1017/​S0962​72860​00304​75.

	 83.	 Bennett P, Howell, T. Pet-care practices of Victorian dog, cat, rabbit and bird owners: what issues should we be targeting with edu-
cational materials? AIAM Proceedings. Victoria, Australia: Australian Institute of Animal Management; 2013.

	 84.	 Galea B. An exploratory study of Malta’s exotic pet market: trends, issues, and knowledge gaps. Malta: University of Malta; 2019. p. 
151.

	 85.	 Shukhova S, MacMillan DC. From tigers to axolotls: why people keep exotic pets in Russia. People Nat. 2020;2(4):940–9. https://​doi.​org/​
10.​1002/​pan3.​10125.

	 86.	 Harrup AJ, Rooney N. Current welfare state of pet guinea pigs in the UK. Vet Rec. 2020;186(9):282. https://​doi.​org/​10.​1136/​vr.​105632.
	 87.	 Khangura S, Konnyu K, Cushman R, Grimshaw J, Moher D. Evidence summaries: the evolution of a rapid review approach. Syst Rev. 

2012;1(1):10. https://​doi.​org/​10.​1186/​2046-​4053-1-​10.
	 88.	 Dobbins M. Rapid review guidebook. National Collaborating Centre for Method and Tools. McMaster University, Canada: National Col-

laborating Centre for Method and Tools; 2017.

https://doi.org/10.1136/vr.j4640
https://doi.org/10.3389/fvets.2018.00151
https://doi.org/10.1016/j.jnc.2019.02.002
https://doi.org/10.3390/ani10030413
https://doi.org/10.1136/vr.105409
https://doi.org/10.1111/raq.12381
https://doi.org/10.3390/ani11102964
https://doi.org/10.3390/ani11113185
https://doi.org/10.14202/IJOH.2021.42-64
https://doi.org/10.14202/IJOH.2021.42-64
https://doi.org/10.3390/ani11051459
https://doi.org/10.1016/j.jveb.2021.01.008
https://doi.org/10.1016/j.jveb.2021.01.008
https://doi.org/10.1016/j.jveb.2021.03.002
https://www.eurogroupforanimals.org/files/eurogroupforanimals/2020-03/Exotic%20pet%20trade%20report%20EG%20general%20version%20final.pdf
https://www.eurogroupforanimals.org/files/eurogroupforanimals/2020-03/Exotic%20pet%20trade%20report%20EG%20general%20version%20final.pdf
https://www.rspca.org.uk/documents/1494939/7712578/The+Exotic+Pet-demic%3A+UK%27s+ticking+timebomb+exposed.pdf/075754a7-fa68-f9bf-66b4-ccb0d559db28?t=1631617196174
https://www.rspca.org.uk/documents/1494939/7712578/The+Exotic+Pet-demic%3A+UK%27s+ticking+timebomb+exposed.pdf/075754a7-fa68-f9bf-66b4-ccb0d559db28?t=1631617196174
https://www.worldanimalprotection.org/our-work/animals-wild/exotic-pets
https://www.worldanimalprotection.org/our-work/animals-wild/exotic-pets
https://doi.org/10.4236/ojvm.2016.63007
https://www.bva.co.uk/take-action/voice-survey/
https://doi.org/10.1186/s13620-021-00191-5
https://doi.org/10.3390/ani10020265
https://doi.org/10.1080/10888705.2018.1492408
https://doi.org/10.1016/j.jveb.2018.12.006
https://doi.org/10.1016/j.jveb.2018.12.006
https://doi.org/10.1002/vetr.2180
https://doi.org/10.1017/S0962728600030475
https://doi.org/10.1017/S0962728600030475
https://doi.org/10.1002/pan3.10125
https://doi.org/10.1002/pan3.10125
https://doi.org/10.1136/vr.105632
https://doi.org/10.1186/2046-4053-1-10


Vol.:(0123456789)

Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2	 Review

	 89.	 USDA: Animal and Plant Health Inspection Service. Animal Welfare Act and Animal Welfare Regulations (APHIS 41–35–076). https://​www.​
aphis.​usda.​gov/​animal_​welfa​re/​downl​oads/​AC_​BlueB​ook_​AWA_​508_​comp_​versi​on.​pdf (2022). Accessed 8 June 2023.

	 90.	 Animal Legal Defence Fund: U.S. State Animal Protection Laws. https://​aldf.​org/​proje​ct/​us-​state-​ranki​ngs/ (2022). Accessed 5 June 2023.
	 91.	 Canada Government: The Canadian Criminal Code. https://​laws-​lois.​justi​ce.​gc.​ca/​PDF/C-​46.​pdf (2023). Accessed 6 June 2023.
	 92.	 Newfoundland and Labrador Government: Animal Health and Protection Act, Chapter A-9.1. https://​www.​assem​bly.​nl.​ca/​legis​lation/​

sr/​statu​tes/​a09-1.​htm (2023). Accessed 6 June 2023.
	 93.	 Nova Scotia Government: Animal Protection Act, Chapter 21. https://​nsleg​islat​ure.​ca/​sites/​defau​lt/​files/​legc/​statu​tes/​animal%​20pro​

tecti​on.​pdf (2023). Accessed 6 June 2023.
	 94.	 Yukon Government: Animal Protection Act, Chapter 6. https://​laws.​yukon.​ca/​cms/​images/​LEGIS​LATION/​acts/​anpr.​pdf (2023). Accessed 

6 June 2023.
	 95.	 British Columbia Government: Prevention Of Cruelty To Animals Act, Chapter 372. https://​www.​bclaws.​gov.​bc.​ca/​civix/​docum​ent/​id/​

compl​ete/​statr​eg/​96372_​01#​secti​on9.1 (2023). Accessed 6 June 2023.
	 96.	 Manitoba Government: The Animal Care Act, C.C.S.M. c. A84. https://​web2.​gov.​mb.​ca/​laws/​statu​tes/​ccsm/_​pdf.​php?​cap=​a84 (2023). 

Accessed 6 June 2023.
	 97.	 New Brunswick Government: Society for the Prevention of Cruelty to Animals Act, Chapter 132. https://​www.​canlii.​org/​en/​nb/​laws/​stat/​

rsnb-​2014-c-​132/​latest/​rsnb-​2014-c-​132.​html (2023). Accessed 6 June 2023.
	 98.	 Ontario Government: O. Reg. 444/19: Standards of care and administrative requirements (Provincial Animal Welfare Services Act, S.O. 

2019, Chapter 13). https://​www.​ontar​io.​ca/​laws/​regul​ation/​190444 (2023). Accessed 20 June 2023.
	 99.	 Prince Edward Island Government: Animal Welfare Act. https://​www.​princ​eedwa​rdisl​and.​ca/​sites/​defau​lt/​files/​legis​lation/​a-​11-2-​animal_​

welfa​re_​act.​pdf (2023). Accessed 6 June 2023.
	100.	 Quebec Government: Animal Welfare and Safety Act, Chapter B-3.1. https://​www.​legis​quebec.​gouv.​qc.​ca/​en/​docum​ent/​cs/b-​3.1#​se:5 

(2023). Accessed 6 June 2023.
	101.	 Saskatchewan Government: The Animal Protection Act 2018, Chapter A-21.2. https://​www.​anima​llaw.​info/​sites/​defau​lt/​files/​Saska​tchew​

an%​20Ani​mal%​20Pro​tecti​on%​20Act%​202018.​pdf (2023). Accessed 6 June 2023.
	102.	 Alberta Government: Animal Protection Act, Chapter A-41. https://​kings-​print​er.​alber​ta.​ca/​docum​ents/​Acts/​A41.​pdf (2023). Accessed 

6 June 2023.
	103.	 European Union / Eur-Lex: Consolidated version of the Treaty on the Functioning of the European Union, Part 1, Title II, Article 13 (The 

Treaty of Lisbon). https://​eur-​lex.​europa.​eu/​eli/​treaty/​tfeu_​2016/​art_​13/​oj (2023). Accessed 8 June 2023.
	104.	 Council of Europe: European Convention for the Protection of Pet Animals (ETS No. 125), Strasbourg, 13.XI.1987. https://​rm.​coe.​int/​16800​

7a67d (2023). Accessed 8 June 2023.
	105.	 Austria Government: Federal Act on the Protection of Animals (Animal Protection Act – TSchG). https://​www.​ris.​bka.​gv.​at/​Dokum​ente/​

Erv/​ERV_​2004_1_​118/​ERV_​2004_1_​118.​pdf (2023). Accessed 6 June 2023.
	106.	 Belgium Government: Animal Welfare and Protection Act 1986. https://​www.​ejust​ice.​just.​fgov.​be/​cgi_​loi/​change_​lg.​pl?​langu​age=​nl&​

la=​N&​cn=​19860​81434​&​table_​name=​wet (2023). Accessed 6 June 2023.
	107.	 Finland Government: The Finnish Animal Welfare Act (247/1996, amendments up to 1430/2006 included). https://​www.​finlex.​fi/​fi/​laki/​

kaann​okset/​1996/​en199​60247_​20061​430.​pdf (2023). Accessed 6 June 2023.
	108.	 France Government: Code rural et de la pêche maritime (Article R214-17). https://​www.​legif​rance.​gouv.​fr/​codes/​secti​on_​lc/​LEGIT​EXT00​

00060​71367/​LEGIS​CTA00​00061​68176/​2023-​04-​20/#​LEGIS​CTA00​00061​68176 (2023). Accessed 8 June 2023.
	109.	 Germany Government: Animal Welfare Act (Article 2). https://​www.​geset​ze-​im-​inter​net.​de/​tiers​chg/​index.​html (2023). Accessed 8 June 

2023.
	110.	 Italy Government: Act No 189 prohibiting cruelty to animals. https://​faolex.​fao.​org/​docs/​pdf/​ita45​509.​pdf (2023). Accessed 7 June 2023.
	111.	 Spain Government: Law 7/2023 of March 28 on the protection of animal rights and welfare. https://​www.​boe.​es/​eli/​es/l/​2023/​03/​28/7 

(2023). Accessed 8 June 2023.
	112.	 Sweden Government: Animal Welfare Act (2018:1192). https://​www.​riksd​agen.​se/​sv/​dokum​ent-​och-​lagar/​dokum​ent/​svensk-​forfa​ttnin​

gssam​ling/​djurs​kydds​lag-​20181​192_​sfs-​2018-​1192/ (2023). Accessed 6 June 2023.
	113.	 Switzerland Government: The Federal Assembly of the Swiss Confederation, Animal Welfare Act 2005. https://​www.​globa​lanim​allaw.​

org/​downl​oads/​datab​ase/​natio​nal/​switz​erland/​Tiers​chutz​gesetz-​2005-​EN-​2011.​pdf (2023). Accessed 6 June 2023.
	114.	 The Netherlands Government: Animals Act 2011. https://​wetten.​overh​eid.​nl/​BWBR0​030250/​2022-​12-​22 (2023). Accessed 6 June 2023.
	115.	 UK Government: Animal Welfare Act 2006. https://​www.​legis​lation.​gov.​uk/​ukpga/​2006/​45/​secti​on/9 (2023). Accessed 6 June 2023.
	116.	 RSPCA Australia: What are the Five Freedoms of animal welfare? https://​kb.​rspca.​org.​au/​knowl​edge-​base/​what-​are-​the-​five-​freed​oms-​

of-​animal-​welfa​re/ (2021). Accessed 10 June 2023.
	117.	 Queensland Government: Animal Care and Protection Act 2001. https://​www.​legis​lation.​qld.​gov.​au/​view/​whole/​html/​infor​ce/​curre​nt/​

act-​2001-​064 (2023). Accessed 10 June 2023.
	118.	 Northern Territory Government: Animal Protection Act 2018. https://​legis​lation.​nt.​gov.​au/​Legis​lation/​ANIMAL-​PROTE​CTION-​ACT-​2018 

(2023). Accessed 6 June 2023.
	119.	 South Australia Government: Animal Welfare Act 1985, Animal Welfare Regulations 2012. https://​www.​legis​lation.​sa.​gov.​au/​lz?​path=%​

2Fc%​2Fa%​2Fani​mal%​20wel​fare%​20act%​201985 (2023). Accessed 6 June 2023.
	120.	 Victoria Government: Prevention of Cruelty to Animals Act 1986, No. 096. https://​conte​nt.​legis​lation.​vic.​gov.​au/​sites/​defau​lt/​files/​2020-​

04/​86-​46aa0​96%​20aut​horis​ed.​pdf (2023). Accessed 6 June 2023.
	121.	 Western Australia Government: Animal Welfare Act 2002, No 033. https://​www.​legis​lation.​wa.​gov.​au/​legis​lation/​statu​tes.​nsf/​main_​mrtit​

le_​50_​homep​age.​html (2023). Accessed 6 June 2023.
	122.	 NSW Government: New South Wales Prevention of Cruelty to Animals Act 1979. https://​legis​lation.​nsw.​gov.​au/​view/​html/​infor​ce/​curre​

nt/​act-​1979-​200 (2023). Accessed 6 December 2023.
	123.	 Tasmania Government: Animal Welfare Act 1993. https://​www.​legis​lation.​tas.​gov.​au/​view/​whole/​html/​infor​ce/​curre​nt/​act-​1993-​063 

(2023). Accessed 6 June 2023.

https://www.aphis.usda.gov/animal_welfare/downloads/AC_BlueBook_AWA_508_comp_version.pdf
https://www.aphis.usda.gov/animal_welfare/downloads/AC_BlueBook_AWA_508_comp_version.pdf
https://aldf.org/project/us-state-rankings/
https://laws-lois.justice.gc.ca/PDF/C-46.pdf
https://www.assembly.nl.ca/legislation/sr/statutes/a09-1.htm
https://www.assembly.nl.ca/legislation/sr/statutes/a09-1.htm
https://nslegislature.ca/sites/default/files/legc/statutes/animal%20protection.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/animal%20protection.pdf
https://laws.yukon.ca/cms/images/LEGISLATION/acts/anpr.pdf
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96372_01#section9.1
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96372_01#section9.1
https://web2.gov.mb.ca/laws/statutes/ccsm/_pdf.php?cap=a84
https://www.canlii.org/en/nb/laws/stat/rsnb-2014-c-132/latest/rsnb-2014-c-132.html
https://www.canlii.org/en/nb/laws/stat/rsnb-2014-c-132/latest/rsnb-2014-c-132.html
https://www.ontario.ca/laws/regulation/190444
https://www.princeedwardisland.ca/sites/default/files/legislation/a-11-2-animal_welfare_act.pdf
https://www.princeedwardisland.ca/sites/default/files/legislation/a-11-2-animal_welfare_act.pdf
https://www.legisquebec.gouv.qc.ca/en/document/cs/b-3.1#se:5
https://www.animallaw.info/sites/default/files/Saskatchewan%20Animal%20Protection%20Act%202018.pdf
https://www.animallaw.info/sites/default/files/Saskatchewan%20Animal%20Protection%20Act%202018.pdf
https://kings-printer.alberta.ca/documents/Acts/A41.pdf
https://eur-lex.europa.eu/eli/treaty/tfeu_2016/art_13/oj
https://rm.coe.int/168007a67d
https://rm.coe.int/168007a67d
https://www.ris.bka.gv.at/Dokumente/Erv/ERV_2004_1_118/ERV_2004_1_118.pdf
https://www.ris.bka.gv.at/Dokumente/Erv/ERV_2004_1_118/ERV_2004_1_118.pdf
https://www.ejustice.just.fgov.be/cgi_loi/change_lg.pl?language=nl&la=N&cn=1986081434&table_name=wet
https://www.ejustice.just.fgov.be/cgi_loi/change_lg.pl?language=nl&la=N&cn=1986081434&table_name=wet
https://www.finlex.fi/fi/laki/kaannokset/1996/en19960247_20061430.pdf
https://www.finlex.fi/fi/laki/kaannokset/1996/en19960247_20061430.pdf
https://www.legifrance.gouv.fr/codes/section_lc/LEGITEXT000006071367/LEGISCTA000006168176/2023-04-20/#LEGISCTA000006168176
https://www.legifrance.gouv.fr/codes/section_lc/LEGITEXT000006071367/LEGISCTA000006168176/2023-04-20/#LEGISCTA000006168176
https://www.gesetze-im-internet.de/tierschg/index.html
https://faolex.fao.org/docs/pdf/ita45509.pdf
https://www.boe.es/eli/es/l/2023/03/28/7
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/djurskyddslag-20181192_sfs-2018-1192/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/djurskyddslag-20181192_sfs-2018-1192/
https://www.globalanimallaw.org/downloads/database/national/switzerland/Tierschutzgesetz-2005-EN-2011.pdf
https://www.globalanimallaw.org/downloads/database/national/switzerland/Tierschutzgesetz-2005-EN-2011.pdf
https://wetten.overheid.nl/BWBR0030250/2022-12-22
https://www.legislation.gov.uk/ukpga/2006/45/section/9
https://kb.rspca.org.au/knowledge-base/what-are-the-five-freedoms-of-animal-welfare/
https://kb.rspca.org.au/knowledge-base/what-are-the-five-freedoms-of-animal-welfare/
https://www.legislation.qld.gov.au/view/whole/html/inforce/current/act-2001-064
https://www.legislation.qld.gov.au/view/whole/html/inforce/current/act-2001-064
https://legislation.nt.gov.au/Legislation/ANIMAL-PROTECTION-ACT-2018
https://www.legislation.sa.gov.au/lz?path=%2Fc%2Fa%2Fanimal%20welfare%20act%201985
https://www.legislation.sa.gov.au/lz?path=%2Fc%2Fa%2Fanimal%20welfare%20act%201985
https://content.legislation.vic.gov.au/sites/default/files/2020-04/86-46aa096%20authorised.pdf
https://content.legislation.vic.gov.au/sites/default/files/2020-04/86-46aa096%20authorised.pdf
https://www.legislation.wa.gov.au/legislation/statutes.nsf/main_mrtitle_50_homepage.html
https://www.legislation.wa.gov.au/legislation/statutes.nsf/main_mrtitle_50_homepage.html
https://legislation.nsw.gov.au/view/html/inforce/current/act-1979-200
https://legislation.nsw.gov.au/view/html/inforce/current/act-1979-200
https://www.legislation.tas.gov.au/view/whole/html/inforce/current/act-1993-063


Vol:.(1234567890)

Review	 Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2

	124.	 New Zealand Government: Animal Welfare Act 1999. https://​legis​lation.​govt.​nz/​act/​public/​1999/​0142/​latest/​whole.​html#​DLM50​402 
(2023). Accessed 8 June 2023.

	125.	 WOAH: World Organisation for Animal Health. Animal Welfare. https://​www.​woah.​org/​en/​what-​we-​do/​animal-​health-​and-​welfa​re/​ani-
mal-​welfa​re/ (2023). Accessed 8 June 2023.

	126.	 Souza MJ. Bacterial and parasitic zoonoses of exotic pets. Vet Clin North Am Exot Anim Pract. 2009;12(3):401–15. https://​doi.​org/​10.​
1016/j.​cvex.​2009.​06.​003.

	127.	 Rataj AV, Lindtner-Knific R, Vlahović K, Mavri U, Dovč A. Parasites in pet reptiles. Acta Vet Scand. 2011;53(1):33. https://​doi.​org/​10.​1186/​
1751-​0147-​53-​33.

	128.	 Tedds H, McCormick W, Sneddon S, Ollerton J, Clubb R. Herps across England: investigating the scale of reptile and amphibian trade. 
UFAW: Recent advances in animal welfare science VII. Birmingham, UK2020.

	129.	 Jones M, Alexander ME, Snellgrove D, Smith P, Bramhall S, Carey P, et al. How should we monitor welfare in the ornamental fish trade? 
Rev Aquac. 2022;14(2):770–90. https://​doi.​org/​10.​1111/​raq.​12624.

	130.	 Metcalfe JD. Welfare in wild-capture marine fisheries. J Fish Biol. 2009;75(10):2855–61. https://​doi.​org/​10.​1111/j.​1095-​8649.​2009.​02462.x.
	131.	 Townsend D. Sustainability, equity and welfare: a review of the tropical marine ornamental fish trade. SPC Live Reef Fish Inf Bull. 

2011;20:2–12.
	132.	 Brando S. Companion fish. In: Knight A, Phillips C, Sparks P, editors. Routledge handbook of animal welfare. 1st ed. London: Taylor & 

Francis; 2022. p. 282–92.
	133.	 Pizzi R, Mullineaux E, Patterson S. Assessing veterinary capacity for the inspection of pet primates: a BVZS and BVA survey in 2022. BVZS 

annual conference. Birmingham, UK2022.
	134.	 Schmidt C, Kunzmann A. Post-harvest mortality in the marine aquarium trade: a case study of an Indonesian export facility. SPC Live 

Reef Fish Inf Bull. 2005;2005(13):3–12.
	135.	 Alberts EC. The dark side of Hawaii’s aquarium trade. The Ecologist. 2014(20th August).
	136.	 McCollum BA. Consumer perspectives on the “web of causality” within the marine aquarium fish trade. Live Reef Fish Inf Bull. 

2007;17:20–80.
	137.	 Olivier K. Ornamental fish trade-Overview. InfoFish International. 2001:14–9.
	138.	 Biondo MV. Importation of marine ornamental fishes to Switzerland. Global Ecol Conserv. 2018;15: e00418. https://​doi.​org/​10.​1016/j.​

gecco.​2018.​e00418.
	139.	 Stevens CH, Croft DP, Paull GC, Tyler CR. Stress and welfare in ornamental fishes: what can be learned from aquaculture? J Fish Biol. 

2017;91(2):409–28. https://​doi.​org/​10.​1111/​jfb.​13377.
	140.	 Toland E, Warwick C, Arena PC, Steedman C. Premature mortality rates in exotic pet fishes, amphibians and reptiles in the UK. Unpublished.
	141.	 Lambert H, Elwin A, Harrington LA, Hughes AC, Auliya M, D’Cruze N, et al. Minds Over Matter: Addressing the Negative Impacts of the 

International Commercial Wildlife Trade on Animal Well-Being. submitted.
	142.	 Baker SE, Cain R, Van Kesteren F, Zommers ZA, D’cruze N, Macdonald DW. Rough trade: animal welfare in the global wildlife trade. Biosci-

ence. 2013;63(12):928–38. https://​doi.​org/​10.​1525/​bio.​2013.​63.​12.6.
	143.	 Van Waeyenberge J, Aerts J, Hellebuyck T, Pasmans F, Martel A. Stress in wild and captive snakes: quantification, effects and the impor-

tance of management. Vlaams Diergeneeskundig Tijdschrift. 2018;87(2):59–65.
	144.	 Mendyk RW, Warwick C. Arbitrary husbandry practices and misconceptions. In: Warwick C, Arena PC, Burghardt GM, editors. Health and 

welfare of captive reptiles. 2nd ed. Cham: Springer; 2023. p. 561–82.
	145.	 Warwick C, Steedman C. Naturalistic versus unnaturalistic environments. In: Warwick C, Arena PC, Burghardt GM, editors. Health and 

welfare of captive reptiles. 2nd ed. Cham: Springer; 2023. p. 487–507.
	146.	 Warwick C. Psychological and behavioural principles and problems. In: Warwick C, Arena PC, Burghardt GM, editors. Health and welfare 

of captive reptiles. 2nd ed. Cham: Springer; 2023. p. 239–85.
	147.	 Doody S. Social behaviour as a challenge for welfare. In: Warwick C, Arena PC, Burghardt GM, editors. Health and welfare of captive 

reptiles. 2nd ed. Cham: Springer; 2023. p. 189–211.
	148.	 Green J, Coulthard E, Megson D, Norrey J, Norrey L, Rowntree JK, et al. Blind trading: a literature review of research addressing the welfare 

of Ball pythons in the exotic pet trade. Animals. 2020;10(2):193. https://​doi.​org/​10.​3390/​ani10​020193.
	149.	 Cargill B, Benato L, Rooney NJ. A survey exploring the impact of housing and husbandry on pet snake welfare. Anim Welf. 2022;31(2):193–

208. https://​doi.​org/​10.​7120/​09627​286.​31.2.​004.
	150.	 Arena PC, Bashaw MJ, Grant R, Howell T, Martínez-Silvestre A, Warwick C. Miscellaneous factors. In: Warwick C, Arena PC, Burghardt GM, 

editors. Health and welfare of captive reptiles. 2nd ed. Cham: Springer; 2023. p. 583–617.
	151.	 Warwick C, Arena P, Lindley S, Jessop M, Steedman C. Assessing reptile welfare using behavioural criteria. In Pract. 2013;35(3):123–31. 

https://​doi.​org/​10.​1136/​inp.​f1197.
	152.	 McBride EA. Small prey species’ behaviour and welfare: implications for veterinary professionals. J Small Anim Pract. 2017;58(8):423–36. 

https://​doi.​org/​10.​1111/​jsap.​12681.
	153.	 Rioja-Lang F, Bacon H, Connor M, Dwyer CM. Rabbit welfare: determining priority welfare issues for pet rabbits using a modified Delphi 

method. Vet Rec Open. 2019;6(1): e000363. https://​doi.​org/​10.​1136/​vetre​co-​2019-​000363.
	154.	 Cuasapaz-Sarabia J, Salas J. Home-range of the invasive terrestrial gastropod, Achatina fulica (gastropoda: achatinidae), in an Ecuadorian 

dry forest conservation area. Rev Peru Biol. 2019;26(1):41–8. https://​doi.​org/​10.​15381/​rpb.​v26i1.​14628.
	155.	 Ramdwar M, Ganpat W, Harripersad J, Isaac W, Palmer D. The preferential feeding habits of Achatina (Lissachatina) fulica (Bowdich) on 

selected crops grown and weeds found in Trinidad, West Indies. Cogent Food Agric. 2018;4(1):1492360. https://​doi.​org/​10.​1080/​23311​
932.​2018.​14912​83.

	156.	 Fontanilla IK, Sta Maria IM, Garcia JR, Ghate H, Naggs F, Wade CM. Restricted genetic variation in populations of Achatina (Lissachatina) 
fulica outside of East Africa and the Indian Ocean Islands points to the Indian Ocean Islands as the earliest known common source. PLoS 
ONE. 2014;9(9): e105151. https://​doi.​org/​10.​1371/​journ​al.​pone.​01051​51.

https://legislation.govt.nz/act/public/1999/0142/latest/whole.html#DLM50402
https://www.woah.org/en/what-we-do/animal-health-and-welfare/animal-welfare/
https://www.woah.org/en/what-we-do/animal-health-and-welfare/animal-welfare/
https://doi.org/10.1016/j.cvex.2009.06.003
https://doi.org/10.1016/j.cvex.2009.06.003
https://doi.org/10.1186/1751-0147-53-33
https://doi.org/10.1186/1751-0147-53-33
https://doi.org/10.1111/raq.12624
https://doi.org/10.1111/j.1095-8649.2009.02462.x
https://doi.org/10.1016/j.gecco.2018.e00418
https://doi.org/10.1016/j.gecco.2018.e00418
https://doi.org/10.1111/jfb.13377
https://doi.org/10.1525/bio.2013.63.12.6
https://doi.org/10.3390/ani10020193
https://doi.org/10.7120/09627286.31.2.004
https://doi.org/10.1136/inp.f1197
https://doi.org/10.1111/jsap.12681
https://doi.org/10.1136/vetreco-2019-000363
https://doi.org/10.15381/rpb.v26i1.14628
https://doi.org/10.1080/23311932.2018.1491283
https://doi.org/10.1080/23311932.2018.1491283
https://doi.org/10.1371/journal.pone.0105151


Vol.:(0123456789)

Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2	 Review

	157.	 Wongthamwanich N, Panha S, Sitthicharoenchai D, Pradatsundarasar A-O, Seelanan T, Enghoff H, et al. Daily activities of the giant pill-
millipede Zephronia cf. viridescens Attems, 1936 (Diplopoda: Sphaerotheriida: Zephroniidae) in a deciduous forest in northern Thailand. 
Zool Stud. 2012;51(7):913–26.

	158.	 San Diego Zoo: Giant African Millipede. https://​anima​ls.​sandi​egozoo.​org/​anima​ls/​giant-​afric​an-​milli​pede (2023). Accessed 18 June 2023.
	159.	 Utica Zoo: Giant African Millipede. https://​www.​utica​zoo.​org/​giant​afric​anmil​lipede/ (2023). Accessed 18 June 2023.
	160.	 Richardson M, Whoriskey F, Roy L. Turbidity generation and biological impacts of an exotic fish Carassius auratus, introduced into shallow 

seasonally anoxic ponds. J Fish Biol. 1995;47(4):576–85. https://​doi.​org/​10.​1111/j.​1095-​8649.​1995.​tb019​24.x.
	161.	 Monello RJ, Wright RG. Predation by goldfish (Carassius auratus) on eggs and larvae of the eastern long-toed salamander (Ambystoma 

macrodactylum columbianum). J Herpetol. 2001;35(2):350–3. https://​doi.​org/​10.​2307/​15661​32.
	162.	 Kim J-H, Yoon J-D, Heo W-M, Kim D-S, Kim C, Jang M-H. Movement patterns of three freshwater fish species after upstream transporta-

tion by Fishway in the Jangheung Dam. Paddy Water Environ. 2014;12:141–8.
	163.	 Beatty SJ, Allen MG, Whitty JM, Lymbery AJ, Keleher JJ, Tweedley JR, et al. First evidence of spawning migration by goldfish (C arassius 

auratus); implications for control of a globally invasive species. Ecol Freshw Fish. 2017;26(3):444–55. https://​doi.​org/​10.​1111/​eff.​12288.
	164.	 Brown C, Wolfenden D, Sneddon L. Goldfish (Carassius auratus). In: Yeates J, editor. Companion animal care and welfare: the UFAW 

companion animal handbook. New York: John Wiley & Sons Ltd; 2018. p. 467–78.
	165.	 Queensland Government: Code of Practice for Pet Shops. https://​www.​daf.​qld.​gov.​au/__​data/​assets/​pdf_​file/​0017/​192410/​QldCo​deOfP​

racti​ceFor​PetSh​ops.​pdf (2008). Accessed 19 June 2023.
	166.	 Collins WP, Bellwood DR, Morais RA. Small coral reef fishes with large ecological footprints. Coral Reefs. 2023. https://​doi.​org/​10.​1007/​

s00338-​023-​02384-6.
	167.	 Conant R, Collins JT. A field guide to reptiles & amphibians: eastern and central North America. 3rd ed. Peterson Field Guide Series. 

Boston, USA: Houghton Mifflin Harcourt; 1991.
	168.	 Bellis ED. Home range and movements of the wood frog in a northern bog. Ecology. 1965;46(1–2):90–8.
	169.	 Jefferson DM, Hobson KA, Chivers DP. Time to feed: How diet, competition, and experience may influence feeding behaviour and can-

nibalism in wood frog tadpoles Lithobates sylvaticus. Curr Zool. 2014;60(5):571–80. https://​doi.​org/​10.​1093/​czoolo/​60.5.​571.
	170.	 Groff LA, Calhoun AJ, Loftin CS. Hibernal habitat selection by wood frogs (Lithobates sylvaticus) in a northern New England montane 

landscape. J Herpetol. 2016;50(4):559–69. https://​doi.​org/​10.​1670/​15-​131R1.
	171.	 Redmer M, Trauth SE. Wood frog. In: Lannoo MJ, editor. Amphibian declines: the conservation status of United States species. California: 

University of California Press; 2005. p. 590–3.
	172.	 Queensland Government: Code of Practice Captive Reptile and Amphibian Husbandry (Nature Conservation Act 1992). https://​envir​

onment.​des.​qld.​gov.​au/__​data/​assets/​pdf_​file/​0020/​90614/​cp-​wm-​capti​ve-​repti​le-​amphi​bian-​husba​ndry.​pdf (2020). Accessed 19 June 
2023.

	173.	 Schulte U, Küsters D, Steinfartz S. A PIT tag based analysis of annual movement patterns of adult fire salamanders (Salamandra salaman-
dra) in a Middle European habitat. Amphibia-Reptilia. 2007;28(4):531–6. https://​doi.​org/​10.​1163/​15685​38077​82152​543.

	174.	 De Bernardi F, Ficetola GF, Manenti R, Bianchi B. Habitat features and distribution of Salamandra salamandra in underground springs. 
Acta herpetologica. 2009;4:143–51.

	175.	 Marques AJ, Mata VA, Velo-Antón G. COI metabarcoding provides insights into the highly diverse diet of a generalist salamander, Sala-
mandra salamandra (Caudata: Salamandridae). Diversity. 2022;14(2):89. https://​doi.​org/​10.​3390/​d1402​0089.

	176.	 Bonato L, Fracasso G. Movements, distribution pattern and density in a population of Salamandra atra aurorae (Caudata: Salamandridae). 
Amphibia-Reptilia. 2003;24(3):251–60. https://​doi.​org/​10.​1163/​15685​38033​22440​736.

	177.	 Craig MD, Garkaklis MJ, Hardy GESJ, Grigg AH, Grant CD, Fleming PA, et al. Ecology of the western bearded dragon (Pogona minor) in 
unmined forest and forest restored after bauxite mining in south-west Western Australia. Aust J Zool. 2007;55(2):107–16. https://​doi.​
org/​10.​1071/​ZO070​02.

	178.	 Kubiak M. Bearded dragons. In: Kubiak M, editor. Handbook of exotic pet medicine. New Jersey: Wiley-Blackwell; 2020. p. 219–40.
	179.	 Oonincx DG, van Leeuwen JP, Hendriks WH, van der Poel AF. The diet of free-roaming Australian Central Bearded Dragons (Pogona vit-

ticeps). Zoo Biol. 2015;34(3):271–7. https://​doi.​org/​10.​1002/​zoo.​21209.
	180.	 Rush SA, Sash K, Carroll J, Palmer B, Fisk AT. Feeding ecology of the snake community of the Red Hills region relative to management for 

Northern Bobwhite: assessing the diet of snakes using stable isotopes. Copeia. 2014;2014(2):288–96. https://​doi.​org/​10.​1643/​CE-​13-​083.
	181.	 Hedley J, Eatwell K. Nonvenomous colubrid snakes (Colubridae). In: Yeates J, editor. Companion animal care and welfare: the UFAW 

companion animal handbook. New York: John Wiley & Sons Ltd; 2018. p. 412–24.
	182.	 Tamungang S, Ayodele I, Akum Z. Basic home range characteristics for the conservation of the African grey parrot in the Korup national 

park, Cameroon. J Cameroon Acad Sci. 2001;1(3):155–60.
	183.	 Lopes DC, Martin RO, Indjai B, Monteiro H, Henriques M, Regalla A, et al. Food diversity of Timneh Parrots (Psittacus timneh) in the Bijagós 

archipelago, Guinea-Bissau. Afr J Ecol. 2018;56(4):1039–43. https://​doi.​org/​10.​1111/​aje.​12544.
	184.	 Queensland Government: Code of Practice Aviculture (Nature Conservation Act 1992). https://​envir​onment.​des.​qld.​gov.​au/__​data/​

assets/​pdf_​file/​0032/​89690/​cp-​wm-​avicu​lture.​pdf (2020). Accessed 19 June 2023.
	185.	 Eggleston KA, Schultz EM, Reichard DG. Assessment of three diet types on constitutive immune parameters in captive Budgerigar 

(Melopsittacus undulatus). J Avian Med Surg. 2019;33(4):398–405. https://​doi.​org/​10.​1647/​2018-​395.
	186.	 Perrins C. Parrots, lories, and cockatoos. In: Perrins C, editor. The new encyclopedia of birds. 1st ed. Oxford: Oxford University Press; 2003.
	187.	 Griffioen PA, Clarke MF. Large-scale bird-movement patterns evident in eastern Australian atlas data. Emu. 2002;102(1):99–125. https://​

doi.​org/​10.​1071/​MU010​24.
	188.	 Jekl V, Hauptman K, Knotek Z. Diseases in pet degus: a retrospective study in 300 animals. J Small Anim Pract. 2011;52(2):107–12. https://​

doi.​org/​10.​1111/j.​1748-​5827.​2010.​01028.x.
	189.	 Quirici V, Castro RA, Ortiz-Tolhuysen L, Chesh AS, Burger JR, Miranda E, et al. Seasonal variation in the range areas of the diurnal rodent 

Octodon degus. J Mammal. 2010;91(2):458–66. https://​doi.​org/​10.​1644/​08-​mamm-a-​337.1.
	190.	 Santana EM, Jantz HE, Best TL. Atelerix albiventris (Erinaceomorpha: Erinaceidae). Mamm Species. 2010;42(857):99–110. https://​doi.​org/​

10.​1644/​857.1.

https://animals.sandiegozoo.org/animals/giant-african-millipede
https://www.uticazoo.org/giantafricanmillipede/
https://doi.org/10.1111/j.1095-8649.1995.tb01924.x
https://doi.org/10.2307/1566132
https://doi.org/10.1111/eff.12288
https://www.daf.qld.gov.au/__data/assets/pdf_file/0017/192410/QldCodeOfPracticeForPetShops.pdf
https://www.daf.qld.gov.au/__data/assets/pdf_file/0017/192410/QldCodeOfPracticeForPetShops.pdf
https://doi.org/10.1007/s00338-023-02384-6
https://doi.org/10.1007/s00338-023-02384-6
https://doi.org/10.1093/czoolo/60.5.571
https://doi.org/10.1670/15-131R1
https://environment.des.qld.gov.au/__data/assets/pdf_file/0020/90614/cp-wm-captive-reptile-amphibian-husbandry.pdf
https://environment.des.qld.gov.au/__data/assets/pdf_file/0020/90614/cp-wm-captive-reptile-amphibian-husbandry.pdf
https://doi.org/10.1163/156853807782152543
https://doi.org/10.3390/d14020089
https://doi.org/10.1163/156853803322440736
https://doi.org/10.1071/ZO07002
https://doi.org/10.1071/ZO07002
https://doi.org/10.1002/zoo.21209
https://doi.org/10.1643/CE-13-083
https://doi.org/10.1111/aje.12544
https://environment.des.qld.gov.au/__data/assets/pdf_file/0032/89690/cp-wm-aviculture.pdf
https://environment.des.qld.gov.au/__data/assets/pdf_file/0032/89690/cp-wm-aviculture.pdf
https://doi.org/10.1647/2018-395
https://doi.org/10.1071/MU01024
https://doi.org/10.1071/MU01024
https://doi.org/10.1111/j.1748-5827.2010.01028.x
https://doi.org/10.1111/j.1748-5827.2010.01028.x
https://doi.org/10.1644/08-mamm-a-337.1
https://doi.org/10.1644/857.1
https://doi.org/10.1644/857.1


Vol:.(1234567890)

Review	 Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2

	191.	 UK Government: Zoo Licensing Act 1981. https://​www.​legis​lation.​gov.​uk/​ukpga/​1981/​37 (2023). Accessed 3 July 2023.
	192.	 Cardoso SD, Faraco CB, de Sousa L, Pereira GDG. History and evolution of the European legislation on welfare and protection of com-

panion animals. J Vet Behav. 2017;19:64–8. https://​doi.​org/​10.​1016/j.​jveb.​2017.​01.​006.
	193.	 UK Government: The Animal Welfare (Licensing of Activities Involving Animals) (England) Regulations. https://​www.​legis​lation.​gov.​uk/​

uksi/​2018/​486/​conte​nts/​made (2018). Accessed 12th July 2020.
	194.	 NSW Government: Code of Practice for the Keeping of Reptiles. https://​www.​envir​onment.​nsw.​gov.​au/-/​media/​OEH/​Corpo​rate-​Site/​

Docum​ents/​Licen​ces-​and-​permi​ts/​keepi​ng-​priva​te-​repti​les-​code-​of-​pract​ice.​pdf (2013). Accessed 11th December 2023.
	195.	 Victorian Government: Code of Practice for the Welfare of Animals—Private Keeping of Reptiles. https://​agric​ulture.​vic.​gov.​au/​lives​

tock-​and-​anima​ls/​animal-​welfa​re-​victo​ria/​domes​tic-​anima​ls-​act/​codes-​of-​pract​ice/​code-​of-​pract​ice-​for-​the-​welfa​re-​of-​anima​ls-​priva​
te-​keepi​ng-​of-​repti​les#​h2-2 (2020). Accessed 11th December 2023.

	196.	 Howell TJ, Bennett PC. Despite their best efforts, pet lizard owners in Victoria, Australia, are not fully compliant with lizard care guidelines 
and may not meet all lizard welfare needs. J Vet Behav. 2017;21:26–37. https://​doi.​org/​10.​1016/j.​jveb.​2017.​07.​005.

	197.	 Mendyk RW. Challenging folklore reptile husbandry in zoological parks. In: Berger M, Corbett S, editors. Zoo animals: husbandry, welfare 
and public interactions. New York: Nova Science Publishers; 2018. p. 265–92.

	198.	 Arbuckle K. Folklore husbandry and a philosophical model for the design of captive management regimes. Herpetol Rev. 
2013;44(5):448–52.

	199.	 Browning H. Assessing measures of animal welfare. Biol Philos. 2022;37(4):36. https://​doi.​org/​10.​1007/​s10539-​022-​09862-1.
	200.	 Green TC, Mellor DJ. Extending ideas about animal welfare assessment to include ‘quality of life’ and related concepts. N Z Vet J. 

2011;59(6):263–71. https://​doi.​org/​10.​1080/​00480​169.​2011.​610283.
	201.	 McMillan FD. The concept of quality of life in animals. In: McMillan FD, editor. Mental health and well-being in animals. New Jersey: Wiley 

Online Library; 2005. p. 181–200.
	202.	 Kirkwood J. Quality of life: the heart of the matter. Anim Welf. 2007;16(S1):3–7. https://​doi.​org/​10.​1017/​S0962​72860​00316​63.
	203.	 Mellor DJ. Animal emotions, behaviour and the promotion of positive welfare states. N Z Vet J. 2012;60(1):1–8. https://​doi.​org/​10.​1080/​

00480​169.​2011.​619047.
	204.	 Fraser D. Assessing animal welfare at the farm and group level: the interplay of science and values. Anim Welf. 2003;12(4):433–43. https://​

doi.​org/​10.​1017/​S0962​72860​00260​38.
	205.	 Fraser D. Understanding Animal Welfare: The Science in its Cultural Context. UFAW Animal Welfare Series. Oxford: Wiley-Blackwell; 2008.
	206.	 Marchant-Forde JN. The science of animal behavior and welfare: challenges, opportunities, and global perspective. Front Vet Sci. 

2015;2:16. https://​doi.​org/​10.​3389/​fvets.​2015.​00016.
	207.	 Macdonald DW, Harrington LA, Moorhouse TP, D’Cruze N. Trading animal lives: ten tricky issues on the road to protecting commodified 

wild animals. Bioscience. 2021;71(8):846–60. https://​doi.​org/​10.​1093/​biosci/​biab0​35.
	208.	 Wills A, Holt S. Confidence of veterinary surgeons in the United Kingdom in treating and diagnosing exotic pet species. Vet Rec. 

2020;186(18): e20. https://​doi.​org/​10.​1136/​vr.​105664.
	209.	 Alley M, Royal K, Lewbart G. Survey of pet stores regarding medical advice provided for pet fish and the potential impact on welfare. J 

Surv Fish Sci. 2021;7(2):63–70. https://​doi.​org/​10.​17762/​sfs.​v7i2.​120.
	210.	 Fernández-Montraveta C, Cuadrado M. Timing and patterns of mating in a free-ranging population of Lycosa tarantula (Araneae, Lycosi-

dae) from central Spain. Can J Zool. 2003;81(3):552–5. https://​doi.​org/​10.​1139/​z03-​015.
	211.	 Uchman A, Vrenozi B, Muceku B. Spider burrows in ichnological context: a review of literature data and burrows of the wolf spider 

Trochosa hispanica Simon, 1870 from Albania. Rendiconti Lincei Scienze Fisiche e Naturali. 2018;29:67–79. https://​doi.​org/​10.​1007/​
s12210-​017-​0662-7.

	212.	 Iwama GK. The welfare of fish. Dis Aquat Organ. 2007;75(2):155–8. https://​doi.​org/​10.​3354/​dao07​5155.
	213.	 Chittka L, Niven J. Are bigger brains better? Curr Biol. 2009;19(21):R995-r1008. https://​doi.​org/​10.​1016/j.​cub.​2009.​08.​023.
	214.	 Sneddon LU. Clinical anesthesia and analgesia in fish. J Exotic Pet Med. 2012;21(1):32–43. https://​doi.​org/​10.​1053/j.​jepm.​2011.​11.​009.
	215.	 Horvath K, Angeletti D, Nascetti G, Carere C. Invertebrate welfare: an overlooked issue. Ann Ist Super Sanita. 2013;49(1):9–17. https://​

doi.​org/​10.​4415/​ann_​13_​01_​04.
	216.	 Barron AB, Klein C. What insects can tell us about the origins of consciousness. Proc Natl Acad Sci. 2016;113(18):4900–8. https://​doi.​org/​

10.​1073/​pnas.​15200​84113.
	217.	 Klein C, Barron AB. Insects have the capacity for subjective experience. Anim Sentience. 2016;1(9):1–19.
	218.	 Brown C, Dorey C. Pain and Emotion in Fishes-Fish welfare implications for fisheries and aquaculture. Anim Stud J. 2019;8(2):175–201. 

https://​doi.​org/​10.​14453/​asj.​v8i2.​12.
	219.	 Ginsburg S, Jablonka E. The evolution of the sensitive soul: learning and the origins of consciousness. Massachusetts: MIT Press; 2019.
	220.	 Carere C, Mather J. The welfare of invertebrate animals. Anim Welf. Cham, Switzerland: Springer; 2019.
	221.	 Crook RJ. Behavioral and neurophysiological evidence suggests affective pain experience in octopus. iScience. 2021;24(3):102229. 

https://​doi.​org/​10.​1016/j.​isci.​2021.​102229.
	222.	 Franks B, Ewell C, Jacquet J. Animal welfare risks of global aquaculture. Sci Adv. 2021;7(14):eabg0677. https://​doi.​org/​10.​1126/​sciadv.​

abg06​77.
	223.	 Mather J. Why are octopuses going to be the ‘poster child’ for invertebrate welfare? J Appl Anim Welf Sci. 2022;25(1):31–40. https://​doi.​

org/​10.​1080/​10888​705.​2020.​18294​88.
	224.	 Narshi TM, Free D, Justice WSM, Smith SJ, Wolfensohn S. Welfare assessment of invertebrates: adapting the animal welfare assessment 

grid (AWAG) for zoo decapods and cephalopods. Animals. 2022;12(13):1675. https://​doi.​org/​10.​3390/​ani12​131675.
	225.	 Klobučar T, Fisher DN. When do we start caring about insect welfare? Neotrop Entomol. 2023;52(1):5–10. https://​doi.​org/​10.​1007/​

s13744-​022-​01023-z.
	226.	 Ponte G, Roumbedakis K, Galligioni V, Dickel L, Bellanger C, Pereira J, et al. General and species-specific recommendations for minimal 

requirements for the use of cephalopods in scientific research. Lab Anim. 2022;57(1):26–39. https://​doi.​org/​10.​1177/​00236​77222​11112​
61.

https://www.legislation.gov.uk/ukpga/1981/37
https://doi.org/10.1016/j.jveb.2017.01.006
https://www.legislation.gov.uk/uksi/2018/486/contents/made
https://www.legislation.gov.uk/uksi/2018/486/contents/made
https://www.environment.nsw.gov.au/-/media/OEH/Corporate-Site/Documents/Licences-and-permits/keeping-private-reptiles-code-of-practice.pdf
https://www.environment.nsw.gov.au/-/media/OEH/Corporate-Site/Documents/Licences-and-permits/keeping-private-reptiles-code-of-practice.pdf
https://agriculture.vic.gov.au/livestock-and-animals/animal-welfare-victoria/domestic-animals-act/codes-of-practice/code-of-practice-for-the-welfare-of-animals-private-keeping-of-reptiles#h2-2
https://agriculture.vic.gov.au/livestock-and-animals/animal-welfare-victoria/domestic-animals-act/codes-of-practice/code-of-practice-for-the-welfare-of-animals-private-keeping-of-reptiles#h2-2
https://agriculture.vic.gov.au/livestock-and-animals/animal-welfare-victoria/domestic-animals-act/codes-of-practice/code-of-practice-for-the-welfare-of-animals-private-keeping-of-reptiles#h2-2
https://doi.org/10.1016/j.jveb.2017.07.005
https://doi.org/10.1007/s10539-022-09862-1
https://doi.org/10.1080/00480169.2011.610283
https://doi.org/10.1017/S0962728600031663
https://doi.org/10.1080/00480169.2011.619047
https://doi.org/10.1080/00480169.2011.619047
https://doi.org/10.1017/S0962728600026038
https://doi.org/10.1017/S0962728600026038
https://doi.org/10.3389/fvets.2015.00016
https://doi.org/10.1093/biosci/biab035
https://doi.org/10.1136/vr.105664
https://doi.org/10.17762/sfs.v7i2.120
https://doi.org/10.1139/z03-015
https://doi.org/10.1007/s12210-017-0662-7
https://doi.org/10.1007/s12210-017-0662-7
https://doi.org/10.3354/dao075155
https://doi.org/10.1016/j.cub.2009.08.023
https://doi.org/10.1053/j.jepm.2011.11.009
https://doi.org/10.4415/ann_13_01_04
https://doi.org/10.4415/ann_13_01_04
https://doi.org/10.1073/pnas.1520084113
https://doi.org/10.1073/pnas.1520084113
https://doi.org/10.14453/asj.v8i2.12
https://doi.org/10.1016/j.isci.2021.102229
https://doi.org/10.1126/sciadv.abg0677
https://doi.org/10.1126/sciadv.abg0677
https://doi.org/10.1080/10888705.2020.1829488
https://doi.org/10.1080/10888705.2020.1829488
https://doi.org/10.3390/ani12131675
https://doi.org/10.1007/s13744-022-01023-z
https://doi.org/10.1007/s13744-022-01023-z
https://doi.org/10.1177/00236772221111261
https://doi.org/10.1177/00236772221111261


Vol.:(0123456789)

Discover Animals            (2024) 1:15  | https://doi.org/10.1007/s44338-024-00013-2	 Review

	227.	 Crook R. The welfare of invertebrate animals in research: can science’s next generation improve their lot. J Postdoctoral Res. 2013;1(2):1–
20. https://​doi.​org/​10.​14304/​SURYA.​JPR.​V1N2.2.

	228.	 Frye FL. Biomedical and surgical aspects of captive reptile husbandry. 2nd ed. Florida: Krieger Publishing; 1991.
	229.	 Rose P. Handle with care: what does bug behaviour tell us about their health and welfare? https://​www.​veter​inary-​pract​ice.​com/​artic​

le/​bug-​behav​iour-​health-​welfa​re (2022). Accessed 5 June 2023.
	230.	 Tetzlaff SJ, Tetzlaff KE, Connors RJ 2nd. Evaluation of thermal regimes for transported ambassador ectotherms: one size does not fit all. 

Zoo Biol. 2016;35(4):339–45. https://​doi.​org/​10.​1002/​zoo.​21283.
	231.	 Broom DM, Johnson KG. Assessing welfare: short-term responses. In: Broom DM, Johnson KG, editors. Stress and animal welfare. London: 

Springer; 1993. p. 87–110.
	232.	 Brando S, Buchanan-Smith HM. The 24/7 approach to promoting optimal welfare for captive wild animals. Behav Proc. 2018;156:83–95. 

https://​doi.​org/​10.​1016/j.​beproc.​2017.​09.​010.
	233.	 Menzel R, Brembs B, Giurfa M. Cognition in Invertebrates. Vol II: Evolution of nervous systems in invertebrates. 2010;2:404–42. https://​

doi.​org/​10.​1016/​B0-​12-​370878-​8/​00183-X.
	234.	 Broom DM. Broom and Fraser’s Domestic Animal Behaviour and Welfare. Wallingford, UK: Cabi; 2021.
	235.	 Mason GJ, Mendl M. Why is there no simple way of measuring animal welfare? Anim Welf. 1993;2:301–19.
	236.	 Case BC, Lewbart GA, Doerr PD. The physiological and behavioural impacts of and preference for an enriched environment in the eastern 

box turtle (Terrapene carolina carolina). Appl Anim Behav Sci. 2005;92(4):353–65. https://​doi.​org/​10.​1016/j.​appla​nim.​2004.​11.​011.
	237.	 Maia CM, Volpato GL. A history-based method to estimate animal preference. Sci Rep. 2016;6:28328. https://​doi.​org/​10.​1038/​srep2​8328.
	238.	 Sauer EL, Fuller RC, Richards-Zawacki CL, Sonn J, Sperry JH, Rohr JR. Variation in individual temperature preferences, not behavioural 

fever, affects susceptibility to chytridiomycosis in amphibians. Proc Biol Sci. 2018. https://​doi.​org/​10.​1098/​rspb.​2018.​1111.
	239.	 Larue B, Côté SD, St-Laurent MH, Dussault C, Leblond M. Natal habitat preference induction in large mammals-Like mother, like child? 

Ecol Evol. 2018;8(24):12629–40. https://​doi.​org/​10.​1002/​ece3.​4685.
	240.	 Tryjanowski P, Møller AP, Morelli F, Indykiewicz P, Zduniak P, Myczko Ł. Food preferences by birds using bird-feeders in winter: a large-

scale experiment. Avian Res. 2018;9(1):1–6. https://​doi.​org/​10.​1186/​s40657-​018-​0111-z.
	241.	 van Staaden M, Huber R. Editorial: invertebrate models of natural and drug-sensitive reward. Front Physiol. 2019;10:490. https://​doi.​org/​

10.​3389/​fphys.​2019.​00490.
	242.	 Mehar M, Mekkawy W, McDougall C, Benzie JA. Fish trait preferences: a review of existing knowledge and implications for breeding 

programmes. Rev Aquac. 2020;12(3):1273–96. https://​doi.​org/​10.​1111/​raq.​12382.
	243.	 Spain MS, Fuller G, Allard SM. Effects of habitat modifications on behavioral indicators of welfare for Madagascar giant hognose snakes 

(Leioheterodon madagascariensis). Anim Behav Cogn. 2020;7:70–81. https://​doi.​org/​10.​26451/​abc.​07.​01.​06.​2020.
	244.	 Hoehfurtner T, Wilkinson A, Nagabaskaran G, Burman OHP. Does the provision of environmental enrichment affect the behaviour and 

welfare of captive snakes? Appl Anim Behav Sci. 2021. https://​doi.​org/​10.​1016/j.​appla​nim.​2021.​105324.
	245.	 Díez-León M, Quinton M, Mason G. How tall should a mink cage be? Using animals’ preferences for different ceiling heights to improve 

cage design. Appl Anim Behav Sci. 2017;192:24–34. https://​doi.​org/​10.​1016/j.​appla​nim.​2017.​03.​002.
	246.	 Scherer L, Tomasik B, Rueda O, Pfister S. Framework for integrating animal welfare into life cycle sustainability assessment. Int J Life Cycle 

Assess. 2018;23(7):1476–90. https://​doi.​org/​10.​1007/​s11367-​017-​1420-x.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.14304/SURYA.JPR.V1N2.2
https://www.veterinary-practice.com/article/bug-behaviour-health-welfare
https://www.veterinary-practice.com/article/bug-behaviour-health-welfare
https://doi.org/10.1002/zoo.21283
https://doi.org/10.1016/j.beproc.2017.09.010
https://doi.org/10.1016/B0-12-370878-8/00183-X
https://doi.org/10.1016/B0-12-370878-8/00183-X
https://doi.org/10.1016/j.applanim.2004.11.011
https://doi.org/10.1038/srep28328
https://doi.org/10.1098/rspb.2018.1111
https://doi.org/10.1002/ece3.4685
https://doi.org/10.1186/s40657-018-0111-z
https://doi.org/10.3389/fphys.2019.00490
https://doi.org/10.3389/fphys.2019.00490
https://doi.org/10.1111/raq.12382
https://doi.org/10.26451/abc.07.01.06.2020
https://doi.org/10.1016/j.applanim.2021.105324
https://doi.org/10.1016/j.applanim.2017.03.002
https://doi.org/10.1007/s11367-017-1420-x

	Are the key welfare models effective for exotic pet animals?
	Abstract
	1 Introduction
	1.1 Animal welfare models
	1.1.1 Five Freedoms
	1.1.2 Five Domains
	1.1.3 Five Welfare Needs
	1.1.4 Three ethical concerns
	1.1.5 Other welfare principles

	1.2 Pet trading and keeping

	2 Methods
	3 Results
	3.1 Key animal welfare models and principles: global use (Tiers 1 and 2)
	3.2 Pet trading and keeping: animal welfare concerns (Tier 3)

	4 Discussion
	4.1 Key animal welfare models and principles: global use
	4.2 Frequency of citation
	4.3 Information relevance and study limitations
	4.3.1 Tier 1. Key welfare models & principles
	4.3.2 Tier 2. Formal guidance & Tier 2a minimalistic examples of formal guidance
	4.3.3 Tier 3. Welfare outcomes

	4.4 Evaluating the key animal welfare models
	4.4.1 Five Freedoms
	4.4.2 Five Domains
	4.4.3 Five Welfare Needs
	4.4.4 Three ethical concerns
	4.4.5 Other animal welfare principles

	4.5 Pet trading and keeping
	4.5.1 Animal welfare models versus welfare outcomes
	4.5.2 Evolved animal biologies versus welfare models
	4.5.3 Ectothermic animals
	4.5.4 Endothermic animals
	4.5.5 Comparing selected biological criteria with formal husbandry guidance

	4.6 Animal-centric preferred life quality

	5 Conclusions
	6 Recommendations
	Acknowledgements 
	References


