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Abstract There are many pathways by which inva-

sive species are introduced and become established,

with the exotic pet trade becoming an increasingly

important route. The abandonment of pets is a growing

problem, which has been recognized widely and that

has provoked some legislative responses. We devel-

oped an approach to deal with the abandonment issue

that is more comprehensive than existing frameworks.

We analyzed a substantial data set on exotic fish,

crayfish and herptiles in northeastern Spain to illus-

trate the approach and its rationale. Spanish legislation

mirroring the recently enforced European Strategy to

control invasive species was introduced in 2011, and

we analyzed information from 2009 to 2018 to assess

the effectiveness of the legislation. The 2011 legisla-

tion was intended to ban the sale of a prioritized list of

invasive species in retailers, which aimed to reduce the

release of exotic species into recipient ecosystems.We

did not see any prohibited species for sale in retailers

after 2011. However, 60,753 exotic animals from 4

classes, 10 orders, 47 families and 139 species were

recorded in Barcelona and elsewhere in northeastern

Spain, including 134 species other than the 5 priori-

tized invasive species. We found little evidence of a

change in exotic pet releases into urban lakes after

2011. Invasive terrapins (Trachemys spp.) were cap-

tured in urban lakes and were the most prevalent taxon

in a herptile rescue centre with increased numbers

after 2011. We advocate a four-tier approach to dealElectronic supplementary material The online version of
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more effectively with the pet-abandonment issue,

which includes: (1) better understanding of uncertain-

ties in the listing of potentially invasive species; (2)

allowing would-be owners to seek accreditation

(through training); (3) pit-tagging to ensure that

animals can be associated with registered owners,

including species now prohibited but that had been

traded for decades; and (4) ensuring that adults of low-

cost, small-size-at-purchase species are present at the

point-of-sale to ‘warn against’ the consequences of

impulsive purchases.

Keywords Keyword exotic pet trade � Introduction
pathways � Legislation � Policy � Biosecurity �
Propagule pressure

Introduction

Thousands of millions of animals are captive-reared or

obtained from the wild each year for the exotic pet

trade (Bush et al. 2014; OATA 2018). The trade has

many critics because it can lead to overharvesting

from natural habitats and the often-serious environ-

mental and public health issues caused by the intro-

duction, deliberate or accidental through escape, of

invasive species around the world (Chomel et al. 2007;

Bush et al. 2014; Hulme et al. 2017). Therefore, for the

exotic pet trade to be sustainable in the long term, its

drawbacks need to be reduced or eliminated, including

the risk of introducing invasive species.

The European Union regulates the pet trade (e.g.

Common Entry Veterinary Document, Regulation

338/1997) and recently has enforced a unified regu-

latory system to prevent the introduction of invasive

species, including exotic pets (Regulation 1143/2014).

This regulation includes a ban on the importation,

trade, possession, breeding, transport, use, and release

of the ‘Invasive Alien Species of Union Concern’ into

the environment (Regulation 1143/2014). For this

purpose, a prioritized list of species was generated

from risk assessments, which is an evidence-based

protocol that estimates the likelihood of a species’

introduction, establishment, spread and impact given a

species’ ecological traits and prior invasion success

(Luque et al. 2014; Genovesi et al. 2015). The success

of unified regulations on the pet trade is exemplified by

a ban on the trade of wild-caught birds in Europe

(Regulation 139/2013a, b; Reino et al. 2017). How-

ever, quantitative information on other taxa is needed

because of the diversity of attitudes among pet owners

and the different animal groups involved.

The trade in fish, crayfish and herptiles is among the

most diverse in the global pet trade (Chucholl 2013;

Auliya et al. 2016; OATA 2018), with[ 1100 fresh-

water fish species traded in southwestern Europe alone

(Maceda-Veiga et al. 2013). This trade involves some

of the most at-risk animals on Earth, amphibians and

freshwater fish (Living Planet Report 2018), but

worryingly includes invasive species such as the red-

eared slider (Trachemys scripta elegans), the African

clawed frog (Xenopus laevis) and the common carp

(Cyprinus carpio) (DAISIE 2009). There are various

reasons for animals becoming unwanted pets, but large

adult body size is a primary one (Duggan et al. 2006;

Stringham and Lockwood 2018). Nevertheless, legis-

lation does not seem to have addressed effectively the

risk of pets becoming unwanted. There is evidence of

banned and permitted species generating similar

problems for owners because of their large adult-size

(e.g. T. s. elegans, T.s. scripta or Pseudemys nelsoni)

(e.g. Fujisaki et al. 2010; Masin et al. 2014; Banha

et al. 2017).

Feral pets occur in most cities around the world

(e.g. King and Krakauer 1966; Pârâu et al. 2016), yet

the factors influencing their release (i.e. initial inva-

sion stages) are less well-studied than those promoting

the establishment of exotic pet populations (Stringham

and Lockwood 2018). Propagule pressure, which is the

number and frequency of individuals released, is a

major determinant of invasion success, alongside the

tolerance of exotic species to climate in the recipient

habitat (Lockwood et al. 2005; Masin et al. 2014).

Governments often designate rescue centres, which

collect feral pets, receive donations from pet owners

and confiscations from responsible authorities

(Fig. 1). Therefore, information on exotic-pet confis-

cations and on-ground inspections of retailers and

urban areas for the presence of dumped pets might

provide a basis for an improved regulation of the

exotic pet trade.

Our goal was to examine the impact that the strict

regulation of the trade, holding, and transport of exotic

invasive species that was enforced in Spain in 2011

(RD1628/2011; RD630/2013) has had on the sale of

prohibited species in retailers and on the number of

disposed exotic pets in northeastern Spain from 2009
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to 2018. We focused on this area because it accounts

for the first records of several aquatic invasions in

Iberia (e.g. Misgurnus anguillicaudatus, Pseudorasb-

ora parva, Caiola and Sostoa 2002; Franch et al.

2008). We expected that prohibited invasive pets

would not be for sale in retailers after the implemen-

tation of the 2011 legislation. Moreover, we expected

that the number of exotic pets released would decline

over the study period. Last, we use the provisions of

existing regulation to construct a framework for

dealing more effectively with the multiple aspects

involved in the trade of exotic pets, including the

release of potentially invasive species.

Methods

Data sources

We used three data-sets as indicators of the number of

unwanted exotic pets in northeastern Spain: records

from an animal rescue centre from 2009 to 2018,

animals recovered from urban lakes in Barcelona from

2011 to 2018, and inspections of 13 pet retailers in

Barcelona between 2011 and 2018 for the presence of

prohibited invasive species under the Spanish Acts

RD1628/2011 and RD630/2013.

The Catalonian Reptile and Amphibian Rescue

Centre (CRARC) is the reference centre in the region

for wild-collected exotic amphibians and reptiles,

voluntary delivers by pet owners or authorities’

Fig. 1 Sources of amphibians and reptiles that arrive in the

animal rescue centre CRARC from the international exotic pet

trade: voluntary donations from pet owners are all unwanted

pets; captures in natural habitats are unwanted pets or escapees

including more species with potential to establish in nature than

voluntary donations from pet owners; and confiscations include

all types of illegal trade, including prohibited invasive species
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confiscations (Fig. 1). The Galanthus association

provided data on the number and species released into

11 urban lakes in Barcelona, which included terrapins

that are not delivered to CRARC but to other animal

rescue centres, and fish, a faunal group that CRARC

did not collect. With[ 1.6 million citizens, Barcelona

is the second most populous city in Spain and the sixth

in the European Union if the metropolitan area of

Barcelona ([ 5 million citizens) is considered (IDES-

CAT 2019). The eleven studied lakes were in districts

representative of the variety of social classes in

Barcelona and had an average area (± SD) of

3873 ± 5159 m2 (minimum–maximum range:

400–14,300 m2). These are the only lakes in the city

that are completely emptied every year, from which all

stranded individuals were identified and counted.

These data are good proxy for propagule pressure

from which the risk of establishment might be better

estimated than by using CRARC data alone. Data from

Galanthus and CRARC were complemented by

monthly surreptitious inspections of 13 pet retailers

in Barcelona. The retailers inspected were the 90% of

exotic pet retailers in Barcelona city and ranged from

small, family businesses focused on specific type of

animals (e.g. aquatic exotic pets) to large companies

selling terrestrial animals (e.g. dogs, birds, rabbits)

alongside exotic aquatic pets. All analyses were

conducted in R (R Core Team 2013).

Data analyses

The response variables were the number and species

richness of prohibited invasive species recorded in

retailers, CRARC and urban lakes. These responses

were used to assess the effectiveness of Acts RD1628/

2011 and RD630/2013 on the trade, holding, and

transport of exotic invasive species in northeastern

Spain, alongside the overall trend in the number of

unwanted or illegal exotic pets. We used the Chao1

species-richness estimator to determine whether more

species than those collected have the potential to be

released into urban lakes or to arrive in CRARC

because all inventories of exotic species are likely to

be incomplete. Non-parametric species estimators,

such as Chao1, estimate the probable number of

species from species-abundance curves by using the

number of species recorded just one time (singletons)

or twice (doubletons) in a data set (Colwell and

Coddington 1994).

Visual inspection of distributions of response

variable suggested that the most appropriate distribu-

tions for modelling were log-normal for abundance

and Poisson for richness. Changes in the observed

abundance and richness of exotic pets through time

were examined separately for each animal group using

generalized linear models for urban lake data and

generalized linear mixed models for CRARC data.

Random effects were used for lake ID to account for

within-lake variation in exotic pet releases into urban

lakes. For each response variable, we fitted three

models corresponding to specific hypotheses: (1) null

model, just an intercept (a) or intercept (a) ? random

effect for lake ID, asserting that there were no

differences among years; (2) null model ? year,

suggesting a linear trend with time; and (3) null

model ? year ? year2, corresponding to a non-linear

(quadratic) trend through time. We used the Akaike

Information Criterion corrected for small sample size

(AICc) to identify the most plausible model (i.e. the

one with the lowest AICc value). The fit of the best

model was determined, such as: (null deviance -

residual deviance)/null deviance, and was the criterion

used to discern between two models considered

equally plausible (deviation of\ 2 units of AICc).

Significance of the factor ‘year’ was assessed using

likelihood-ratio tests at P B 0.05 within the function

Anova in the package car (Fox and Weisberg 2011).

Models were validated by using diagnostic plots of

model residuals.

If education campaigns and legislation have miti-

gated the issue of unwanted exotic pets, including the

possession of illegal invasive species, then there

should be a significant overall reduction in the number

and richness of exotic pets in data from CRARC and

the urban lakes over the duration of the study. For

CRARC, such a decrease should be particularly

apparent if one compared the number and richness of

exotic pets that arrived in the years before

(2009–2011) and after (2012–2018) the enforcement

of the Spanish Acts RD1628/2011 and RD630/2013.

The number of voluntary donations compared to

confiscations and captures in the wild is a measure

of the degree of public awareness on the issue of

unwanted exotic pets, including listed invasive

species.
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Results

There were 60,753 exotic animals from four classes,

ten orders, 47 families and 139 species in the data from

CRARC (2009–2018) and the urban lakes in Barce-

lona (2011–2018) combined. The class Reptilia had

the highest taxonomic richness (29 families and 109

species), and Malacostraca had the lowest, with only

the redswamp crayfish Procambarus clarkii being

recorded (Appendix S1). The number of species for all

animal types was between 1.12 and 5.57 lower than

those expected from the Chao1 richness estimator,

with crocodiles having the lowest and testudines the

highest estimated species richness (Table 1).

The most frequent exotic pets in CRARC

and urban lakes

Terrapins accounted for most of the 14,965 CRARC

records, with T. s. scripta being 46% of the 13,689

testudines (terrapins and turtles) recorded (Table 2).

Newts were the second most common taxon in

CRARC but much less abundant, with 68% of the

497 entries being Ommatotriton ophriticus 9 vittatus

(Table 2). Of the 371 lizards at CRARC, 38% were

Iguana iguana and 27% Pogona vitticeps (Table 2). A

total of 345 snakes was recorded, Python regius (32%)

and Pantherophis guttata (24%) were the dominant

species (Table 2). Only 6 crocodiles and 57 frogs

arrived in CRARC, with Caiman crocodilus (50%)

and Epipedobates tricolor (32%) accounting for most

of the crocodile and frog records (Table 2).

Fish dominated captures in urban lakes (44,475),

with the invasive G. holbrooki (63%) and goldfish

Carassius auratus (35%) being the most common

species (Table 2). The invasive P. clarkii also was

abundant, with 1004 of the 45,788 animals captured in

total (Table 2). Terrapins were much less abundant in

the urban lakes (309), with the dominant species being

the invasive Trachemys scripta scripta (41%;

Table 2).

Patterns in unwanted and illegal exotic pets

through time

The 13 retailers inspected from 2011 to 2018 did not

have prohibited invasive pets apart from the eastern

mosquitofish Gambusia holbrooki, which was a

species that does not have ornamental interest, and

was found mixed in goldfish stocks in 3 of the 84 visits

to one retailer. However, seven listed invasive species

were captured in urban lakes in Barcelona from 2011

to 2018, including fish, crayfish and terrapins (Fig. 2,

Table 1). Five listed invasive species were delivered

to CRARC after 2011, including the terrapins Chry-

semys picta and T. s. troostii, none of which were

Table 1 Descriptive statistics for the richness and abundance

of exotic aquatic pets recorded annually in the 11 urban lakes

in Barcelona and in the rescue centre CRARC, which receives

animals from all northeastern Spain. The only testudines

recorded in urban lakes were terrapins but there were terrapins

and turtles in CRARC data. Procambarus clarkii was the only

crayfish species

Richness Estimated richness (Chao 1) Abundance

Mean 95% C.L. Min–Max Mean 95% C.L. Min–Max Mean 95% C.L. Min–Max

Urban lakes

Procambarus clarkii – – – – – – 201 24.99–377.01 0–600

Fish 1.32 1.19–1.44 0–4 7.27 6.45–8.09 1.65–11.00 1202 515.54–1888.46 0–12,000

Testudines 1.68 0.14–3.22 0–7 9.36 7.87–10.85 2.45–12.12 8.35 3.29–13.40 0–130

CRARC

Frogs 7 4.5–9.6 1.3–11 11.6 8.4–14.8 1.6–19.1 5.2 4.6–5.7 1–18

Newts 5 2.1–8.2 1.9–8 5.6 4.6–6.6 1.9–9 62 61.4–62.8 1–337

Lizards 20.6 17.7–23.4 8–30 25 22–27 11–35 12.4 12.1–13 1–140

Crocodiles 2.2 1.29–3.1 0.8–3.0 2.9 2.3–3.5 0.8–3.9 2 0.8–3.1 1–3

Snakes 18 14.3–22.7 7.5–27 23.7 20.6–26.8 8.6–35.2 12.8 12.4–13.2 1–109

Testudines 44.8 38.5–51.1 27–55 63 54.8–71.3 32.4–105 240.2 239.9–240.4 0–6241

123

What’s next? The release of exotic pets continues virtually unabated 7 years



found in urban lakes (Fig. 2). Most of the animals that

arrived in CRARC (90%) were voluntary donations by

pet owners, with the remainder being the 8% wild

captures and 2% confiscations by authorities (customs,

police). The exceptions were newts, which were

mostly confiscated (25%) or captured in the wild

(74%), all having very local distributions, such as O.

ophriticus 9 vittatus that was captured in just one

locality.

The null models were the best models to explain

variation in the number and richness of exotic pets

from the four animal groups in urban lakes (Table 3).

The factor ‘year’ had neither a significant linear nor

quadratic relationship with the richness of most animal

groups in CRARC data from all three sources com-

bined (voluntary donations, captures in the wild or

confiscations, Table 3). The exceptions were the

richness of frogs and newts, which showed, respec-

tively, a significant positive and negative linear trend

with year (Table 3). Variation in the abundance of

testudines, frogs and listed invasive species that

arrived in CRARC was best explained by a quadratic

response with year (Table 3). Change in the abun-

dance of snakes, newts and lizards instead was better

explained by a negative linear trend with year

(Table 3).

When comparisons within CRARC data were

restricted to two periods to specifically assess the

effect of the legislation on the different animal sources

(pre-2011, post-2011), there was a significant increase

in the number of testudines and listed invasive animals

that arrived in CRARC voluntary delivered by pet

owners after 2011 (Table 4, Fig. 3). Conversely, the

number of voluntarily delivered frogs, lizards and

snakes was higher in pre- than in post-legislation

periods (Table 4, Fig. 3). The same pattern was seen

for the number of confiscated frogs. Confiscations and

voluntary donations of exotic newts only occurred

Table 2 List of the three most abundant species for each

animal type (if present or if the abundance was[ 0.6%)

captured in the urban lakes in Barcelona or arrived in the

animal rescue centre CRARC. CRARC data included two

groups of testudines (terrapins and turtles), but only terrapins

were collected in urban lakes

Urban lakes % %

Crayfish Testudines

Procambarus clarkii 100.0 Trachemys scripta scripta 41.4

Pseudemys nelsoni 24.9

Fish Pseudemys concinna 16.5

Gambusia holbrooki 63.3

Carassius auratus 35.2

Poecilia reticulate 0.9

CRARC % %

Frogs Newts

Epipedobates tricolor 31.6 Ommatotriton hybrida 67.8

Mantella crocea 21.1 Triturus hybridb 11.9

Bombina orientalis 15.8 Ommatotriton vitattus 5.0

Lizards Crocodiles

Iguana iguana 37.7 Caiman crocodilus 50.0

Pogona vitticeps 26.9 Crocodylus niloticus 33.0

Eublepharis macularius 8.9 Paleosuchus palpebrosus 17.0

Testudines Snakes

Trachemys scripta scripta 45.6 Python regius 31.6

Trachemys scripta elegans 21.3 Pantherophis guttata 23.5

Testudo graeca 7.9 Lampropeltis getula 10.7

aOmmatotriton ophryacus 9 vittatus
bTriturus cristatus 9 anatolicus
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after 2011, and confiscations of listed invasive species

and captures of exotic newts in the wild only occurred

before 2011. No pattern was seen after 2011 for any

other animal groups (Table 4).

Discussion

Did the new legislation curb the sale and release

of listed invasive species?

Our work suggests that legislation, such as the Spanish

Acts (RD1628/2011; RD630/2013), has been effective

at curbing the sale of listed invasive species by

retailers (Miller 2011; but see Fowler et al. 2007;

Garcı́a-Dı́az et al. 2017). However, the release of

prioritized listed species into urban lakes continued

virtually unabated, possibly because education cam-

paigns were not conducted at the same time (e.g.

OATA 2015). The most frequently recorded species in

CRARC were similar to those collected from urban

lakes notwithstanding that CRARC also received

herptiles from confiscations (e.g. Mantella crocea,

Crotalus sp.). The number of unwanted terrapins is

consistent with the herptile market being dominated

by young terrapins, with an annual export of up to 4

million animals from the USA alone (Stringham and

Lockwood 2018). Pet owners probably were not

responsible for many of the individuals of fish and

crayfish recovered. Carassius auratus and G. hol-

brooki were the most common exotic species, and

these species mature in\ 1 year and breed easily in

urban lakes (AMV & JEA pers. obs.). Gambusia

holbrooki is not of ornamental interest, so that the on-

going releases may be due to decades of official

recommendation for the use of this species for

mosquito control (DAISIE 2009). Procambarus

clarkii and the largemouth bass Micropterus sal-

moides probably were released by anglers because

these species are not for sale in Barcelona aquarium

retailers (JEA &AMV pers. obs.). However, P. clarkii

is a common German aquatic exotic pet and breeds

easily in captivity (Chucholl 2013).

Fig. 2 Changes in the

abundance of the most

common fish (top panel) and

terrapin species (bottom

panel) collected in the urban

lakes in Barcelona,

including G. holbrooki, C.

carpio, T. s. elegans and T. s.

scripta, all of which are

listed as invasive exotic

species in the Spanish Act

RD1628/2011
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The issue of unwanted exotic pets goes beyond

invasion risk

We found 134 exotic species other than the five

prohibited species under the 2011 legislation, sug-

gesting that past efforts to manage invasions have not

been enough (see also Seebens et al. 2017).We believe

that a primary reason probably is that legislation is

reactive (i.e. prohibits species already known to be

invasive) rather than proactive (i.e. reducing the

likelihood of a species being released) (see also Miller

2011; Hulme 2015). Proscribing a pet species requires

detailed quantitative data (Shine et al. 2010; Essl et al.

2011; Genovesi et al. 2015) but the invasion risk may

be uncertain if the prior invasion history and tolerance

of species to minimum water temperature are poorly

known (e.g. Masin et al. 2014; Howeth et al. 2016).

Another problem for assessing the risk of estab-

lishment is that minimum temperature can differ

substantially within a country, such as Spain, let alone

within Europe if the aim is a unified European strategy

for the management of invasive species as proposed

under the EU Regulation 1143/2014. Such a poor

knowledge of temperature tolerances can be addressed

by allowing the sale of just those species with a well-

established low invasion risk using regional risk

assessments on imported official lists of species (e.g.

Clavero 2011; Almeida et al. 2013). However,

controlling invasions through permitted-species lists

(i.e. White List, see Perrings et al. 2005; Miller 2011)

probably do little to stem the release of many exotic

Table 3 Comparison of Akaike information criterion (AIC)

values showing the likelihood that variation in the total

abundance and richness of the animal groups that entered urban

lakes and the animal rescue centre CRARC had linear or

quadratic relationships with year. Urban lakes were surveyed

from 2011 to 2018 and CRARC data ranged from 2009 to

2018. Null model included only the intercept for CRARC and

the intercept plus random effects for lakes in urban-lake

models. We provide measures of fit (pseudo-R2) and equations

for the best models (in bold; i.e. the lowest AIC value) that

included ‘year’ as significant predictor at P B 0.05 using the

function Anova (Fox and Weisberg, 2011)

Null Linear Quadratic Model fit Equation of the best model

Urban lakes

Abundance of fish 144.4 150.2 148.0 – –

Richness of fish species 83.7 86.1 87.0 – –

Abundance of testudines 89.9 95 92.7 – –

Richness of testudine species 96.8 97.8 99.5 – –

Abundance of prohibited spp. 145.9 151.7 149.8 – –

Richness of prohibited spp. 72.7 85.4 76.3 – –

CRARC

Abundance of frogs 111.4 90.1 83.1 0.39 y = 1.25 - 3.51 year - 1.7 year2

Richness of frog species 36.3 32.9 34.7 0.40 y = 4.05 - 0.2�year
Abundance of newts 1511.5 1477.6 1478.3 0.02 y = 194.5 - 0.09 year

Richness of newt species 38.9 30.4 31.0 0.38 y = - 736.6 ? 0.37 year

Abundance of lizards 116.6 107.6 108.5 0.18 y = 124.4 - 0.06 year

Richness of lizard species 45.5 47.2 48.4 – –

Abundance of snakes 101.8 97.2 98.8 0.14 y = 100.5 - 0.05 year

Richness of snake species 48.5 49.8 50.8 – –

Abundance of crocodiles 20.1 21.8 22.3 – –

Richness of crocodile species 20.1 21.8 22.1 – –

Abundance of testudines 400.8 240.8 199.2 0.67 y = 7.21 ? 0.36 year - 0.16 year2

Richness of testudine species 58.1 59.0 60.6 – –

Abundance of prohibited spp. 375.1 367 229.5 0.52 y = 6.88 - 0.11 year - 0.38 year2

Richness of prohibited spp. 37.7 38.4 40.4 – –

spp. species
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pets, which may be of ecological concern. Exotic pets,

even if they fail to establish, may introduce pathogens

into recipient water bodies (e.g. ranavirus, Salmonella,

Johnson and Speare 2003; Schloegel et al. 2009;

Lafuente et al. 2013; Demkowska-Kutrzepa et al.

2018).

The assessment of invasion risk of exotic pets is

complicated further by increasing species diversity in

the trade, with similar trends in many countries. The

most frequently seen species of terrapins in Barcelo-

na’s urban lakes and CRARC were similar to those

elsewhere in Europe and in the USA (Masin et al.

2014; Stringham and Lockwood 2018). The number of

freshwater fish species in Spanish retailers (294

species, Maceda-Veiga et al. 2013) is similar to the

number of species in retailers from the USA and

Canada markets (e.g. 252 species, Chapman et al.

1997; Rixon et al. 2005). However, there are[ 1200

aquarium fish species for sale by wholesalers and by

e-commerce (Padilla and Williams 2004; Maceda-

Veiga et al. 2013; Raghavan et al. 2013).

Time to be more proactive to stem exotic pet

releases: leaking doors and irresponsible buying

Pet abandonment is a criminal offence in an increasing

number of developed countries (e.g. USA; Georgia

Animal Protection Act of 1986), but perpetrators

usually escape detection and hence prosecution. Con-

sequently, pet abandonment is mostly addressed by

owner education (e.g. the HabitattitudeTM campaign,

http://www.habitattitude.net/) and by the provision of

Table 4 Statistics for the

comparison of the

abundance and richness of

the taxonomic groups that

arrived in CRARC from

voluntary delivers by pet

owners, captures in nature

and confiscations made by

authorities the years

(2009–2011) and after

(2012–2018) the

enforcement of the

legislation on invasive

exotic species (RD1628/

2011). The effects of

legislation on the prohibited

invasive species is

specifically shown

Abundance Richness

Frogs

Voluntary deliveries v2 = 9.9 P\ 0.001 v2 = 3.2 n.s.

Captures in nature v2 = 2.3 n.s. v2 = 0.02 n.s.

Confiscations v2 = 10.4 P < 0.001 v2 = 0.7 n.s.

Newts

Voluntary deliveries v2 = 2.3 n.s. v2 = 2.9 n.s.

Captures in nature v2 = 819.9 P < 0.001 v2 = 0.2 n.s.

Confiscations v2 = 89.2 P < 0.001 v2 = 4.3 P = 0.03

Lizards

Voluntary deliveries v2 = 20.4 P < 0.01 v2 = 1.2 n.s.

Captures in nature v2 = 0.7 n.s. v2 = 0.1 n.s.

Confiscations v2 = 1.9 n.s. v2 = 1.3 n.s.

Snakes

Voluntary deliveries v2 = 8.9 P < 0.001 v2 = 0.9 n.s.

Captures in nature v2 = 3.3 n.s. v2 = 1.6 n.s.

Confiscations v2 = 0.01 n.s. v2 = 0.5 n.s.

Crocodiles

Voluntary deliveries v2 = 0.02 n.s. v2 = 0.02 n.s.

Captures in nature v2 = 2.4 n.s. v2 = 2.4 n.s.

Confiscations v2 = 1.4 n.s. v2 = 1.4 n.s.

Testudines

Voluntary deliveries v2 = 244.4 P < 0.001 v2 = 0.65 n.s.

Captures in nature v2 = 0.12 n.s. v2 = 0.31 n.s.

Confiscations v2 = 2.71 n.s. v2 = 0.02 n.s.

Prohibited spp.

Voluntary deliveries v2 = 150.7 P < 0.001 v2 = 1.5 n.s.

Captures in nature v2 = 0.96 n.s. v2 = 1.1 n.s.

Confiscations v2 = 9.63 P < 0.001 v2 = 7.2 P = 0.01
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shelters, where pet owners can leave unwanted animals

(Rowan 1992). However, there is the pressing need to

havemore specific policy tomanage pet abandonment.

Regulation is better than outright bans because the

latter may increase the black-market value of banned

species (Conrad 2012), and our study shows that bans

have questionable effectiveness in preventing the

release of already widely distributed invasive species.

No regulation will fully stop animal abandonment, but

if the main legal action to curb exotic pet releases is a

ban on known invasive species, we envisage more pet

abandonments and invasions. Therefore, knowledge of

the characteristics of released pets help to put forward

more specific policy to manage pet abandonment and

would be better deal with a potentially increased

invasion risk of tropical pets associated with global

warming (Fig. 4).

A first regulatory proposal is to improve biosecurity

measures in aquatic facilities because this has been a

major introduction pathway for exotic fish and inver-

tebrates in many regions (Courtenay and Stauffer

1990;Maceda-Veiga et al., 2016;Weyl et al. 2016). Of

the 28 fish species established into Spanish waters,

most can be traced to administrative stocking or

angling (Maceda-Veiga 2013). The aquarium trade is

responsible for the successful establishment of four

Fig. 3 Changes in the mean abundance (± standard error) of

exotic species from the taxonomic groups and sources

(voluntary deliveries, captured in nature and confiscations)

showing significant differences (see Table 4 and main text)

before (2009–2011) and after (2012–2018) enforcement of the

first legislation on invasive exotic species (RD1628/2011). The

effect of legislation on the numbers of prohibited exotic is

specifically shown
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Fig. 4 Current regulation on the management of unwanted

exotic pets is focused on invasion risk (A) but has many

uncertainties associated with climate change and trade diversity

and says little about pet abandonment. Our more general four-

tier approach (B) address pet abandonment directly by

regulating the species that can be readily available for sale in

retailers using the characteristics of the typical living space of an

average customer (1), and increasing the size at retailers of

individuals that are cheap and attain large adult sizes to avoid

impulse purchases (3). More effective animal-care schedules for

retailers developed in collaboration with expert hobbyists and

veterinarians, pit tagging exotic herptiles before leaving the

retailer, and the need to show an accreditation before purchasing

an exotic pet will further promote responsible tenancy and

animal welfare (4). For aquarium fish, aquaculture have been the

main pathway of introduction into natural waters, so more

effective biosecurity measures (nets, effluent disinfection)

should be mandatory (2)
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species, including P. parva and M. anguillicaudatus

(e.g. Caiola and Sostoa 2002; Franch et al. 2008), even

though there are several reported failed establishments

(e.g. Serrasalmus nattereri, Barbonymus schwanen-

feldii; Gante et al. 2008; Maceda-Veiga 2013).

Improving biosecurity measures also applies to

research facilities, where aquarium-like fish are often

used in experimental assays and may have acciden-

tally led to the introduction of Fundulus heteroclitus

(Gisbert and López 2007). We suggest that the use of

net-traps and compulsory disinfection of water efflu-

ents from aquatic facilities would help to prevent the

release of noxious organisms into natural waters.

However, these measures probably do little to deal

with aquatic herptiles, whose introduction is mostly

due to pet-owner releases (Masin et al. 2014). Invasion

risk may be reduced if only the sale of captive-bred

animals is allowed, as for birds (EU Regulation

139/2013; Reino et al. 2017). Nevertheless, this

rationale may not apply in other taxa because

Trachemys terrapins are all captive-bred but have a

high invasion success (e.g. Masin et al. 2014; Banha

et al. 2017).

A second regulatory proposal is to filter the species

readily available for sale (i.e. species in retailer cages)

as function of adult size and the type of human living

quarters of owners in each country. Hard-to-obtain

species might be purchased on request if an accred-

itation scheme were to demonstrate that an owner has

the expertise and ability to house larger pets, including

the common caiman (C. crocodilus) and the green

iguana (I. iguana) (Table 2). The trade in freshwater

aquarium fish consists of many small adult-body-sized

species (\ 10 cm, see Duggan et al. 2006; Maceda-

Veiga et al. 2016), which are suitable for the most

frequently sold tank volume by Spanish retailers

(B 60 L, AMV pers. obs.). However, these tanks are

inadequate for the large adult-body-size fish species

captured in urban lakes, such as the common pleco

(Hypostomus plecostomus) and the striped catfish

(Pangasianodon hypophthalmus) (Appendix S1,

Axelrod 2007). This rationale applies to terrapins

because a 5-cm terrapin of frequently collected

species, such as G. kohni, P. floridiana, can grow

fivefold in 12 months (JEA pers. obs.). Although small

containers can be used for transport, they often are

misused for long-term pet housing, with[ 95% of

terrapins donated to CRARC being kept in such

undersized containers (Appendix S2).

A third measure is to prevent the direct sale of low-

priced, small-sized (5 cm) juveniles of species that

grow to large body sizes, but to allow the sale of larger

individuals. The small size of large adult body size (c.

30 cm) terrapins and a relative low price (c. 15€) may

induce impulsive purchases (Stringham and Lock-

wood 2018). Compulsory tagging of pets prior to

purchase will allow tracing of delinquent owners

because even small-sized animals can be pit-tagged

(e.g. newts, Perret and Joly 2002). Even though adult

small-sized animals can become invaders (e.g. P.

parva, DAISIE 2009), this generally is infrequent for

the typical unwanted pet (Appendix S1). The engage-

ment of all stakeholders in regulation is essential for a

successful scheme and the collaboration of the often-

overlooked expertise of aquarium and terrarium

hobbyists would be beneficial to manage unwanted

exotic pets and to conduct education campaigns

(Maceda-Veiga et al. 2016; Pasmans et al. 2017).

A fourth regulatory avenue is to promote effective

care schedules for exotic pets, including bans on the

sale of inadequate containers (e.g. Appendix S2).

CRARC necropsies revealed that 90% terrapins were

in poor condition, probably due to inadequate diet and

environmental conditions at owners’ home (AMS

pers. obs.). Major advances in animal welfare would

ensue if the purchase of exotic pets were to require an

affiliation to accredited associations. Experienced

enthusiasts could train candidate owners in how to

maintain properly the species (e.g. codes of conduct

for pet owners, list of options for disposed species,

how to captive-bred the purchased species and to

reduce the harvesting of wild stocks), and a licencing

system would promote responsible maintenance if pit

tags of exotic pets are associated with an owner ID.

For prohibited pets held before the enforcement of

new legislation (e.g. RD 216/2019), a period of

possession accreditation with compulsory tagging

could be enacted so that pets would not be disposed

illegally in response to new regulations.

We hope this four-tier approach will reduce some

drawbacks of exotic pet keeping at the expense of their

benefits, including that the pet trade is often a

significant component of livelihoods in rural commu-

nities (Chardonnet et al. 2002), that fish and herptile

enthusiasts increase knowledge of rare species and

their habitats (Chao et al. 2001; Tapley et al. 2015;

Maceda-Veiga et al. 2016), and that pets contribute to
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the well-being of many people (Beck and Katcher

1996; Pasmans et al. 2017).
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Zoo-Ajuntament de Barcelona’ and additional technical support

and authorizations were provided by Aı̈da Tarragó, Francesc
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