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Abstract 

The aquarium trade moves thousands of species around the globe, opening the door to unwanted organisms being released into fresh and 
marine waters, with subsequent adverse ecological and economic impacts. Unlike ballast waters, the commerce of ornamental pets and the 
aquarium trade have only recently been recognized as major pathways for the introduction of fish, invertebrates and plants, with online 
commerce in particular being a thriving business. Here, we report the results of the first study on the online aquarium trade in Italy. We 
examined 54 online aquarium shops and collected data about the animals and plants sold. For each species, information about its native 
range, reproduction, feeding habits, pathways, impacts, status in Italy and price were gathered, in order to identify previously recorded or 
potentially invasive species for Italy. Freshwater fish and plants represent the most sold taxa, and mainly come from the Americas. 
Most animals are omnivorous, and the plants can reproduce through both reproduction modalities (asexual/sexual). Half of the 
traded plants have already been introduced outside their native range; however, the majority of the species sold have not yet been 
recorded in the wild in Italy. As expected, a high percentage of the sold species are reportedly introduced due to escape/release 
for ornamental purposes. Data on their impact is scanty and mainly concerns the already known invasive species and their 
ecological damage. Although the multilevel impact exerted by invasive species is recognized worldwide, in Italy the average 
price of invaders is quite low, thus favoring their purchase. In addition, considering the nation’s growing number of aquarists, 
the probability of releasing potentially invasive species through the online trade is very high: more information, accurately 
presented information for buyers and stakeholders, and appropriate regulations may change this trade in order to reduce the risk 
of new invasions. 
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Introduction 

The introduction and spread of alien species are 
today considered to be amongst the main threats 
to biodiversity at different scales and to differing 
extents (Hulme et al. 2009). Indeed, a fraction of 
these introduced species, the invasive ones, cause 
substantial harm to biodiversity, human health 
and economy (Kettunen et al. 2008; Mack and Smith 
2011; Mazza et al. 2014a). 

Prevention of species introductions is considered 
to be the cornerstone of invasive species manage-
ment (Vander Zanden and Olden 2008), but 

pathways of species introductions are diverse, 
dynamic over time, and vary both taxonomically 
and geographically (e.g., Moyle and Marchetti 
2006; Ricciardi 2006). An understanding of the 
full spectrum of invasion pathways is necessary 
by both the global and European Biodiversity 
Strategy towards 2020, being crucial to improve 
policy actions (e.g. as underlined by the recently 
approved European Regulation on Invasive Alien 
Species 1143/2014), guide integrated management 
strategies, and enhance educational programs 
aimed at reducing the threat of future invasions 
(Lodge et al. 2006). 
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Aquatic ecosystems have been subject to some 
quite spectacular invasions. Compared to terrestrial 
systems, inland, marine and transitional waters 
are highly vulnerable to either the accidental or 
deliberate introduction of species and to their 
subsequent spread: this susceptibility is mainly 
the effect of intensive human uses, as has been 
well highlighted by the case study of Italy (e.g. 
Gherardi et al. 2008; Occhipinti-Ambrogi et al. 
2011; Cuesta et al. 2014). 

Today, great attention is paid to unintentional 
pathways of aquatic alien species introductions 
through ballast-water (Carlton and Geller 1993; 
Ruiz et al. 1997), transport via trailer boats (Leung 
et al. 2006; Rothlisberger et al. 2010), bait-bucket 
releases by anglers (Litvak and Mandrak 1993; 
Di Stefano et al. 2009), and escapes associated 
with aquaculture (Naylor et al. 2001; De Silva et 
al. 2009). Meanwhile, trade in aquarium and orna-
mental species is emerging as another important 
source for species likely to invade aquatic habitats 
(Padilla and Williams 2004; Strecker et al. 2011). 
In particular, an important aspect that has often 
been overlooked is the facilitation of biological 
invasions associated with the online trade of 
organisms (e.g. Derraik and Philipps 2010).  

New market opportunities are thus opened: the 
online trade is poorly regulated and, being accessible 
to all, has increased considerably in recent years, 
making the purchase of invasive species just a 
mouse click away from any home (Padilla and 
Williams 2004). More than 150 species of verte-
brates, invertebrates, plants and microorganisms 
(including pathogens) have invaded natural water 
bodies via the aquarium trade and ornamental 
aquaculture (Padilla and Williams 2004). 

Our main aim is to assess the invasion risk 
posed by the online aquarium trade in Italy for 
the first time, by retrieving information on the 
sold species. As pinpointed by Chucholl (2013), 
it is crucial to collect data on traded species (and 
their biology) to forecast the possible ‘new’ invaders 
for Italy in order to develop efficacious and 
preventative management measures. The topic is 
pivotal and contemporary, because no restrictive 
regulations on this issue currently exist, both in 
Italy and in Europe (Shine et al. 2009; Hulme et 
al. 2009), with the latter having only recommended 
a Code of Conduct on Pets and Invasive Alien 
Species (Recommendation n. 154/2011).  

Methods 

Between January and May 2012, we conducted 
an extensive survey of online aquarium stores to 

document the number and species of animals and 
plants sold in the ornamental pet trade in Italy. 
For each sold item, we recorded the taxon at 
genus or species level, when possible, specifying 
the habitat, reproduction strategies, feeding habits 
(only for animals), native range and if the species 
has already been introduced outside it, the pathways 
of introductions, the possible impacts, the status 
in Italy and the price. 

In particular, for freshwater, brackish water 
and partly terrestrial species (i.e., those that require 
freshwater systems to complete their life-cycle, 
but which also inhabit terrestrial environments) 
we indicated the native continent: Africa, Asia, 
North America, Central America, South America, 
Oceania, and Europe. For marine species, we used 
Pacific, Atlantic, Indian Oceans and Mediterranean 
Sea. Cryptogenic was used where the origin of a 
species was debated.  

For reproduction strategies, we considered 
asexual reproduction when offspring arise from a 
single organism (such as vegetative propagation 
of plants and fragmentation of Cnidaria); sexual 
reproduction for the gonochoric or hermaphrodite 
species; and parthenogenesis when growth and 
development of eggs or embryos occur without 
fertilization. 

For the feeding habits of animals, we modified 
the classification for fish proposed by Froese and 
Pauly (2012) as follows: herbivore, carnivore, 
omnivorous and symbiosis with zooxanthellae algae. 

Finally, according to Hulme et al. (2008), we 
retrieved data on the most common introduction 
pathways (divided into more specific sub-categories) 
reported in the literature for the species we found 
in the Italian online shops: release (due to bio-
control; angling; pets, terrarium-aquarium species); 
escape (aquaculture; ornamental planting; pets, 
terrarium-aquarium species); contaminant (trade 
of contaminated commodities); stowaway (ship-
ping); corridor (inland canals); other (e.g. species 
introduced through minor pathways, other than 
the above mentioned as for smuggling, habitat 
management and medicinal use). Species for 
which reliable information on their pathway of 
introduction could not be found were classified 
as “unknown”. No species was introduced through 
the sixth pathway (unaided) listed in Hulme et al. 
(2008). We divided the impacts of species into 
ecological, economic and social (e.g. human 
well-being) and, for the status in Italy, species 
were classified as native or alien (absent or 
occasional or established or invasive). In 
particular, the definition of the alien status for 
the      plants  follows  Celesti-Grapow et al. (2009), 
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Figure 1. Frequency (%) of animal (A, 
n=902) and plant (B, n=235) taxa sold by 
online pet shops in Italy. 
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with the addition of the term “emerging invasive” 
to indicate the species exerting some kind of 
local environmental impact and with recent 
increasing distribution records in literature.  

Data on biology, pathways of introduction and 
impacts was gathered by examining scientific lite-
rature and using international databases available 
online, such as DAISIE (http://www.europe-aliens.org/ 
expertSearch.do), ISSG (http://www.issg.org/worst100_ 
species.html), CIESM (http://www.ciesm.org/online/atl 
as/index.htm), NOBANIS (http://www.nobanis.org) 
and FishBase (http://www.fishbase.org/). 

Species belonging to more than one category 
were tallied more than once. When no documen-
tation was available for a given category or when 
the available information was dubious or anecdotal, 
we deemed it as “unknown”. 

Statistical comparisons of frequencies between 
plants and animals, among different habitats, 
reproduction strategies, feeding habits, native 
ranges and pathways were made using Wilks’ 
test after Williams’ correction (statistic: G). The 
selling prices were compared between invasive 
and non-invasive species using the Mann-

Whitney test (statistic: U), reporting in the text 
medians with first-third interquartiles. The level 
of significance at which the null hypothesis was 
rejected is α= 0.05. 

Results 

We found 54 online shops: 7% only had a web-
site without details about traded materials/species, 
and these were not included in the analysis. 

In the online shops, 1137 species were traded: 
902 animals and 235 plants, with 14% and 9% 
identified only at genus level, respectively. Fishes 
(particularly Perciformes; 51%), and Liliopsida 
and Magnoliopsida, in particular Echinodorus and 
Cryptocoryne genera (Alismatales), were, respecti-
vely, the most sold among animals (G=2369.86, 
df=10, P<0.001; Figure 1A) and plants (G=338.33, 
df=6, P<0.001; Figure 1B).  

Species were mainly freshwater (animals: 
54.2%, G=812.73, df=3, P<0.001; plants: 97%, 
G=473.74, df=3, P<0.001; Figure 2) and come 
from Americas (animals: 43%, G=454.34, df=4, 
P<0.001;  plants:  39%, G=88.04, df=6, P<0.001; 
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Table 1. List of invasive and potential invasive plant (P) and animal (A) species for Italy sold in the online shops. NA: North America, 
NCA=North-Central America, CSA=Central-South America, SA=South America. 

P/A Species Origin 
Pathway of 
introduction 

Impact 
Average 
price (€) 

No. 
shops 

Status in 
Italy 

References Notes 

P 
Pistia 
stratiotes 

SA ornamental 
ecological, 
economic 

3.6 1 
emerging 
invasive 

Celesti-Grapow et al. (2009)  

P 
Eichornia 
crassipes 

SA ornamental 
ecological, 
economic, 
social 

6 2 
emerging 
invasive 

Celesti-Grapow et al. (2009)  

P 
Myriophyllum 
aquaticum 

SA ornamental 
ecological, 
economic, 
social 

5 2 
emerging 
invasive 

Celesti-Grapow et al. (2009)  

P 
Bacopa 
monnieri 

Pantropical 
Subtropics  

ornamental, 
other 

ecological 3.8 2 absent Celesti-Grapow et al. (2009) 
potential 
invasive 

P 
Hygrophila 
polysperma 

Asia ornamental 
ecological, 
economic 

4.8 1 absent Celesti-Grapow et al. (2009) 
potential 
invasive 

P 
Cabomba 
caroliniana 

SA 
ornamental, 
shipping, trade 

ecological, 
economic, 
social 

5 3 absent Celesti-Grapow et al. (2009) 
potential 
invasive 

A 
Xenopus 
laevis 

Africa 
ornamental, 
research 

ecological 6 3 invasive Lillo et al. (2005)  

A 
Procambarus 
clarkii 

NCA 

ornamental, 
culture, angling, 
biocontrol, 
smuggling 

ecological, 
economic, 
social 

10 2 invasive Gherardi (2006)  

A 
Trachemys 
scripta  

NA ornamental 
ecological, 
social 

16 1 invasive Gherardi et al. (2008)  

A 
Gambusia 
holbrooki 

NA 
biocontrol, 
ornamental 

ecological 3 1 invasive Gherardi et al. (2008)  

A 
Pomacea 
canaliculata 

CSA 
culture, 
ornamental, 
smuggling 

ecological, 
economic, 
social 

2.9 1 absent  www.issg.org  
potential 
invasive 

A 
Xiphophorus 
maculatus  

NCA ornamental ecological 1.9 8 absent www.fishbase.org 
potential 
invasive 

A 
Neocaridina 
davidii 

Asia 
angling, 
ornamental 

ecological 6.2 3 absent Quante 2009 
potential 
invasive 
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Figure 2. Frequency distribution per habitat of the alien animal 
(n=998) and plant (n=257) taxa sold by online pet shops in Italy. 
Species whose habitat includes two or more preferences were 
tallied more than once. 
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Figure 3. Frequency distribution per native range of the alien 
animal (n=618) and plant (n=366) taxa sold by online pet shops in 
Italy. Species whose native range includes two or more continents 
were tallied more than once. 
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Figure 3). For marine animal species, Pacific 
Ocean was the main donor area (55%, G=448.61, 
df=3, P<0.001); only five plant genera were 
marine, with a widespread distribution in oceans. 

Traded animals are mostly omnivorous (52.1%; 
G=941.44, df=4, P<0.001) and gonochoric (76%, 
G=1398.20, df=3, P<0.001), while plants reproduce 
through both sexual and asexual modalities 
(87%, G=287.02, df=2, P<0.001). 

Among the sold species, 184 animals (20%, 
G=337.63, df=1, P<0.0001) and 125 plants (53%, 
G=0.96, df=1, P>0.1) were already introduced 
outside their native range (but no data are available 
for 29% of the animal species). 

As expected, release and/or escape for ornamental 
reasons were the main pathways of introduction 
for both animals (considering the subcategories 
separately for the analysis 88%, G=1130.03, df=9, 
P<0.001) and plants (77%, G=190.60, df=4, P<0.001). 

No data for the impacts are reported for the 
majority of the species (77% of animals and 47.5% 
of plants), while for other species ecological 
impacts are the most documented (animals: 18%, 
G=263.22, df=3, P<0.001; plants: 29%, G=116.63, 
df=4, P<0.001).  

95% of animal and 72% of plant species were 
alien for Italy, but never reported in the wild. 
The animal alien species present in our country 
were reported as occasional (0.3%), established 
(0.6%) and invasive (0.9%) (G=2743.15, df=5, 
P<0.001), while the plant alien species present 
were mainly established (4.3%) (occasional: 1.3%, 
and invasive: 2.1%, G=394.46, df=5, P<0.001). 

Prices were variable and plants were usually 
cheaper (range: € 2-38 for plants, € 1-310 for 
animals). Invasive species resulted less expensive 
than the non-invasive ones in animals (U=4878.6, 
n=489, P<0.0001; invasive: 6.23 (3.26–9.63), 
non-invasive: 9.4 (6.8–18.65)), but not in plants 
(U=2259, n=159, P=0.05; invasive 4.93 (4.04–
5.76), non-invasive 5.34 (4.25–6.8)). 

Considering prices, impacts, availability in 
shops and species plasticity, we identified six 
potential new invasive species for Italy, three 
plants and three animals (Table 1). 

Discussion 

To the best of our knowledge, our study is the 
first that has investigated the role of the online 
ornamental trade for both animals and plants. 
The previous studies only considered one or a 
few taxa (e.g. crayfish in Chucholl 2013, plants 
in Lenda et al. 2014) or mostly land based stores 
(e.g. freshwater fish, mollusks and macrophytes 

in Rixon et al. 2005). It is noteworthy that the 
number of traded species we found mostly involved 
animals, in particular fish. Among them, 
Perciformes includes the families most appreciated 
by the aquarists (Cichlidae for freshwater and 
Pomacentridae for marine), while Siluriformes 
(mainly Loricariidae) are widely used as cleaner 
fish in hobby aquariums. Among plants, 
Echinodorus and Cryptocoryne genera are the 
most well-known aquatic plants, easy to care 
also for beginners because of their high plasticity 
and adaptability (they can grow partially out of 
the water and with low levels of light, and can 
reproduce easily; Rataj and Horeman 1977). 

Freshwater species are the most traded, probably 
for two main reasons: the easy maintenance in 
aquaria and their cheaper price compared to 
marine species. As also found by Padilla and 
Williams (2004), the Americas and the Pacific 
Ocean are the main donor areas for the fresh-
water and marine species, respectively: several 
developing countries from these areas are known 
to be major exporters of ornamental specimens. 
The sold animals are mainly omnivorous, and 
plants can reproduce through both reproduction 
modalities (asexual/sexual): all these characteristics 
can favor their survival and spread in the wild, 
once released or escaped (e.g., the highly invasive 
crayfish Procambarus clarkii (Girard, 1852)), or the 
alga Caulerpa sp., Gherardi 2006; www.cabi.org). 

Half of the traded plants in the online shops 
are already introduced outside their native range; 
the lower percentage of the recorded introduced 
animals could be an underestimate, because plants 
may be easier to sample and find than animals.  

As expected from the literature, a high 
percentage of sold species is reported to have been 
introduced through escape/release for ornamental 
purposes. Aquarium keeping is a hobby that has 
become more popular in industrialized countries 
involving very popular pets such as tropical fish 
or turtles (Olivier 2001). Contrary to ballast waters, 
the commerce of ornamental pets and the aquarium 
trade have only recently been recognized as a 
major pathways for fish, invertebrates and plant 
introductions (Padilla and Williams 2004). Despite 
this, the pet trade, and in particular online 
commerce, is a thriving business, as confirmed 
by the present study. 

Unfortunately, data on impacts is scanty, even 
for fish (as found also by Ribeiro and Leunda 
2012), the most known and traded taxon, and 
mainly concern the already known invasive 
species worldwide and the ecological damage 
they have caused. Despite this, some species 
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continue to be widely sold, at low prices, without 
any information about their associated risk, such 
as the African clawed frog Xenopus laevis 
Daudin, 1802, invasive in Sicily (Lillo et al. 2005), 
or the red swamp crayfish Procambarus clarkii 
(Girard, 1852), highly invasive in Italy and in 
other parts of Europe (Gherardi 2006; Mazza et 
al. 2014b). Also the red eared slider, Trachemys 
scripta elegans Wied, 1839, is still sold online: 
the species is currently included in Annex B of 
EC Regulation n° 338/97 (9th December 1996), 
thus its importation is banned within the 
European Union, but the individuals imported 
before the law came into force can be kept and 
new births must be reported to the State Forestry.  

Surprisingly, specimens of the Caulerpa genus 
are also available online. After the first invasion 
by the ‘killer green alga’, C. taxifolia  (Vahl) C. 
Agardh, banned from the international aquarium 
trade and currently in regression in the Medi-
terranean Sea (Occhipinti-Ambrogi, unpublished 
data), the congeneric C. racemosa var. cylindracea 
(Sonder) Verlaque, Huisman and Boudouresque 
is widely threatening the Mediterranean coasts of 
Spain, France and Italy (Ruiz et al. 2011). Other 
well-known harmful plants are still traded, such 
as the water lettuce Pistia stratiotes L., considered 
to be one of the most important pantropical 
aquatic weeds (Labrada and Fornasari 2002), and 
reported as an emerging invasive species in 
Campania (Brundu et al. 2012); the South-
American water hyacinth Eichhornia crassipes 
(Mart.) Solms, an emerging invasive in Italy and 
highly invasive in Europe (Brundu et al. 2012), 
or Myriophyllum aquaticum Verdcourt and 
Cyperus involucratus Rottb., both recorded in 
several Italian localities in the last decade, with 
detrimental environmental impacts at least on a 
local scale (in particular, M. aquaticum is showing 
an increasing invasiveness; Lastrucci et al. 2006). 

Another worrying concern emerging from our 
survey is the presence of species potentially 
harmful to humans. Like the ornamental trade in 
America and in Greece, Indo-Pacific lionfish Pterois 
volitans Linnaeus, 1758 is sold, despite being a 
venomous species that poses significant risk, at 
least to aquarists (Padilla and Williams 2004; 
Mazza et al. 2014a; Papavlasopoulou et al. 2014). 

For the other species whose impact is still 
unknown, a precautionary approach should be 
adopted and information on their biology should 
be provided in detail. Moreover, a high relevant 
part of the traded species is recognized only at 
genus level, or is misidentified (no correspondence 
between photos and nomenclature, as reported 

also by Chucholl 2013), increasing the uncertainty 
of identification and the risks of potential impact, 
and thus raising management problems (uncorrected 
species could be released bypassing the few 
existing laws). For example, a generic species of 
Procambarus is sold for only € 5, but no 
information is available about its identity (it 
could be the parthenogenetic marmorkrebs or 
one of the several species belonging to this genus). 

The majority of the sold species have still not 
been reported in the wild in Italy, and active 
management measures could be adopted to halt 
their introduction. However, the new potential 
invaders are sold for just a few euros, and their 
trade (and possibly release) is thus favored. For 
example, the shrimps belonging to the Atyidae 
family, such as the genus Caridina and 
Neocaridina, are particularly loved by aquarists 
and over the last few years their trade has 
increased a lot (the so called “shrimp fever” see 
for example http://www.shrimpfever.com), leading 
to the rise of several websites and forums. 
Neocaridina davidii (Bouvier, 1904), sold as 
heteropoda (Kemp, 1918) (but the taxonomy of 
the species should be still clarified; Klotz et al. 
2013), one of the most traded shrimps, is native to 
South-East China, omnivorous, highly prolific and 
easily maintained in an aquarium (Barbier 2010). 
It can colonize new habitats and can be very 
invasive. Today, it is present in the wild in 
Japan, where it was introduced as bait or food 
fish, and in the Hawaii Islands, where it arrived 
though intentional/accidental releases from aquaria. 
In Hawaii, the species has competed with the native 
Atyoida bisulcata Randall, 1840 for resources, 
causing the latter’s dramatic decline (Englund 
and Cay 1999). Moreover, the species can transmit 
several diseases and parasites (Anellids and 
Platyhelminths), dangerous to the native shrimp 
species (Niwa and Ohtaka 2004; Quante 2009), 
and has been already reported for Germany 
(Klotz et al. 2013). Although its import and spread 
within the European Union was banned by the 
European Commission (Implementing Decision 
of 8 November 2012), Pomacea canaliculata 
(Lamarck, 1819), the apple snail, another potential 
invasive species, is still sold online. The species 
and its congeneric ones are characterised by a very 
large shell, which may reach the size of an apple 
as the name suggests. Native to South America, 
they have been introduced in many countries of 
the world, particularly in North America and Asia, 
both intentionally or accidentally because of 
both the food and aquarium trade. In Europe, the 
only known record of occurrence of apple snail 
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(Pomacea insularum (D'Orbigny, 1839)) is in the 
Ebro delta (Spain), where it has been causing 
damage to rice production and the natural 
environment. These molluscs are reported to be 
highly invasive: being voracious animals, they 
are a major crop pest and a real threat for aquatic 
ecosystems (http://www.issg.org). 

Similarly to Procambarus sp., it is not clear if 
the sold species is P. canaliculata (and not 
insularum). However, both represent a potential 
threat for native ecosystems and their trade should 
be forbidden. In addition, the new emerging 
invasive plants for Italy are sold at low prices, in 
particular the South American Egeria densa 
Planch, widely used as an ornamental species 
due to its being very easy to grow. In Europe, it 
has colonized several natural habitats, forming 
dense mats and altering the ecological conditions 
of the environment (e.g. Muller 2004). Other 
harmful species are Hygrophila polysperma (Roxb.) 
T. Anderson and Limnophila sessiliflora (Vahl) 
Blume, included in the EPPO List of Invasive 
Species and in the EPPO Observation List, 
respectively. In addition, specimens of the genera 
Azolla and Alternanthera should also be banned 
from the international aquarium trade, since 
some congeneric species (i.e. Azolla filiculoides 
Lam. Encycl. (Lamarck) and Alternanthera philo-
xeroides (Mart.) Griseb., respectively), already 
naturalized in Italy, are considered highly 
invasive in Europe, and are included in the EPPO 
Observation List (Brunel 2009).  

It is noteworthy to highlight that in Italy, 
similarly to Papavlasopoulou et al. (2014) who 
listed 25 species of fishes inserted in the IUCN 
red list, trade online is also uncontrolled for both 
alien and native protected species. Indeed, among 
the sold species we found the endangered native 
freshwater turtle Emys orbicularis Linnaeus, 1758, 
whose populations are declining in several 
regions mainly through habitat loss and alien 
competition (e.g. Gariboldi and Zuffi 1994; Panzeri 
et al. 2014), or Spongia officinalis Linnaeus, 
1759 (Annex III Bern Convention). 

Finally, less is known about the fauna carried 
“incidentally”, such as parasites and pathogens 
(Mazzoni et al. 2003; Mrugała et al. 2014), and 
rotifers, micro-crustaceans, eggs and larvae of 
Odonata, and snails, likely to be living in the 
aquarium water, associated with the aquatic 
plants, and/or living amongst the bottom stones, 
sediments and detritus (e.g. Duggan 2010; Laister 
et al. 2014).  

Conclusions 

Notwithstanding that our data only describes a 
part of the online pet trade, and despite the fact 
that the market is continuously increasing and 
evolving, the present study clearly pinpoints the 
great threats posed by traded species online, both 
in the numbers of sold species and their associated 
risks. It is, however, impossible to completely 
block the pet trade, considering the strong 
economic issues behind it. Prevention is thus the 
best means to reduce the introduction of new 
invasive species. More information on the sold 
species should be provided by the retailers, while 
a better knowledge on the lesser known sold 
species (their biology and the potential impact 
they could have in other areas) and their 
pathways is required for management plans and 
development of black lists (as foreseen by the 
new EU regulation 1143/2014; this list, expected 
in 2016, will include the highly invasive species 
for Europe, for which management actions 
should be undertaken). Finally, the dissemination 
of information and awareness amongst the wider 
public on the part of researchers and managers 
should be increased, particularly regarding the 
impact of releasing species into the wild. 

Acknowledgements 

This research was partly granted by the project LIFE10 
NAT/IT/000239 – RARITY. This paper is dedicated to the memory 
of our tireless guide Francesca Gherardi, who passed away during 
its elaboration. The authors warmly thank two anonymous 
referees for their helpful suggestions on the first draft of the 
manuscript, Francesca Giovannelli for the help provided during 
the data collection, Prof. Julian Reynolds (Ireland) and Dr. Juliet 
Strachan (U.S) for English revision.  

References 

Barbier C (2010) Crevettes d’eau douce en aquariophilie: 
exemple de maintenance de la neocaridina heteropoda pour 
les debutants. Thèse d’exercice, Médicine vétérinaire, 
Toulouse 3, 2010, pp 100 

Brundu G, Stinca A, Angius L, Bonanomi G, Celesti-Grapow L, 
D’Auria G, Griffo R, Migliozzi A, Motti R, Spigno P (2012) 
Pistia stratiotes L. and Eichhornia crassipes (Mart.) Solms.: 
emerging invasive alien hydrophytes in Campania and 
Sardinia (Italy). EPPO Bulletin 42: 568–579, http://dx.doi.org/ 
10.1111/epp.12004 

Brunel S (2009) Pathway analysis: aquatic plants imported in 10 
EPPO countries. EPPO Bulletin 39: 201–213, http://dx.doi.org/ 
10.1111/j.1365-2338.2009.02291.x 

Carlton JT, Geller JB (1993) Ecological roulette: the global 
transport of nonindigenous marine organisms. Science 261: 
78–82, http://dx.doi.org/10.1126/science.261.5117.78 

Celesti-Grapow L, Alessandrini A, Arrigoni PV, Banfi E, 
Bernardo L, Bovio M, Brundu G, Cagiotti MR, Camarda I, 
Carli E, Conti F, Fascetti S, Galasso G, Gubellini L, La Valva 
V, Lucchese F, Marchiori S, Mazzola P, Peccenini S, Poldini 



G. Mazza et al. 

 

L, Pretto F, Prosser F, Siniscalco C, Villani MC, Viegi L, 
Wilhalm T, Blasi C (2009) Inventory of the non-native flora 
of Italy. Plant Biosystems 143(2): 386–430, http://dx.doi.org/ 
10.1080/11263500902722824 

Chucholl C (2013) Invaders for sale: trade and determinants of 
introduction of ornamental freshwater crayfish. Biological 
Invasions 15: 125–141, http://dx.doi.org/10.1007/s10530-012-
0273-2 

Cuesta JA, Bettoso N, Comisso G, Froglia C, Mazza G, Rinaldi 
A, Rodriguez A, Scovacricchi T (2014) Record of an 
established population of Palaemon macrodactylus Rathbun, 
1902 (Decapoda, Palaemonidae) in the Mediterranean Sea: 
confirming a prediction. Mediterranean Marine Science 
15(3): 569–573 

De Silva SS, Nguyen TTT, Turchini GM, Amarasinghe US, 
Abery NW (2009) Alien species in aquaculture and 
biodiversity: a paradox in food production. Ambio 38: 24–28, 
http://dx.doi.org/10.1579/0044-7447-38.1.24 

Derraik JGB, Phillips S (2010) Online trade poses a threat to 
biosecurity in New Zealand. Biological Invasions 12: 1477–
1480, http://dx.doi.org/10.1007/s10530-009-9595-0 

Di Stefano RJ, Litvan ME, Horner PT (2009) The bait industry as 
a potential vector for alien crayfish introductions: problem 
recognition by fisheries agencies and a Missouri evaluation. 
Fisheries 34: 586–597, http://dx.doi.org/10.1577/1548-8446-
34.12.586 

Duggan IC (2010) The freshwater aquarium trade as a vector for 
incidental invertebrate fauna. Biological Invasions 12: 3757–
3770, http://dx.doi.org/10.1007/s10530-010-9768-x 

Englund RA, Cai Y (1999) The occurrence and description of 
Neocaridina denticulata sinensis (Kemp, 1918) (Crustacea: 
Decapoda: Atyidae), a new introduction to the Hawaiian 
Islands. Occasional papers of Bernice P. Bishop Museum 58: 
58–65 

Froese R, Pauly D (eds) (2012) FishBase. World Wide Web 
electronic publication. www.fishbase.org, version (08/2012) 

Gariboldi A, Zuffi MAL (1994) Notes on the population 
reinforcement project for Emys orbicularis (Linneaus, 1758) 
in a natural park of norh-western Italy. Herpetozoa 7: 83–89 

Gherardi F (2006) Crayfish invading Europe: the case study of 
Procambarus clarkii. Marine and Freshwater Behaviour and 
Physiology 39: 175–191, http://dx.doi.org/10.1080/10236240600 
869702 

Gherardi F, Bertolino S, Bodon M, Casellato S, Cianfanelli S, 
Ferraguti M, Lori E, Mura G, Nocita A, Riccardi N, Rossetti 
G, Rota E, Scalera R, Zerunian S, Tricarico E (2008) Animal 
xenodiversity in Italian inland waters: distribution, modes of 
arrival, and pathways. Biological Invasions 10: 435–454, 
http://dx.doi.org/10.1007/s10530-007-9142-9 

Hulme PE, Bacher S, Kenis M, Klotz S, Kühn I, Minchin D, 
Nentwig W, Olenin S, Panov V, Pergi J, Pysek P, Roques A, 
Sol D, Solarz W, Vila M (2008) Grasping at the routes of 
biological invasions: a framework for integrating pathways 
into policy. Journal of Applied Ecology 45: 403–414, 
http://dx.doi.org/10.1111/j.1365-2664.2007.01442.x  

Hulme PE, Pysek P, Nentwig W, Vila M (2009) Will threat of 
biological invasions unite the European Union? Science 324: 
40–41, http://dx.doi.org/10.1126/science.1171111 

Kettunen M, Genovesi P, Gollasch S, Pagad S, Starfinger U, ten 
Brink P, Shine C (2008) Technical support to EU strategy on 
invasive species (IS) - Assessment of the impacts of IS in 
Europe and the EU (Final module report for the European 
Commission). Institute for European Environmental Policy 
(IEEP), Brussels, Belgium, 40 pp 

Klotz W, Miesen FW, Hüllen S, Herder F (2013) Two Asian fresh 
water shrimp species found in a thermally polluted stream 
system in North Rhine-Westphalia, Germany. Aquatic 
Invasions 8: 333–339, http://dx.doi.org/10.3391/ai.2013.8.3.09 

Labrada R, Fornasari L (2002) Management of the worst aquatic 
weeds in Africa. FAO Efforts and Achievements during the 
Period 1991–2001. FAO, Rome (IT) 

Laister G, Lehmann G, Martens A (2014) Exotic Odonata in 
Europe. Odonatologica 43: 125–135 

Lastrucci L, Foggi B, Becattini R (2006) Myriophyllum 
aquaticum (Vell.) Verdc. (Haloragaceae): una nuova specie 
esotica invasiva per la Toscana. Informatore Botanico 
Italiano 37 (2): 1133–1136 

Lenda M, Skórka P, Knops JMH, Moroń D, Sutherland WJ, 
Kuszewska K, Woyciechowski M (2014) Effect of the 
internet commerce on dispersal modes of invasive alien 
species. Plos ONE 9(6): e99786, http://dx.doi.org/10.1371/jour 
nal.pone.0099786 

Leung B, Bossenbroek JM, Lodge DM (2006) Boats, pathways, 
and aquatic biological invasions: estimating dispersal 
potential with gravity models. Biological Invasions 8: 241–
254, http://dx.doi.org/10.1007/s10530-004-5573-8 

Lillo F, Marrone F, Sicilia A, Castelli G, Zava B (2005) An 
invasive population of Xenopus laevis (Daudin, 1802) in 
Italy. Herpetozoa 18: 63–64 

Litvak MK, Mandrak N (1993) Ecology of freshwater bait-fish 
use in Canada and the United States. Fisheries 18: 6–13, 
http://dx.doi.org/10.1577/1548-8446(1993)018<0006:EOFBUI>2.0.CO;2 

Lodge DM, Williams S, MacIsaac HJ, Hayes KR, Leung B, 
Reichard S, Mack RN, Moyle PB, Smith M, Andow DA, 
Carlton JT, McMichael A (2006) Biological invasions: 
recommendations for U.S. policy and management. 
Ecological Applications 16: 2035–2054, http://dx.doi.org/10.1890/ 
1051-0761(2006)016[2035:BIRFUP]2.0.CO;2 

Mack RN, Smith MC (2011) Invasive plants as catalysts for the 
spread of human parasites. NeoBiota 9: 13–29, http://dx.doi. 
org/10.3897/neobiota.9.1156 

Mazza G, Tricarico E, Genovesi P, Gherardi F (2014a) Biological 
invaders are threats to human health: an overview. Ethology, 
Ecology and Evolution 26(2–3): 112–129, http://dx.doi.org/10. 
1080/03949370.2013.863225 

Mazza G, Reboleira ASPS, Gonçalves F, Aquiloni L, Inghilesi 
AF, Spigoli D, Stoch F, Taiti S, Gherardi F, Tricarico E 
(2014b) A new threat for the groundwater ecosystems: first 
occurrences of the invasive crayfish Procambarus clarkii 
(Girard, 1852) in the European caves. Journal of Cave and 
Karst Studies 76 : 62–65, http://dx.doi.org/10.4311/2013LSC0115 

Mazzoni R, Cunningham AA, Daszak P, Apolo A, Perdomo E, 
Speranza G (2003) Emerging pathogen in wild amphibians 
and frogs (Rana catesbeiana) farmed for international trade. 
Emerging Infectious Diseases 9: 995–998, http://dx.doi.org/10.3 
201/eid0908.030030 

Moyle PB, Marchetti MP (2006) Predicting invasion success: 
freshwater fishes in California as a model. BioScience 56: 
515–524, http://dx.doi.org/10.1641/0006-3568(2006)56[515:PISFFI] 
2.0.CO;2 

Mrugała A, Kozubíková-Balcarová E, Chucholl C, Cabanillas 
Resino S, Viljamaa-Dirks S, Vukić J, Petrusek A (2014) 
Trade of ornamental crayfish in Europe as a possible intro-
duction pathway for important crustacean diseases: crayfish 
plague and white spot syndrome. Biological Invasions 17: 
1313–1326, http://dx.doi.org/10.1007/s10530-014-0795-x 

Muller S (2004) Plantes invasives en France. Muséum national 
d’Histoire naturelle, Paris, 168 pp 

Naylor RL, Williams SL, Strong DR (2001) Aquaculture: Aa 
gateway for exotic species. Science 294: 1655–1656, 
http://dx.doi.org/10.1126/science.1064875 

Niwa N, Ohtaka A (2004) Accidental introduction of symbionts 
with imported freshwater shrimps. Program and Abstracts of 
the International Conference on Assessment and Control of 
Biological Invasion Risks held in Yokohama, 26-29 August, 
p 60 



The online aquarium trade in Italy 

 

Occhipinti-Ambrogi A, Marchini A, Cantone G, Castelli A, 
Chimenz C, Cormaci M, Froglia C, Furnari G, Gambi MC, 
Giaccone G, Giangrande A, Gravili C, Mastrototaro F, 
Mazziotti C, Orsi-Relini L, Piraino S (2011) Alien species 
along the Italian coasts: an overview. Biological Invasions 
13: 215–237, http://dx.doi.org/10.1007/s10530-010-9803-y 

Olivier K. (2001) The ornamental fish market. FAO/Globefish 
Research Programme, Vol. 67. United Nations Food and 
Agriculture Organisation, Rome, Italy 

Padilla DK, Williams SL (2004) Beyond ballast water: aquarium 
and ornamental trades as sources of invasive species in 
aquatic ecosystems. Frontiers in Ecology and the Environ-
ment 2: 131–138, http://dx.doi.org/10.1890/1540-9295(2004)002 
[0131:BBWAAO]2.0.CO;2 

Panzeri M, Mori E, Mazza G, Menchetti M (2014) Records of 
introduced stripe-necked terrapins (Mauremys species) in 
Italy. Acta Herpetologica 9: 227–230 

Papavlasopoulou I, Vardakas L, Perdikaris C, Kommatas D, 
Paschos I (2014) Ornamental fish in pet stores in Greece: a 
threat to biodiversity? Mediterranean Marine Science 15: 
126–134 

Quante KA (2009) Zwerggarnelen züchten; DATZ 62: Aquarien-
Praxis, 4–6 pp 

Rataj K, Horeman TJ (1977) Aquarium Plants - their 
identification, cultivation and ecology. T.F.H. Publications, 
Inc., Neptune City, NJ, pp 448  

Ribeiro F, Leunda PM (2012) Non-native fish impacts on 
Mediterranean freshwater ecosystems: current knowledge and 
research needs. Fisheries Management and Ecology 19: 142–
156, http://dx.doi.org/10.1111/j.1365-2400.2011.00842.x 

Ricciardi A (2006) Patterns of invasion in the Laurentian Great 
Lakes in relation to changes in vector activity. Diversity and 
Distributions 12: 425–433, http://dx.doi.org/10.1111/j.1366-
9516.2006.00262.x 

Rixon CAM, Duggan IC, Bergeron NMN, Ricciardi A, MacIsaac 
HJ (2005) Invasion risks posed by the aquarium trade and 
live fish markets on the Laurentian Great Lakes. Biodiversity 
and Conservation 14: 1365–1381, http://dx.doi.org/10.1007/ 
s10531-004-9663-9 

Rothlisberger JD, Chadderton WL, McNulty J, Lodge DM (2010) 
Aquatic invasive species transport via trailered boats: what is 
being moved, who is moving it, and what can be done. 
Fisheries 35: 121–132, http://dx.doi.org/10.1577/1548-8446-35.3.121 

Ruiz GM, Carlton JT, Grosholz ED, Hines AH (1997) Global 
invasions of marine and estuarine habitats by non-indigenous 
species: mechanisms, extent, and consequences. American 
Zoologist 37: 621–632, http://dx.doi.org/10.1093/icb/37.6.621 

Ruiz JM, Marin-Guirao L, Bernardeau-Esteller J, Ramos-Segura 
A, Garcra-Murcra R, Sandova-Gil JM (2011) Spread of the 
invasive alga Caulerpa racemosa var. cylindracea 
(Caulerpales, Chlorophyta) along the Mediterranean coast of 
the Murcia region (SE Spain). Animal Biodiversity and 
Conservation 34: 73–82 

Shine C, Kettunen M, ten Brink P, Genovesi P, Gollasch S (2009) 
Technical support to EU strategy on invasive species (IAS) - 
recommendations on policy options to control the negative 
impacts of IAS on biodiversity in Europe and the EU. Final 
report for the European Commission. Institute for European 
Environmental Policy (IEEP), Brussels 

Strecker AL, Campbell PM, Olden JD (2011) The aquarium trade 
as an invasion pathway in the Pacific Northwest. Fisheries 
36: 74–85, http://dx.doi.org/10.1577/03632415.2011.10389070 

Vander Zanden MJ, Olden JD (2008) A management framework 
for preventing the secondary spread of aquatic invasive 
species. Canadian Journal of Fisheries and Aquatic Science 
65: 1512–1522, http://dx.doi.org/10.1139/F08-099 

 
 
 


