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Rates of biological invasion are increasing worldwide,
and many countries have recorded several hundred to

several thousand non-native species established within
their borders (Vitousek et al. 1997). Although the effects of
most invasions have not been studied (Parker et al. 1999), it
has been suggested that only a small fraction of them have
strong negative impacts (Williamson and Fitter 1996).
However, a burgeoning number of non-native species are
deemed responsible for local and global extinctions of
native species, disruptions to ecosystem functioning,
enhanced disease transmission, and substantial damage to
natural resources and ecosystem services associated with
agriculture, forests, fisheries, and water quality (Vitousek et
al. 1997; Lovell et al. 2006; Ricciardi and MacIsaac 2011).
Nevertheless, some ecologists claim that non-native species
have been unfairly targeted by scientists and managers,
because such species may have positive effects that are often
overlooked and, moreover, natives can also become inva-
sive (Davis et al. 2011; Schlaepfer et al. 2011). Specifically,
critics have argued that non-native species are no more
likely than native species to cause ecological or economic
harm and, therefore, the biogeographic origin of a species
does not warrant consideration in management decisions
(Davis et al. 2011; Valéry et al. 2013).

Researchers have begun to address these criticisms quan-
titatively. Simberloff et al. (2012) showed that non-native
plants in the US are 40 times as likely to be invasive – ie to
spread aggressively and cause ecological or economic harm
– as native plants. In a meta-analysis, Paolucci et al. (2013)
compared the impacts of native and non-native consumers

(predators and herbivores) and revealed that non-native
consumers caused more than twice as much damage to
native prey populations. However, to our knowledge, no
previous study has made a broad geographical comparison
of the relative likelihood for native and non-native species
to cause socioeconomic damage. 

Here, we compare the incidence of socioeconomic
pests among native and non-native aquatic species. Using
data on freshwater plants and animals in North America
and Europe, we tested whether the pest status of a species
is independent of its biogeographic origin – that is, if it
was native to the continent, transplanted beyond its
native range within the continent, or non-native to the
continent. We hypothesized that (1) non-native species
have a greater likelihood of becoming pests, and (2) the
proportion of pests will be greatest among species foreign
to continents. The rationale for these hypotheses is that
release from biotic constraints (eg imposed by adapted
predators and parasites) can cause introduced species to
achieve nuisance-level abundances (Cappuccino and
Carpenter 2005; Hill and Kotanen 2009). Moreover,
species native to more distant regions are more likely to
be ecologically novel and thus potentially more disrup-
tive in their resource use within the invaded region (cf
Ricciardi and Atkinson 2004; Strauss et al. 2006).

n Methods

Data collection

Separate literature searches were conducted for North
America and Europe via Web of Science spanning the
years 1900 to 2010, inclusively. We used the following
combination of search terms: (pest OR nuisance OR harm-
ful OR outbreak OR weed OR range expansion OR inva*
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OR foul*) AND (*water* OR
aquatic). Our search was limited
to freshwater species – namely
fish, macroinvertebrates (exclud-
ing insects), and vascular plants.
To clarify impact-related details
of species identified through the
above sources, we supplemented
data obtained from the literature
search with those from special-
ized volumes or gray literature. 

Owing to difficulties in assess-
ing the socioeconomic costs of
introduced species (Lovell et al.
2006), our study used a simple
binary metric (pest/benign) to
categorize socioeconomic impact.
Here, pest is defined as a species
that interferes with human activ-
ities (eg recreation), negatively
affects human health, or causes
negative impacts to industry
(Figure 1). This definition expli-
citly excludes the economic
costs of management and eradi-
cation efforts. Any species that
did not meet the above criteria
was deemed benign by default,
even if it had negative ecological
or economic impacts in regions outside our study area. 

All species, pest or benign, were then organized on the
basis of their origin: foreign invaders are species that are
non-indigenous to the continent and have self-sustaining

populations, transplant invaders are species that are indige-
nous to the continent but have a self-sustaining population
in an intracontinental region outside of their historical
range, and natives are species that have occurred in a region
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Figure 1. Examples of freshwater pest species: (a) The Eurasian quagga mussel (Dreissena
rostriformis bugensis), a fouling pest in the Great Lakes and, more recently, in the western US.
(b) Water hyacinth (Eichhornia crassipes), a globally invasive pest of waterways. (c) Silver carp
(Hypophthalmichthys molitrix), a hazard to recreational water users in the Illinois River. (d)
The bryozoan Plumatella rugosa, a native fouling pest in North America, shown here encrusting
a submersible water pump.

Table 1. Pest and benign freshwater species in North America and Europe

Foreign                 Transplant                 Native References for total number of species
North America Pest Benign Pest Benign Pest Benign per origin category

Macrophytes 17 190 3 81 17 627 Chambers et al. (2008); USDA1

Fishes 5 76 3 327 0 1061 Fuller et al. (1999); Lévêque et al. (2005)
Mollusks 6 35 0 23 0 813 Lévêque et al. (2005); USGS2

Crustaceans 3 37 2 48 1 870 Lévêque et al. (2005); USGS2

Bryozoans 2 1 0 2 5 22 Lévêque et al. (2005); USGS2

Cnidarians 1 1 0 0 0 22 Lévêque et al. (2005); USGS2

Total 34 340 8 481 23 3415

Notes: 1USDA (US Department of Agriculture) PLANTS database, accessed May 2013; http://plants.usda.gov/java/. 2USGS (US Geological Survey) Nonindigenous Aquatic
Species Database, accessed May 2013; http://nas.er.usgs.gov/.

Foreign                 Transplant                 Native References for total number of species
Europe Pest Benign Pest Benign Pest Benign per origin category

Macrophytes 12 84 2 20 18 479 Chambers et al. (2008); Hussner (2012) 
Fishes 1 95 1 57 0 360 Lévêque et al. (2005); Gherardi et al. (2009)
Mollusks 2 31 1 13 1 176 Lévêque et al. (2005); Gherardi et al. (2009)
Crustaceans 4 101 1 44 0 445 Lévêque et al. (2005); Gherardi et al. (2009)
Bryozoans 0 0 3 19 Massard and Geimer (2008); Gherardi et al. (2009)
Cnidarians 0 14* 1 1* 0 15 Lévêque et al. (2005); Gherardi et al. (2009)
Nematodes 1 0 0 84 Lévêque et al. (2005); Gherardi et al. (2009)
Total 20 325 6 135 22 1578

Notes: *refers to species counts of “other macroinvertebrates” in Gherardi et al. (2009).
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historically and are thought to have evolved there. We
obtained total numbers of native, foreign, and transplanted
species in North America and Europe using online data-
bases and published volumes (Table 1). The number of
benign species for each taxon was determined by subtract-
ing the number of pests from the total number of species in
a given origin category.

Our study excludes pest organisms that were not identi-
fied to a taxonomic level sufficient to differentiate their
origin. Furthermore, the native/non-native origin of a
species throughout the study region may be poorly
known; for example, the native and introduced ranges of
some bryozoan taxa are conflated owing to their poorly
documented biogeography (Wood 2002). To err on the
side of caution, we treated such cryptogenic species as
“natives” in this study. 

Analyses were conducted for North America and Europe
separately, such that a species that occurs in both conti-
nents could potentially be listed as a pest in one and as

benign in another. Given that transplants are a subset of
native species within a continent, transplant species are
used twice in our analysis: their pest status is evaluated in
both their native and non-native (transplanted) ranges.
The final dataset included the total number of species in
each continent organized by origin and pest status,
arranged into 2 × 2 contingency tables, and analyzed by
Pearson’s chi-square test without Yate’s continuity correc-
tion. Pearson’s residuals were observed to determine the
direction and strength of relationships within each table.

n Results

Our literature search located 2484 papers (1819 for North
America, 665 for Europe). In total, 96 species were impli-
cated in 113 accounts of pest occurrence (WebTables 1
and 2). The majority (60%) of pests were non-native in
origin (ie transplant or foreign). After pooling data for
North America and Europe, 5.3% of non-native species
and 0.9% of native species were found to be socio-
economic pests. The relationship between pest status and
species origin was highly significant (P < 0.0001).

In both North America and Europe, foreign species
contain the highest proportion of pests, followed by
transplants, and then natives (Figure 2). Native species
have significantly lower pest proportions than foreign
species (P < 0.0001) and transplanted species (P < 0.05).
In both regions, foreign species contain a higher propor-
tion of pests than do transplants; however, this difference
is significant for North America (P < 0.0001) but not for
Europe (P > 0.51). 

Plants and animals exhibit a similar trend in which the
proportion of pests is highest among foreign invaders, fol-
lowed by transplants, and then natives (Figure 3).
Proportions of foreign, transplant, and native animal
pests differ significantly from one another (P < 0.001 for
all comparisons). Among plants, foreign species are more
likely than native species to be pests (P < 0.0001),
although there are no significant differences either
between foreign and transplant invaders or between
transplant invaders and natives.

n Discussion

Our study counters the claim that the propensity of a
species to cause undesirable impacts is unrelated to its
biogeographic origin. In freshwater systems, non-native
species are significantly more likely than native species to
be socioeconomic pests – a pattern that is confirmed in
both North America and Europe. These results are prob-
ably conservative, because our analysis ignored the eco-
logical impacts of species and the costs associated with
their management. In addition, economically important
diseases may be transmitted through intentional species
transfers (Gozlan et al. 2005; Peeler et al. 2011), but many
such cases were excluded from our analysis owing to a
dearth of definitive information on the species and

Figure 2. Number of freshwater pest and benign species in (a)
North America and (b) Europe. Percentages above bars indicate
proportion of pest species per origin category. Different letters above
bars indicate significant differences in proportions (P < 0.05).

(a) North America

(b) Europe
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regions through which diseases were spread. 
Numbers of non-native species are increasing rapidly in

aquatic systems (Ricciardi 2006; Jackson and Grey 2012).
The non-native species already established in North
America and Europe will likely continue to expand their
range at a greater rate than native species (cf Simberloff
et al. 2012), thus potentially adding further to the number
of pests; the more widely distributed a non-native species,
the more likely it will cause undesirable economic or eco-
logical effects in at least some areas (Ricciardi and Kipp
2008). Moreover, currently benign species (native or
non-native) will not necessarily remain so (Crooks
2005). Given that the invasiveness of native species
appears to be linked to disturbance events (at least for
plants; Cook 1990; Simberloff et al. 2012), continued
habitat alteration and climate change may cause formerly
benign species to become problematic, although this may
pertain to native and non-native species alike. 

In North America, the highest frequency of pests is
observed among non-native species that have been intro-
duced from geographically distant regions. In Europe,
however, the pest proportions that occur within foreign
and transplanted species pools are not significantly differ-
ent. Perhaps because Europe is not isolated from other
continents to the same extent as North America, the dis-
tinction between foreign and transplant species in the
former region is not as relevant evolutionarily. Alter-
natively, this discrepancy may be attributable to a major-
ity of European pests being plants (67% in Europe as
compared with 57% in North America). Among animals
in our study, the relationship between pest status and
native/non-native origin is magnified, and pest status is
also dependent on the geographic scale of the introduc-
tion event (foreign/transplant). The relationship is some-
what more tenuous for plants, with no difference between
foreign and transplant invaders. This is perhaps explained
by the contrasting nature of the economic impacts of
aquatic plants and animals. The economic impacts of
aquatic animals in North America and Europe appear to
be derived primarily from consequences of ecological
interactions (eg declines in sport fish populations, spread
of pathogens) mediated by evolutionary novelty
(Ricciardi and Atkinson 2004; Cox and Lima 2006),
which conceivably increases with biogeographic distance.
Economic impacts for aquatic plants are derived from
their excessive growth (eg blocking waterways and
impeding recreation; WebTables 1 and 2), which, for
native plants, tends to be associated with changes in land
use, nutrient pollution, or other disturbances (Cook
1990; Simberloff et al. 2012). 

Caveats

We attempted to use a method of data collection that would
generate an unbiased sample of socioeconomic pest species.
In our literature review, we relied on search terms that
explicitly excluded any reference to origin; we consulted

alien species databases only to confirm details on species
already identified as pests through our initial search. Given
these methods, our dataset does not capture all problematic
freshwater species, but rather a large subset of pests that
occur in North America and Europe. The percentage of
pests for all origin categories is equally conservative; there-
fore the observed differences in pest proportions illuminate
genuine discrepancies in pest rates among origin categories.

A potential bias of this study is that non-native species
are perhaps more likely to be discovered when they
exhibit impacts, thereby exaggerating their pest propor-
tion. In recognition of this possibility, we restricted our
study to conspicuous species groups (fish, vascular plants,
and macroinvertebrates) that are generally well recog-
nized in North America and Europe. Even when taxo-
nomically problematic species (eg bryozoans, cnidarians,
nematodes) are removed from the analysis, foreign and

Figure 3. Number of freshwater pest and benign species in North
America and Europe combined, classified as (a) animals and (b)
plants. Percentages above bars indicate proportion of pest species
per origin category. Different letters above bars indicate significant
differences in proportions (P < 0.001).

(a) Animals

(b) Plants
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transplanted species still comprise the majority of socioe-
conomic pests (63%) and remain significantly more
likely than native species to be pests. 

Another potential bias may be generated by increased
attention to non-native species in recent decades.
However, our study encompasses literature spanning the
previous century, and we also included species that were
historically pests but are not currently problematic (eg
owing to effective management). Furthermore, there is
no reason to believe that the pest characteristics of native
species are more likely to be overlooked than those of
non-native species. For example, a major impact of some
aquatic nuisance species is the fouling of anthropogenic
structures such as pipes, intake screens, net cages, and
boats (eg Figure 1, a and d). However, fouling species are
usually studied without explicit consideration of their
biogeographic origin (eg Callow 1993; Dubost et al. 1996;
Wood 2005), presumably because their impacts alone
were sufficient motivation to examine them. The same
conclusion applies to the nuisance effects of aquatic
weeds (eg Cook 1990).

Why non-native species are more likely to be pests

For a species to become established outside its native
range, it must overcome a series of biotic and abiotic bar-
riers (Blackburn et al. 2011), which operate as a form of
selection that determines the non-native species compo-
sition in a region. Because some key traits of successful
invaders – eg high fecundity, asexual modes of reproduc-
tion, ability to colonize disturbed habitats (Rejmánek and
Richardson 1996; Kolar and Lodge 2001) – are also com-
mon in aquatic pests (Cook 1990; Keller et al. 2007), this
selection regime may promote a higher frequency of nui-
sance species in freshwater systems. Furthermore, non-
native species – particularly those from other biogeo-
graphic realms – are likely to encounter naïve recipient
communities (Cox and Lima 2006) and, consequently,
less effective predation and competition (cf Hill and
Kotanen 2009), which might explain why invaders
belonging to taxa that have no native analog in the
invaded community tend to be more disruptive (Ricciardi
and Atkinson 2004; Strauss et al. 2006).

Regardless of the reason for the observed pattern, this
study complements one that examined invasive plants in
the US (Simberloff et al. 2012), and it counters claims
that the native/non-native origins of potential pest
species are irrelevant to management (Davis et al. 2011;
Valéry et al. 2013). Another consideration is that the
impacts of non-native species may change through time
such that seemingly benign species may become problem-
atic later (Crooks 2005). This being the case, researchers
(eg Blossey et al. 2001) have argued that a lack of impact
studies should not prevent management action to stem
the spread of non-native species, and that such action is
likely to be more feasible and beneficial if applied early in
an invasion (Lodge et al. 2006). 

n Acknowledgements

Funding provided by the Canadian Aquatic Invasive
Species Network is gratefully acknowledged.

n References
Blackburn TM, Pyšek P, Bacher S, et al. 2011. A proposed unified

framework for biological invasions. Trends Ecol Evol 26:
333–39.

Blossey B, Skinner LC, and Taylor J. 2001. Impact and manage-
ment of purple loosestrife (Lythrum salicaria) in North America.
Biodivers Conserv 10: 1787–807.

Callow ME. 1993. A review of fouling in freshwaters. Biofouling 7:
313–27.

Cappuccino N and Carpenter D. 2005. Invasive exotic plants suffer
less herbivory than non-invasive exotic plants. Biol Lett 1:
435–38.

Chambers PA, Lacoul P, Murphy KJ, et al. 2008. Global diversity of
aquatic macrophytes in freshwater. Hydrobiologia 595: 9–26.

Cook C. 1990. Origin, autecology, and spread of some of the
world’s most troublesome aquatic weeds. In: Pieterse AH and
Murphy KJ (Eds). Aquatic weeds: the ecology and manage-
ment of nuisance aquatic vegetation. Oxford, UK: Oxford
University Press.

Cox JG and Lima SL. 2006. Naiveté and an aquatic–terrestrial
dichotomy in the effects of introduced predators. Trends Ecol
Evol 21: 674–80.

Crooks JA. 2005. Lag times and exotic species: the ecology and
management of biological invasions in slow-motion. Ecoscience
12: 316–29.

Davis MA, Chew MK, Hobbs RJ, et al. 2011. Don’t judge species
on their origins. Nature 474: 153–54.

Dubost N, Masson G, and Moreteau J-C. 1996. Temperate freshwa-
ter fouling on floating net cages: method of evaluation, model
and composition. Aquaculture 143: 303–18.

Fuller PL, Nico LG, and Williams JD. 1999. Nonindigenous fishes
introduced into inland waters of the United States. Bethesda,
MD: US Geological Survey.

Gherardi F, Gollasch S, Minchin D, et al. 2009. Alien invertebrates
and fish in European inland waters. In: Hulme PE, Nentwig W,
Pyšek P, and Vilá M (Eds). Handbook of alien species in
Europe. Dordrecht, the Netherlands: Springer.

Gozlan RE, St-Hilaire S, Feist SW, et al. 2005. Biodiversity: disease
threat to European fish. Nature 435: 1046.

Hill SB and Kotanen PM. 2009. Evidence that phylogenetically
novel non-indigenous plants experience less herbivory.
Oecologia 161: 581–90.

Hussner A. 2012. Alien aquatic plant species in European coun-
tries. Weed Res 52: 297–306.

Jackson MC and Grey J. 2012. Accelerating rates of freshwater
invasions in the catchment of the River Thames. Biol Invasions
15: 945–51.

Keller RP, Drake JM, and Lodge DM. 2007. Fecundity as a basis for
risk assessment of nonindigenous freshwater molluscs. Conserv
Biol 21: 191–200.

Kolar CS and Lodge DM. 2001. Progress in invasion biology: pre-
dicting invaders. Trends Ecol Evol 16: 199–204.

Lévêque C, Balian E, and Martens K. 2005. An assessment of ani-
mal species diversity in continental waters. Hydrobiologia 542:
39–67.

Lodge DM, Williams S, MacIsaac HJ, et al. 2006. Biological inva-
sions: recommendations for US policy and management. Ecol
Appl 16: 2035–54.

Lovell SJ, Stone SF, and Fernandez L. 2006. The economic impacts
of aquatic invasive species: a review of the literature. Agr
Resour Econ Rev 35: 195–208.

Massard JA and Geimer G. 2008. Global diversity of bryozoans



A Hassan and A Ricciardi Are non-native species more likely to become pests?

223

© The Ecological Society of America www.frontiersinecology.org

(Bryozoa or Ectoprocta) in freshwater. Hydrobiologia 595:
93–99.

Paolucci EM, MacIsaac HJ, and Ricciardi A. 2013. Origin matters:
alien consumers inflict greater damage on prey populations
than do native consumers. Divers Distrib 19: 988–95.

Parker IM, Simberloff D, Lonsdale W, et al. 1999. Impact: toward a
framework for understanding the ecological effects of invaders.
Biol Invasions 1: 3–19.

Peeler EJ, Oidtmann BC, Midtlyng PJ, et al. 2011. Non-native
aquatic animals introductions have driven disease emergence
in Europe. Biol Invasions 13: 1291–303.

Rejmánek M and Richardson DM. 1996. What attributes make
some plant species more invasive? Ecology 77: 1655–61.

Ricciardi A. 2006. Patterns of invasion in the Laurentian Great
Lakes in relation to changes in vector activity. Divers Distrib
12: 425–33.

Ricciardi A and Atkinson SK. 2004. Distinctiveness magnifies the
impact of biological invaders in aquatic ecosystems. Ecol Lett 7:
781–84.

Ricciardi A and Kipp R. 2008. Predicting the number of ecologi-
cally harmful exotic species in an aquatic system. Divers Distrib
14: 374–80.

Ricciardi A and MacIsaac HJ. 2011. Impacts of biological invasions
on freshwater ecosystems. In: Richardson DM (Ed). Fifty years
of invasion ecology: the legacy of Charles Elton. West Sussex,
UK: Blackwell Publishing Ltd.

Schlaepfer MA, Sax DF, and Olden JD. 2011. The potential con-

servation value of non-native species. Conserv Biol 25: 428–37.
Simberloff D, Souza L, Nuñez MA, et al. 2012. The natives are rest-

less, but not often and mostly when disturbed. Ecology 93:
598–607.

Strauss SY, Webb CO, and Salamin N. 2006. Exotic taxa less
related to native species are more invasive. P Natl Acad Sci
USA 103: 5841–45.

Valéry L, Fritz H, and Lefeuvre J-C. 2013. Another call for the end
of invasion biology. Oikos 122: 1143–46.

Vitousek PM, D’Antonio CM, Loope LL, et al. 1997. Introduced
species: a significant component of human-caused global
change. New Zeal J Ecol 21: 1–16.

Williamson M and Fitter A. 1996. The varying success of invaders.
Ecology 77: 1661–66.

Wood TS. 2002. Freshwater bryozoans: a zoogeographical reassess-
ment. In: Wyse Jackson PN, Buttler CJ, and Spencer Jones M
(Eds). Bryozoan Studies 2001: Proceedings of the 12th
International Bryozoology Association; 16–21 Jul 2001;
Dublin, Ireland. Rotterdam, the Netherlands: Balkema.

Wood TS. 2005. The pipeline menace of freshwater bryozoans.
Denisia 16: 203–08.

Advertise your job opening
on the ESA job board

Find your perfect candidate
on the site searched

daily, weekly, and monthly
by up to 30 000 qualified scientists

Contact:
Eric Gordon
Advertising and Marketing Manager
(202) 833-8773 ext. 229
or eric@esa.org esa

P
ho

to
-D

av
e/

w
w

w
.is

to
ck

ph
ot

o.
co

m

esa

Erratum: An earlier version of this paper was posted
on e-View on 1 Apr 2014; Table 1 and Figures 2 and 3
have been slightly revised in this version.


