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Abstract
Although common carp are known to have been present in Ireland since the early 17th century, historically the species’ distribution was extremely
localised. Owing to the popularity of carp as a sport fish in more recent times, it was suspected that the species range had expanded. Distribution
maps were constructed from records in the published literature and consultations with both angling and governmental bodies, facilitating a review
of the temporal changes in the range and distribution of carp from 1950 to the present day. There has been a significant increase in the range of
distribution of carp, by order of 302% in the national 10 km grid-square network. The characteristic pattern of extinction and colonisation of carp in
Irish water bodies clearly indicates that the species has not spread by natural dispersal but rather by human-mediated transfers, which are the
mechanism for the species’ range expansion. While carp has been able to establish self-sustaining populations in Ireland, these remain restricted to
smaller, often land-locked, water bodies. Future climatic warming and the increasing popularity of carp as an angling quarry may facilitate further
range expansion, both naturally and human mediated.
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Introduction
The status of common carp (hereafter, ‘carp’) in
Ireland remains poorly understood, despite
international notoriety for its negative impacts
on freshwater ecosystems (e.g. Zambrano et al.
2001; Sivakumaran et al. 2003; Lougheed et al.
2004; Nicol et al. 2004; Chumchal et al. 2005;
Britton et al. 2007; Vilizzi 2012). Historically,
carp (along with salmonid species) has been the
most commonly introduced species to fresh
waters globally (Minns and Cooley 1999) and is
currently present almost worldwide (Naylor et al.
2000). In Europe, carp is considered native to the
River Danube drainage system west of its piedmont
zone (Balon 2004), but elsewhere it is regarded
as an introduced species (Fitzmaurice 1983;
Copp et al. 2005b; King et al. 2011). Additionally,
in several European member states (including
Ireland), carp has also been recently listed as a
non-native species subject to restrictions under

Regulations 49 and 50 of the EU Communities
(Birds and Natural Habitats) Regulations 2011
(S.I. No. 477/ 2011).
In a recent Red List publication that describes
the current status of the extant fish species of
Ireland, carp and rainbow trout (Oncorhynchus
mykiss), have been described as ‘domesticated’,
or more precisely as species requiring human
interference or input in order to maintain the
viability of extant populations (King et al. 2011).
Nonetheless, human-mediated transfers of carp
may facilitate significant range expansion, as has
been observed in the U.K. (Copp et al. 2005a;
Britton et al. 2010).
Until the late 20 th century, the origin and
subsequent dispersal of Irish carp stocks was
open to conjecture because of the absence of
clearly documented evidence and, in this respect,
Brazier et al. (2012) have provided the most
comprehensive review to date on the historical
introductions of carp into and within Ireland.
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Other than limited accounts of the distribution of
carp (Went 1946; 1950) and further research on
its ecology, biology and distribution (McCarthy
and Kennedy 1965; Fitzmaurice 1983), limited
literature is available for the species in Irish
waters. Fitzmaurice (1983) concluded at the time
of publication that carp were a ‘precarious’
member of the Irish icthyofauna, as they required
human intervention to prevent their extinction,
given their demonstrated poor recruitment.
While the intra-specific variation in the life
history traits of fish populations have been
observed across geographic latitudes (Cucherousset
et al. 2009), the linkage of bio-geographical areas
has traditionally been used to predict the likely
climatic compatibility and potential invasiveness
of non-native species in a defined risk assessment
area (Pauchard et al. 2004; Broennimann and
Guisan 2008). Thus, Zambrano et al. (2006) used
a genetic algorithm to predict that there would be
high agreement with the model outputs for carp
establishment in both the U.K. and Ireland.
However, models can fail to predict current
invaded distributional areas (Broennimann et al.
2007), but by geographically mapping the known
distribution of Irish carp populations, the predictions
can be supported by real distributions. By gaining
an understanding of how the establishment and
dispersal of carp stocks have manifested themselves,
it is envisaged that such data will provide a more
effective platform for the future management of
the species, as has been established by other authors
(e.g. Liu and Li 2009).
Methodology
An extensive literature review of the available
published and grey literature for carp stocking
records in Ireland was undertaken to construct
distribution maps in order to illustrate changes in
the range and density of the species over time.
This included a review of Inland Fisheries Trust
(IFT), Central Fisheries Board (CFB) and Inland
Fisheries Ireland (IFI) stocking records. A considerable body of correspondence was also sent to
the IFT, CFB and IFI staff who previously
worked with carp. Communications were also
made to members of Irish carp angling clubs and
organisations including the Cork Carp Anglers,
Abbey Anglers (now defunct), Carp Anglers Club
of Ireland, the Northern Ireland Carp Anglers
Society and The Coarse Fish Federation in order
to acquire additional records on the current
distribution of the species.
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The collected data were screened and distribution
maps were constructed from publications for the
years 1950 (Brazier et al. 2012), post-1960 (Maitland
1972), 1989 (Fitzmaurice 1983, amended Whelan
1989), and 2014 (compiled by the authors of this
paper). All maps were prepared using the distribution
mapping software package DMAP version 7.2.
Through mapping the existing known and historical
distribution of carp, it was possible to evaluate
the geo-spatial pattern of spread over time. The
occupancy rate of carp distribution for each time
period in each of the national 10-km2 grid-square
blocks was calculated using the formula:
No. of national 10-km2 grid-squares containing
the species/Total no. of records in national 10-km2
grid-square network
Published records from the literature (Fitzmaurice
1983; Roche 1984; Whelan 1989; Caffrey and
Coyne 2008), results of University College Cork
(UCC) and Central Fisheries Board (now Inland
Fisheries Ireland) fisheries assessments (CFB
1995; CFB 1996) as well as Marine Institute Fish
Health Screening data were used to establish a
preliminary record of how many water bodies in
Ireland had evidence of recruiting populations of
carp. While this list did not include a survey of
all of the waters in Ireland known to contain
carp, it facilitated an indication of the potential
breadth of natural recruitment in the wild.
Results
Based on the occurrence of carp in the 10-km2
grid-square network of Ireland, there has been a
significant increase in its distribution between
1950 and 2014 (χ2 = 7.84, P<0.001, df = 3,
goodness of fit). According to Brazier et al. (2012)
carp occupied nine national 10-km2 grid squares
in ca. 1950 with a 1.13 occupancy rate. By the
1960s the species occupied 35 national 10-km2
grid squares (Maitland 1972), with a slight increase
in the occupancy rate of 1.20 records per 10-km2
square. By the 1980s, the species’ distribution
increased slightly covering 36 national, 10-km2
grid squares (Fitzmaurice 1983, amended by
Whelan 1989), with a parallel slight increase in
the occupancy rate of ≈ 1.28 records per 10-km2
square (Figure 1). The most contemporary records
compiled in 2014 for the present study indicate
records for the species in 135 national 10-km2
grid squares with a parallel increase in the
occupancy rate at 1.37 records per 10-km2 grid
square. This represents a 302% increase in the
distribution and density of carp records in the
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Figure 1. The number of 10-km2 grid
squares (filled bars) and occupancy rate
(filled diamonds) of carp in the national
10-km2 grid-square network from
records collected in Ireland between
1950 and 2014.
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Figure 2. The distribution of
carp in Ireland between 1950
and 2014 (filled square =
population extinction following
stocking; filled dots of
increasing density (records per
10-km2 grid square): Low [1
record], medium [2–4 records],
high [5–10 records]).
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national 10-km2 grid square network from the
1980s to present (2014). Of the national inventory
of waters that are known to contain carp, 15%
are known to have self recruiting populations
based on stock surveys and reviews of available
literature on the species (see Supplementary material
Table S1).
Discussion
The distribution of carp in Ireland has increased
substantially since the year 1950. Prior to the
21 st century, the early global expansion of carp
was driven primarily by ornamental demand and
the species’ use as a food source (Balon 1995;
Hoffman 1995), and this also applied to Ireland
(Brazier et al. 2012). As such, the resilience of
carp as a species tolerant to hypoxia (Billard
1999) and food rations (Jhingran and Pullin 1985)
made their transportation across Europe between
the 17 th and 20 th centuries more feasible than
other more intolerant fish species (Balon 1995;
Copp et al. 2005b). Unlike the U.K., introductions
of common carp to Ireland did not include the
crucian carp Carassius carassius, which is believed
by some (e.g. Maitland 1972) to have been introduced
to England with consignments of common carp.
In more recent times an increase in the
production of carp by aquaculture for deliberate
stocking to fisheries in the wild (Environment
Agency 2004; Britton et al. 2010) or through
accidental release, (Shearer and Mulley 1978;
Coates and Ulaiwi 1995; Britton et al. 2007; Rowe
2007) have both contributed to the expansion of
carp worldwide (Tapio and Zambrano 2003; Ribeiro
et al. 2009; Vilizzi 2012).
The most recent account of the distribution
and biology of carp in Ireland was undertaken by
Fitzmaurice (1983), who compiled an annex of
all of the Irish lakes officially stocked with carp
between 1950 and 1978. At the time of publication
the author concluded that carp would have
become extinct in Ireland after 1950 if it were
not for the stockings undertaken by the Inland
Fisheries Trust. However, because of the prolonged
lag period between the arrival and later establishment of non-native species (Sakai et al. 2001),
past performance can be a poor predictor of
future range expansion and associated ecological
impacts (Crooks and Soulé 1999; Rilov et al.
2004; Stohlgren and Schnase 2006). In this respect,
cultural changes that influence the demand for a
species can be a catalyst for their expansion. In
the England for example, carp has been present
for at least 500 years and were once scarce
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because of intermittent spawning success, poor
demand as a food item and unpopularity as a
sporting fish (Bucke 2000). This contrasts with
recent reports by the Environment Agency (2004)
in the U.K., who state that carp and trout accounted
for 25% and 45% respectively of the total
proportion of their consented stocking records,
supporting a trend of the proliferation of nonnative sport fisheries over game fisheries (e.g.
Hickley and Chare 2004). Indeed six million carp
were authorised for stocking into water bodies in
England and Wales between 1998 and 2008
(Britton et al. 2010). Cultural changes can therefore
drive the expansion of a species (Vilizzi 2012).
Understanding the dynamic of dispersal
pathways of a propagule is best achieved through
early detection (Hulme 2006), but in reality the
mechanisms by which non-native species colonise
geographical areas are often disregarded, while
records of distribution are typically unconsolidated
(Ribeiro et al. 2009). This can make inherent lag
periods in the establishment of the non-native
species difficult to detect. To this end, Crooks and
Soulé (1999) discuss three types of lag periods in
the expansion of non-native species, namely;
inherent lags, genetic factors and environmental
factors. All of these, to varying degrees, may
have played a part in the expansion of Irish carp
stocks in Ireland.
Smaller propagules typically lead to demographic
stochasticity because of heterogeneity in the environment, thereby making establishment dependent on
the ability of a species to colonise suitable patches
through movement patterns (Schreiber and Lloyd
Smith 2009). In U.K. waters, the survival of youngof-year (age-0) carp is known to be especially
low (Seagrave 2001) and evidence from Irish
stocking records suggest that low density of age0 carp used in early trials likely resulted in many
of the documented extinctions (Fitzmaurice
1983; Whelan 1989). The historical mapping of
the distribution of carp clearly illustrates that the
species continued to expand their range despite
known population extinctions (Figure 2). Indeed,
further artificial stocking must have occurred to
facilitate the observed range expansion (Figure 1).
The current distribution of carp suggests that
stocking rates have been greatly increased over
the last 60 years (Figure 2). Records further
suggest that unofficial movements of the species
have also increased in this period (Kelly 1985;
Whelan 1989; Warner 2009; King et al. 2011).
Therefore, the unofficial stocking of carp to new
waters has most probably accounted for a large
proportion of the observed range expansion.
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Other means of propagation have been through
fish farming. In 2001, the Central Fisheries
Board (now Inland Fisheries Ireland) set up a
carp breeding facility at Roscrea Fish Farm, Co.
Tipperary that facilitated the increased availability
of adult and juvenile carp for stocking and
angling purposes (CFB 2001). This included the
stocking of 100000 age-0 individuals into selected
waters during the first year. However, this facility
is no longer in operation and there remains no
commercial carp breeder in the Republic of
Ireland. This is in stark contrast with the U.K.,
where there is in excess of 100 fish farms that
primarily breeding carp (Environment Agency
2004). Effectively when more individuals from an
introduced population are released in one event,
‘propagule pressure’ is increased, whereby the
chances of establishment increase as a consequence
(Kolar and Lodge 2001; Lockwood et al. 2005;
Copp et al. 2007; Hayes and Barry 2008).
Interestingly, in the U.K. and Ireland the movement
of propagules has not been through poly-vectic
(i.e. multiple vectors) transfer but primarily by
means of human mediated stocking for recreational
angling (e.g. Copp et al. 2010). Following the
closure of the coarse fish breeding unit at Roscrea
(April 2008), the importation of carp increased
substantially to accommodate the increasing demand
from the recreational angling market. Carp were
imported to a number of private fisheries from
Neil Hardy Aquatica Ltd. (2008 to present)
because of the absence of any national supplier.
Carp were also imported to Northern Ireland for
the first time in 2000 (from Heather Fisheries,
U.K.) following a change in government policy
issued under a draft proposal issued by the
Northern Ireland assembly government Department
of Culture Arts and Leisure (DCAL) (M. McGivern,
pers. comm.). In addition, a consignment of 2.2
tonnes of carp was unofficially imported from
Pisciculture Horton, France in 2003, and stocked
into two private Irish fisheries (Brazier et al.
2012).
Thus elevated frequencies of carp stocking
events after the millennium and the stocking of
adult carp at higher densities, both officially and
unofficially, have been the key drivers in the
expansion of carp stocks in Ireland. Carp are
known to possess the ability to revert from
domesticated forms into feral forms within a
short evolutionary period, as a result of the high
plasticity in their ability to adapt to wild aquatic
habitats following release (Balon 1995; Matsuzaki
et al. 2009). Lockwood et al. (2007) described
the mechanism of an ‘altered vector’ that may

increase population fitness through the deposition
of better adapted or larger propagules. It is therefore
critical to determine whether or not the more
recently introduced domesticated carp varieties
can adapt to the Irish climate and recruit more
successfully than pre-existing less domesticated
forms given their more recent importations.
Despite evidence of extant breeding populations
of carp at multiple sites in Ireland, successful
recruitment appears to be restricted to small
shallow lakes and ponds that are isolated from
larger water courses (Table S1). There is no
current evidence to support naturally-recruiting
populations of carp in lakes > 5 ha given that the
species has not been recorded in national surveys
undertaken as part of fish surveillance for the
Water Framework Directive in over 95 large lake
catchments surveyed between 2007 and 2011
(Kelly et al. 2011; Kelly et al. 2012). It has been the
policy of government agencies to restrict the
potential natural dispersal of carp by stocking
water bodies that are not connected to larger
catchments via interconnected river channels. This
has resulted in a reduction of the potential for the
species to disperse naturally, should they have
the capability to recruit successfully in a given
water body. The thermal characteristics of larger
and deeper lakes would typically be cooler in
summer in contrast to small and shallow lakes or
ponds that warm more rapidly because of their
morphometric and hydrodynamic characteristics
(Ambrosetti and Barbanti 1999; Van Burren et
al. 2000). These shallow water bodies are more
likely to reach temperatures of between 18 and
20°C, which are considered necessary thresholds
for carp to commence spawning activity (Billard
1999). As such they are considered a more suitable
habitat for carp in cool temperate climates. This
is supported by evidence from the lakes with
spawning populations of carp that are typically
small (< 2ha) and shallow (< 3.0m) (Table S1). It
is known that carp have recruited successfully in
15% of the water bodies surveyed given the
presence of juvenile cohorts of fish and this
illustrates that carp can successfully reproduce in
some Irish waters. However, the analysis of selected
carp populations suggests that carp breeding is
not an annual event in Ireland, even where
seemingly optimal breeding sites exist (e.g. Cork
Lough, Decoy Lake and Gorteen Lake) (R.
Macklin and B. Brazier, unpublished data). This
has identified that only a fraction of the Irish carp
populations are self sustainable and that range
expansion has been human-induced. Therefore,
irrespective of the nature of propagation,
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unforeseen range expansion may occur even if the
species capability to reproduce naturally is restricted.
Furthermore, despite known sporadic spawning
in Ireland (Fitmaurice 1983), the longevity of
carp means the species does not need to recruit
annually to sustain populations and thus it is
possible for the latter to persist, albeit at low
densities and in sub-optimal spawning environments
(Seagrave et al. 2001).
There is evidence to suggest that the current
status of carp in Irish waters may shift in the
future to fit the description of a naturalised
species (sensu Richardson et al. 2000, p. 98) as
that of a naturalised species i.e. “that reproduce
consistently and sustains populations over many
life cycles without intervention by humans (or in
spite of human intervention); that often recruits
offspring freely […] and do not necessarily invade
natural, semi-natural or human-made ecosystems”.
However, this definition would contrast with the
current status of carp in Ireland as ‘domesticated’
(King et al. 2011), indicating a species requiring
human interference and management in order to
maintain their viability (Kelly et al. 2008). Should
the current trends of expansion continue, the status
of carp will likely shift from the domesticated
species category to the feral, non-benign category:
“an introduced species that may pose a threat to
native species, but it is also considered important
for recreational fisheries” (King et al. 2011, p. 6).
Conclusions
The distribution of carp has expanded significantly
in Ireland between the 1980s and present. To
date, it is known that the vast majority of water
bodies in Ireland that contain carp are small,
shallow and eutrophic, and there is currently an
absence of any evidence supporting widespread
successful spawning and recruitment in large
open lakes or in river systems. While internationally
the species has been studied in detail, very little
is known about the functional ecology, reproductive
success and growth in the wild of carp in the
temperate maritime climate of Ireland. Ultimately,
by understanding the ecology of carp in an Irish
context, which represents the western periphery
of the species’ European range, a species-specific
management plan can be formulated. Given that
carp could be considered an established species in
Ireland, the implementation of a management plan
will prevent unwarranted expansion (Britton et al.
2011), minimise ecological risk, and accommodate
recreational angling where ecological impacts can
be avoided (Cowx et al. 2010).
80

Acknowledgements
The authors are indebted to the support and guidance provided by
G.H. Copp, R. Britton and J. Caffrey. We would also like to thank F.
Lucy, P. O’ Donoghue and D. Kelleghan for their kind support
during the project. Contribution to this study by LV was possible
through a 2221 Fellowship Programme provided by The Scientific &
Technological Research Council of Turkey (TÜBİTAK).

References
Ambrosetti W, Barbanti L (1999) Deepwater warming in lakes: an
indicator of climate change. Journal of Limnology 58: 1–9,
http://dx.doi.org/10.4081/jlimnol.1999.1

Balon EK (1995) Origin and domestication of the wild carp,
Cyprinus carpio - from Roman gourmets to swimming flowers.
Aquaculture 129: 3–48, http://dx.doi.org/10.1016/0044-8486(94)
00227-F

Balon EK (2004) About the oldest domesticates among fish. Journal
of Fish Biology 65, supplement A: 1–27, http://dx.doi.org/
10.1111/j.0022-1112.2004.00563.x

Billard R (1999) Carp: Biology and Culture. Springer, Praxis
Publishers Ltd., Chichester, UK, 342 pp
Brazier B, Caffrey JM, Cross TF, Chapman DV (2012) A History of
common carp Cyprinus carpio (L.) in Ireland: A Review. Irish
Fisheries Investigations 25: 1–23
Britton JR, Boar RR, Grey J, Foster J, Lugonzo J, Harper DM (2007)
From introduction to fishery dominance: the initial impacts of
the invasive carp Cyprinus carpio in Lake Naivasha, Kenya,
1999 to 2006. Journal of Fish Biology 71 (Supplement D): 239–
257, http://dx.doi.org/10.1111/j.1095-8649.2007.01669.x
Britton JR, Copp GH, Brazier M, Davies GD (2011) A modular
assessment tool for managing introduced fishes according to
risks of species and their populations, and impacts of
management actions. Biological Invasions 13: 2847–2860,
http://dx.doi.org/10.1007/s10530-011-9967-0

Britton JR, Cucherousset J, Davies GD, Godard M, Copp GH (2010)
Non-native fishes and climate change: predicting species
responses to warming temperatures in a temperate region.
Freshwater Biology 55: 1130–1141, http://dx.doi.org/10.1111/
j.1365-2427.2010.02396.x

Broennimann O, Guisan A (2008) Predicting current and future
biological invasions: both native and invaded ranges matter.
Biological Letters 4: 585–589, http://dx.doi.org/10.1098/rsbl.
2008.0254

Bucke D (2000) An overview of carp diseases in the UK. Fish
Veterinary Journal (5): 48–56
Caffrey JM, Coyne J (2008) Fish stock status of the Cork Lough and
management recommendations. Unpublished report, Central
Fisheries Board, Dublin
CFB (1996) Survey of Ballincollig Reservoir, Co. Cork. Internal
Central Fisheries Board (CFB) Report. Glasnevin, Dublin 9
CFB (1995) Stock Assessment of Ballincollig Reservoir, Co. Cork.
Internal Central Fisheries Board (CFB) Report. Glasnevin,
Dublin 9
CFB (2001) Central & Regional Fisheries Board Annual Report.
Glasnevin, Dublin 9
Chumchal MM, Nowlin WH, Drenner RW (2005) Biomass
dependent effects of carp on water quality in shallow ponds.
Hydrobiologia 545: 271–277, http://dx.doi.org/10.1007/s10750005-3319-y

Coates D, Ulaiwi WK (1995) A simple model for predicting
ecological impacts of introduced aquatic organisms: a case study
of common carp, Cyprinus carpio L., in the Sepik-Ramu River
Basin, Papua New Guinea. Fisheries Management and Ecology
2: 227–242, http://dx.doi.org/10.1111/j.1365-2400.1995.tb00114.x
Copp GH, Wesley K, Vilizzi L (2005a) Pathways of ornamental and
aquarium fish introductions into urban ponds of Epping Forest

A review of the status and range expansion of common carp in Ireland
(London, England): the human vector. Journal of Applied
Ichthyology 21: 263–274, http://dx.doi.org/10.1111/j.1439-0426.
2005.00673.x

Copp GH, Bianco PG, Bogutskaya NG, Eros T, Falka I, Ferreira MT
Fox MG, Freyhof J, Gozlan RE, Grabowska J, Kováĉ V,
Moreno-Amich R, Naseka AM, Peňáz M, Povž M, Przybylski
M, Robillard M, Russell IC, Stakenas S, Šumer S, Vila-Gispert
A, Wiesner C (2005b) To be, or not to be, a non-native
freshwater fish? Journal of Applied Ichthyology 21: 242–262,
http://dx.doi.org/10.1111/j.1439-0426.2005.00690.x

Copp GH, Templeton M, Gozlan RE (2007) Propagule pressure and
the invasion risks of nonnative freshwater fishes in Europe: a
case study of England. Journal of Fish Biology 71 (Supplement
D): 148–159, http://dx.doi.org/10.1111/j.1095-8649.2007.01680.x
Copp GH, Vilizzi L, Gozlan RE (2010) Fish movements: the
introduction pathway for topmouth gudgeon Pseudorasbora
parva and other non-native fishes in the UK. Aquatic
Conservation: Marine & Freshwater Ecosystems 20: 269–273,
http://dx.doi.org/10.1002/aqc.1092

Cowx IG, Arlinghaus R, Cooke SJ (2010) Harmonising recreational
fisheries and conservation objectives for aquatic biodiversity in
inland waters. Journal of Fish Biology 76: 2194–2215,
http://dx.doi.org/10.1111/j.1095-8649.2010.02686.x

Crooks JA, Soulé ME (1999) Lag times in population explosions of
invasive species: causes and implications. In: Sandlund OT,
Schei PJ, Viken Å (eds), Invasive species and biodiversity
management. Kluwer, pp 103–125
Cucherousset J, Copp GH, Fox MG, Sterud E, van Kleef HH
Verreycken H, Záhorská E (2009) Life-history traits and
potential invasiveness of pumpkinseed Lepomis gibbosus
populations in northwestern Europe. Biological Invasions 11:
2171–2180, http://dx.doi.org/10.1007/s10530-009-9493-5
Environment Agency (2004) Our nations’ fisheries, the migratory
and freshwater fisheries of England and Wales – a snapshot.
Environment Agency, Bristol, 96 pp
European Community (2011) Statutory Instrument No. 477/ 2011
(Birds and Natural Habitats) Regulations, 4 pp
Fitzmaurice P (1983) Carp (Cyprinus carpio L.) in Ireland. Irish
Fisheries Investigation Series A(23): 5–10
Hayes KR, Barry SC (2008) Are there any consistent predictors of
invasion success? Biological Invasions 10: 483–506,
http://dx.doi.org/10.1007/s10530-007-9146-5

Hickley P, Chare S (2004) Fisheries for non-native species in
England and Wales: angling or the environment? Fisheries
Management & Ecology 11: 203–212, http://dx.doi.org/10.1111/
j.1365-2400.2004.00395.x

Hoffmann RC (1995) Environmental change and the rise of the
common carp culture in medieval Europe. Guelph Ichthyology
Reviews 3: 57–85
Hulme PE (2006) Beyond control: wider implications for the management of biological invasions. Journal of Applied Ecology 43:
835–847, http://dx.doi.org/10.1111/j.1365-2664.2006.01227.x
Jhingran V, Pullin R (1985) A Hatchery Manual for the Common,
Chinese and Indian Major Carps. Metro Manila, Southeast
Asian Fisheries Development Centre
Johannson L, Persson L (1986) Planktivorous fish. In: Riemann B,
Sondergaard M (eds), Carbon dynamics in eutrophic temperate
lakes, Elsevier Science, Amsterdam, pp 237–266
Kelly FL, Matson R, Connor L, Feeney R, Morrissey E, Wögerbauer
C, Rocks K (2012) Sampling Fish for the Water Framework
Directive - Summary Report 2011. Inland Fisheries Ireland,
Swords Business Campus, Swords, Co. Dublin, Ireland
Kelly FL, Matson R, Connor L, Feeney R, Morrissey E, Wögerbauer
C, Rocks K (2011) Sampling Fish for the Water Framework
Directive - A Summary of Inland Fisheries Irelands’ Surveillance

Monitoring for Fish in Lakes, Rivers and Transitional Waters
2010 - Summary Report 2010. Inland Fisheries Ireland, Swords
Business Campus, Swords, Co. Dublin, Ireland

Kelly FL, Harrison A, Connor L, Allen M, Rosell R, Champ T
(2008) North South Shared Aquatic Resource (NS SHARE)
lakes project: fish in lakes, task 6.9: classification tool for fish in
lakes final report. Unpublished report to Central Fisheries Board
Kelly TC (1985) The status of the Cork Lough. Unpublished report
of the Department of Zoology, University College, Cork
King JL, Marnell F, Kingston N, Rosell R, Boylan P, Caffrey JM
FitzPatrick Ú, Gargan PG, Kelly FL, O’ Grady MF, Poole R,
Roche WK, Cassidy D (2011) Ireland Red List No. 5: Amphibians, Reptiles & Freshwater Fish. National Parks and Wildlife
Service, Department of Arts, Heritage and the Gaeltacht, Dublin,
Ireland, pp 1–77
Kolar CS, Lodge DM (2001) Progress in invasion biology:
predicting invaders. Trends in Ecology & Evolution 16: 199–
204, http://dx.doi.org/10.1016/S0169-5347(01)02101-2
Liu X, Li Y (2009) Aquaculture Enclosures Relate to the
Establishment of Feral Populations of Introduced Species. PLoS
ONE 4(7): e6199, http://dx.doi.org/10.1371/journal.pone.0006199
Lockwood JL, Cassey P, Blackburn T (2005) The role of propagule
pressure in explaining species invasions. Trends in Ecology &
Evolution 20: 223–228, http://dx.doi.org/10.1016/j.tree.2005.02.004
Lockwood JL, Hoopes MF, Marchetti MP (2007) Invasion Ecology.
Blackwell, 63 pp
Lougheed VL, Theysmeyer TS, Smith T, Chow-Fraser P (2004)
Carp exclusion, food-web interactions, and the restoration of
Cootes Paradise Marsh. Journal of Great Lakes Research 30:
44–57, http://dx.doi.org/10.1016/S0380-1330(04)70328-7
Maitland PS (1972) Keys to British Freshwater Fishes. Freshwater
Biological Association. Scientific Publication No. 27, 99 pp
Matsuzaki SS, Mabuchi K, Takamura N, Nishida M, Washitani I
(2009) Behavioural and morphological differences between feral
and domesticated strains of common carp Cyprinus carpio.
Journal of Fish Biology 75: 1206–1220, http://dx.doi.org/10.1111/
j.1095-8649.2009.02345.x

McCarthy D, Kennedy M (1965) The Biology of Irish Coarse Fishes.
Internal Report Inland Fisheries Trust (unpublished)
Minns CK, Cooley JM (1999) Intentional Introductions: Are
Incalculable Risks Worth It? In: Claudi R, Leach JH (eds), Nonnative freshwater organisms, Vectors, Biology and Impacts.
Lewis Publishers, Washington D.C., 57 pp
Naylor RL, Goldburg RJ, Primavera JH, Kautsky N, Beveridge
MCM, Clay J, Folke C, Lubchenco J, Mooney H, Troell M
(2000) Effect of aquaculture on world fish supplies. Nature 405:
1017–1024
Nicol SJ, Liecchke JA, Lyon JP, Koehn JD (2004) Observations on
the distribution and abundance of carp and native fish, and their
responses to a habitat restoration trial in the Murray River,
Australia. New Zealand Journal of Marine and Freshwater
Research 38: 541–551
Pauchard A, Cavieres LA, Bustamante RO (2004) Comparing nonnative plant invasions among regions with similar climates:
where to from here? Diversity & Distributions 10(5-6): 371–
375, http://dx.doi.org/10.1111/j.1366-9516.2004.00116.x
Ribeiro F, Collares-Pereira MJ, Moyle PB (2009) Non-native fish in
the fresh waters of Portugal, Azores and Madeira Islands: a
growing threat to aquatic biodiversity. Fisheries Management
and Ecology 16: 255–264, http://dx.doi.org/10.1111/j.1365-2400.
2009.00659.x

Richardson DM, Pyšek P, Rejmánek M, Barbour MG, Panetta F.D,
West CJ (2000) Naturalization and invasion of non-native
plants: concepts and definitions. Diversity and Distributions 6:
93–107, http://dx.doi.org/10.1046/j.1472-4642.2000.00083.x
Rilov G, Benayahu Y, Gasith A (2004) Prolonged lag in population
outbreak of an invasive mussel: ashifting-habitat model.
Biological Invasions 6: 347–364, http://dx.doi.org/10.1023/B:BI
NV.0000034614.07427.96

Roche W (1984) Removal of Carp from Herbert Park Pond – 1984.
Internal Central Fisheries Board (CFB) Report. Glasnevin,
Dublin 9

81

R. Macklin et al.
Rowe D (2007) Exotic fish introductions and the decline of water
clarity in small North Island, New Zealand lakes: a multi-species
problem. Hydrobiologia 583: 345–358, http://dx.doi.org/10.1007/
s10750-007-0646-1

Sakai AK, Allendorf FW, Holt JS, Lodge DM, Molofsky J, With
KA, Baughman RJ, Cabin JE, Cohen NC, Ellstrand DE,
McCauley P, O’Neil IM, Parker JN, Thompson Weller SG
(2001) The population biology of invasive species. Annual
Review of Ecology and Systematics 32: 305–332, http://dx.doi.
org/10.1146/annurev.ecolsys.32.081501.114037

Shearer KD, Mulley JC (1978) The introduction and distribution of
the carp, Cyprinus carpio Linnaeus, in Australia. Australian
Journal of Marine and Freshwater Research 29: 551–563,
http://dx.doi.org/10.1071/MF9780551

Schreiber SJ, Lloyd-Smith JO (2009) Invasion dynamics in spatially
heterogenous environments. American Naturalist 174: 490–
505, http://dx.doi.org/10.1086/605405
Seagrave CP (ed) (2001) The Sparsholt Guide to the Management of
Carp Fisheries. Mitchellwing Publications, Sparsholt
Sivakumaran KP, Brown P, Stoessel D, Giles A (2003) Maturation
and reproductive biology of female wild carp, Cyprinus carpio,
in Victoria, Australia. Environmental Biology of Fishes 68:
321–332, http://dx.doi.org/10.1023/A:1027381304091
Stohlgren TJ, Schnase JL (2006) Risk Analysis for Biological
Hazards: What We Need to Know about Invasive Species. Risk
Analysis 26(1): 163–173, http://dx.doi.org/10.1111/j.1539-6924.20

Van Burren MA, Walt WE, Marsalek J, Anderson BC (2000)
Thermal Balance of On-Stream Storm-Water Management
Pond. Journal of Environmental Engineering 126(6): 509–517,
http://dx.doi.org/10.1061/(ASCE)0733-9372(2000)126:6(509)

Vilizzi L (2012) The common carp, Cyprinus carpio, in the
Mediterranean region: origin, distribution, economic benefits,
impacts and management. Fisheries Management and Ecology
19: 93–110, http://dx.doi.org/10.1111/j.1365-2400.2011.00823.x
Warner D (2009, May 4th) Why it’s vital we fish out illegal
practices. Irish Examiner. Retrieved from http://www.examiner.ie
Went AEJ (1946) Irish Freshwater Fish – Some notes on their
distribution. Salmon & Trout Magazine 118: 248–256
Went AEJ (1950) Notes on the Introduction of some freshwater fish
into Ireland. Journal of the Department of Agriculture 47: 119–
124
Whelan K (1989) The Angler in Ireland: Game, Course and Sea.
Country House. Dublin, 408 pp
Zambrano L, Scheffer M, Martınez-Ramos M (2001) Catastrophic
response of lakes to benthivorous fish introduction. Oikos 94:
344–350, http://dx.doi.org/10.1034/j.1600-0706.2001.940215.x
Zambrano L, Martínez-Meyer E, Menezes N, Peterson T (2006)
Invasive potential of common carp (Cyprinus carpio) and Nile
tilapia (Oreochromis niloticus) in American freshwater systems.
Canadian Journal of Fisheries & Aquatic Sciences 63: 1903–
1910, http://dx.doi.org/10.1139/f06-088

06.00707.x

Tapio M, Zambrano L (2003) From Aquaculture Goals to Real
Social and Ecological Impacts: Carp Introduction in Rural
Central Mexico. Ambio 32(4): 252–257, http://dx.doi.org/10.15
79/0044-7447-32.4.252

The following supplementary material is available for this article:
Table S1. Preliminary list of Irish Lakes with evidence of naturally recruiting populations of common carp, Cyprinus carpio (L.)
This material is available as part of online article from:
http://www.aquaticinvasions.net/2016/Supplements/AI_2016_Macklin_etal_Supplement.xls

82

