Metadata, citation and similar papers at core.ac.uk

Provided by Bournemouth University Research Online

WILEY

Publishers Since 1807

THE ATRIUM, SOUTHERN GATE, CHICHESTER, WEST SUSSEX P019 8SQ
***|MMEDIATE RESPONSE REQUIRED***

Your article may be published online via Wiley's EarlyView® service (http://www.interscience.wiley.com/) shortly after receipt of
corrections. EarlyView® is Wiley's online publication of individual articles in full-text HTML and/or pdf format before release of the
compiled print issue of the journal. Articles posted online in EarlyView® are peer-reviewed, copy-edited, author-corrected, and fully
citable via the article DOI (for further information, visit www.doi.org). EarlyView® means you benefit from the best of two worlds - fast
online availability as well as traditional, issue-based archiving.

Please follow these instructions to avoid delay of publication

[0 READ PROOFS CAREFULLY
e  This will be your only chance to review these proofs. Please note that once your corrected article is posted online, it is considered
legally published, and cannot be removed from the Web site for further corrections.
. Please note that the volume and page numbers shown on the proofs are for position only.

[J ANSWER ALL QUERIES ON PROOFS (Queries for you to answer are attached as the last page of your proof.)
. List all corrections and send back via e-mail to the production contact as detailed in the covering e-mail, or mark all corrections directly
on the proofs and send the scanned copy via e-mail. Please do not send corrections by fax or in the post.

[J CHECK FIGURES AND TABLES CAREFULLY
. Check size, numbering, and orientation of figures.
e Allimages in the PDF are downsampled (reduced to lower resolution and file size) to facilitate Internet delivery. These images will appear
at higher resolution and sharpness in the printed article.
. Review figure legends to ensure that they are complete.
. Check all tables. Review layout, title, and footnotes.

[J COMPLETE CTA (if you have not already signed one)
. Please send a scanned copy with your proofs and post your completed original form to the address detailed in the covering e-mail. We
cannot publish your paper until we receive the original signed form.

[J OFFPRINTS

. 25 complimentary offprints of your article will be dispatched on publication. Please ensure thatthe correspondence address on your
proofs is correct for dispatch of the offprints. If your delivery address has changed, please inform the production contact to the journal -
details in the covering e-mail. Please allow six weeks for delivery.

Additional reprint and journal issue purchases

e Additional paper reprints (minimum quantity 100 copies) are available on publication to contributors. Quotations may be
requested from mailto:author_reprints@wiley.co.uk. Orders for additional paper reprints may be placed in advance in
order to ensure that they are fulfilled in a timely manner on publication of the article in question. Please note that offprints
and reprints will be dispatched under separate cover.

e PDF files of individual articles may be purchased for personal use for $25 via Wiley's Pay-Per-View service (see
http://wwwa3.interscience.wiley.com/aboutus/ppv-articleselect.html).

e Please note that regardless of the form in which they are acquired, reprints should not be resold, nor further disseminated
in electronic or print form, nor deployed in part or in whole in any marketing, promotional or educational contexts without
further discussion with Wiley. Permissions requests should be directed to mailto:permreg@wiley.co.uk

e Lead authors are cordially invited to remind their co-authors that the reprint opportunities detailed above are also available
to them.

e If you wish to purchase print copies of the issue in which your article appears, please contact our Journals Fulfilment
Department mailto:cs-journals@wiley.co.uk when you receive your complimentary offprints or when your article is
published online in an issue. Please quote the Volume/lssue in which your article appears.



https://core.ac.uk/display/76878?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.interscience.wiley.com/
mailto:author_reprints@wiley.co.uk
http://www3.interscience.wiley.com/aboutus/ppv-articleselect.html
mailto:permreq@wiley.co.uk
mailto:cs-journals@wiley.co.uk

” 3b2 v7| AQC: 809 PROD.TYPE: COM ED:LEELA

pp.i—11  (colfig.: NIL) PAGN: KN.JAGADISH SCAN: XXX

AQUATIC CONSERVATION: MARINE AND FRESHWATER ECOSYSTEMS
Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 1-11 (2006)

1 Published online in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/aqc.809
3
5
7
. A case study on the population ecology of a topmouth
gudgeon (Pseudorasbora parva) population in the UK and
1 1 L) L] L] L] L] L]
the implications for native fish communities
13
15
J.R. BRITTON** G.D. DAVIES?, M. BRAZIER® and A.C. PINDER®
17 4 National Fisheries Laboratory, Environment Agency, Brampton, Huntingdon, Cambridgeshire, UK
1 ® Environment Agency North Area, North West Region, Penrith,Cumbria
9 € Centre for Ecology and Hydrology, Winfrith Technology Centre, Winfrith Newburgh, Dorchester, Dorset, UK
21
ABSTRACT

23 1. The topmouth gudgeon Pseudorasbora parva is a small Asian cyprinid species that has proved
invasive throughout many European countries. Following an initial introduction into the wild in
1996, the species is now proving invasive in the UK, with at least 25 infested waters in England and

25 Wales, of which 10 are known to have direct connection to a major river catchment.

2. To demonstrate the threat of P. parva to fisheries in the UK, a case study is presented on a lake

27 located in the Lake District of England where the species was introduced in 2000. The species rapidly
established a breeding population that, by 2003, was the dominant species in size classes <70 mm. In

29 2004, they were the only species in the lake that produced young-of-the-year.

3. Individual P. parva adopted the reproductive tactics of early maturity, multiple spawning, male
dominance and male nest guarding; sexual dimorphism was manifested in larger body size of males.

31 These traits were in contrast to the resident, native species of the lake, including roach Rutilus rutilus
and gudgeon Gobio gobio, which adopted traits of later maturity and single spawning.

33 4. This case study, therefore, revealed relatively rapid establishment of a P. parva population, their
subsequent numerical dominance of the fish community, and the impediment of the recruitment of
native fish. The implications for UK fisheries are concerning: should P. parva continue to disperse

35 and individuals adopt similar traits as those in this case study, there may be few waters immune from
their invasion, numerical dominance and subsequent impacts.

37 Copyright © 2006 John Wiley & Sons, Ltd.
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2 J.R. BRITTON ET AL.
INTRODUCTION

The topmouth gudgeon Pseudorasbora parva (Temminck and Schlegel, 1842) has proved to be a highly
invasive fish species across Europe following initial introduction in 1960 (Bianco, 1988; Wildekamp et al.,
1997). A small cyprinid species native to Japan, China, Korea and the River Amur basin, today it is
widespread and locally abundant within favourable habitats throughout much of Europe and Russia, with
populations also reported from Kazakhstan, Turkey and Algeria (Perdices and Doadrio, 1992; Wildekamp
et al., 1997). Although the species was first recorded in the wild in the UK in 1996 (Domaniewski and
Wheeler, 1996), there were only four infested sites reported in 2002 (Gozlan et al., 2002). However,
distribution has since increased, with the species now present in at least 25 sites. A number of these are
established populations in lakes with connection to major river catchments, providing a mechanism for
fluvial dispersal (Pinder et al., 2005). As P. parva has recently been found to be a vector of an emergent
infectious disease (Gozlan et al., 2005) and is classed as an international pest (Welcomme, 1992), their
increased distribution raises concern over their potential to invade new habitats and exerts impacts on
native fish communities in the UK.

In their natural range and expanded range of mainland Europe, the life history traits of topmouth
gudgeon include batch spawning, nest guarding and early maturity (e.g. Bruton, 1986; Rosecchi et al.,
2001). In conjunction with broad environmental tolerance limits, these are traits that generally favour the
ability of an invading fish species to succeed in colonizing new water bodies (Riccardi and Rasmussen,
1998; Pinder et al., 2005). Indeed, the invasion success of P. parva has led them to be described as the most
invasive fish in Europe (Gozlan et al., 2005). However, despite their increased UK distribution, there are no
data available from invaded waters adequately describing their population ecology, yet, these data are
crucial in understanding P. parva invasion success in new waters in the UK following introduction and the
subsequent consequences they may provoke. The aims of this case study are to document the establishment,
population structure and reproduction of P. parva in an infested lake in the English Lake District and to
relate these outputs to those of the resident species in the lake.

MATERIALS AND METHODS

The P. parva population studied was present in a shallow lake (<2.5m) of 2.2ha in the Lake District
(north-west England) at latitude 54°N (note: the name of the lake has been withheld for reasons if
confidentiality). Summer water temperatures rarely rose above >20°C, with winter temperatures rarely
falling below 0°C. Ice cover in winter was infrequent and rarely lasted for more than two consecutive days.
Naturalized populations of roach Rutilus rutilus (L.) and gudgeon Gobio gobio (L.) were present in the lake,
along with large (300 mm) common bream Abramis brama (L.), tench Tinca tinca (L.) and common carp
Cyprinus carpio L., following introductions designed to enhance the lake’s recreational, catch and release
fishery. These will all be referred to as ‘resident species’ throughout the text.

Although their introduction was believed to have occurred in 2000, the presence of P. parva in the lake
was only confirmed in October 2002 when anglers reported a new, unknown species being captured in the
fishery, with a specimen submitted for identification (I.J. Winfield, pers. comm.). The lake was sampled in
March 2003 using a 50-m seine net of mesh size 2.5 mm; in August 2004, using the same net, and a 1.5m
diameter micromesh drop net; and in February 2005, when point samples were taken using both electric
fishing and a micromesh seine net. Samples were also available from a P. parva eradication exercise using
chemical treatment that was initiated on 22 March 2005, during which the larger (250 mm) C. carpio,
T. tinca and A. brama were all removed from the lake prior to the piscicide rotenone being applied. Full
details of the rotenone application are available in Britton and Brazier (in press). Following the treatment,

Copyright © 2006 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 000—000 (2006)
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POPULATION ECOLOGY OF TOPMOUTH GUDGEON 3

samples of P. parva, R. rutilus, G. gobio and A. brama were taken back to the laboratory for analyses of life-
history traits.

In the laboratory, fork length (mm), weight (g), sex and gonad weight were measured for individual fish,
with three scales and the operculum removed for ageing. Ages were determined by viewing the scales under
a projecting microscope ( x 10) and counting the number of annuli, with the age validated by examination
of the opercula of 10% of the sample under a binocular microscope ( x 5). Length at age was estimated by
back-calculation (Francis, 1990), with L_jsniry (maximum theoretical length) of the von Bertalanffy growth
model (von Bertalanffy, 1938) determined using the nonlinear method in the software Simply Growth
(©Pisces Conservation Ltd). Gonado-somatic index (/) was calculated by gonad weight/somatic weight,
where somatic weight was total weight minus gonad weight. Age at maturity was calculated from the
percentage of mature fish in each age class using the formula of DeMaster (1978). Length at maturity was
determined using a modification of this formula, with 5-mm length intervals in place of age classes (Trippel
and Harvey, 1987) and was represented graphically by fitting a logistic ogive to the proportion of sexually
mature fish. Sex ratio was expressed as the relative proportion of mature female/male fish. Batch fecundity
was determined by counting the number of ripening oocytes in the ovary, with the relationship between
fecundity (F) and fork length (Lf) described by the logarithmic transformation of the power curve log F =
loga+ blog Lr, where a and b are parameters (Bagenal and Braum, 1978). Fecundity at length estimates
were then available from F = aL’. During determination of individual fecundity, the diameters of 30
ripened eggs were measured. Statistical analyses were calculated in MINITAB@© and modal distribution of
lengths at age 1 determined using decomposition assessment following Bhattacharya’s method in FiSAT
(FAO/ICLARM Stock Assessment Tools).

RESULTS

Population establishment and abundance

The data from the March 2003 sample indicated that P. parva was already extremely abundant in the lake
— despite being introduced less than 3 years earlier — with both juveniles and adults present, providing
evidence that a breeding population had become established. In August 2004, a subsample of 450 fish
<70 mm revealed P. parva dominance; the only other species recorded in the sample were R. rutilus (n = 2)
and G. gobio (n = 1). Although electric fishing point-samples in February 2005 revealed spatial variance in
P. parva distribution, mean density was 6.1 + 3.2m™~2 (Table 1), with fish present between 11 and 61 mm.
There were no other species recorded. The eradication exercise in March 2005 revealed some limitations of
the previous sampling, as an increased abundance of G. gobio, R. rutilus and Abramis brama (L.) was
recorded (Table 1). However, their combined abundance was only 1.6m ™2, considerably below the
estimates recorded for P. parva in the point samples (Table 1). This confirms the numerical dominance of
P. parva in the fish community in 2004/05 and demonstrates the ability of the species to establish
numerically dominant populations in UK waters rapidly following their introduction. There were no
comparative data on fish abundance available for the period prior to P. parva introduction.

Population structure and growth

The eradication samples showed that P. parva attained lengths to 78 mm and age 4 years old, G. gobio to
117mm and 4 years old, R. rutilus to 157mm and 7 years old and 4. brama to 128 mm and 4 years old
(Table 1). However, with the exception of P. parva, there were no young-of-the-year recorded (youngest fish
age 2 years, length 55 mm). Furthermore, no C. carpio and T. tinca <250 mm were present, suggesting that
these species had been unable to reproduce successfully and/or recruit in the lake following introduction, a
common feature of these species in northern England owing to temperatures rarely being sufficient to

Copyright © 2006 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 000—000 (2006)
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4 J.R. BRITTON ET AL.

induce spawning. Because of low abundance of A. brama in the sample, no further analyses of their life-
history traits were recorded. The pre-maturation growth of P. parva was relatively fast, with a mean of 40%

Table 1. Life history traits of Pseudorasbora parva, Rutilus rutilus and Gobio gobio in the lake in NW England

P. parva R. rutilus G. gobio
Q 3 ? 3 ? 3
Mean density (m™>) 6.1+32 <1.6
Proportion of maximum length 40 42 19 26 31 33
produced in first year of life (%)
L_infinity (mm) 65 81 253 249 121 119
Sex ratio (F:M) 1:2.18 1:0.95 1:1.175
Age at maturity (yr) 1.8 1.7 3.9 3.9 2.8 2.6
Mean egg size (mm) 0.65 +0.15 1.09 + 0.14 0.68 +0.13
Mean fecundity of fish at first reproduction 262 1671 1436
Fecundity of fish of mean length 374 7771 2351
Mean no. eggs per gram body weight 351 228 194
Maximum fork length (mm) 59 78 164 148 109 117
Maximum age (yr) 4 4 7 6 4 4
180 1
160 A
140 ~
120 A
E 100 -
g
=]
2
3 80 1
60 -
40 A
20 A
0 T T T T T T 1
1 2 3 4 5 6 7
Age (years)

Figure 1. Mean length of age of female (solid lines) and male (dashed lines) Pseudorasbora parva (Q), Rutilus rutilus ( x ) and Gobio
gobio (+), March 2005 (standard error values have been omitted for reasons of data clarity).

Copyright © 2006 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 000—000 (2006)
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POPULATION ECOLOGY OF TOPMOUTH GUDGEON 5

(female) and 42% (male) of total growth achieved by age 1 (Table 1). This was followed by much lower
proportional growth increments following maturation (Figure 1). By contrast, G. gobio and R. rutilus
produced a lower relative proportion of growth in their first year of life, but achieved higher L_jufnity,
maximum lengths and ages than P. parva (Table 1, Figure 1).

Reproduction

The relatively high growth increment in the first year of life of P. parva facilitated individuals reaching
maturity at lengths > 36 mm during their second year of life (Table 1, Figure 2). By contrast, G. gobio and
R. rutilus matured at more advanced ages and lengths (Figure 2). There were considerable differences in the
sex ratios between the species, with P. parva dominated by males, but with ratios close to 1:1 in both G.
gobio and R. rutilus (Table 1). Female P. parva were only prevalent at size classes of 35 to 50 mm, males
were then the dominant sex at lengths above this (Figure 3). Only one female P. parva was present > 55 mm
(59 mm). By contrast, there was no significant difference in the lengths of male and female G. gobio and R.
rutilus (t-test, df 10, P> 0.05; Figure 3). I; values for P. parva ranged between 0.037 and 0.127 (mean
0.089), G. gobio 0.055 and 0.078 (mean 0.065) and R. rutilus 0.101 and 0.176 (mean 0.136), indicating that
P. parva was investing a similar proportion of resources in gonad development as the resident species at the
time of sampling.

The mean fecundity of both an individual female at first maturity and of mean mature length was
comparatively low for P. parva compared with G. gobio and R. rutilus, although P. parva produced the
highest mean number of eggs per gram body weight (Table 1). The P. parva estimates also represented
batch fecundity only, rather than total fecundity. A large number of unripened eggs (<0.1 mm) were also
present in the ovary. This was not the case for R. rutilus or G. gobio, suggesting that multiple spawning
events only occurred in P. parva. This was supported by back-calculated lengths at age 1 that suggested
poly-modal lengths for P. parva but only single modes for R. rutilus and G. gobio (Figure 4). Modal
progression analysis (FAO/ICLARM Stock Assessment Tools) confirmed the presence of at least three

100 7 HEIIK
90 + /
© :'
80 X
£
70 A H
60 i

5]

EE

<50 :
8

)
40 + |
_I_' D
30 ! %(
+
20 j x/
+
10 1 !
1
0 : S A
0 20 40 60 80 100 120

Length (mm)

Figure 2. Maturity ogives showing length of maturity of Pseudorasbora parva (O), Rutilus rutilus ( x ) and Gobio gobio (+), March
2005.

Copyright © 2006 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 000—000 (2006)
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P. parva

G. gobio

40

30

20

10

R. rutilus

65 80 95 110 125 140 155 170

Length (mm)

Figure 3. Proportion of males () and females ([]) by length for Pseudorasbora parva, Rutilus rutilus and Gobio gobio, March 2005.

Copyright © 2006 John Wiley & Sons, Ltd.
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Figure 4. Back-calculated lengths at age 1 showing a poly-modal distribution for Pseudorasbora parva (top) and single modes in
Rutilus rutilus (middle) and Gobio gobio (bottom).

modes with a separation index of >2 for P. parva cohorts, with only a single mode for R. rutilus and
G. gobio.

DISCUSSION

In this case study, the reproductive behaviour of P. parva involved early maturity and multiple spawning
that enabled effective early-life reproduction and, in conjunction with a limited lifespan, a high population
turnover that appeared to promote their rapid establishment in the lake. This facilitated their invasion
success and, within 4 years of their introduction, had assisted P. parva in becoming the numerically
dominant species in the fish community. With the exception of sunbleak Leucaspius delineatus (Heckel), the
suite of traits adopted by P. parva in this lake comprise a reproductive strategy that is unique to cyprinid
species in Europe, yet is utilized by >50% of established non-native fish species in the UK (Maitland,
2000).

Of ecological advantage to P. parva was their ability to use this suite of reproductive behaviours in an
environment where the resident R. rutilus and G. gobio adopted traits of later maturity and spawning just

Copyright © 2006 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 000—000 (2006)
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8 J.R. BRITTON ET AL.

Table 2. Life history traits of the Pseudorasbora parva population in north-west England compared with two populations from
southern Europe (Rosecchi et al., 1993, 2001)

Trait Lake in Fumemorte Canal, L. Mikri Prespa,
NW England S France NW Greece

Maximum fork length (mm) 78 92 80

Age at maturity (yr) 1.8 1 1

Proportion of mature fish at age 1 (%) 32 100 100

Mean length at maturity (mm) 38 76 51

Multiple vs. single spawning Multiple Multiple Multiple

Batch fecundity (F},) relative to size (Lp) In F, = 2.388 In Fy, = 2.256 In F, = 2.961
In Lr — 3.063 InLp —2.946 InLp —6.342

Mean batch fecundity of fish at first reproduction 277 920 200

Maximum age (yr) 4 2 3

once in a breeding season (Table 2; Vila-Gispert and Moreno-Amich, 2002). This was despite other
populations of these species adopting some of the traits displayed by the P. parva population at different
latitudes and environmental variables (Vila-Gispert and Moreno-Amich, 2002). It was unlikely, however,
that these life-history traits had been solely responsible for P. parva colonization success. Factors including
niche availability, favourable habitat and the presence of few natural predators (for example, there were no
piscivorous fish present in the lake) were also likely to have been important factors in assisting colonization.

Although there was similarity between the traits utilized by the P. parva population in this lake and with
populations elsewhere in Europe, individuals in this population were slower-growing and matured later
(Table 2). Although the reasons for this can only be speculated upon, it may have been a response to the
latitude and temperate climate of the Lake District compared with southern Europe. This would have
resulted in a shorter growth season of lower mean temperatures, with these being an important determinant
of fish life-history traits (Cowx, 2001). However, as Katano and Mackawa (1997) demonstrated that growth
of female P. parva significantly decreases with increased density, the slower growth of P. parva in this lake
may have resulted from their abundance producing a high degree of intraspecific competition for resources
between individuals through density-dependent pressures. During their initial, explosive phase of invasion
following their introduction, individual P. parva may have all matured by age 1 and grown faster (similar to
the populations in southern Europe), with this no longer possible owing to the subsequent combination of
high population density and resultant limiting resources.

The reproductive behaviours of invading species are often crucial to their colonization success, especially
where available niches are already occupied by resident species (Gozlan et al., 2003a). In the case study, the
reproductive traits utilized by P. parva appeared to facilitate colonization and ensured successful spawning
in 2004 when reproductive and/or recruitment failure was apparent in the resident species. The causes of
this failure may have been climatic, for temperature is a key determinant of reproductive and recruitment
success in cyprinid species (Mills and Mann, 1985; Nunn et al., 2003; Britton et al., 2004). This appears
unlikely, however, given that P. parva young-of-the-year were abundant in the lake and the temperatures
required to initiate spawning in these species are similar. It was more likely a result of high interspecific
competition, with the high abundance of P. parva in length ranges <50 mm (including the 0+, 1 + and 2+
age classes) producing intense competition with the 0-group resident fish for resources. This is because
recorded impacts of invading P. parva on endemic species include egg depredation, facultative parasitism
and effects of intense interspecific competition (Libosvarsky et al., 1990; Rosecchi et al., 1993; Xie et al.,
2001). Alternatively, it may have been due to spawning inhibition of the resident species resulting from the
transmission from P. parva of an obligate intracellular eukaryote pathogen, similar to the lethal rosette
agent Sphaerothecum destruens (Gozlan et al., 2005). Transmission of this pathogen from P. parva to

Copyright © 2006 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 16: 000—000 (2006)
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POPULATION ECOLOGY OF TOPMOUTH GUDGEON 9

L. delineatus resulted in a 96% decline in the L. delineatus population over three seasons owing to spawning
inhibition (Gozlan et al., 2005). However, work is continuing to ascertain whether P. parva in this
population were carriers and whether cyprinid fish native to England are susceptible to the impact of the
pathogen (R. Gozlan, pers. comm.).

Further divergence was observed between the reproductive traits of P. parva and the resident species in
sex ratios and sexual dimorphism. Unlike the resident species, the sex ratio of P. parva was biased towards
males (Table 1), with the population at lengths > 55 mm male-dominated; as females were only prevalent at
lengths of between 35 and 50 mm, sexual dimorphism was manifested in larger male body sizes (Figure 3).
This is a common feature of P. parva populations and relates to their adoption of nest guarding as a
reproductive behaviour, as they are a species that typically exhibits paternal care of young in order to
promote egg survival (Adamek and Siddiqui, 1997). The phenotypic characteristics of male nest-guarders
typically include large body sizes. In nest-guarding species such as stickleback, Gasterosteus aculeatus L.,
these characters are important qualities for dominance and aggression, facilitating defence of the nest
(Downhower and Brown, 1980; Rowland, 1989; McKinnon, 1996; Katano and Mackawa, 1997; Gozlan
et al., 2003b). As such, male body size enables females to discriminate between individuals during mate
choice, with the larger males being more desirable (Maekawa et al., 1996). In addition, the larger, more
aggressive P. parva males are able to acquire more favourable substrates for spawning than smaller males
(Konishi and Takata, 2004). A further advantage of the presence of large P. parva males is that females may
regulate their fecundity according to the male body sizes present (Katano and Maekawa, 1997). In
experimental studies, females increased their fecundity when large males were present; when small males
only were present, fecundity was suppressed (Katano and Maekawa, 1997).

This case study has revealed that following P. parva introduction, a dramatic shift in the species
composition and community structure of the lake occurred after only 4 years. In combination with the
increasing distribution of P. parva and their presence in lakes that provide significant opportunities for
fluvial dispersal (Pinder et al., 2005), it implies that other fish communities in the UK of similar habitat and
community structure are threatened by their introduction. If the native fish communities of the UK are to
be protected from the invasion of this species, then preventative actions should include prohibiting P. parva
introduction into new waters and their dispersal from invaded waters. Their elimination from infested
waters that threaten to provide a pathway for fluvial dispersal will also minimize distribution, and options
for this include eradication programmes similar to that completed on this lake, as this appears to have been
successful (Britton and Brazier, in press). Otherwise, P. parva will become an alien species that will have to
be accepted as a permanent addition to the fish fauna of the UK.
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