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ABSTRACT

Pseudorasbora parva (Temminck and Schlegel, 1842) has a significant potential to spread outside of
its current locations and regions, all-continents-spanning invasive range. The invasion of P. parva has
threatened the existence of native species. Therefore, evaluationof the condition and fitness of the
invasive P. parva population in different regions is necessary. However, no systematic reports of the P.
parva length-weight relationships (LWRs) around the world has been documented, especially comparing
indigenous and non-indigenous populations. Thus, the goal of the current study was to offer a systematic
report of P. parva LWRs worldwide and a comparison of P.parva LWRs in native and non-native regions.
In the present results, P. parva showed positive-allometric growth, it became more rounded as the length
increases, and both native and invasive populations showed similar growth patterns and form factor.
Considering its invasive potential, the harmful effects of this alien species cannot be ignored. The present
research will also focus on eliminating or mitigating the adverse effects caused by the further expansion
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of the species through a series of prevention and management strategies proposed.

INTRODUCTION

Over the past two centuries, the number of invasive
species has quickly expanded, posing a serious threat
to biodiversity (Xiong et al., 2015; Seebens et al., 2017;
Cuthbert ef al., 2021). Among these invasive species,
Pseudorasbora parva (Temminck and Schlegel, 1842),
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one notorious small freshwater Cyprinid species with
a pan-continental invasion, is of special concern and an
iconic example that could be used for explaining this
detrimental impact (Carosi ef al., 2016). This species is
native to Japan, China, the Korean peninsula, and Russia
(Gozlan, 2002). Due to the importation of Chinese silver
and grass carps for aquaculture in the 1960s, P. parva was
unintentionally introduced to Romania, Hungary, and other
nations bordering the Black Sea (BANARescu, 1964;
Gozlan et al., 2010). Later, the species spread throughout
the Danube basin in a westward direction (Gozlan et al.,
2010). The species currently has a pan-European invasion
with distributions in more than half of the European
countries (Froese and Pauly, 2022). It is therefore regarded
as the most invasive fish on the continent (Gozlan et al.,
2005). Additionally, it has established successful wild
invasive populations in more than 40 nations in Asia,
Europe, and Africa (Fig. 1) (Kottelat and Freyhof, 2007,
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Gozlan et al., 2010; Froese and Pauly, 2022). Even worse,
this fish has a significant potential to spread to locations
and regions outside of its current, all-continents-spanning
invasive range (Fletcher et al., 2016).

Fig. 1. As aresult of the distribution study in the Fishbase,
Pseudorasbora parva (Temminck and Schlegel, 1842) was
found in 43 countries (Froese and Pauly, 2022). In spite of
the fact that China is classified as the source of this fish in
Fishbase, vast swaths of western China have been invaded
by this species and have caused great harm (Jia et al.,
2019). In accordance with this, China was categorized as
both a native and an invasive region (dark yellow range),
whilst the Korean peninsula, Japan, Russia, and Mongolia
were categorized as native regions (light yellow ranges)
and others as invasive regions (red ranges). There have
been reports of both native (blue solid circles) and invasive
(green solid circles) length-weight relationships (LWRs)
for this species in 12 different countries.

The invasion of P. parva has threatened the existence
of native species through predation, competition for
resources (such as food and habitat), hybridization, and
disease transmission (Gozlan et al., 2005, 2010), putting
the local biodiversity and ecosystems at risk (Gozlan
et al., 2010). The greater the fitness of the invasive fish
population in a region, the greater threat to the existence
of native species. Therefore, evaluation of the condition
and fitness of the invasive P. parva population in different
regions is necessary.

There were several parameters used to evaluate the
condition and fitness of fish population in a region, such as
the length-weight relationship (LWR), lipid accumulation
and population structure (Arts and Wainman, 1999;
Schiemer, 2000; Verreycken et al., 2011). Among these
indices, LWR, as one of the most effective and convenient
tools for evaluating the condition and fitness of the fish
population, has been widely used in fisheries management

(Froese, 2006). And the LWR for this species of fish has
been documented in some publications (Fei, 2012; Tang et
al., 2013). However, the majority of these P. parva LWRs
results came from research in a single area (Supplementary
Table I) (Liu et al., 2016; Arslan and Ozeren, 2019; Benzer
and Benzer, 2020a). No systematic reports of the P. parva
LWRs around the world has been documented, especially
comparing indigenous and non-indigenous populations.

As a result, the goal of the current study was to
offer a systematic report of P parva LWRs worldwide
and a comparison of P. parva LWRs in native and non-
native regions. The present research sought to answer the
following question: Whether a significant difference in
P. parva LWRs between indigenous and non-indigenous
populations or not?

MATERIALS AND METHODS

Data collection and sampling

Data on LWRs of P. parva were gathered from all
available published literature sources, including peer-
reviewed papers, dissertations, conference minutes,
reports, and our field investigation (Supplementary Table
I): Since the majority of LWRs reported in the literature
were from invasive regions, we also estimated a LWR of P
parva that was sampled from one native region in Jiangjin
Town (29°17" N, 106°15" E) in Chongqing Municipality,
the upper reaches of the Yangtze River (Fig. 1). Fish were
caught using hooks, drift gill nets (mesh: 1.0 cm x 2.0
cm x 3.0 cm), and electrofishing (depth: 30—60 cm; near
the beach) between December 2011 and September 2012.
Individual fish was measured for total length (nearest to 1
mm) and body weight (nearest to 0.1 g).

In total, data about LWRs of P. parva (98 sexed:
78 combined sexes, 10 males and 10 females) were
obtained from literature and our investigation which were
published or conducted between 1990 and 2021 in twelve
countries (Supplementary Table I). Those records that
were considered in this study have a correlation coefficient
greater than 0.8, and the records were not marked as
questionable because of potential misidentifications or
other factors (Froese, 2006). Due to 5 records (invasive
populations in Supplementary Table I) with coefficient of
determination below 0.8, these populations were excluded
from subsequent analyses that were used in the remaining
93 populations studied, of which sixty-seven LWRs were
from invasive regions and other twenty-six from native
regions (Supplementary Table I).

Length-weight relationship and form factor
The estimated parameters for the equation W = al?,
where W is the wet body weight (g); L is the total length
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(TL, cm); a is the intercept; and b is the slope (Froese,
2006). Parameter ¢ was obtained by the anti-logarithmic
transformation (log is the logarithm to the base 10) when
the LWR was only expressed in the logarithmic form (e.g.
log” = loga + blogL) and depended on the units chosen
and the value of the exponent (Froese, 2006). Since most
LWRs measured length in cm and expressed it as TL
conversion factors @, = a_ 10" and a, = a, (TL / LS)™
(where LS is length type in the original study by fork
length (FL) or standard length (SL); TL/ FL=1.10, TL/SL=
1.22, as estimated from FishBase) were used for all those
studies reporting length in mm and/or LS (Supplementary
Table I) (Froese, 2006). The exponent, b, is independent
of the system of units chosen and has a straightforward
physical meaning that an ideal fish has a “b” value of 3
(Fig. 2), indicating isometric growth by the one-sample
t-test, which is widely used as a scale in the study of LWRs
(Froese, 2000).

Fig. 2. A simple diagram of three growth patterns. When a
small fish (T,) grows to the assumed length of the large fish
(T,). If b = 3, then this species is isometric growth, that is,
T, has the same form and condition as T,. If b > 3, then this
species is positive-allometric growth, that is, T, increases
in relative body thickness or plumpness more than T,. If b
<3, then this species is negative-allometric growth, that is,
body shapes of T, are changed to become more elongated.

We used the plot of log (a’) vs b in the data of P.
parva. This method led to the detection of outliers, where

the respective point deviated by more than two standard
deviations from the regression line (Froese and Pauly,
2000). Then, the plot of log (a’) vs b identified five
outliers (Fig. 3), including the populations from Nanwan
Lake (combined genders, females and males, 2014), the
populations from Sava River Medsave (combined sexes;
2004), and the female populations from Siireyyabey
Reservoir (females, 2016). These LWRs were marked as
questionable in Supplementary Table I and eliminated in
subsequent analysis. Due to their outliers, these populations
were excluded from subsequent analyses that were used in
the remaining 88 populations studied, of which sixty-five
LWRs were from invasive regions and other twenty-three
from native regions (Supplementary Table I).

Fig. 3. Plots of log (@) vs b for 93 LWRs of P. parva. Five
outliers were marked by row number of Supplementary
Table I in the graphs, and eliminated in subsequent
analysis. Regression line: log(a’) = 0.45 - 0.83h, n = 88,
R?=0.84, P<0.05.

By comparing the form factor with other populations
and species, one can determine whether the body shape
of one is significantly different from another. If b = 3, the
slopes of log (a’) vs b can be used to estimate the value
of coefficient a” for a given LWR. This value (a’, ) can
be regarded as the form factor of the population (Froese,
2006). The equation a’, = 10"(log(a’)-S(b-3)), where a
and b are regression parameters of LWR and S= - 0.83 is
the slope of the regression of log(a”) vs b (Froese, 2006).
Then calculate the summary statistics for parameters a’,
a’,,, and b. Finally, differences in b and the form factor
a’, ,between native populations and invasive populations
were tested by the Kruskal-Wallis Test with IBM SPSS
Statistics 23. All statistical analyses were considered
significant at P < 0.05.
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RESULTS AND DISCUSSION

The values of b in the present study ranged from 2.04 in
Lugoj (Turkey) to 3.55 in the Strymon River (Greece). The
Kolmogorov-Smirnov test refused to regard this distribution
as normal, although it seemed to be close to normal (Fig. 4).
As shown in Figure 4, by comparing frequencies with the
normal distribution line, the frequencies of b values were
higher than predicted by a normal distribution, except at
2.20-2.40 and 2.80-3.00. The median value of b was 3.07
(SE = 0.02) for all LWRs. 90% of the values ranged from
2.55 to 3.43, thus confirming the suggestion of Carlander
(1969) that b normally falls between 2.50 and 3.50. This
was shown in Figure 4, in which the vast majority of b (n =
61; accounting for 69.32% of the total) was located on the
right side of the isometric line (b > 3.00), while only one
population located in the b > 3.50 on the graph. A variety
of factors, such as gonadal maturity and nutritional status,
could have significant differences in the length-weight
relationship, however, these factors were not considered
in our report. Furthermore, there was no significant
differences in the median value of b between native (b =
3.08, SE = 0.02) and invasive (b = 3.09, SE = 0.03) regions
(P > 0.05) (Supplementary Table II). The median’s 95%
confidence intervals did not include 3.00, indicating that
P parva exhibited overall positive allometric growth
(Supplementary Table II). This indicated a tendency for
this species to increase in thickness as they grew. There
were no significant differences in the form factor for this
species sampled from native regions and invasive regions
(P > 0.05) (Supplementary Table IIT). This indicated that
the body shape of this species in the two regions were
similar.

Fig. 4. Frequency distribution of mean exponent b based on
88 records for P. parva, with 5" percentile = 2.70 and 95"
percentile= 3.44. Gaussian distribution line was overlaid.

In the present results, P. parva grew at positive-
allometric growth, it became more rounded as the length
increases, and both native and invasive populations
showed similar growth patterns and form factor (Froese,
2006). This showed that this species was in a dominant
position in the trophic niches and competition with the
native species in invasive ecosystems, which would
threaten the existence of native species and subsequently
the biodiversity (Gozlan et al., 2010). Considering its
invasive potential, the harmful effects of this alien species
cannot be ignored.

And, several measures should be taken to inhibit or
mitigate its further invasion: (1) international standards
should be followed for inspections, quarantine, and
treatment of imported cargo and ship ballast water; (2)
surveillance and monitoring through government and
public participation is necessary to inform early-warning
and rapid-response efforts; (3) if prevention methods
fail, invasive species should be controlled mechanically
or physically, chemically, or biologically (Fletcher et al.,
2016; Dong et al., 2020; Pysek et al., 2020).
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Supplementary Table I. Parameters of length-weight relationships of Pseudorasbora parva (Temminck and Schlegel,
1842).

No. Sta- Coun- Location Sampled Gen- n L., L. LSa& b R? References

tus try year der
1 N China Amur River 2012 C 1269 3.10 11.20 TL 0.0070 3.08 0.95 Huang et al. (2014)
2 N China Caohai Lake 20142015 C 180 0.70 9.70 TL 0.0128 3.00 N/A Feietal. (2017)
3 N China Chaohu Lake 2003-2004 C 68 N/A N/A TL 0.0093 2.97 0.97 Yan (2005)
4 N China Chishui River 20072012 C 162 290 9.50 SL 0.0088 3.08 0.99 Liu et al. (2014)
5 N China Dongting Lake 2003-2004 C 34 N/A N/A TL 0.0086 3.16 0.97 Yan (2005)'
6 N China FenheRiver 2019 C 96 2.00 690 SL 0.0050 3.08 0.94 Xue (2020)
7 N  China Honghu lake 2018 C 44 540 9.20 TL 0.0060 3.17 0.97 Piria et al. (2020)
8 N China HuangPi 2018 C 10 6.10 7.90 TL 0.0040 3.38 0.98 Piria et al. (2020)
9 N  China Jiangjin Town 2011-2012 C 114 2.80 12.80 TL 0.0088 3.07 0.98 The present study
10 N  China Lake Niushan 2002-2004 C 107 3.00 10.70 TL 0.0074 3.08 0.99 Ye etal. (2007)
11 N  China Lake Niushan 20022004 M 54 420 8.50 TL 0.0068 3.11 0.97 Yeetal. (2007)
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12 N China Lake Niushan 2002-2004 F 33 440 8.60 TL 0.0088 3.05 0.97 Yeetal. (2007)

13 N China Liuxihe 2012 C 154 4.80 11.80 TL 0.0070 3.10 0.95 Lietal. (2014)

14 N China Nanwan Lake 2014 C 427 3.58 8.78 SL 0.0361 3.05 0.90 Lietal. (2017)"?

15 N  China Nanwan Lake 2014 M 260 3.68 8.83 SL 0.0315 3.12 0.89 Lietal. (2017)"?

16 N  China Nanwan Lake 2014 F 167 3.58 8.78 SL 0.0453 2.93 0.88 Lietal. (2017)"?

17 N China Sangkan River 2019 C 292 2.15 13.20 SL 0.0068 2.90 N/A Han (2020)

18 N  China Taihu Lake 2014 C 1207 2.70 10.74 SL 0.0109 2.95 0.93 Liu et al. (2016)"

19 N  China Tian-e zhou Oxbow 2010-2011 C 30 3.50 7.90 SL 0.0070 3.12 0.99 Wang et al. (2012)

20 N  China Wujiang River 20062014 C 104 4.00 9.20 SL 0.0065 3.21 0.97 Yang et al. (2016)

21 N  China Xieshui River 2007-2008 C 76 490 12.00 TL 0.0120 2.90 0.95 Xie et al. (2015)

22 N  China Yiluo River 2016 C 1037 2.90 11.60 TL 0.0055 3.31 0.97 Qin et al. (2017)

23 N  South Geum River 2021 C 39 270 9.30 TL 0.0113 2.82 0.99 Baek et al. (2022)
Korea

24 N  South Han River 2008 C 148 4.30 9.70 TL 0.0069 3.15 0.92 Baek et al. (2020)
Korea

25 N  South Saemangeum 2013 C 36 5.00 9.80 TL 0.0076 3.06 0.99 Kim et al. (2015)
Korea  Reservoir

26 N  South Seomjin River 2018-2019 C 18 4700 9.10 'TL 0.0111 2.77 0.92 Kim et al. (2020)
Korea

27 1 Belgium Flemish inland 1992-2009 C 7815 1.90° 12.50 TL 0.0066 3.20 0.94 Verreycken et al. (2011)

waters

28 1 China  Chabalang Wetland 2009/2013 C 256 2.67 9.66 TL 0.0087 3.15 0.99 Ding (2014)'

29 1 China  Chabalang Wetland 2009/2013 M 114 3.14 1.76 SL 0.0074 3.21 0.97 Ding et al. (2018)'

30 I China  Chabalang Wetland 2009/2013 F 108 3.28 7.87 SL 0.0115 3.01 0.98 Ding et al. (2018)!

31 1 China  Ergis River 2008 C 8 4.00 6.70 TL 0.0130 3.09 0.99 Huo et al. (2011)

32 1 China  Erhai Lake 2009 C 402 2.13 9.36 SL 0.0067 3.21 0.99 Fei(2012)

33 1 China  Erhai lake 2009-2012 C 2674 1.70 11.90 TL 0.0075 3.09 0.99 Tang et al. (2013)

34 1 China  Erhai lake 20092012 M 214 3.50 11.90 TL 0.0070 3.16 0.98 Tang et al. (2013)

35 1 China  Erhai lake 20092012 F 399 3.30 11.30 TL 0.0124 2.86 0.97 Tang et al. (2013)

36 1 China  Fu Xian Lake 2003-2004 C 101 N/A N/A TL 0.0183 2.66 0.67 Yan (2005)!

37 1 China  TIli River 2006 C 20 546 837 TL 0.0100 3.00 N/A Sui et al. (2015)

38 1 China  Lhasa River 2015 C 26 3.11 6.53 SL 0.0040 3.29 0.97 Linetal. (2017)

39 1 China  Lhasa River 2010/2014 C 373 2.31 991 TL 0.0087 3.09 0.96 Fanetal. (2015)

40 I China  Tarim River 2009-2010 C 141 3.50 9.70 TL 0.0085 3.02 0.98 Huo etal. (2012)

41 1 Croatia Fuka lake 2014 C 48 4.60 9.40 TL 0.0060 3.20 0.96 Piria et al. (2020)

42 1 Croatia Jamarice wetland 2015 C 10 3.80 5.60 TL 0.0070 3.11 0.82 Piria et al. (2020)

43 1 Croatia Mrsunja channel 2016 C 30 3.60 6.70 TL 0.0040 3.36 0.97 Piria et al. (2020)

44 1 Croatia Mrsunja channel 2018 C 10 4.50 9.80 TL 0.0040 3.45 0.99 Piria et al. (2020)

45 1 Croatia Osekovo lake 2015 C 14 4.60 9.30 TL 0.0080 3.11 0.96 Piria et al. (2020)

46 1 Croatia Sava River Ivanja 2004 C 40 3.10 5.50 TL 0.0160 2.66 0.96 Piria et al. (2020)

Reka
47 1 Croatia Sava River Medsave 2004 C 9 390 7.50 TL 0.1100 2.95 0.99 Piria et al. (2020)*
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48 1 Croatia Sava River Zagreb 2005 C 11 420 870 TL 0.0070 3.11 0.98 Piria et al. (2020)
49 1 Greece Kerkini Reservoir 20072008 C 435 5.10 12.00 TL 0.0030 3.55 0.95 Petriki et al. (2011)
50 1 Greece Lake Mikri Prespa 2008 C 105 5.40 8.30 TL 0.0472 2.12 0.76 Bobori et al. (2010)
51 1 Iran Wetland of Alma-  2000-2002 F 28 N/A N/A TL 0.0100 2.93 0.78 Patimar and Baensaf (2012)
Gol
52 1 Iran Wetland of Al- 2000-2002 M 56 N/A N/A TL 0.0140 2.73 0.89 Patimar and Baensaf (2012)
ma-Gol
53 1 Iran N/A N/A C 33 458 7.50 TL 0.0098 3.01 0.91 Esmaeili and Ebrahimi
(2006)
54 1 Iran Shahrbijar 20042005 C 12 2.10 7.10 TL 0.0088 2.94 0.99 Asadi et al. (2017)'
55 1 Iran Sirwan River 2011 C 30 3.00 7.20 TL 0.0040 3.37 0.96 Hasankhani et al. (2014)
56 1 Iran Zarrineh River 2013 C 25 3.10 7.50 TL 0.0097 3.15 0.97 Radkhah and Eagderi (2015)
57 1 Italy Chiascio basin 1990-2014 C 3659 N/A N/A TL 0.0754 2.04 0.99 Carosi et al. (2016)
58 1 Ttaly Nestore basin 19902014 C 511 N/A N/A TL 0.0173 2.74 0.85 Carosi et al. (2016)
59 1 Italy Paglia basin 19902014 C 174 N/A N/A TL 0.0145 2.78 0.90 Carosi et al. (2016)
60 1 Italy Tevere basin 1990-2014 C 683 N/A N/A TL 0.0110 2.88 0.90 Carosi et al. (2016)
61 I Ttaly Tiber river 19902014 C 5570 2.50 11.20 TL 0.0210 2.67 0.86 Carosi et al. (2016)
62 1 Italy Trasimeno lake 1990-2014 C 543 N/A- N/A 'TL 0.0064 3.23 0.90 Carosi et al. (2016)
63 1 Monte- Skadar Lake 20102014 C 42 5.70:9.60 TL 0.0050 3.22 0.96 Milosevi¢ and Mrdak (2016)
negro
64 1 Poland Ciemigga River 20032007 C© 316 1.50 10.40 TL 0.0352 2.25 0.67 Rechulicz (2011)
65 1 Poland Wardynka 2015-2016 F 265 N/A N/A TL 0.0051 3.43 0.90 Czerniejewski et al. (2019)
66 1 Poland Wardynka 2015-2016-M 253 N/A N/A TL 0.0049 3.49 0.97 Czerniejewski et al. (2019)
67 1 Poland Wardynka 20152016 C 518 3.12 8.60 TL 0.0042 3.49 0.95 Czerniejewski et al. (2019)
68 1 Roma- Timis River 20142015 C 29 392 531 SL 0.0645 2.04 0.72 Stavrescu Bedivan et al.
nia (2017)
69 1 Turkey Afsar reservoir 2016-2017 C 61 4.09 11.14 TL 0.0120 2.99 0.99 Giiglii and Kiigiik (2021)
70 1 Turkey Demirkoprit 2016-2017 C 73 5.51 9.10 TL 0.0094 3.01 0.94 Giglii and Kiigiik (2021)
reservoir
71 1 Turkey Gokgeada Reservoir 2019/2020 C 30 2.00 7.00 SL 0.0087 3.05 0.99 AGDamar and Gaygusuz
(2021)
72 1 Turkey Hirfanli Dam Lake 2016 C 405 3.60 930 FL 0.0101 2.98 0.94 Benzer (2020)
73 1 Turkey Hirfanli Dam Lake 2016 F 155 3.60 9.30 FL 0.0110 2.92 0.94 Benzer (2020)
74 1 Turkey Hirfanli Dam Lake 2016 M 250 3.60 9.20 FL 0.0092 3.04 0.95 Benzer (2020)
75 1 Turkey Hirfanli Dam Lake 2005-2006 C 356 2.70 9.20 FL 0.0097 3.00 N/A Benzer and Benzer (2020a)
76 1 Turkey Hirfanli Dam Lake 2005-2006 F 139 N/A N/A FL 0.0093 3.04 0.94 Benzer and Benzer (2020a)
77 1 Turkey Hirfanli Dam Lake 2005-2006 M 217 N/A N/A FL 0.0240 2.97 0.94 Benzer and Benzer (2020a)
78 1 Turkey Hirfanli Reservoir 2008 C 3368 1.80 9.62 TL 0.0057 3.32 0.98 Kirankaya et al. (2014)!
79 1 Turkey Lake Mogan 2013-2014 C 326 4.70 9.50 TL 0.0138 2.84 0.95 Arslan and Ozeren (2019)
80 I Turkey Lake Mogan 2013-2014 F 196 490 9.20 TL 0.0070 3.11 0.93 Arslan and Ozeren (2019)
81 1 Turkey Lake Mogan 20132014 M 130 4.70 9.50 TL 0.0065 3.10 0.94 Arslan and Ozeren (2019)
82 1 Turkey Marmara Lake 2012-2013 C 116 520 11.00 TL 0.0121 2.93 0.98 Ithan and Sari (2015)

Table coninued on next page.............




4 G. Lin et al.

No. Sta- Coun- Location Sampled Gen- n L. L. LS2& b R? References
tus try year der

83 1 Turkey Marmara Lake 20162017 C 122 4.63 9.67 TL 0.0236 2.53 0.81 Giiclii and Kiigiik (2021)

84 1 Turkey Onag Creek 20132015 C 217 280 6.70 TL 0.0061 3.26 0.92 Innal etal. (2019)

85 1 Turkey Siireyyabey 2016 C 550 4.00 7.73 FL 0.0079 3.12 0.94 Benzer and Benzer (2020b)
Reservoir

86 1 Turkey Siireyyabey 2016 M 317 4.00 7.63 FL 0.0088 3.07 0.95 Benzer and Benzer (2020b)
Reservoir

87 1 Turkey Siireyyabey 2016 F 233 4.00 7.73 FL 0.0713 3.07 0.98 Benzer and Benzer (2020b)?
Reservoir

88 1 UK N/A 2005 C 289 250 7.20 FL 0.0086 3.14 0.98 Britton and Davies (2007)

89 1 UK N/A 2006 C 100 2.50 7.40 FL 0.0071 3.18 0.99 Britton and Davies (2007)

90 I UK N/A 2006 C 8 250 7.30 FL 0.0071 3.21 0.98 Britton and Davies (2007)

91 1 UK N/A 2006 C 100 2.50 8.10 FL 0.0093 3.00. 0.99 Britton and Davies (2007)

92 1 UK N/A 2006 C 100 2.50 6.90 FL 0.0090 2:93 0.98 Britton and Davies (2007)

93 1 UK N/A 2006 C 100 2.50 9.10 FL 0.0052 3.32 0.98 Britton and Davies (2007)

94 1 UK N/A 2006 C 252 250 11.80 FL 0.0060. 3.14 0.99 Britton and Davies (2007)

95 1 UK N/A 2006 C 150 2.50 8.70 “FL 0.0088 3.05 0.97 Britton and Davies (2007)

9% 1 UK N/A 2006 C 50 250 8.20 FL 0.0083 3.06 0.99 Britton and Davies (2007)

97 1 UK N/A 2006 C 100 2.50- 8.30 'FL 0.0131 2.76 0.98 Britton and Davies (2007)

98 1 UK N/A 2005-2006 C 1329 2.50° 11.80 FL 0.0076 3.03 0.97 Britton and Davies (2007)

No. is the row number of the table. Status means an indication of species status; N, sampled from native populations; I, sampled from invasive popula-
tions. Gender, sex (F, female; M, male; C, combined sexes). n, sampled size. L . is the minimum length and L is the maximum length; LS, type of
length in the original source study (TL, total length; FL, fork length; SL, standard length). a’= the original standardized intercept (@) corresponding to
ay and a_; b= the slope of the relationship W = aL’; R* = coefficient of determination; “N/A” means no data in the literature. 'length-weight relationship
corresponding to mm, g.2questionable records, the respective point deviated more than two standard deviations from the regression line between log (a”)
and b.

Supplementary Table II. Estimated b value for Pseudorasbora parva (Temminck and Schlegel, 1842).

n Min Max Median SE 95%CI
Native b 23 2.77 3.38 3.08 0.02 3.03-3.12
Invasive b 65 2.04 3.55 3.09 0.03 3.02-3.12

CI means confidence interval of the median; SE is the standard error.

Supplementary Table II1. Estimated a’ and form factors for Pseudorasbora parva (Temminck and Schlegel, 1842).

n Min Max Median SE 95%CI
Native a’ 23 0.0040 0.0128 0.0074 0.0007 0.0068-0.0088
a’,, 23 0.0022 0.0161 0.0064 0.0007 0.0056-0.0080
Invasive a’ 65 0.0030 0.0650 0.0087 0.0005 0.0075-0.0092
a’ 65 0.0011 0.4093 0.0073 0.0008 0.0057-0.0093

3.0

CI means confidence interval of the median; SE is the standard error.



