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Abstract 
A population of weatherloach has been detected in the Schadgraben stream at 
Geispolsheim, near Strasbourg (Rhine catchment, eastern France) in autumn 2021 
and identified as the European weatherloach Misgurnus fossilis. Another sixty-three 
weatherloaches were caught in this location the 19 May 2022. The examination of 
morphological and molecular data on preserved specimens allows to identify this 
population as the dojo weatherloch Misgurnus anguillicaudatus, an invasive species. 
The length-weight relationship of this population highlights its good health and 
establishment. A review of the knowledges about this invasive species is also done. 
Monitoring must be put in place in order to follow its propagation, threatening 
native fishes like the endangered M. fossilis. 

Key words: Dojo weatherloach, Rhine drainage, invasive species; DNA Barcoding; 
length-weight relationship 

   
Introduction 

Weatherloach Misgurnus spp. sensu lato species (as a paraphyletic genus 
including Paramisgurnus) are the largest cobitids (with lengths up to 30 cm); 
they live buried in the mud of ponds and lentic Eurasian waterways but 
also happen in lotic systems (Kottelat and Freyhof 2007; Kottelat 2012). 
Among them, only the European weatherloach Misgurnus fossilis (Linnaeus, 
1758) is native in Northern Europe with a septentrional distribution from 
the Meuse drainage (North Sea basin) to the Volga and Ural drainages (Caspian 
basin), including the whole Danube drainage (Kottelat and Freyhof 2007). 
The main character to easily identify this species is the presence of a broad 
midlateral stripe from the eye to the caudal base bracketed by two narrow 
stripes, from the opercula to at least the pelvic origin (Kottelat and Freyhof 
2007). This species is threatened by stream regulations and agriculture 
activities (draining of wetlands and pesticides) causing populations to 
dwindle (see Hartvich et al. 2010; Freyhof 2011). The European weatherloach 
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is then a species of international conservation concern, listed in the Annex 
II of the European Habitat Directive (Council of the European Union 1992). 

However, three Asian wheatherloach species have been introduced in Europe 
mostly for their aquariophilic interest as ornamental fish, even if their use 
as food resources and live baits have been recorded elsewhere in the world 
(Froese and Pauly 2022). The dojo weatherloach Misgurnus anguillicaudatus 
(Cantor, 1842) was detected in Italy (Razzetti et al. 2001; Geiger et al. 2014), in 
Germany (Freyhof and Korte 2005; Belle et al. 2017), in Spain (Franch et al. 
2008; Aparicio et al. 2016; Clavero et al. 2023), in England (Zięba et al. 2010) 
and in Netherlands (van Kessel et al. 2013). In France, dojo weatherloach 
was previously reported by only one specimen caught in the Orge river 
(Seine drainage) in the south suburb of Paris at Sainte-Geneviève-des-Bois 
in 2010. However, no more specimen was caught since then, despite some 
attempts (electrofishing and netting). This species was then considered as 
non-established (Chauvigné 2011), and was listed as introduced non-
established in France in the French taxonomic register TAXREF (Gargominy 
et al. 2022) of the National Inventory of Natural Heritage (Inventaire du 
Patrimoine Naturel – INPN). The large-scale loach Misgurnus dabryanus 
(Dabry de Thiersant, 1872) was encountered in Germany (Riffel et al. 1994; 
Stoeckle et al. 2019), in Switzerland (Marchesi 2010), in Catalonia (Clavero 
et al. 2023) and also in France (Cuinet et al. 2024). Finally, Misgurnus 
bipartitus (Sauvage & Dabry de Thiersant, 1874) was detected in Austria 
(Zangl et al. 2020) and in Catalonia (Clavero et al. 2023). 

On the 11th of October 2021, a French consulting engineer inventoried 
the Schadgraben stream at Geispolsheim, near Strasbourg (Rhine catchment, 
eastern France). They caught several dozens of weatherloach identified as 
M. fossilis, but the coloration pattern presented black stains on the flanks 
instead of the three longitudinal stripes. So, their identification was erroneous 
and must be an Asian weatherloach species. So the French Biodiversity 
Agency (OFB), with the collaboration of the Muséum national d’Histoire 
naturelle (MNHN), collected specimens at this location on the 19th of May 
2022. The aim of this study is to identify the species present in this location 
with morphological and molecular data in order to avoid the risk of 
misidentification (Belle et al. 2017, 2021), as well as to characterize the 
population establishment. 

Materials and methods 

Studied area 

From its source at Geispolsheim, the Schadgraben stream flows about 7 km 
into the Ill river, an affluent of the River Rhine (Figure 1). At Geispolsheim, 
the entire stretch is represented by a very artificial channel, straight and 
deep (banks 1 to 1.8 m high). The wetted width changes from 0.5 m to 5–6 m, 
upstream to downstream. Its typology is an eutrophic system stream with 
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Figure 1. Sampling locations prospecting the presence of dojo weatherloach M. anguillicaudatus in the Schadgraben stream at 
Geispolsheim on 19th May 2022. Red dots indicate locations were dojo weatherloach were fished, black dots indicate absences of 
capture, and blue squares mean location of the native and endangered European weatherloach M. fossilis. 

no flow at the time of the inventories, no current speed, a water height of 
about 20 to 40 cm with some deepest zones (> 1 m of depth), and sediments 
composed by decaying organic matter at the bottom (Figure 2). 

Sampling 

Fishes were caught by electrofishing from the shore, with a portative device 
(“Martin Pêcheur” from Dream Electronique), at seven stations along the stream 
where the consulting engineer detected Asian weatherloaches (Figure 1; Table 1). 
Individuals were measured in total lengths and weighted but not sexed. 

After being euthanised by eugenol overdose, a subsample of five specimens 
were fixed and preserved in EtOH, concentration progressively increasing 
from 40% to 95% in the span of a few hours in order to reduce shrinking 
effects. They were sent to the MNHN (catalogue number MNHN-IC-2022-
0360) for morphological and molecular identification. 

Identification 

Specimens were identified morphologically following Kottelat and Freyhof 
(2007) and Zhang et al. (2021), as well as with molecular data. Measurements 
of the caudal peduncle length and depth were done with a digital calliper to 
the nearest 0.1 mm, point by point, never by projection. 

A DNA Barcoding analysis sensu Hebert et al. (2003) with a mitochondrial 
marker (cytochrome c oxidase subunit 1: COI) was also performed. DNA 
extraction, PCR, sequencing and sequence treatments follow Denys et al. 
(2014). Obtained COI sequences (652 bp) were deposited in GenBank 
(accession number OR978333 to OR978337). 
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Figure 2. Stations features where dojo weatherloaches M. anguillicaudatus were caught in the Schadgraben stream at 
Geispolsheim on the 19th May 2022: upstream and downstream from the bridge rue des Suédois (stations 1 and 2), upstream the brigde of 
Lingolsheim road (station 6). Credit photos: S. Manné / OFB. 

Table 1. Locations of electrofishing with the number of weatherloaches caught in the Schadgraben stream at Geispolsheim on 19th 
May 2022. 

 Precise location Latitude Longitude Location length Number of weatherloaches caught 

Station 1 Upstream the bridge (rue des Suédois) 48.52378 N 7.68001 E 6 m 40 
Station 2 Downstream the bridge (rue des Suédois) 48.52389 N 7.68002 E 4 m 11 
Station 3 60 m upstream the bridge (rue Georges Bizet) 48.52475 N 7.68016 E 3 m 2 
Station 4 40 m upstream the bridge (rue Georges Bizet) 48.52523 N 7.68154 E 3 m 4 
Station 5 Stable 48.53148 N 7.68011 E 10 m 0, only two Carassius auratus 
Station 6 Upstream the bridge of Lingolsheim road 48.53325 N 7.68457 E 10 m 5 (not measured) 
Station 7 North of Wiesel pond 48.54413 N 7.68813 E 10 m 0 

The molecular identification was made with a data frame composed by 
sequences used by Belle et al. (2021), excluding the ones for which the 
identification did not match with the mitochondrial affiliation. Thus, our 
molecular data frame (Supplementary material Appendix 1) contains 235 
sequences.  

Aligning, p-distances and NJ-tree reconstruction based on the DNA barcodes 
were performed under MEGA X (Kumar et al. 2018) with the Kimura 2 
parameter model (K2P; Kimura 1980). Bootstrap values (Felsenstein 1985) 
with 1000 replicates, were also calculated for evaluating the robustness of 
clusters. 
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Length-Weight relationship 

Studying the length–weight relationship (LWR) allows the estimation of 
fish growth as well as ecological modelling (Froese 2006). An ANOVA was 
first computed to confirm the statistical significance of the regression model 
(P < 0.01). LWR was calculated following the formula log10W = log10 a + b 
log10L, where W is the weight (g), a is the intercept on the Y-axis of the 
regression curve, b is the regression coefficient and L is the total length (cm) 
(Ricker 1975). A value of b = 3.0 represents an isometric growth due to some 
environmental circumstances or the intrinsic condition of the fish (Ricker and 
Carter 1958). A value of b < 3.0 means a “negative” growth, ie the fish 
become slimmer with increasing length. Whereas a value of b > 3 means a 
positive allometric growth, so the fish become heavier, reflecting optimum 
conditions for growth. LWR was calculated for unsexed individuals. The 95% 
confidence limits of a and b (CL 95%) were also computed following Froese 
(2006). Finally, the coefficient of determination (R²) was calculated in order to 
measure the quality of a linear regression’s prediction. 

To evaluate the suitability of the water body for fish growth, the relative 
condition factor Kn was computed following the formula Kn = 𝑊𝑜

𝑊𝑐
, where Wo is 

the observed weight and Wc is the calculated weight from the previously 
obtained regression equation (Le Cren 1951). However, there may be a bias 
because the stomachs of the fish were not emptied before weighting. Fish 
are then considered in good growth condition when Kn ≥ 1, whereas an 
organism in poor growth condition would have a Kn < 1 compared to an 
average individual with the same length.  

Statistics tests were performed using R package (R Core Team 2022). 

Results 

Sixty-four were totally caught during the operation, including 62 weatherloaches 
and two goldfish Carassius auratus (Linnaeus, 1758). Weatherloaches were 
collected mainly in the first four sites, corresponding to a linear length of 
about 170 m, but were not recorded in and tend to be absent from downstream 
ones (except in the station 6 located 1.3 km downstream from the station 4) 
(Figures 1, 2; Table 1). 

Determination 

Specimens differ from M. fossilis by a dark spotted body (vs. body with 
three dark bands) (Figure 3). They are also different from M. dabryanus by 
a caudal peduncle with low adipose crests (vs. high adipose crests) and the 
presence of a black spot at the upper caudal base (vs. no black spot at the 
upper caudal base). Finally, they are different from M. bipartitus by long 
barbels reaching or exceeding the eyes (vs. short barbels not reaching the 
eyes) and by a short caudal peduncle with a ratio length/depth 1.5 to 1.9 
(vs. long caudal peduncle with a 2.2 to 3.5 ratio). So morphological data 
allow the identification as M. anguillicaudatus. 
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Figure 3. Two specimens of dojo weatherloach M. anguillicaudatus caught in the Schadgraben 
stream at Geispolsheim on the 19th May 2022. The upper picture shows the pigmentation 
pattern of the body, low adipose crests on the caudal peduncle and the presence of a block spot 
at upper caudal base. The bottom picture highlights the long barbels. Credit photos: S. Manné / OFB. 

The Neighbour-Joining analysis with the 235 COI sequences (607 bp) of 
the reference dataframe puts the five weatherloaches from the Schadgraben 
stream within the Misgurnus anguillicaudatus cluster (Figure 4). Our specimens 
share the same haplotype with four sequences from the Yangtze drainage 
(Wuhan, China: KP112321, KP112320, MF122497, MF122502) and one 
from a Canadian aquarium (KX224162). 

Length-Weight relationship 

Of the 62 weatherloaches caught, 57 were measured from 8.7 to 15.4 cm in 
total length (𝐿� = 11.9 cm) and weighted from 3 to 21 g (𝑤�  = 9.4 g). The 
regression (Appendix 2) is supported with an R² equal to 0.9455. The a 
parameter is equal to 0.0023 (Range a [95% CL] = 0.0014–0.0039), and the 
b parameter is equal to 3.3258 (Range b [95% CL] = 3.1101–3.5416). 

The relative condition factor was also calculated with 𝑘𝑛��� = 1.055 (Range = 
0.7165–1.2258; sd = 0.1041).  

Discussion 

Morphological and molecular data corroborate the identification of the 
Asian weatherloach population found in the Schadgraben stream in France 
as the dojo weatherloach Misgurnus anguillicaudatus. 
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Figure 4. Neighbour-joining barcoding tree with a K2P model based on COI data (607 bp) of weatherloaches Misgurnus spp. (235 
specimens) identifying the five specimens caught in the Schadgraben stream at Geispolsheim (MNHN-IC-2022-0360). Numbers at 
nodes correspond to bootstrap values (1000 replicates). Grey box refers to the Misgurnus anguillicaudatus cluster. 

This species is native in Eastern Asia from the Korean peninsula and 
Japan to South China and Northern Vietnam (Saitoh 1989). Its introduction 
in the Schadgraben stream looks like an aquarium releasement (Chan et al. 
2019). The presence of goldfish in the stream and the COI haplotype shared 
with a specimen from a Canadian aquarium support this hypothesis. Its lineage 
origin supported by molecular data must be the Yangtze drainage near Wuhan 
in China, where this species is fished or cultivated (Wang et al. 2008; Zhou et al. 
2009; Shen et al. 2016). 

The a and b parameters are comprised within the ranges of previous 
studies on LWR of M. anguillicaudatus (0.00137–0.01080 for a and 2.790–
3.433 for b) (e.g., Huo et al. 2012; Yang et al. 2016; Reyes et al. 2019). The b 
parameter is greater than 3, meaning a positive allometric growth, so the 
population is in optimum conditions for growth due to favourable 
environmental conditions (Le Cren 1951). This is supported by the average 
relative condition factor 𝑘𝑛��� ≥ 1, highlighting food supply and good health 
then allowing a good gonadal development (e.g., Le Cren 1951).  

However, the environmental conditions appear to be poor. This species 
can actually live in hypoxic environments, with dissolved oxygen from 0 
to 3 mg.L-1 (McNeil and Closs 2007), tolerate long desiccation periods, 
living in the substrate (Koetsier and Urquhart 2012), and breathe air 
oxygen, allowing it to survive in terrestrial environments for short periods 
(McMahon and Burggren 1987) and move over land to colonize new 
waterbodies (Lintermans et al. 1990). This species has also a large range of 
habitats in lotic and lentic systems with ooze to sandy cobble substrates 
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(Logan et al. 1996), as well as a great tolerance to thermal amplitudes from 
0 °C to 38 °C (Strecker et al. 2011) and can also survive fully enclosed in ice 
(Urquhart and Koetsier 2014a). Moreover, considering its high fecundity, with 
multiple spawning events during the breeding season, allowing a high 
reproductive potential (Suzuki 1983), and its large dietary range, from detritus 
to macroinvertebrates (Tabor et al. 2001; Urquhart and Koetsier 2014b), 
M. anguillicaudatus fulfil all criteria to be considered an invasive species 
(e.g., Keller et al. 2011). 

Furthermore, the dojo weatherloach may induce several dire changes in 
the environment and the native aquatic fauna. It causes significant reductions 
in macroinvertebrate numbers and biomass and changes its environment, 
elevating ammonia, nitrate/nitrite and turbidity levels (Keller and Lake 2007). 
It is also a vector of Asian pathogens such as the Birnavirus LV1, larval 
nematodes Contraceacum bancrofti Johnston & Mawson, 1941 and several 
monogenea Gyrodactylus spp. infecting native fish, amphibians, piscivorous 
birds and humans as it was recorded in Australia and USA (Wolf 1988; 
Dove and Ernst 1998; Shamsi et al. 2019; Reyda et al. 2020). Finally, there is also 
a threat for the two populations of M. fossilis, a species evaluated as Endangered 
in the French Red List IUCN (UICN comité français et al. 2019), present 
about 20 km downstream from the dojo weatherloach population (Figure 1), 
with the risk of hybridization (Wanzenböck et al. 2021).  

This dojo weatherloach population of the Schadgraben stream must be 
monitored realizing eradication operations before its spread in the Ill river; 
see Britton et al. (2011) and Donaldson and Cooke (2016) for the different 
methods. Adjacent waterbodies must also be surveyed with regular 
electrofishing operations and with molecular methods such as eDNA in order 
to maximize early detections and thus the eradication efficiencies due to rapid 
responses. The latter appears to be more efficient to detect this species 
(Hinlo et al. 2018; Roy et al. 2017) but see Jerde (2020) about the risk of 
results misinterpretation. Several studies were published optimizing the efficiency 
of the detection such as sampling a minimum of 10 L of water during the 
spring or early summer (Furlan et al. 2016; Jo et al. 2020). 

Determination mistakes can have consequences for management 
(Bortolus 2008), since we went from a new report of an endangered species 
M. fossilis to the first occurrence of an invasive species M. anguillicaudatus. 
The taxonomic skills tend to disappear, it is however still important to train 
riverine actors, such as managers and consulting engineers, to identify the native 
but also the alien fish species in order to undertake as adapted monitoring 
and managing measures as possible. 

Acknowledgements 
This study is supported by the MNHN, the UAR PatriNat 2006, the UMR BOREA 8067 and the 
OFB. It would be not possible to do this without the fieldwork of the OFB agents (J.M. Lutz, 
V. Rocheteau, J. Klein, G. Dutt, A. Pilarski and M. Bottos). We thank J. Pfliger and Z. Gabsi 
from the MNHN fish collections to give access to the specimens. We think also to A. Esposito 

https://doi.org/10.3391/bir.2024.13.2.17
https://www.invasivesnet.org


 First record of an established population of Misgurnus anguillicaudatus in France 

 Denys and Manné (2024), BioInvasions Records 13(2): 529–540, https://doi.org/10.3391/bir.2024.13.2.17 537 

for her help for the molecular lab work. Laboratory access and assistance was provided by the 
“Service de Systématique Moléculaire” of the MNHN (UAR 2AD 2700). We warmly thank 
also J. Lopez for producing the maps as well as M. Hautecœur for checking the English. 
Finally, we thank the three anonym reviewers for their comments and their help to improve our 
manuscript. 

Ethics and permits 
Electrofishing permit was provided according to the prefectural decree of the Bas-Rhin 
department dated 12 March 2018 allowing to the French Agency of Biodiversity all 
investigations in the department from 2018 to 2022. No ethics was required. 

Authors’ contribution 
GPJD and SM conceptualized research. SM designed sampling and methodology, investigated 
and collected data, and provided funding. GPJD analysed and interpreted data. Both authors wrote 
and edited the manuscript. 

References 
Aparicio E, Alcaraz C, Carmona-Catot G, García-Berthou E, Pou-Rovira Q, Rocaspana R, 

Vargas MJ, Vinyoles D (2016) Peixos continentals de Catalunya. Ecologia, conservació i 
guia d'identificació. Lynx Edicions, Barcelona, 251 pp [In Catalonian] 

Belle CC, Stoeckle BC, Cerwenka AF, Kuehn R, Mueller M, Pander J, Geist J (2017) Genetic 
species identification in weatherfish and first molecular confirmation of Oriental Weatherfish 
Misgurnus anguillicaudatus (Cantor, 1842) in Central Europe. Knowledge and Management of 
Aquatic Ecosystems 418: 31, https://doi.org/10.1051/kmae/2017025 

Belle CC, Stoeckle BC, Cerwenka AF, Kuehn R, Pander J, Geist JP (2021) Taxonomic requirements 
for better documenting and understanding biological invasions - the example of genetic weather 
fish Misgurnus/Paramisgurnus sp. identification. BioInvasions Records 10: 506–520, 
https://doi.org/10.3391/bir.2021.10.3.01 

Bortolus A (2008) Error cascades in the biological sciences: the unwanted consequences of 
using bad taxonomy in ecology. AMBIO A Journal of the Human Environment 37: 114–118, 
https://doi.org/10.1579/0044-7447(2008)37[114:ECITBS]2.0.CO;2 

Britton J, Gozlan RE, Copp GH (2010) Managing non-native fish in the environment. Fish and 
Fisheries 12: 256–274, https://doi.org/10.1111/j.1467-2979.2010.00390.x 

Chan F, Beatty S, Gilles A, Hill J, Kozic S, Luo D, Morgan D, Pavia R, Therriault T, 
Verreycken H, Vilizzi L, Wei H, Yeo D, Zeng Y, Zięba G, Copp G (2019) Leaving the fish 
bowl: the ornamental trade as a global vector for freshwater fish invasions. Aquatic 
Ecosystem Health and Management 22: 417–439, https://doi.org/10.1080/14634988.2019.1685849 

Chauvigné S (2011) Recherche d’une population de Misgurnus anguillicaudatus sur la partie 
aval de la rivière Orge (91). Report ONEMA, 18 pp [In French] 

Clavero M, Suh J, Franch N, Aparicio E, Buchaca T, Caner J, Garcia-Rodriguez S, Llimona F, 
Pou-Rovira Q, Rocaspana R, Ventura M (2023) Invaders they are a-changing: A recent, 
unexpected surge of invasive loaches in Catalonia. Freshwater Biology 68: 621–631, 
https://doi.org/10.1111/fwb.14051 

Council of the European Union (1992) Directive 92/42/ EEC of the European Parliament and 
the Council of 21st May 1992 on the conservation of natural habitats and of wild fauna and 
flora. Official Jounral of the European Communities L206, 750 pp 

Cuinet A, Denys GPJ, Besson S, Marchiset Y, Bouchard J (2024) First record of the large-scale 
loach Misgurnus dabryanus (Teleostei, Cobitidae) in France. BioInvasions Records (in press) 

Denys GPJ, Dettai A, Persat H, Hautecœur M, Keith P (2014) Morphological and molecular 
evidence of three species of pikes Esox spp. (Actinopterygii, Esocidae) in France, including the 
description of a new species. Comptes Rendus Biologies 337: 521–534, https://doi.org/10. 
1016/j.crvi.2014.07.002 

Donaldson L, Cooke S (2016) The effectiveness of non-native fish eradication techniques in 
freshwater ecosystems: a systematic review protocol. Environmental Evidence 5: 12, 
https://doi.org/10.1186/s13750-016-0063-x 

Dove ADM, Ernst I (1998) Concurrent invaders-four exotic species of Monogenea now 
established on exotic freshwater fishes in Australia. International Journal of Parasitolology 
28: 1755–1764, https://doi.org/10.1016/S0020-7519(98)00134-9 

Felsenstein J (1985) Confidence limits on phylogenies: an approach using the bootstrap. 
Evolution 39: 783–791, https://doi.org/10.1111/j.1558-5646.1985.tb00420.x 

Franch N, Clavero M, Garrido M, Gaya N, López V, Pou-Rovira Q, Queral JM (2008) On the 
establishment and range expansion of oriental weatherfish (Misgurnus anguillicaudatus) in 
NE Iberian Peninsula. Biological Invasions 10: 1327–1331, https://doi.org/10.1007/s10530-
007-9207-9 

https://doi.org/10.3391/bir.2024.13.2.17
https://www.invasivesnet.org
https://doi.org/10.1051/kmae/2017025
https://doi.org/10.3391/bir.2021.10.3.01
https://doi.org/10.1111/j.1467-2979.2010.00390.x
https://doi.org/10.1080/14634988.2019.1685849
https://doi.org/10.1111/fwb.14051
https://doi.org/10.1016/j.crvi.2014.07.002
https://doi.org/10.1016/j.crvi.2014.07.002
https://doi.org/10.1186/s13750-016-0063-x
https://doi.org/10.1016/S0020-7519(98)00134-9
https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
https://doi.org/10.1007/s10530-007-9207-9
https://doi.org/10.1007/s10530-007-9207-9


 First record of an established population of Misgurnus anguillicaudatus in France 

 Denys and Manné (2024), BioInvasions Records 13(2): 529–540, https://doi.org/10.3391/bir.2024.13.2.17 538 

Freyhof J, Korte E (2005) The first record of Misgurnus anguillicaudatus in Germany. Journal 
of Fish Biology 66: 568–571, https://doi.org/10.1111/j.0022-1112.2005.00606.x 

Froese R (2006) Cube law, condition factor and weight-length relationships: History, meta-
analysis and recommendations. Journal of Applied Ichthyology 22: 241–253, https://doi.org/10. 
1111/j.1439-0426.2006.00805.x 

Furlan E, Gleeson D, Hardy C, Duncan R (2016) A framework for estimating the sensitivity of 
eDNA surveys. Molecular Ecology Resources 16: 641–654, https://doi.org/10.1111/1755-0998.12483 

Geiger MF, Herder F, Monaghan MT, Almada V, Barbieri R, Bariche M, Berrebi P, Bohlen J, 
Casal-Lopez M, Delmastro GB, Denys GPJ, Dettai A, Doadrio I, Kalogianni E, Kärst H, 
Kottelat M, Kovačić M, Laporte M, Lorenzoni M, Marčić Z, Özuluğ M, Perdices A, Perea S, 
Persat H, Porcelotti S, Puzzi C, Robalo J, Šanda R, Schneider M, Šlechtová V, Stoumboudi M, 
Walter S, Freyhof J (2014) Spatial heterogeneity in the Mediterranean biodiversity hotspot 
affects barcoding accuracy of its freshwater fishes. Molecular Ecology Resources 14: 1210–1221, 
https://doi.org/10.1111/1755-0998.12257 

Hartvich P, Lusk S, Rutkayová J (2010) Threatened fished of the world: Misgurnus fossilis 
(Linnaeus, 1758) (Cobitidae). Environmental Biology of Fish 87: 39–40, https://doi.org/ 
10.1007/s10641-009-9564-6 

Hebert PDN, Ratnasingham S, de Waard JR (2003) Barcoding animal life: cytochrome c 
oxidase subunit 1 divergences among closely related species. Philosophical Transactions of 
the Royal Society of London Series B Biological Sciences 270: S96–S99, https://doi.org/ 
10.1098/rsbl.2003.0025 

Hinlo R, Lintermans M, Gleeson D, Broadhurst B, Furlan E (2018) Performance of eDNA 
assays to detect and quantify an elusive benthic fish in upland streams. Biological Invasions 
20: 3079–3093, https://doi.org/10.1007/s10530-018-1760-x 

Huo TB, Jiang ZF, Karjan A, Wang ZC, Tang FJ, Yu HX (2012) Length-weight relationships of 
16 fish species from the Tarim River, China. Journal of Applied Ichthyology 28: 152–153, 
https://doi.org/10.1111/j.1439-0426.2011.01899.x 

Jerde CL (2020) Can we manage fisheries with the inherent uncertainty from eDNA? Journal of 
Fish Biology 98: 341–353, https://doi.org/10.1111/jfb.14218 

Jo T, Fukuoka A, Uchida K, Ushimaru A, Minamoto T (2020) Multiplex real-time PCR enables 
the simultaneous detection of environmental DNA from freshwater fishes: a case study of 
three exotic and three threatened native fishes in Japan. Biological Invasions 22: 455–471, 
https://doi.org/10.1007/s10530-019-02102-w 

Keller RP, Lake PS (2007) Potential impacts of a recent and rapidly spreading coloniser of 
Australian freshwaters: Oriental weatherloach (Misgurnus anguillicaudatus). Ecology of 
Freshwater Fish 16: 124–132, https://doi.org/10.1111/j.1600-0633.2006.00204.x 

Keller R, Geist J, Jeschke J, Kühn I (2011) Invasive species in Europe: ecology, status, and 
policy. Environmental Sciences Europe 23: 23, https://doi.org/10.1186/2190-4715-23-23 

Kimura M (1980) A simple method for estimating evolutionary rate of base substitutions 
through comparative studies of nucleotide sequences. Journal of Molecular Evolution 16: 
111–120, https://doi.org/10.1007/BF01731581 

Koetsier P, Urquhart AN (2012) Desiccation tolerance in a wild population of the invasive 
oriental weatherfish Misgurnus anguillicaudatus in Idaho, USA. Transaction of the American 
Fisheries Society 141: 365–369, https://doi.org/10.1080/00028487.2012.664946 

Kottelat M (2012) Conspectus cobitidum: an inventory of the loaches of the world (Teleostei: 
Cypriniformes: Cobitoidei). Raffles Bulletin of Zoology Suppl. 26: 1–199 

Kottelat M, Freyhof J (2007) Handbook of European Freshwater Fishes. Publication Kottelat, 
Cornol, 646 pp 

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: molecular evolutionary 
genetics analysis across computing platforms. Molecular Biology and Evolution 35: 1547–1549, 
https://doi.org/10.1093/molbev/msy096 

Le Cren ED (1951) The length-weight relationship and seasonal cycle in gonad weight and 
condition in the Perch (Perca fluviatilis). Journal of Animal Ecology 20: 201–219, 
https://doi.org/10.2307/1540 

Lintermans M, Rutzou T, Kukolic K (1990) Introduced fish of the Canberra region-recent range 
expansions. In: Pollard DA (ed), Introduced and translocated fishes and their ecological 
effects, Australian Government Publishing Service, Canberra, pp 50–60 

Logan DJ, Bibles EL, Markle DF (1996) Recent collections of exotic aquarium fishes in the 
freshwaters of Oregon and thermal tolerance of oriental weatherfish and pirapatinga. 
California Fish and Game 82: 66–80 

Marchesi P (2010) Histoires de loches et notes sur d’autres poissons non indigènes introduits en 
Valais. Bulletin de la Murithienne 128: 73–77 [In French] 

McMahon BR, Burggren WW (1987) Respiratory physiology of intestinal air breathing in the 
teleost Misgurnus anguillicaudatus. Journal of Experimental Biology 133: 371–393, https://doi.org/ 
10.1242/jeb.133.1.371 

McNeil DG, Closs GP (2007) Behavioural responses of a south-east Australian floodplain fish 
community to gradual hypoxia. Freshwater Biology 52: 412–420, https://doi.org/10.1111/ 
j.1365-2427.2006.01705.x 

https://doi.org/10.3391/bir.2024.13.2.17
https://www.invasivesnet.org
https://doi.org/10.1111/j.0022-1112.2005.00606.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/1755-0998.12483
https://doi.org/10.1111/1755-0998.12257
https://doi.org/10.1007/s10641-009-9564-6
https://doi.org/10.1007/s10641-009-9564-6
https://doi.org/10.1098/rsbl.2003.0025
https://doi.org/10.1098/rsbl.2003.0025
https://doi.org/10.1007/s10530-018-1760-x
https://doi.org/10.1111/j.1439-0426.2011.01899.x
https://doi.org/10.1111/jfb.14218
https://doi.org/10.1007/s10530-019-02102-w
https://doi.org/10.1111/j.1600-0633.2006.00204.x
https://doi.org/10.1186/2190-4715-23-23
https://doi.org/10.1007/BF01731581
https://doi.org/10.1080/00028487.2012.664946
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.2307/1540
https://doi.org/10.1242/jeb.133.1.371
https://doi.org/10.1242/jeb.133.1.371
https://doi.org/10.1111/j.1365-2427.2006.01705.x
https://doi.org/10.1111/j.1365-2427.2006.01705.x


 First record of an established population of Misgurnus anguillicaudatus in France 

 Denys and Manné (2024), BioInvasions Records 13(2): 529–540, https://doi.org/10.3391/bir.2024.13.2.17 539 

R Core Team (2022) R: A language and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. https://www.R-project.org/ 

Razzetti E, Nardi PA, Strosselli S, Bernini F (2001) Prima segnalazione di Misgurnus 
anguillicaudatus (Cantor, 1842) in acque interne italiane (Osteichthyes: Cobitidae). Annali 
del Museo Civico di Storia Naturale di Genova 93: 559–563 [In Italian] 

Reyda FB, Wells SM, Ermolenko AV, Ziętara MS, Lumme JI (2020) Global parasite 
trafficking: Asian Gyrodactylus (Monogenea) arrived to the U.S.A. via invasive fish 
Misgurnus anguillicaudatus as a threat to amphibians. Biological Invasions 22: 391–402, 
https://doi.org/10.1007/s10530-019-02097-4 

Reyes AT, Juan AGM, Gamurot ZT, Aguilar AS, Watiwat WDR, Dizon EL, Suva CGC, Cayco 
CS, Valenzuela ZM, Martin DV, Samonte LJM, Dalagan ST (2019) Length-weight 
relationship and condition factor of male and female Japanese weather loach (Misgurnus 
anguillicaudatus) grown in ponds in Bauko, Mountain province, Philippines. International 
Journal of Fisheries and Aquatic Studies 7: 158–160 

Riffel M, Schenk M, Schreiber A (1994) Electrophoretic differentiation between European 
loach (Misgurnus fossilis L.) and oriental weatherfish (Misgurnus mizolepis Günther), an 
autochtonous and a feral species of central European freshwater fish. Zeitschrift für 
Angewandte Zoologie 80: 473–483 

Ricker WE (1975) Computation and Interpretation of biological statistics of fish populations. 
The Journal of Wildlife Management 191: 1–382, https://doi.org/10.2307/3800109 

Ricker WE, Carter NM (1958) Handbook of computations for biological statistics of fish 
populations. Queen’s printer and controller of stationary, Ottawa, 300 pp 

Roy M, Belliveau V, Mandrak N, Gagné N (2017) Development of environmental DNA 
(eDNA) methods for detecting high-risk freshwater fishes in live trade in Canada. 
Biological Invasions 20: 299–314, https://doi.org/10.1007/s10530-017-1532-z 

Saitoh K (1989) Asian pond loach. In: Kawanabe H, Mizuno N (eds), Freshwater fishes of 
Japan, Yamakei, Tokyo, pp 382–385 

Shamsi S, Stoddart A, Smales L, Wassens S (2019) Occurrence of Contracaecum bancrofti 
larvae in fish in the Murray-Darling Basin. Journal of Helminthology 93: 574–579, https://doi.org/ 
10.1017/S0022149X1800055X 

Shen Y, Kang J, Chen W, He S (2016) DNA barcoding for the identification of common 
economic aquatic products in Central China and its application for the supervision of the 
market trade. Food Control 61: 79–91, https://doi.org/10.1016/j.foodcont.2015.08.038 

Stoeckle BC, Belle CC, Geist J, Oehm J, Effenberger M, Heiss M, Seifert K, Kuehn R (2019) 
Molecular confirmation of the large-scale loach Paramisgurnus dabryanus Dabry de Thiersant, 
1872 (Cypriniformes, Cobitidae) in Europe. Bioinvasions Records 8: 419–426, https://doi.org/ 
10.3391/bir.2019.8.2.24 

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

Suzuki R (1983) Multiple spawning of the cyprinid loach, Misgurnus anguillicaudatus. 
Aquaculture 31: 233–243, https://doi.org/10.1016/0044-8486(83)90315-0 

Tabor RA, Warner E, Hager S (2001) An oriental weatherfish (Misgurnus anguillicaudatus) 
population established in Washington State. Northwest Science 75: 72–76 

UICN comité français, MNHN, SFI, AFB (2019) La Liste rouge des espèces menacées en 
France - Chapitre Poissons d’eau douce de France métropolitaine, 18 pp [In French] 

Urquhart AN, Koetsier P (2014a) Low-temperature tolerance and critical thermal minimum of 
the invasive oriental weatherfish Misgurnus anguillicaudatus in Idaho, USA. Transactions 
of American Fisheries Society 143: 68–76, https://doi.org/10.1080/00028487.2013.829124 

Urquhart AN, Koetsier P (2014b) Diet of a cryptic but widespread invader, the oriental weatherfish 
(Misgurnus anguillicaudatus) in Idaho, USA. Western North American Naturalist 74: 92–98, 
https://doi.org/10.3398/064.074.0109 

van Kessel N, Dorenbosch M, Crombaghs B, Niemeijer B, Binnendijk E (2013) First record of 
Asian weather loach Misgurnus anguillicaudatus (Cantor, 1842) in the River Meuse basin. 
BioInvasions Records 2: 167–171, https://doi.org/10.3391/bir.2013.2.2.14 

Wang Y, Hu M, Wang W, Cao L, Yang Y, Lü B, Yao R (2008) Transpositional feeding rhythm 
of loach Misgurnus anguillicaudatus from larvae to juveniles and its ontogenesis under 
artificial rearing conditions. Aquaculture International 16: 539–549, https://doi.org/10. 
1007/s10499-007-9164-4 

 Wanzenböck J, Hopfinger M, Wanzenböck S, Fuxjäger L, Rund H, Lamatsch DK (2021) First 
successful hybridization experiment between native European weatherfish (Misgurnus 
fossilis) and non-native Oriental weatherfish (M. anguillicaudatus) reveals no evidence for 
postzygotic barriers. Neobiota 69: 29–50, https://doi.org/10.3897/neobiota.69.67708 

Wolf K (1988) Fish viruses and fish viral diseases. Cornell University Press, Ithaca, 480 pp 
Yang Z, Tang HY, Que YF, Xiong MH, Zhu D, Wang X, Qiao Y (2016) Length-weight 

relationships and basic biological information on 64 fish species from lower sections of the 
Wujiang River, China. Journal of Applied Ichthyology 32: 386–390, https://doi.org/ 
10.1111/jai.13016 

https://doi.org/10.3391/bir.2024.13.2.17
https://www.invasivesnet.org
https://www.r-project.org/
https://doi.org/10.1007/s10530-019-02097-4
https://doi.org/10.2307/3800109
https://doi.org/10.1007/s10530-017-1532-z
https://doi.org/10.1017/S0022149X1800055X
https://doi.org/10.1017/S0022149X1800055X
https://doi.org/10.1016/j.foodcont.2015.08.038
https://doi.org/10.3391/bir.2019.8.2.24
https://doi.org/10.3391/bir.2019.8.2.24
https://doi.org/10.1577/03632415.2011.10389070
https://doi.org/10.1016/0044-8486(83)90315-0
https://doi.org/10.1080/00028487.2013.829124
https://doi.org/10.3398/064.074.0109
https://doi.org/10.3391/bir.2013.2.2.14
https://doi.org/10.1007/s10499-007-9164-4
https://doi.org/10.1007/s10499-007-9164-4
https://doi.org/10.3897/neobiota.69.67708
https://doi.org/10.1111/jai.13016
https://doi.org/10.1111/jai.13016


 First record of an established population of Misgurnus anguillicaudatus in France 

 Denys and Manné (2024), BioInvasions Records 13(2): 529–540, https://doi.org/10.3391/bir.2024.13.2.17 540 

Zangl L, Jung M, Gessl W, Koblmüller S, Ratschan C (2020) Oriental or not: First record of an 
alien weatherfish (Misgurnus) species in Austria verified by molecular data. BioInvasions 
Records 9: 375–383, https://doi.org/10.3391/bir.2020.9.2.23 

Zhang H, Wang Y-X, Yang H-L, Tan H-M, Chen Y-X (2021) Taxonomic revision of chinese 
species of the genera Misgurnus and Paramisgurnus (Cypriniformes: Cobitidae). Acta 
Hydrobiologica Sinica 45: 414–427, http://doi.org/10.7541/2021.2019.166 [In Chinese] 

Zhou X, Abbas K, Li M, Fang L, Li S, Wang W (2009) Comparative studies on survival and 
growth performance among diploid, triploid and tetraploid dojo loach Misgurnus 
anguillicaudatus. Aquaculture International 18: 349–359, https://doi.org/10.1007/s10499-009-
9248-4 

Zięba G, Copp GH, Davies GD, Stebbing P, Wesley KJ, Britton JR (2010) Recent releases and 
dispersal of non-native fishes in England and Wales, with emphasis on sunbleak Leucaspius 
delineatus (Heckel, 1843). Aquatic Invasions 5: 155–161, https://doi.org/10.3391/ai.2010.5.2.04 

Web sites and online databases 
Freyhof J (2011) Misgurnus fossilis. The IUCN Red List of Threatened Species 2011: 

e.T40698A10351495, http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T40698A10351495.en (accessed 
21 December 2022) 

Froese R, Pauly D (2022) FishBase. www.fishbase.org, version (08/2022) (accessed 21 December 
2022) 

Gargominy O, Tercerie S, Régnier C, Dupont P, Daszkiewicz P, Antonetti P, Léotard G, 
Ramage T, Idczak L, Vandel E, Petitteville M, Leblond S, Boullet V, Denys G, De Massary 
JC, Dusoulier F, Lévêque A, Jourdan H, Touroult J, Rome Q, Le Divelec R, Simian G, 
Savouré-Soubelet A, Page N, Barbut J, Canard A, Haffner P, Meyer C, Van Es J, Poncet R, 
Demerges D, Mehran B, Horellou A, Ah-Peng C, Bernard J-F, Bounias-Delacour A, Caesar 
M, Comolet-Tirman J, Courtecuisse R, Delfosse E, Dewynter M, Hugonnot V, Lavocat 
Bernard E, Lebouvier M, Lebreton E, Malécot V, Moreau PA, Moulin N, Muller S, 
Noblecourt T, Noël P, Pellens R, Thouvenot L, Tison JM, Robbert Gradstein S, Rodrigues 
C, Rouhan G, Véron S (2022) TAXREF v16.0, référentiel taxonomique pour la France. 
PatriNat (OFB-CNRS-MNHN), Muséum national d’Histoire naturelle, Paris. https://inpn.mnhn. 
fr/telechargement/referentielEspece/taxref/16.0/menu (accessed 14 September 2023) 

   
   

Supplementary material 

The following supplementary material is available for this article: 
Appendix 1. List of GenBank accession numbers used as molecular dataframe for the Barcoding analysis. 
Appendix 2. Length-weight relationship of the population of dojo weatherloach M. anguillicaudatus caught in the Schadgraben stream 
at Geispolsheim.  
This material is available as part of online article from: 
http://www.reabic.net/journals/bir/2024/Supplements/BIR_2024_Denys_Manne_SupplementaryMaterial.pdf 

https://doi.org/10.3391/bir.2024.13.2.17
https://www.invasivesnet.org
https://doi.org/10.3391/bir.2020.9.2.23
http://doi.org/10.7541/2021.2019.166
https://doi.org/10.1007/s10499-009-9248-4
https://doi.org/10.1007/s10499-009-9248-4
https://doi.org/10.3391/ai.2010.5.2.04
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T40698A10351495.en
http://www.fishbase.org/
https://inpn.mnhn.fr/telechargement/referentielEspece/taxref/16.0/menu
https://inpn.mnhn.fr/telechargement/referentielEspece/taxref/16.0/menu
http://www.reabic.net/journals/bir/2024/Supplements/BIR_2024_Denys_Manne_SupplementaryMaterial.pdf


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



