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Abstract — The green swordtail (Xiphophorus hellerii) is a freshwater and brackish water fish native to
North and Central America. It experiences wide human-traced introduction around the world, mostly due to
aquarium release. Individuals of the green swordtail population from the warm spring with artificial origin
located in Asparuhovo district, Bulgaria, were collected. The invasiveness screening tool for non-native
freshwater fishes (FISK v2) calibrated for the Balkan region was used to assess potential invasion risk of the
green swordtail to the coastal freshwater bodies of the Eastern Balkans. This study is the first confirmation
on an existing self-sustained population of X. hellerii in Bulgaria and respectively in Europe. Climate
change and the trend of warmer winters are prerequisites for the acclimatization of this species to the
temperature out of the studied thermal spring. Therefore, the potential of the green swordtail to colonise new
habitats is increasing with such facilitated acclimatization. We conclude that the green swordtail poses a
high risk to become the next new invasive species in Southern Europe.

Keywords: Bulgaria / non-indigenous fish species / warm spring / fish introduction / ornamental fish /
aquarium release

Résumé — Premier relevé confirmé d’une population établie de « porte-épée » (Xiphophorus hellerii
Heckel, 1848) en Europe. Le porte-épée (Xiphophorus hellerii) est un poisson d’eau douce et d’eau
saumatre originaire d’ Amérique du Nord et d’ Amérique centrale. Il fait I’objet d’une large introduction par
I’homme dans le monde entier, principalement en raison de relachers d’aquarium. Des individus de la
population de porte-€épée provenant de la source chaude d’origine artificielle située dans le district
d’Asparuhovo, en Bulgarie, ont été collectés. L’outil de dépistage du caractére envahissant des poissons
d’eau douce non indigénes (FISK v2) calibré pour la région des Balkans a été utilisé pour évaluer le risque
potentiel d’invasion du porte-épée dans les masses d’eau douce cotiéres des Balkans orientaux. Cette étude
est la premicre confirmation de I’existence d’une population autonome de X. hellerii en Bulgarie et,
respectivement, en Europe. Le changement climatique et la tendance a des hivers plus chauds sont des
conditions préalables a I’acclimatation de cette espéce a la température de la source thermale étudiée. Par
conséquent, le potentiel du porte-épée a coloniser de nouveaux habitats augmente avec cette acclimatation
facilitée. Nous concluons que le porte-épée présente un risque élevé de devenir la prochaine nouvelle espéce
invasive en Europe du Sud.

Mots clés : Bulgarie / espéce de poisson non indigéne / source chaude / introduction de poisson / poisson d’ornement /
aquarium

1 Introduction Poecilidae (Miller, 2005). Its natural range covers territories
in Belize, Guatemala, Honduras and Mexico in North and

The green swordtail (Xiphophorus hellerii) is a freshwater  Central America (Daniels and Maiz-Tome, 2019). Green
and brackish water fish species that belongs to family  swordtail inhabit diverse habitats, including: fast-flowing
streams and rivers rich in vegetation; warm springs and their
*Corresponding author: p.pandakov@gmail .com effluents; weedy canals; and ponds (Froese and Pauly, 2019).
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They can also inhabit very rocky arroyos, ditches, open
lagoons, and rivers with a variety of substrates, in water of
various characteristics, from clear to murky or muddy,
sometimes badly polluted (Miller, 2005). The green swordtail
is internationally popular ornamental fish, and therefore, it
experiences wide human-traced introduction around the world,
in most cases due to aquarium release (Nico ef al.,2021). There
are more than 35 countries where it has been introduced by
humans (Golani and Mires, 2000; Esmaeili et al., 2010;
Maddern et al., 2011; GBIF 2019; Larentis et al., 2019; CABI,
2020). Due to its popular ornamental status, green swordtail is
rarely considered as a “pest” species, though it is listed on
invasive species databases (e.g. Invasive Species Specialist
Group and Global Invasive Species Database) (CABI, 2020).
The green swordtail has become accepted as an invasive
species in Wyoming (USA), Hawaii (USA), Bahamas, Israel,
Hong Kong, Queensland (Australia) (Maddern et al., 2011;
CABI, 2020). In Europe, species records in the wild are
limited. Holcik (1991) has reported the green swordtail
introduction in former Czecho-Slovakia and Hungary, without
mentioning any localities or population status. Further species
reports for Czech Republic, Slovakia and Hungary (CABI,
2020; GBIF, 2019) are related to Hol¢ik‘s publication from
1991. Furthermore, a review on fish introductions in Czech
Republic (Musil et al., 2010) do not consider the green
swordtail as introduced. Green swordtail have been reported in
Germany and Italy (GBIF, 2019), but have not been reported an
established population in either countries. Recently, a
population of green swordtail interspecies hybrid (most likely
X. hellerii X X. variatus) was found in an artificial lake in
Warsaw, Poland, but possible acclimatization was excluded
because environmental conditions during winters are out of
species preferences (Maciaszek et al,, 2019). The closest
known established populations of green swordtail to Europe
are those in Egypt, Syria, Israel, Iran and Jordan (Golani and
Mires, 2000; Esmaeili et al., 2010; Daniels and Maiz-Tome,
2019).

The study site is an outflow of a warm spring with artificial
origin, approximately 300 meters-long. In the past, the spring
water was industrially used by the dry-cleaning company
Bagra EOOD, but at the time of this study, part of the water is
freely flowing (Fig. 1). The spring is situated in the city of
Varna, Bulgaria, in the district of Asparuhovo. The spring has
the following coordinates N43.184153, E27.884920, with an
altitude of 7m, and the mouth coordinates are N43.186174°,
E27.885542°, with an altitude of 4 m. According to Képpen-
Geiger climate classification, the climate in the area is humid
subtropical with mediterranean influences in summer, but
specially continental influences in autumn-winter (Cfa)
(Peel et al., 2007). The specific Black sea climate is milder
than in the inland parts of the country and the sea influence
lowers the effect of the occasional cold air masses from the
north-east. For the period 2000-2019, the average precipita-
tion is 540.3 mm, and the average annual air temperature is
13.8 °C (WeatherOnline Ltd., 2021).

The spring water convergences with a short drainage
channel that enters an artificial marine channel which connects
Varna Lake with the Black Sea.

On 24th of February, 2020, several individuals of the green
swordtail were collected using a standard hydro-biological
hand net. The specimens were fixed in 70% ethanol.

Fig. 1. The studied outflow channel of the warm spring.

Taxonomical determination was conducted using the spe-
cies-specific characteristics indicated by Froese and Pauly
(2019). Basic morphological parameters (e.g. total length,
length of the sword, number of scales in lateral line, number of
rays in dorsal and anal fins) were measured (Tab. 1). All
individuals were classified as adult or juvenile according to
their gonad development. The sex in adults was noted and
existing of embryos in females was documented after
dissection.

Water temperature was measured in February, 2020
(winter) and in August, 2020 (summer). Information about
chemical composition was provided by the administration of
the Varna Municipality who is managing the mineral springs in
the area.

The invasiveness screening tool for non-native freshwater
fishes (FISK v2, Lawson et al., 2013), calibrated for the Balkan
region (Simonovi¢ et al, 2013), was used for the risk
assessment of the green swordtail potential invasiveness in the
coastal freshwater bodies of the Eastern Balkans.

First observation of numerous green swordtail individuals
in studied site was during the summer of 2012. The existence
of the population was confirmed in the middle of January,
2020. In total, 24 green swordtail specimens were collected
and more than 150 individuals were observed during the field
work in February, 2020. The total length of the fish varied
within the range of 9-90 mm (average: 39 mm). With regards
to age and sex composition, nine juveniles, five adult males
and ten adult females were caught (Tab. 1). The smallest
matured individual was 37 mm long, and the largest immature
one was 17 mm. In general, females were larger than males, as
the average total length was respectively 58 and 49 mm. Spines
were missing in dorsal and anal fin while soft rays were
respectively 12—-13 and 10. Lateral line contained 26-27
scales. Larger mature males had longer caudal appendage than
younger ones and its percentage of the body length increased
with the fish size from 27% up to 70%. All adult females,
except one, had eggs in different embryonic development
(Fig. 2).

A photomicrograph of the gonopodial distal part of green
swordtails caught is shown in Figure 4. It is well visible that the
terminal segment of gonopodial ray 3 is transformed into a
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Table 1. Age-sex composition and meristics of the collected X. hellerii specimens.

ID Sex Scales in lateral line Dorsal soft rays Anal soft rays Total length Standard length
1 F 27 12 10 76 58
2 M 26 13 10 57 43
3 F 27 13 10 60 45
4 M 27 13 10 57 44
5 F 27 12 10 59 44
6 M 26 13 10 48 36
7 M 26 12 10 45 36
8 F 27 13 10 51 42
9 F 26 13 10 75 57
10 F 27 13 10 90 69
11 M 26 12 10 40 30
12 F 27 13 10 54 41
13 F 27 12 10 41 30
14 F 27 12 10 38 29
15 F 27 12 10 37 28
16 Juvenile NM NM NM 16.5 NM
17 Juvenile NM NM NM 14.5 M
18 Juvenile NM NM NM 10.5 NM
19 Juvenile NM NM NM 9.5 NM
20 Juvenile NM NM NM 10 M
21 Juvenile NM NM NM 10 NM
22 Juvenile NM NM NM 10 NM
23 Juvenile NM NM NM 9 NM
24 Juvenile NM NM NM 9 NM

Fig. 2. Eggs and an embryo of X. hellerii.

crescent-shaped hook and blade pointed distally. The angle
between the main section of ray 4a and its backward curve over
the blade is greater than 90°. Ray 4p is characterized with
reduced in size and number distal serrae and relatively slim
proximal serrae. A large claw is formed by the terminal
segment of ray 5a and it is several times bigger than the distal
serrae of ray 4p.

Described morphological characteristics of the gonopo-
dium corresponded to the description for X. hellerii given by
Kallman et al. (2004). Implementation of the species-specific

morphological key set proposed by Froese and Pauly (2019),
allowed us to conclude that individuals caught belonged
taxonomically to the species X. hellerii.

The colour of all individuals except those in larval stage
was dark orange (Fig. 3), which is the most common coloration
in captive-bred ornamental varieties (CABI, 2020). Fish from
wild populations are usually light greenish in colour with a red
or brown mid-lateral stripe (CABI, 2020).

With regards to water temperature of the assessment area,
in February it was 21 °C and in August 27 °C. We could not
obtain official data, but it seems that the seasonal fluctuation of
water temperature is within several degrees. According to
Bulgarian legislation, the water in the assessment area is
drinkable and do not pose a risk to human health (CMRB,
2004).

In green swordtail, the female reproductive cycle is
controlled by water temperature, ceasing when it falls below
15 °C or increases above 30 °C, with optimal values from 22 °C
to 26°C (Milton and Arthington, 1983). Therefore, we can
expect that the examined green swordtail population repro-
duces continuously throughout the year.

FISK outcome for the green swordtail in the assessment
area scored 21. A calibration threshold of 9.5 categorized the
species in ‘high risk’ with a further detailed categorization as
per Britton et al. (2010) into ‘moderately high risk’ (values in
the interval from 9.5 to 25).

The high invasive risk of green swordtail is primarily due
to its wide environmental tolerances, the ability to colonise
disturbed habitats, its trophic opportunism, short life cycle in
combination with ability for extended spawning season and the
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Fig. 4. Photomicrograph of the distal part of a gonopodium
of X. hellerii from the assessment area.

ovoviviparity. Furthermore, the species is already proved to be
invasive in many countries (CABI, 2020), and it experiences
wide and continuous human-mediated translocation and
release.

The low level of climate match between the climate in the
assessed area and the species preferences prevents the species
to colonise easily new habitats in the area. Winter temperatures
in Varna lake, as well as in the channel that connects it with
Black sea, are approximately 5.5 °C at the surface and 4.8 °C
close to the bottom (Dineva, 2015), which is a bit below the
species lethal temperature minimum (from 5.5°C to 11.3°C)
reported by Tuckett et al. (2016). The escaped populations
exhibit lower chronic lethal temperature minimum than the
farmed ones (Tuckett et al., 2016). However, the studied
population is not exposed to significant adaptation triggers due
to very slight annual changes in its habitat conditions.

Salinity was considered as another key limit for the species
to colonise new habitats in the area. The warm freshwater from
the spring convergences with a channel that has approximate
salinity of 15 ppt with a slight seasonal fluctuation (Dineva,
2015). Although such values are out of the species habitat
preference (Englund, 2002), they can be tolerated for some
time according to Eagderi et al. (2018). This means that the

channel and the Varna Lake do not represent a secure migration
barrier. Indeed, there exists a risk that the green swordtail will
migrate through the channel and Varna Lake and will reach and
colonize upstream brackish and freshwater wetlands that
match species preferences.

Climate change and the trend of warmer winters (Stanev
et al., 2019) are prerequisites for species acclimatization to the
temperature out of the thermal spring. Therefore, the potential
of the green swordtail to colonise new habitats is increasing
with such facilitated acclimatization. According to FISK
results, we conclude that the green swordtail poses a high risk
to become a new invasive species in Southern Europe.
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