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Greek waters are the recipient of several alien species, mainly through natural
dispersal following invasion and establishment of non-indigenous species (NIS)
in neighboring areas, making their monitoring and mitigating their effects of
paramount importance. The European Union legislation framework toward alien
species invasions considers risk assessments as the top of the spear for a first
assessment of NIS and their potential to become invasive or not. The Union List
has already included top priority species, with very few marine species. Golani's
round herring (Etrumeus golanii) is a species of round herrings in the family
Dussumieriidae, a Lessepsian migrant and belonging to a group of NIS in the
Mediterranean basin that are less studied. Its distribution range is mainly limited in
the southeastern Mediterranean Sea, while in the Greek seas, it has not yet been
observed in the north Aegean and lonian seas, probably due to temperature and
oceanographical reasons. Its presence in the basin is recorded by commercial
fisheries landings in several countries (especially purse-seiners), indicating a
potentially positive effect on commercial fisheries. A risk assessment of E.
golanii in Greek waters was carried out in this work, based on the Risk
Assessment Scheme developed by the GB Non-Native Species Secretariat (GB
Non-Native Risk Assessment—GBNNRA). An overall semi-quantitative summary
of risk, in terms of likelihood of events and magnitude of impacts, was facilitated
for several attributors, including confidence levels for each one. The assessment
highlighted a very likely possibility of introduction in the Greek seas from
neighboring countries, as well as successful establishments of populations with
high confidence levels. A moderate magnitude of impact regarding its further
spread was deemed, while a minor one was indicated in terms of native species
pressure and a minimal one in terms of economic costs and public health.
Overall, E. golanii was not characterized as an invasive alien species (IAS) and
local communities could benefit from its presence (commercial fisheries);
however, further studies focusing on its reproduction and spawning grounds
should be implemented.

KEYWORDS

risk assessment, Etrumeus golanii, alien species, Mediterranean Sea, Greek seas

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2023.1220318/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1220318/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1220318/full
https://www.frontiersin.org/articles/10.3389/fmars.2023.1220318/full
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2023.1220318&domain=pdf&date_stamp=2023-08-21
mailto:keraioan@bio.auth.gr
https://doi.org/10.3389/fmars.2023.1220318
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2023.1220318
https://www.frontiersin.org/journals/marine-science

Keramidas et al.

1 Introduction

The Mediterranean Sea is under threat from many
anthropogenic pressures with significant impacts on its diversified
ecosystems and their biodiversity (Carmezim et al., 2022). The
introduction of non-indigenous species (NIS) and especially of
invasive alien species (IAS), which are harmful ecologically and
socio-economically, is considered to be listed high among the most
important threats in the basin (Tsirintanis et al., 2022). The high
dispersal rate of NIS in the Mediterranean has been accelerated by
the rapid development of technology, especially in the last decades,
the intense exploitation of natural resources, and globalization
(Simberloff et al., 2013; Zenetos et al., 2022a). Thus, many species
have the potential to move beyond their distribution limits and
establish successful populations in their non-native habitats
(Seebens et al., 2017). The Mediterranean Sea is considered to be
the most invaded marine region in the world with more than 1,000
validated NIS, most of which are regarded established (759) rather
than casual (Zenetos et al., 2022a; Zenetos et al., 2022b). The eastern
part of the basin is particularly vulnerable to alien species’
introduction due to its proximity to the Suez Canal, the latter
being a significant pathway for NIS (Korpinen et al., 2019). Many
scientific projects regarding alien species mitigation measures have
been implemented in the Mediterranean Sea, incorporating citizen
science as a useful tool in a wide extent, from new species detections
and monitoring to complete surveys and management initiatives
(Bodilis et al., 2014; Naasan Aga Spyridopoulou et al., 2020;
Tiralongo et al., 2020). Greek waters, and especially the Aegean
Sea, are the recipient of many NIS that can later spread out in other
parts of the basin. An informative and collaborative network has
been established in Greece, namely, the Ellenic Network of Aquatic
Invasive Species (ELNAIS), aiming to collect and report spatial data
on NIS in the Greek seas (Zenetos et al., 2015), which, alongside the
recent rise of projects considering citizen science in Greece (Zenetos
et al.,, 2013; Giovos et al., 2019), is the first line of defense towards
IAS management and mitigation. Taking into account the
difficulties of monitoring and numbering NIS, the latest update
estimates the existence of 242 NIS and 64 cryptogenic species in
Greek waters, with the Aegean Sea having the lion’s share compared
to the Tonian Sea (Zenetos et al., 2020).

The European Union, following globally mandated approaches
for NIS and IAS management, has established a legislation
framework (EU Regulation No 1143/2014; EC, 2014), aimed at
preventing and managing the introduction and spread of IAS. With
numerous invasive species being confirmed in the Mediterranean
Sea, as a rule of thumb, the regulation prioritizes its measures
towards IAS that are considered of major biological, ecological,
socio-economic, and human-health concerns. As general
provisions, the regulation provides some steps towards NIS
management, including identification, prevention, detection, and
eradication. For IAS to be considered of EU concern, they must
meet three criteria, which are provided from the results of research
works and project implementations: (1) the name of the studied
species, (2) a complete and thorough risk assessment, and (3)
scientific evidence of IAS origins, population establishment, and
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impact on the native environment. Many Mediterranean IAS are
right now in the “Union List” with the implementation of successful
risk assessments. According to the EU Regulation No. 1143/2014
(EC, 2014), a risk assessment is considered successful when it
satisfies eight descriptors related to (1) identity, (2) reproduction,
(3) introduction, (4) establishment and spread, (5) presence in
neighboring countries, (6) adverse impact on biodiversity, (7) costs
of damage, and (8) potential social and economic exploitation. In
the Mediterranean Sea, risk assessments that mainly concern fish
IAS are available in the literature, including Plotosus lineatus
(Galanidi et al.,, 2019), Pterois miles (Filiz et al., 2017; Kleitou
et al, 2021), Siganus rivulatus (Shapiro Goldberg et al., 2021),
Siganus luridus (D’Amen and Azzurro, 2020), and Lagocephalus
sceleratus (Filiz et al,, 2017; Galanidi and Zenetos, 2019). These
species have well-established populations in the Greek waters,
having great impacts on ecosystems, native species, and fisheries
(Katsanevakis et al., 2020).

Etrumeus golanii (DiBattista et al., 2012) is a species of round
herring belonging to the family Dussumieriidae, a Lessepsian
migrant in the Mediterranean Sea and the only one recorded
from this family in Greek waters (Figure 1). The species can be
easily misidentified with similar pelagic species of high commercial
interest, like the European anchovy (Engraulis encrasicolus) and the
European pilchard (Sardina pilchardus). However, it can be
distinguished from other Mediterranean species of the order
Clupeiformes, due to its smooth abdomen and the position of the
pelvic fin, which is behind the dorsal (Golani, 2000). Its native range
is the western Indian Ocean up to the northern Red Sea, while more
specifically native populations of the species can be found in Egypt
(Sanders and Morgan, 1989), Eritrea (DiBattista et al., 2012), Israel
(Whitehead, 1985), and Saudi Arabia (DiBattista et al., 2012). In
2019, a risk assessment for Lessepsian migrants entering the basin
from the Suez Canal was carried out on the southwest coast of
Turkey, including E. golanii (Bilge et al., 2019). The assessment
highlighted that the species was not an IAS and the possibility of its
introduction, establishment, and spread was characterized as
moderate risk (Bilge et al.,, 2019). The results of this study might
be indicative of the species in eastern Mediterranean Sea; however,
the assessment was not species-specific. Recently, a scientific project
with the acronym 4ALIEN (www.4alien.gr) was carried out in the
Greek seas, aiming to study the biology, ecology, and potential
exploitation of four IAS, including E. golanii. Moreover, in the
frame of the project, risk assessments, habitat mappings, and
potential exploitation analyses were also conducted.

FIGURE 1
Picture of Etrumeus golanii (DiBattista et al., 2012; photo credits:
PK Karachle).
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The aims of the present work are to (1) present part of the
results of the 4ALIEN project, focusing on the biology and
economic exploitation prospects of E. golanii from the Greek seas;
(2) provide a complete risk assessment of E. golanii, a comparatively
less-studied NIS in the Mediterranean Sea; and (3) focus on the
commercial benefits of exploiting this species that could be helpful
in mitigating the effects of NIS invasions in the basin.

2 Invasive history of Etrumeus golanii
in the Mediterranean Sea and
species characteristics

Etrumeus golanii is a Lessepsian migrant, native to the western
Indian Ocean and most common in the Red Sea (Golani and Fricke,
2005). Its presence in the Mediterranean Sea was first recorded in
Lebanon (Gruvel, 1931), as Klupea kowal (Rippell, 1837). This
observation was followed by continuous records of the species in the
eastern Mediterranean Sea, where populations seem to have been
successfully established (Golani, 2000; Golani, 2005). In Greek
waters, E. golanii has been recorded since 2003 in Rhodes
(Corsini et al., 2005), since 2004 in the Cyclades Islands
(Kallianiotis and Lekkas, 2005), and since 2005 in Crete
(Kasapidis et al., 2007). The species continued to spread westward
with the first record in the central Mediterranean, reported from the
island of Lampedusa (Falautano et al., 2006). Until then, the species
was recorded under the name Etrumeus teres (DeKay 1842). In
2012, it was found by DiBattista et al. (2012) that the specimens in
the Mediterranean Sea identified as the Lessepsian immigrant E.
teres are actually a totally new species, i.e., E. golanii. Its spread
continued in the western Mediterranean with new records in
Tunisia (Boussellaa et al., 2016; Rafrafi-Nouira et al., 2017), Libya
(Shakman et al., 2017), Algeria (Stamouli et al., 2018), and Morocco
(Tamsouri et al., 2019). Despite its small size, its spread from the
eastern to the western Mediterranean Sea occurred in high rates,
while new populations were established. Its rapid spread was

FIGURE 2

Map of the Mediterranean Sea depicting the distribution of Etrumeus golanii in chronological order; 1: Lebanon in 1931 (Gruvel, 1931), 2: Haifa Bay,
Israel in 1961 (Whitehead, 1963), 3: Mediterranean Egypt in 1992 (El-Sayed, 1994), 4: Iskenderun Bay, Turkey in 1994 (Basusta et al., 1997), 5:
Limassol, Cyprus in 1999 (Golani, 2000), 6: Syria in 2001 (Saad, 2002), 7: Rhodes Island, Greece in 2003 (Corsini et al., 2005), 8: Cyclades Islands,
Greece in 2004 (Kallianiotis and Lekkas, 2005), 9: Lampedusa Island, Italy in 2005 (Falautano et al., 2006), 10: Crete, Greece in 2005 (Kasapidis et al.,
2007), 11: Dikili, Turkey in 2009 (Yarmaz et al., 2010), 12: Gulf of Gabes, Tunisia in 2014 (Boussellaa et al., 2016), 13: Ras Jebel, Tunisia in 2017
(Rafrafi-Nouira et al., 2017), 14: Misrata, Libya in 2017 (Shakman et al,, 2017), 15: Cherchell, Algeria in 2017 (Stamouli et al., 2018), 16: Gulf of Fnideq,
Morocco in 2018 (Tamsouri et al,, 2019), 17: Gulf of Hammamet, Tunisia (Mili et al., 2020).
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possibly based on some characteristics of the species, such as its
reproductive biology, its prolonged spawning season and the fact
that it takes advantage of seasonal zooplankton reproduction for its
nutritional needs (Somarakis et al., 2021). The chronological spread
of E. golanii in the Mediterranean is depicted in Figure 2.

Regarding EU member states, it has been recorded in Cyprus
(Golani, 2005), Greece (Corsini et al, 2005), Malta, and Italy
(Falautano et al,, 2006), while it has established populations in
Cyprus and Greece (Azzurro et al., 2014). In Greek waters, to date,
its distribution has been limited in the central and southeastern
Aegean Sea and more specifically in Crete, the Dodecanese Islands,
the Cyclades Islands, and Saronikos Gulf (Figure 3). Although it has
a slower spreading rate compared to other IAS (e.g., Lagocephalus
sceleratus, Pterois miles, Siganus luridus, Siganus rivulatus), it is
considered as established in these regions, contributing to the
commercial fisheries (Zenetos et al., 2009), especially in purse-
seiners, as it is active in the neritic zone, up to 50 m (Mehanna and
El-Gammal, 2005). Etrumeus golanii is considered to be
omnivorous, exhibiting trophic preferences for animal organisms
(Karachle and Stergiou, 2017), such as small crustaceans, larvae,
and small molluscs (Osman et al., 2013), whereas in the Aegean Sea,
it preys mainly on Malacostraca Crustacea (Andrianopoulos
et al., 2022).

3 Materials and methods

This research utilized the risk assessment protocol derived from
the EU commissioned program ENV.B2.ETU/2016/0013 (Galanidi
et al, 2019). The protocol was specifically designed to adhere to the
EU Regulation (No.1143/2014; EC, 2018) and fully comply with the
13 minimum standards for risk assessment outlined by Roy et al.
(2017). The risk assessment (RA) of E. golanii in Greek waters that
is documented in this work was based on the Risk Assessment
Scheme developed by the GB Non-Native Species Secretariat (GB
Non-Native Risk Assessment—GBNNRA). The RA consists of

Black Sea
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FIGURE 3

Distribution of Etrumeus golanii in Greek waters. Red dots indicate
sporadic observations, whereas blue dots indicate established
populations (modified from Karachle et al., 2021; map date
October 2021).

different sections presenting basic organism information, describing
the distribution of the organism, both current and potential (under
current and future climate conditions), and addressing with a series
of questions the four main aspects of the invasion process: (1)
introduction, (2) establishment, (3) spread, and (4) impacts.
Directly elicited estimates of entry, establishment, spread, and
impact, with measures of assessor confidence, give an overall
semi-quantitative summary of risk, in terms of likelihood (Table
S1) and magnitude (Table S2). The primary considerations for
evaluating the likelihood of the species’ introduction encompass
various factors. These factors include the commodities it could be
associated with the species’ reproductive strategy (i.e., the number
of propagules capable of traveling along each pathway within a
year), the survival rate of transportation along each pathway, and
the successful establishment in suitable habitats in the recipient
regions. Additionally, the efficacy of current management practices
in detecting the species or influencing its survival is considered.
Similarly, the risk of spread is assessed using a comparable set of
factors, which also considers the documented spread of the species
in the invaded area. Concerning the potential for establishment,
particular emphasis was placed on understanding the physiological
requirements of the species and how its reproductive strategy aligns
with the environmental conditions present in the assessment area.
Regarding the magnitude of impacts, various sets of inquiries were
directed towards examining the environmental consequences,
effects on ecosystem services, economic ramifications, and
impacts on social wellbeing and human health. A confidence-level
system proposed by Bacher et al. (2018) was also used in order to
classify the socio-economic impacts of E. golanii (Table S3). The RA
area was defined as the Greek seas, divided into three biogeographic
sub-regions: South Aegean and Cretan Seas, North Aegean Sea, and
Tonian Sea (Figure S1).
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4 Risk assessment results and detailed
evaluation of E. golanii in the
Greek seas

4.1 Risk of introduction and
associate pathways

The main introduction pathway of E. golanii in the
Mediterranean Sea is through the Suez Canal, while the main
countries in which the species has invaded are the southeastern
Mediterranean countries (Golani, 2000). In countries where E.
golanii has not yet been recorded, spread from neighboring
countries with established populations is considered as a
secondary introduction pathway. The risk assessment in the
Greek seas indicated that both the Suez Canal and unaided
introduction from neighboring countries (e.g., Turkey) are very
likely introduction pathways (Table 1). Introduction from aquaria
escapes can be considered as a third pathway, but in the case of E.
golanii, it was deemed as very unlikely due to the species
characteristics and also due to the fact that it is not an
ornamental-aquarium species. The fecundity ratio of E. golanii
seems to be low, ranging from 56 to 157 eggs/g, also depending
on the size of individuals (Somarakis et al., 2021). In the Aegean Sea,
its absolute fecundity has been estimated to 13,801 + (standard
error) 5,595 eggs, showing an increasing trend up to a total length of
approximately 23 cm (Vagenas et al, 2022). Elsewhere, a relative
fecundity of 278 to 645 eggs has been recorded for individuals from
14 to 22 cm (Osman et al,, 2011). Although fecundity of the species
is relatively low, it has a prolonged spawning season, from
December to May for females, extending until July for males
(Osman et al.,, 2011). Considering the water circulation patterns
and higher salinity levels of the Red Sea, the Suez Canal has
facilitated the migration of the species from the Red Sea to the
Mediterranean, throughout the year, except for the summer months
when the Mediterranean waters flow to the Red Sea (Bianchi, 2007),
making the movement of planktonic organisms difficult due to the
opposing water flow and currents. Adults can pass through the Suez
Canal all year round, and since the spawning season begins in
December and is completed by late spring or early summer, larvae
are able to cross the canal by June or early July; however, their
crossing is halted until September, when the direction of the
currents favors their movement (Zakaria, 2015). Furthermore,
recruitment of new individuals is seasonal, and individuals are
reproductively mature at the age of two (Sanders and Kedidi, 1984).
The eggs of E. golanii appear to be dispersed near the coastal zone,
at depths between 20 and 30 m, while larvae surviving at depths
between 50 and 70 m (Uehara and Mitani, 2002; Peristeraki et al.,
2006). The spawning season of E. golanii is concluded by summer
and the fry is found near the coast. Thus, it is likely that large
numbers of individuals and/or eggs will enter through this pathway
and establish local populations in the dispersal area. The occurring
environmental and spatial conditions of the channel (i.e., successive
expansions) are suitable for the survival of both eggs/larvae and
adults (Katsanevakis et al., 2013). Furthermore, there are currently
no management practices that would prevent the survival of marine
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TABLE 1 Risk assessment summary results of E. golanii in the Greek seas
regarding introduction, establishment, and spread, according to the
likelihood of event and the corresponding confidence level.

(1) Introduction

Likelihood of
event

Confidence
level

Pathway of introduction

Corridor (Suez Canal) Likely Medium
Unaided (neighboring countries) Very likely High
Aquaria Unlikely Low

(2) Establishment and (3) spread

Sub-region Likelihood of event Confidence level
Southeastern Aegean Sea-Cretan Very likely High

Sea

North Aegean Sea Possible Medium

Tonian Sea Unlikely Low

Attributes of establishment and Likelihood of event Confidence level

spread

Climate conditions Likely Medium
Abiotic parameters Possible Medium
Habitat suitability Possible Low
Species competition Very likely Medium
Predation and parasites Likely Medium
Adaptability Likely Medium
Reproduction characteristics Likely Low
Genetic diversity Likely High
Natural dispersal Likely Medium
Human intervention Unlikely High
Management practices Very Likely High

alien species during their migration through the Suez Canal (Galil
et al., 2017).

Based on its distribution history in the Mediterranean and while
knowing the invasion of the species and its characteristics, the chances
of new invasions in Greek waters going unnoticed are reduced. At
present, early detection systems operate through formal and informal
networks of expert scientists and local stakeholders and through official
competent bodies (e.g., ELNAIS). Since the first record of the species in
the basin occurred in Lebanon in 1931 (Gruvel, 1931) and in Greece
between 2003 and 2005 (Corsini et al., 2005; Kallianiotis and Lekkas,
2005; Kasapidis et al., 2007), it may be assumed that E. golanii was
introduced in Greek waters from neighboring countries rather than
directly from the Suez Canal, although this cannot be excluded. Both
introduction pathways are expected to be affected by climate change
(Cramer et al., 2018), mainly due to changes in sea surface temperature
(Bellard et al, 2018). Future rising temperatures are expected to
increase the likelihood of introduction (and spread) in
Mediterranean areas that offer less favorable climatic conditions for
winter survival and summer spawning such as the Adriatic and Balearic
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Seas and the North Aegean Sea (Corrales et al, 2018; Azzuro
et al, 2019).

4.2 Risk of establishment

Etrumeus golanii has already established populations in Greece,
mainly in central and southeastern Aegean regions (Dodecanese
Islands, Cyclades Islands, Crete) and its range of distribution seems
to be constantly increasing. Temperature conditions seem to
contribute and favor this pattern (Badran, 2001; Corsini-Foka
et al., 2010). The species has not yet been established in the
North Aegean Sea probably due to the winter isotherm (from
Evvoia to Chios) of 15°C and the prevailing colder waters in the
northern parts of the Aegean (Zervakis et al., 2019). In recent years,
however, the isotherm seems to be changing its location and
Lessepsian migrants, including E. golanii, are being recorded in
northern parts of the Aegean Sea, signaling possible spreads
(Corsini-Foka et al.,, 2010). The Eastern Mediterranean is
characterized by the presence of oligotrophic ecosystems with
similarities to the Red Sea (Reich et al., 2021). In terms of
bacterial productivity, the two areas are similar but differ in
phytoplankton production (Qurban et al, 2017). However,
although primary productivity in the Red Sea is higher and lasts
longer, the seasonal dynamics of phytoplankton indicate the effect
of water mixing (Reich et al., 2021). During the winter, the waters of
the Red Sea move towards the Mediterranean, thus increasing the
primary productivity in the light zone, together with the
temperature and salinity (Zakaria, 2015). This phenomenon
helped the establishment of E. golanii in the southeastern Aegean
Sea (Corsini-Foka and Economidis, 2007), with a possible
likelihood of establishment due to abiotic parameters. As far as
habitat suitability is concerned, a possible likelihood of
establishment in all habitats was also assessed.

Regarding genetic analyses, a study has been implemented in
three different populations of E. golanii in Turkey, with the results
demonstrating high genetic diversity, both within the populations
and among them, based on haplotype diversity values (Ciftci and
Bardakci, 2021). Each population had unique mtDNA haplotypes
(70 total haplotypes, with 2 common among populations) and
unique genetic structure. This indicates that populations had
migrated from the Red Sea to the Mediterranean in different
shoals, at different time intervals, independently of each other,
increasing the genetic diversity (Ciftci and Bardakci, 2021); thus, a
likely establishment due to genetic diversity was deemed. Overall, a
very likely possibility of establishment was assessed in South Aegean
and Cretan Seas, possible in the North Aegean Sea, and unlikely in
the Tonian Sea (Table 1).

4.3 Risk of spread

Etrumeus golanii has established populations in Crete, the
Dodecanese islands, and the Cyclades Islands where the coastal
zone is relatively small (Panayotidis et al., 2020) and constitutes an
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ideal environment for its reproduction and formation of thriving
populations (Osman et al., 2013). On the other hand, the North
Aegean has a steep continental shelf far from the coast forming
great depths (Panayotidis et al., 2020), which makes it difficult for
the species to spread there. Also, oceanographically, the Aegean Sea
resembles the Mediterranean on a small scale: the gradients of
temperature, salinity, and nutrients, from north to south, are
comparable to those of the western to eastern Mediterranean
(Emeis et al.,, 2000). As far as the Ionian Sea is concerned, it is
characterized by deep waters and strong currents, which can make it
difficult for certain alien species to survive and establish themselves,
and together with the Adriatic Sea, they have the fewest observed
NIS (Katsanevakis et al., 2013). The presence of the E. golanii as
recorded in the ELNAIS network (Figure 3) seems to have
information gaps, hence the need to update its distribution data
(Zenetos et al.,, 2015). Moreover, its distribution seems to overlap
with some Natura 2000 areas (Spiliopoulou et al., 2021).

Regarding species competition, the spread of E. golanii was
deemed as very likely due to low pressure on other species for food
resources (Bilge et al., 2019). Indeed, the other small pelagic species
that co-occur with E. golanii in the Aegean Sea and might compete
for food are the European anchovy and the European pilchard.
Based on the observed feeding habits of E. golanii, it mainly preys
on small crustaceans like Isopoda, Decapoda, and Mysida
(Andrianopoulos et al., 2022). In contrast, E. encrasicolus and S.
pilchardus are primarily zooplanktivorous species preying mainly
on Copepoda (e.g., Nikolioudakis et al., 2012; Karachle and
Stergiou, 2014). As prey, species of the genus Etrumeus have been
recorded to be predated by tuna (Shimose et al., 2013), mackerel
(Jarre-Teichmann et al., 1998), and dolphins (Nifio-Torres et al.,
2006). Nevertheless, they are not a basic component of their diet,
and most presumably, E. golanii is not likely to be subjected to
strong pressure by these predators in the Greek waters; however,
since the species can reach high densities, this hypothesis should be
handled with caution, with possible future dietary regime shifts
(Brand et al., 2019). Regarding the presence of E. golanii parasites,
four species have been recorded in the Mediterranean, namely,
nematodes of the genus Anisakis, the trematode Lecithochirium
jaffense, the copepod Mitrapus oblongus, and isopods of the genus
Gnathia (El-Rashidy and Boxshall, 2010; Boussellaa et al., 2016).
Mitrapus oblongus is considered to have entered in the region as a
Lessepsian immigrant, since it has not been observed to parasitize in
native species (El-Rashidy and Boxshall, 2010), while Anisakis spp.
is found in native species, but there is a high possibility that it has
also entered with the introduction of NIS (Boussellaa et al., 2016).
Lecithochirium jaffense and Gnathia spp. are native in the
Mediterranean and infect several pelagic species. As far as
predators and parasites are concerned, a likely likelihood of
spread was deemed.

Etrumeus golanii’s characteristics and reproduction period
(Somarakis et al.,, 2021), combined with the environmental and
climate conditions, allowed its spread throughout the southern
Mediterranean Sea, with a moderate magnitude of impact.
Regarding human impacts, E. golanii is a species that spreads
naturally across neighboring areas and human intervention does
not seem to have contributed to its spread (e.g., releases from
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aquariums) with a minimal scoring. From 1994 onwards, its records
began to increase rapidly, and in recent years, new sightings are
recorded every year (Galil et al., 2018). Naturally dispersed species
are very difficult to contain (Cinar et al., 2021). This is particularly
true for E. golanii due to its already widespread and abundant
populations, long breeding season, pelagic nature, and frequent
recruitment (Golani, 2000; Osman et al,, 2013). Currently, there are
no management measures that could affect the ability of the species
to spread in the Greek waters. Early detection systems that operate
through formal and informal networks of experts are not capable of
preventing establishment and spread (Castro et al., 2021). If a
management practice, such as intensive and/or targeted fishing, is
to be implemented, especially during the spawning season, a
reduction in the probability of survival could be achieved, but the
expected reduction is difficult to quantify and highly uncertain
(Kopfetal., 2017). Overall, the risk assessment indicated a moderate
potential rate of spread in the biogeographic sub-regions of the
Greek seas with medium confidence levels (Table 1).

4.4 Magnitude of impacts

Since its detection in the Mediterranean Sea, E. golanii has
spread gradually in the southern Mediterranean, forming local
populations and constituting an important part of fish fauna,
which is also reflected in the commercial fisheries catches of
Libya, Egypt, and Turkey (Osman et al, 2011; Shakman et al,
2019; Cinar et al,, 2021). No records of the species exerting strong
competitive pressure on native species have been documented,
possibly due to the lack of long-term and reliable fishing data
(Coll et al., 20105 Corrales et al., 2017). Thus, a minimal magnitude
of impact regarding competition with native species, a minor one
regarding competition for food and shelter, and a moderate one
regarding predation and dietary preferences were assumed. With
the ongoing migration rates and since E. golanii can form large
schools and reach high densities in favorable conditions, these
impacts on biodiversity parameters are expected to reach higher
scores in the future (Table 2). Although the negative effects of IAS
on marine ecosystems and fisheries are known, there have been no
major economic consequences due to E. golanii invasion until now
(Haubrock et al., 2022). For example, in Israel, although the
percentage of recorded specimens of E. golanii found in purse-
seiners’ catches has increased in the 2008-2011 period compared to
the 1990-1994 period, indicating an increasing trend of its
populations, there are no apparent signs of strong competitive
pressure on natural populations (e.g., on European anchovy and/
or pilchard) or the ecosystem, as it is difficult to identify a direct
correlation between native stocks and the invasion of E. golanii
(Arndt et al., 2018). Thus, regarding ecosystem functioning and
services, a moderate magnitude of impact was assessed; however, in
the future with the continuous inclusion of the species in
commercial fisheries catches, this score can be mitigated.

Etrumeus species are of high economic importance in the Red
Sea, contributing up to 11.5% of the region’s total purse-seiners
production (Mehanna, 2004). In addition, they constitute 25% of
total catch in Red Sea Egypt (Mehanna and EI-Gammal, 2005), and
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TABLE 2 Magnitude of impacts of E. golanii in the Greek seas in environmental and socio-economic attributes, regarding their score (Sc) and
corresponding confidence levels (Cl) for current and future state.

Environmental Current

Sc
Biodiversity
Predation (crustacea, fish, mollusks, worms) Moderate Low Major Low
Competition for food and shelter Minor Low Moderate Low
Competition with native species Minimal Low Minor Low
Ecosystem services
Ecosystem functioning Moderate Medium Minor Medium
Conservation value
Soft sediment and hard habitats Minor Low Moderate Low
Seagrass and algal beds Minor Low Moderate Low
Socio-economic Current Future

Sc cl Sc cl
Economic impacts
High discard rates (increase sorting time) Moderate Low Minor Low
Fishermen change place and time of fishing Moderate Low Minor Low
Damage of fishing gear Minimal Low Minimal Low
Social and human health impacts
Injuries to fishermen and beach-goers Minimal High Minimal High
Secondary infections Minimal High Minimal High

16% of total catch in Mediterranean Egypt (Akel, 2009). Etrumeus
golanii alone constitutes 6.9% of the catch of the Clupeiformes order
in Mediterranean Turkey (Sakinan, 2014) and 10.93% of the total
fish catch in Mediterranean Egypt. Considering that E. golanii could
be of high economic value in those regions, a positive impact of
Lessepsian migration can be traced in Mediterranean Egypt (Farrag
et al., 2014), Tunisia (Mili et al., 2020), and Mediterranean Morocco
(Tamsouri et al., 2019). In the Greek seas, E. golanii has become
established in the southeastern Aegean, contributing to the fisheries
of Crete, the Dodecanese, and the Cyclades Islands (Zenetos et al.,
2009). Since Mediterranean purse-seine fleets share many
similarities (Kleitou et al., 2022), it can be an important species
for commercial fisheries, thus having a positive impact on the Greek
fisheries sector. Its population in these areas is constantly
increasing, being part of the local fish fauna, without knowing,
however, the exact abundance of the species and therefore its
impact on the native stocks.

Coastal marine substrates with vegetation used as spawning
habitats by E. golanii (mainly Posidonia oceanica) in the
Mediterranean sublittoral zone are considered vulnerable (Galil
and Goren, 2014). Thus, the risk assessment indicated a minor
magnitude of impact on habitats (soft sediments, hard substrates,
and seagrass beds), which is expected to grow with the increase of
the species” populations in the future. Globally, there have been no
records of individuals of the genus Etrumeus negatively affecting the
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ecosystem and its components (Galil et al., 2019). Because of its
small size, morphology, and biology, which do not pose a risk to
public health, and the fact that it exploits seasonal planktonic cycles
for its diet, it currently does not seem to have a negative impact on
the native habitats of the study area.

Economic costs or losses are associated with impacts on
commercial and recreational fisheries in terms of damage to
fishing gear, increased labor demand, and predation of
commercial fisheries target species (Cuthbert et al., 2021).
Etrumeus golanii does not appear to be costly to commercial
fisheries as it does not damage fishing gear, injure personnel, or
cause a reduction in native fish stocks (Tamsouri et al., 2019), yet
fishers in Greece consider that it reduces the overall economic
turnover of the catches due to its high abundances and the low
commercial price as there is a minimal market demand (Karachle,
personal communication). A minimal magnitude of impact was
documented regarding damage of fishing gear, with a same score
also deemed for the future. As far as high discard rates and change
of fishing places are concerned, a moderate magnitude of impact
was assessed, since local fisheries communities tend to still prefer to
harvest native pelagic stocks. However, this score is expected to be
lower in the future, with the increased consumers’ familiarity and
market trends and sustainability awareness campaigns (Penca et al.,
2021). Estimates of economic losses in EU Member States are not
yet assessed, while further studies are needed to be implemented in
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order to estimate the abundance of the species in Greek waters and
to have sufficient data for a holistic and correct assessment
(Kourantidou et al., 2022). Until now, it is not known to which
extent it functions territorially and competitively with commercial
small pelagic species such as the European anchovy and European
pilchard (Vorsatz et al., 2019). However, it does not appear to have
negative impacts on these stocks and currently no population
management practices are in place (Akyol and Ulas, 2016). The
risk assessment indicated a minimal magnitude of impact regarding
economic costs and an efficient management will require
population dynamics studies with particular emphasis on its
breeding grounds (Hirai et al., 2017; Nyuji and Takasuka, 2017).

Regarding public health, E. golanii does not appear to have a
negative impact, as it is very small, is not aggressive, and does not
carry poisonous substances or sharp spines like other alien species
(e.g., Lagocephalus sceleratus and Pterois miles), which could impact
human health. Although species of the genus Etrumeus have been
recorded to be predated by larger pelagic species and dolphins, no
official cases of predation of E. golanii have been recorded yet.
However, and in any case, they are not a major component of their
diet and are therefore not likely to exert a strong pressure on them.
Regarding the parasites that have been identified in E. golanii, they
do not seem to be a limiting factor for the growth of its population
(Boussellaa et al., 2016). Overall, the risk assessment regarding the
impacts of E. golanii in several attributes revealed that it cannot be
characterized yet as an IAS, and further analyses and studies might
be implemented to demonstrate the full aspects of this NIS in the
Mediterranean Sea (Pysek et al., 2020).

5 Conclusions

Etrumeus golanii has entered in the Mediterranean Sea via the
Suez Canal, a pathway that is still active and will likely provide
opportunities for new introduction events. In the Greek seas, a
natural spread through neighboring countries has resulted in
successfully established populations in the central and
southeastern Aegean territories. It is likely that, in the future, it
will be introduced in other Greek marine areas that it has been
absent until now; however, it seems not to spread rapidly towards
the northern Aegean and Ionian Sea due to environmental
constraints such as temperature. Etrumeus golanii is a pelagic
species with a long reproductive season, short and frequent
recruitment periods, and high adaptability. These characteristics,
alongside with the current environmental conditions, have allowed
its gradual spread in the Mediterranean Sea. In the southeastern
Aegean, E. golanii has established itself forming local populations,
as shown by commercial fisheries catches, without having estimated
the exact abundance of the species. It is relatively small in size and
feeds on animal organisms such as small crustaceans, without
exerting competitive pressure on native species. Finally, it does
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not seem to have a negative impact on fish stocks and public health;
thus, it is not classified as invasive by this assessment.
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