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ABSTRACT

ARTICLE HISTORY

The opening of the Suez Canal in 1869 led to a massive inﬂux of Red Sea species that invaded
the Mediterranean; this was termed ‘Lessepsian migration’. Among these species was a species
of lizardfish, identiﬁed by some authors as Saurida undosquamis and by others as S. macrolepis.
Recently, the Red Sea and the Mediterranean populations were described according to external
characteristics as a unique taxon, Saurida lessepsianus. Our molecular study conﬁrms this ﬁnding
and determines that all previous records of S. undosquamis and S. macrolepis in the Red Sea and
the Mediterranean are misidentiﬁcations of S. lessepsianus. The Mediterranean population of
S. lessepsianus exhibits a lower genetic variability than that of the Red Sea population,
suggesting a bottleneck effect.
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Introduction
Recent developments in genetic analysis have provided a powerful tool for increasing the resolution of
ﬁsh taxonomy by comparing DNA sequences. In
numerous cases, the genetic analysis of different populations of certain species, previously considered as
having a wide geographic distribution, were revealed
to be of sufﬁcient genetic distance as to be considered
different taxa (Tikochinski et al. 2014). These so-called
‘cryptic species’ were occasionally even elevated later
to the speciﬁc level.
Genetic techniques also contributed to a better understanding of bioinvasion, by revealing the source of the
invading population and indicating whether a reduction
of genetic variability of the invading population (‘founder
effect’ or ‘bottleneck effect’) occurred following the colonization event (Golani et al. 2007; Bernardi et al. 2010).
The genus Saurida Valenciennes, 1850 is one of the
three genera in the lizardfish family Synodontidae. It
consists of c. 22 species (Russell 1999; Nelson 2006;
Eschmeyer 2015), which are characterized by a cylindrical elongated body and a large mouth equipped
with two bands of palatine, vomer and tongue teeth.
They have an adipose dorsal ﬁn and nine pelvic ﬁn
rays, all of them similar in length.
The taxonomy of the genus was studied by several
authors (Matsubara 1955; Tomiyama & Abe 1958;
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Shindo & Yamada 1972; Machida 1984). In some of
these studies, all those species with dotted ﬁrst dorsal
rays and upper caudal rays were considered to be
Saurida undosquamis (Richardson, 1848). Yamada &
Ikemoto (1979) determined morphologically that
there are at least two taxa in the western Paciﬁc, in
what
was
previously
considered
to
be
S. undosquamis, which was later conﬁrmed by genetic
analysis (Yamaoka et al. 1989).
Determined to solve the S. undosquamis complex,
Inoue & Nakabo (2006) conducted a morphological
study and concluded that the only species of this
complex occurring in the western Indian Ocean and
the Red Sea is Saurida macrolepis Tanaka, 1917.
Although they did not examine specimens from the
Mediterranean and since the Red Sea is the likely
source of the Mediterranean population, numerous
authors have followed Inoue & Nakabo (2006) in
calling the Mediterranean population S. macrolepis
(e.g. Fishelson et al. 2010, 2011; Stern 2010).
The ﬁrst record of the genus Saurida from the Red
Sea was made by Norman (1939) and later by
Bayoumi (1972) who reported it from the Gulf of Suez
as Saurida undosquamis. This species invaded the Mediterranean via the Suez Canal; the ﬁrst specimens were
collected in December 1952 and reported by Ben-Tuvia
(1953) as Saurida grandisquamis Günther, 1864. Several
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years later, the species experienced a population
explosion in the Mediterranean and consequently
became an important element in the Levantine
trawler ﬁshery (Ben-Yami & Glaser 1974; Gücü &
Bingal 1994; Golani & Ben-Tuvia 1995).
Yağhoğlu & Turan (2012) conducted a genetic study
of S. undosquamis (= S. lessepsianus) from the Red Sea
and the Mediterranean using PCR-RFLP of the mitochondrial 16S gene. Due to the different methods
used in their study and our study the results of the
two studies cannot be evaluated in the same manner.
Recently, Russell et al. (2015) described the Red Sea
and the Mediterranean population as a distinct species,
Saurida lessepsianus Russell, Golani & Tikochinski, 2015,
and claimed that neither S. undosquamis nor
S. macrolepis occur in this region.
The objectives of this study were to genetically
barcode the Red Sea and the Mediterranean
S. lessepsianus and compare them to specimens of
S. undosquamis and S. macrolepis from Japan. We also
wanted to assess whether the Mediterranean population has experienced a reduction in genetic variability
as a result of a bottleneck effect.

Materials and methods
Sample collection and DNA extraction
Fifty-eight specimens of Saurida spp. were collected
from different locations. Eighteen specimens of
S. lessepsianus came from the southern Red Sea
(Eritrea) and 40 from the Mediterranean Sea: 10 from
Turkey (Antalya) and 30 from Israel (Jaffa and Haifa).
One specimen of S. golanii Russell, 2011 was collected
in Eilat, the Red Sea; two specimens of S. macrolepis
were collected in Japan; three specimens of
S. undosquamis were collected in Australia; two specimens of Saurida sp. were collected in Taipei, Taiwan.
Specimens were deposited in the Fish Collection of
the Hebrew University of Jerusalem, Jerusalem (HUJ)
and the Museum and Art Gallery of the Northern Territory, Darwin (NTM). Adult ﬁsh muscles (about 50 mg)
were used for DNA sample preparation using the AccuPrep® genomic DNA extraction kit (Bioneer, Daejeon,
Korea).

FishR1: 5′ TAGACTTCTGGGTGGCCAAAGAATCA 3′

PCR reactions were carried out in 25 µl reaction
volumes containing 1× PCR buffer (including 1.5 mM
MgCl2), 0.2 mM of each dNTP, 1 µM of each primer, 1
unit of Super-Term Taq polymerase (Hoffmann-La
Roche), and about 100 ng of template DNA. PCR reactions were processed in an MJ Research thermal
cycler with the following thermal regime: an initial
step of 2 min at 95°C followed by 35 cycles of 0.5
min at 94°C, 0.5 min at 57°C and 1 min at 72°C, followed
by 3 min at 72°C and then held at 15°C. PCR products
were visualized on 1.5% agarose gels and sequenced
bidirectionally using the PCR primers on an ABI 377
DNA Sequencer (Applied Biosystems, Foster City, CA)
following the manufacturer’s instructions.
Approximately 709 bp were ampliﬁed from the
mtDNA D-loop sequences of Saurida samples using
newly designed primers from the ﬂanking cytochrome
b and 12S genes:
SA-D-15581 F: 5′ CTCTACCACTGACTCCCAAAGC 3′
SA-D-31 R: 5′ CAGTGTTATGCTTTGTTTAAGCTACGC 3′

PCR reactions were carried out as described above
with the following thermal regime: an initial step of 2
min at 95°C followed by 32 cycles of 45 s at 94°C, 45
s at 55°C and 45 s at 72°C, followed by 3 min at 72°C
and then held at 15°C. PCR products were visualized
and sequenced as described above.

Data analysis
BioEdit Sequence Alignment Editor ver. 7.0.9.0 (Hall
1999) was used to align the different haplotypes.
Neighbour-joining analysis was carried out using
PHYLIP version 3.69 (Felsenstein 2009). Trees were constructed using the neighbour-joining approach. Bootstrap values were obtained using MEGA6 software
(Tamura et al. 2013). Principal coordinates analysis
was carried out using the Multi-Variate Statistical
Package (version 3.22) by Kovach Computing Services.
All sequences were sent to GenBank (accession
numbers KX096944–KX096980).

Results
PCR and sequencing
Approximately 650 bp were ampliﬁed from the 5′
region of the mitochondrial cytochrome c oxidase
subunit I gene (COI) using the following primers
(Ward et al. 2005):
FishF1: 5′ TCAACCAACCACAAAGACATTGGCAC 3′

COI sequences of the 58 Saurida spp. specimens, 624
bp long, were successfully obtained, comprising
altogether four different haplotypes. Saurida lessepsianus specimens are located on a distinct branch of
the neighbour-joining tree that was constructed by
the COI sequences (Figure 1), and form a distinct
cluster in a principal coordinates graph (Figure 2).
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Figure 1. Neighbour-joining tree of Saurida species, based on COI differences. Node values represent bootstrap results (1000
iterations).

The average distances between S. lessepsianus and its
close neighbours, S. macrolepis and S. undosquamis,
are 8.7% and 15%, respectively – well above the 3%
threshold widely accepted for speciﬁc level distinction
(Hebert et al. 2003; Ward et al. 2009). When all the Red
Sea and the Mediterranean specimens of S. lessepsianus
are assembled on a tree (Figure 3) they have a
maximum difference of 0.48%, clearly falling under
the same genetic species deﬁnition.
A neighbour-joining tree based on the mtDNA Dloop (control region) 709 bp sequences (Figure 4) supports our ﬁndings from the previous trees –
S. lessepsianus specimens are all clustered and differ
from other Saurida species. The minor differences
between S. lessepsianus specimens divide them into
three clades: one which consists only of Mediterranean

specimens (from Israel and Turkey) (Clade I); another
which consists only of Eritrean specimens (Clade II);
and a third branch which consists of both Mediterranean and Eritrean specimens (Clade III). The distances
between the clades are given in Table I. The mean distance within clades is 2.851 × 10−3 (n = 1322), and not
surprisingly, is signiﬁcantly smaller (P < 0.0001) than
the mean distance between clades, which is 23.821 ×
10−3 (n = 992). Since distances between pairs are not
independent, the signiﬁcance level was estimated
using computer simulations (10,000 random
permutations).
Concentrating only on the Mediterranean population, and comparing the Israeli (Jaffa or Haifa) and
the Turkish (Antalya) samples, we found no signiﬁcant
difference (P = 0.3743) in their genetic heterogeneity

Figure 2. Principal coordinates analysis of Saurida species, based on COI differences. The ﬁrst two axes are drawn, which together
explain 80.6% of the variance.
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Figure 3. Neighbour-joining tree of Saurida lessepsianus from the Mediterranean (A = Antalya, Turkey; J = Jaffa or Haifa, Israel) and
the Red Sea (E = Eritrea), based on COI differences (S. macrolepis and S. golanii are given for comparison). Node values represent
bootstrap results (1000 iterations).

(as measured by the mean pairwise distance within
each sample). Again, the signiﬁcance level was estimated using computer simulations (10,000 random
permutations).
The Mediterranean population of S. lessepsianus
exhibits a more limited genetic heterogeneity than
the original Red Sea population. This is demonstrated
by the distribution of different mtDNA D-loop haplotypes: 10 different haplotypes in a sample of 40 specimens from the Mediterranean, compared with 17
different haplotypes in a sample of 18 specimens
from the Red Sea. Simpson’s index of diversity is
0.6333 ± 0.0845 and 0.9935 ± 0.0082, respectively (estimate ± SE).

Discussion
The most important ﬁnding of this study, as shown in
the phylogenetic tree constructed by the sequence
differences of the COI (Figures 1a and 1b), is the clear
demonstration that Saurida lessepsianus from both the

Red Sea and the Mediterranean constitutes a single
taxon that is neither S. undosquamis nor S. macrolepis.
The formation of a distinct species in this area could
be the result of the geological history of the Red Sea
(DiBattista et al. 2013; Fernandez-Silva et al. 2015;
Jackson et al. 2015). The Red Sea was formed by the
divergence of the Arabian Plate from the African
Plate during the Oligocene Era c. 20–30 Mya. The
present connection with the Indian Ocean, which is
the source of Red Sea fauna and ﬂora, occurred much
later, during the Pliocene Era c. 5 Mya. Since this connection, via the shallow straits of Bab-el-Mandab, the
Red Sea has undergone various periods of separation
and alternating isolation from the West Indian Ocean
that continued even after the last glacial maximum of
the Pleistocene Era some 20,000 years ago. Limited
gene ﬂow was found between Red Sea and Indian
Ocean populations since this last major glacial period
(DiBattista et al. 2013). Present-day barriers to gene dispersal between the Red Sea and the Indian Ocean still
exist, resulting from upwelling along the Horn of Africa
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Figure 4. Neighbour-joining tree of Saurida lessepsianus from the Mediterranean (A = Antalya, Turkey; J = Jaffa or Haifa, Israel) and
the Red Sea (E = Eritrea), based on mtDNA D-loop differences (S. macrolepis and S. golanii are given for comparison). Node values
represent bootstrap results (1000 iterations).

at Somalia and the turbid waters of the coast of Pakistan and western Indian coast (Roberts et al. 1992).
This long period of separation with no gene ﬂow
between the original population of the Indian Ocean
and those of the Red Sea could cause allopatric speciation (Ayala 1999; Helfman et al. 2009). Similar cases
were revealed regarding Atherinomorus forskali
(Rüppell, 1838) (Bucciarelli et al. 2002) and Sillago suezensis Golani, Fricke & Tikochinski, 2014 (Tikochinski
et al. 2013; Golani et al. 2014).

Table I. Mean mtDNA D-loop pairwise distances within and
between the three Mediterranean clades of Saurida
lessepsianus (number of pairs in parentheses).
Clade I
Clade II
Clade III

Clade I

Clade II

Clade III

6.204 × 10−3
(n = 90)

29.129 × 10−3
(n = 160)
6.591×10−3
(n = 240)

27.718 × 10−3
(n = 320)
19.727 × 10−3
(n = 512)
1.641 × 10−3
(n = 992)

A comparison of the specimens from Israel with
those from Antalya, Turkey (c. 600 km from Israel) did
not reveal signiﬁcant differences in the genetic composition of the two populations, and they are therefore
jointly referred to as the Mediterranean population.
These ﬁndings join previous studies that did not ﬁnd
a tendency of certain mitochondrial DNA haplotypes
of the colonizing species to spread further than
others (Azzurro et al. 2006; Golani et al. 2007; Golani
& Bernardi 2012).
The results of this study show signiﬁcant differences
between the Red Sea and the Mediterranean Saurida
lessepsianus populations, and therefore suggest a bottleneck effect. A similar case was found in the cornetﬁsh, Fistularia commersonii Rüppell, 1838. However, in
other Lessepsian migrants, such as Siganus rivulatus
Forsskål & Niebuhr, 1775, S. luridus (Rüppell, 1829),
Upeneus moluccensis (Bleeker, 1855), U. pori Ben-Tuvia
& Golani, 1989 and A. forskali, a reduction of genetic
variability was not found (Bernardi et al. 2010).
Despite a reduction of its genetic variability, the
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Mediterranean population of S. lessepsianus has been
very successful in establishing a huge stock in its new
habitat, expressed in its large portion (226 tonnes) in
the trawl catch of Israel only one year after this
species reached the Levant.

Disclosure statement
No potential conﬂict of interest was reported by the authors.

Downloaded by [46.120.208.184] at 01:20 17 May 2016

References
Ayala FJ. 1999. Molecular clock mirage. BioEssay 21:71–75.
doi:10.1002/(SICI)1521-1878(199901)21:1<71::AID-BIES9>3.
0.CO;2-B
Azzurro E, Golani D, Bucciarelli G, Bernardi G. 2006. Genetics
of the early stage of invasion of the Lessepsian rabbitﬁsh
Siganus luridus. Journal of Experimental Marine Biology
and Ecology 333:190–201. doi:10.1016/j.jembe.2005.12.
002
Bayoumi AR. 1972. Recent biological investigations in the Red
Sea along the A.R.E. coasts. 1. On some demersal ﬁshes of
economic importance from the Red Sea, with notes on
migration of ﬁsh through the Suez Canal. Bulletin of the
Institute of Oceanography and Fishery 2:159–83.
Ben-Tuvia A. 1953. Mediterranean ﬁshes of Israel. Bulletin of
the Sea Fisheries Research Station, Haifa 8:1–40.
Ben-Yami M, Glaser T. 1974. The invasion of Saurida undosquamis (Richardson) into the Levant Basin – an example of biological effect of interoceanic canals. Fishery Bulletin 72:359–
73.
Bernardi G, Golani D, Azzurro E. 2010. The genetics of
Lessepsian bioinvasions. In: Golani D, Appelbaum-Golani
B, editors. Fish Invasions of the Mediterranean Sea:
Change and Renewal. Soﬁa: Pensoft, p 71–84.
Bucciarelli G, Golani D, Bernardi G. 2002. Genetic cryptic
species as biological invaders: the case of a Lessepsian
ﬁsh migrant, the hardyhead silverside Atherinomorus lacunosus. Journal of Experimental Marine Biology and Ecology
273:143–49. doi:10.1016/S0022-0981(02)00138-7
DiBattista JD, Berumen ML, Gaither MR, Rocha LA, Eble JF, Choat
JH, et al. 2013. After continents divide: comparative phylogeography of reef ﬁshes from the Red Sea and Indian Ocean.
Journal of Biogeography 40:1170–81. doi:10.1111/jbi.12068
Eschmeyer W. 2015. Catalog of ﬁshes: genera, species, references.
http://researcharchive.calacademy.org/research/
ichthyology/catalog/ﬁshcatmain.asp (accessed 27 March
2015).
Felsenstein J. 2009. PHYLIP© – Phylogeny Inference Package
(version 3.69). Department of Genome Sciences,
University of Washington, Seattle. Computer program.
Fernandez-Silva I, Randall JE, Coleman RR, DiBatistta JD,
Rocha LA, Reimer JD, et al. 2015. Yellow tails in the Red
Sea: phylogeography of the Indo-Paciﬁc goatﬁsh
Mulloidichthys ﬂavolineatus reveals isolation in peripheral
provinces and cryptic evolutionary lineages. Journal of
Biogeography 42:2402–13. doi:10.1111/jbi.12598
Fishelson L, Golani D, Galil B, Goren M. 2010. Comparison of
taste bud form, number and distribution in the

oropharyngeal cavity of lizardfishes (Aulopiformes,
Synodontidae). Cybium 34:269–77.
Fishelson L, Russell B, Golani D, Goren M. 2011. Rodlet cells in
the alimentary tract of three genera of lizardfishes
(Synodontidae, Aulopiformes): more on these enigmatic
“gate-guards” of ﬁshes. Cybium 35:121–29.
Golani D, Ben-Tuvia A. 1995. Lessepsian migration and the
Mediterranean ﬁsheries of Israel. In: Conditions of the
World’s Aquatic Habits. Proceedings of the World
Fisheries Congress, Theme volume 1, p 279–89.
Golani D, Bernardi G. 2012. Differential invading potential
among cryptic species of blotchﬁn dragonet, Callionymus
ﬁlamentosus, a Lessepsian bioinvader. Marine Ecology
Progress Series 450:159–66. doi:10.3354/meps09575
Golani D, Azzurro E, Corsini-Foka M, Falautano M, Andaloro F,
Bernardi G. 2007. Genetic bottlenecks and successful
biological invasions: the case of a recent Lessepsian
migrant. Biology Letters 3:541–55. doi:10.1098/rsbl.2007.
0308
Golani D, Fricke R, Tikochinski Y. 2014. Sillago suezensis, a new
whiting from the northern Red Sea, and status of Sillago
erythraea Cuvier (Teleostei: Sillaginidae). Journal of
Natural History 48:413–28. doi:10.1080/00222933.2013.
800609
Gücü AC, Bingal F. 1994. Trawlable species assemblages on
the continental shelf of the Northeastern Levant Sea
(Mediterranean) with an emphasis on Lessepsian
migration. Acta Adriatica 35:83–100.
Hall TA. 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/
98/NT. Nucleic Acids Symposium Series 41:95–98.
Hebert PD, Cywinska A, Ball SL, de Waard JR. 2003. Biological
identiﬁcations through DNA barcodes. Proceedings of
the Royal Society of London B 270:313–21. doi:10.1098/
rspb.2002.2218
Helfman GS, Collette BB, Facey DE, Bowen BW. 2009. The
Diversity of Fishes. Biology, Evolution and Ecology (2nd
edition). Oxford: Wiley-Blackwell. 720 pages.
Inoue T, Nakabo T. 2006. The Saurida undosquamis group
(Aulopiformes: Synodontidae), with description of a new
species from southern Japan. Ichthyological Research
53:379–97. doi:10.1007/s10228-006-0358-y
Jackson AM, Tenggardjaja K, Perez G, Azzurro E, Golani D,
Bernardi G. 2015. Phylogeography of the bluespotted cornetﬁsh, Fistularia commersonii: a predictor of bioinvasion
success? Marine Ecology 36:887–96. doi:10.1111/maec.
12249
Machida Y. 1984. Family Synodontidae. In: Masuda H,
Amaoka K, Araga C, Uyeno T, Yoshino T, editors. The
Fishes of the Japanese Archipelago. Tokyo: Tokai
University Press, p 60–61.
Matsubara K. 1955. Fish Morphology and Hierarchy, Part II.
Tokyo: Ishizaki-shoten, p i-v + 791–1377. (in Japanese)
Nelson JS. 2006. Fishes of the World. Hoboken, NJ: John Wiley
& Sons. 601 pages.
Norman JR. 1939. Fishes. The John Murray Expedition 1933–
34, Scientiﬁc Reports 7(1):1–116.
Roberts CM, Dawson-Shepherd AR, Ormond RFG. 1992. Largescale variation in assemblage structure of Red Sea butterﬂyﬁshes and angelﬁshes. Journal of Biogeography 19:239–
50. doi:10.2307/2845449

Downloaded by [46.120.208.184] at 01:20 17 May 2016

MARINE BIOLOGY RESEARCH

Russell BC. 1999. Synodontidae. In: Carpenter KE, Niem VH,
editors. The Living Marine Resources of the Western
Central Paciﬁc. FAO Species Identiﬁcation Guide for
Fishery Purposes, Volume 3, Part 1. Rome: FAO, p 1928–45.
Russell BC, Golani D, Tikochinski Y. 2015. Saurida lessepsianus
a new species of lizardfish (Pisces: Synodontidae) from the
Red Sea and Mediterranean Sea, with a key to Saurida
species in the Red Sea. Zootaxa 3956:559–68. doi:10.
11646/zootaxa.3956.4.7
Shindo S, Yamada U. 1972. Descriptions of three new species of
the lizardfish genus Saurida, with a key to the Indo-Paciﬁc
species. Uo (Japanese Society of Ichthyology) 11:1–13.
Stern N. 2010. The Impact of Invasive Species on the Soft
Bottom Fish Communities in the Eastern Mediterranean.
MSc Thesis. Tel-Aviv University, Israel: Department of
Zoology. 98 + 2 pages. (in English with Hebrew summary)
Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013.
MEGA6: Molecular Evolutionary Genetics Analysis version
6.0. Molecular Biology and Evolution 30:2725–29. doi:10.
1093/molbev/mst197
Tikochinski Y, Shainin I, Hyams Y, Motro U, Golani D. 2013.
Genetic evidence for an undescribed species previously
considered as Sillago sihama from the northern Red Sea.
Marine Biology Research 9:309–315. doi:10.1080/
17451000.2012.731692
Tikochinski Y, Friling M, Harush N, Lizarovich R, Manor N,
Horsky A, et al. 2014. Molecular comparison of

7

geographically extreme populations of ﬁsh species
of wide Indo-Paciﬁc distribution. Israel Journal of Ecology
& Evolution 59:197–200. doi:10.1080/15659801.2013.
908600
Tomiyama I, Abe T. 1958. Vertebrates. In: Tomiyama I, Abe T,
Tokioka T, editors. Encyclopaedia Zoologica Illustrated in
Colours, volume 2. Tokyo: Hokuryukan. 342 pages.
Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PD. 2005. DNA
barcoding Australia’s ﬁsh species. Philosophical Transactions
of the Royal Society of London B 360:1847–57. doi:10.1098/
rstb.2005.1716
Ward RD, Hanner R, Hebert PD. 2009. The campaign to DNA
barcode all ﬁshes, FISH-BOL. Journal of Fish Biology 74
(2):329–56. doi:10.1111/j.1095-8649.2008.02080.x
Yağhoğlu D, Turan C. 2012. Colonization and genetic
change of Indo-Paciﬁc immigrant Saurida undosquamis
(Richardson, 1848) (lizardfish) in the Mediterranean Sea.
Journal of the Black Sea/Mediterranean Environment 18:
329–40.
Yamada U, Ikemoto R. 1979. A quick identiﬁcation of three
species of lizard fish, Saurida, in the Japanese and adjacent
waters. Bulletin of the Seikai National Fisheries Research
Institute 52:61–69.
Yamaoka K, Nishiyama M, Taniguchi N. 1989. Genetic divergence in lizardﬁshes of the genus Saurida from southern
Japan. Japanese Journal of Ichthyology 36:208–19. doi:10.
1007/BF02914324

