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Abstract

Taxonomic intricacies and high interspecific similarity have hampered the identification of
scyllarid phyllosoma larvae to the species level. The pygmy locust lobster, Scyllarus pygmaeus,
is distributed across the Mediterranean Sea and in the eastern Atlantic; however, its phyllo-
soma larvae were previously recorded only from the western Mediterranean. We employed
DNA barcoding using the mitochondrial COI gene to identify S. pygmaeus phyllosoma col-
lected from the offshore waters of the southeastern Mediterranean Sea and described its
morphology. We further discuss the lack of genetic structure in S. pygmaeus with potential
implications for species connectivity and conservation.

Introduction

Slipper lobsters of the family Scyllaridae are widespread in shallow temperate and tropical seas,
including the Mediterranean Sea (Lavalli and Spanier, 2007). Among scyllarids, the pygmy
locust lobster, Scyllarus pygmaeus (Bate, 1888), is the smallest in the Mediterranean and there-
fore was initially considered to be a juvenile of the co-occurring small European locust lobster,
S. arctus (Pessani and Mura, 2007), probably due to the similar serrated flat antennae.
The distribution of S. pygmaeus spans across the Mediterranean Sea (but according to
Holthuis, 1991, had not yet been reported from the North African coast east of Morocco)
and extends to the islands in the eastern Atlantic Ocean, including Madeira, the Canary
Islands, and Cape Verde (Figure 1), at depth of 5 to 1200 m (Holthuis, 1991; Pessani and
Mura, 2007). Although adults of S. pygmaeus have been observed in the eastern
Mediterranean Sea (Levantine Basin) (Lewinsohn, 1974; Lewinsohn and Holthuis, 1986), scyl-
larid larvae previously found in this region could not be confidently identified as S. pygmaeus.

Scyllarid development consists of a short-lived ‘prelarval’ naupliosoma that lasts only min-
utes, followed by planktonic phyllosoma larval stages (instars) lasting weeks to months (Booth
et al., 2005). The final phyllosoma instar eventually metamorphoses into the nektonic post-
larva, known as a nisto or pseudibacus, which settles and initiates the benthic phase
(Williamson, 1969). Using phyllosoma morphological characters to identify the scyllarid spe-
cies is challenging, as not all stages have been described or correctly assigned (Pagliarino et al.,
2013). Furthermore, determining the exact phyllosoma developmental stage can be difficult,
because many authors disagree on the discriminating features (Pessani and Mura, 2007;
Pagliarino et al., 2013). The fragile, long-lived phyllosoma larvae are hard to maintain in
laboratory conditions, and therefore the complete life cycle of only a few scyllarid lobsters
has been documented (Satoshi and Kuballa, 2007; Wakabayashi et al., 2012). Employing inte-
grative taxonomy by combining DNA barcoding and morphological characterization is there-
fore imperative for establishing the phyllosoma larval stages of scyllarid species.

Using laboratory-hatched eggs, Mura and Pessani (1994) described the first phyllosoma
stage of S. pygmaeus. The last phyllosoma stage, collected in the northwestern
Mediterranean Sea, was described by employing DNA barcoding to authenticate the species
identity (Palero et al., 2008). An intermediate stage of S. pygmaeus phyllosoma was recorded
in the Balearic Sea, western Mediterranean, using DNA barcoding, and further phyllosomata
were identified using morphological features (Mallol et al., 2014). In Sicily, the central
Mediterranean Sea, scyllarid phyllosomata were found and speculated to be intermediate
stages of S. arctus or S. pygmaeus; however, the exact taxon was not assigned (Pagliarino
et al., 2013). Here we used integrative taxonomy to describe an intermediate stage phyllosoma
of S. pygmaeus, recorded for the first time in the eastern Mediterranean Sea.

Materials and methods

A plankton sample was collected in 12 December 2022 at 20:53–21:13 using a horizontal tow
of a Bongo net (65–200 μm mesh size, Sea-Gear, USA) at a depth of 0.5–1 m in the offshore
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waters (bottom depth 1100 m) of the central Israeli Exclusive
Economic Zone, southeastern Mediterranean Sea (start:
32.2103641°N, 34.224159°E; end: 32.215101°N, 34.232902°E,
Figure 1). The 65 and 200 μm samples were merged together
and stored in −20°C pending analysis.

In the lab at the National Institute of Oceanography, Israel
Oceanographic and Limnological Research (IOLR), the thawed
sample was examined under a stereomicroscope (SZX16,
Olympus, Japan). A phyllosoma larva was identified morpho-
logically following Pessani and Mura (2007) and Palero et al.
(2008), and the developmental stage was determined following
Santucci (1925). One pereiopod was cut for molecular barcoding,
and the specimen was stored in 70% ethanol and deposited in the

zooplankton collection, the National Natural History Collections,
Hebrew University of Jerusalem (NNHC, HUJI).

Total genomic DNA was extracted from the pereipod using the
DNeasy Blood and Tissue kit (QIAGEN, Germany) according to
the manufacturer’s specifications. Following the DNA extraction,
the cytochrome c oxidase subunit I (COI) gene was amplified
using PCR with universal primers LCO1490 and HCO2198
(Folmer et al., 1994). Reaction conditions were as follows: 94°C
for 2 min, followed by 5 cycles of 94°C for 40 s, 45°C for 40 s,
and 72°C for 1 min, and followed by 30 cycles of 94°C for 40 s,
51°C for 40 s, and 72°C for 1 min, and a final elongation step of
72°C for 10 min. Obtained PCR products were purified and
sequenced by Hylabs (Rehovot, Israel).

Figure 2. Scyllarus pygmaeus phyllosoma stage VII (following Santucci, 1925). A. dorsal view. B–D. Cephalic shield with antennule (A1), antenna (A2), eyes, and
maxillipeds 1–3 (mxp1, mxp2, mxp3). E. Abdomen with forked telson. F. Pereipod 5 (P5) bud (marked by *). Scale bars: A – 1 cm, B – 1 mm, C – 1 mm, D – 0.5
mm, E – 1 mm, F – 0.1 mm.

Figure 1. The distribution map of Scyllarus pygmaeus. Adult (including nisto) and phyllosoma records are presented in blue and red circles, respectively.
Occurrences were downloaded from GBIF.org (https://doi.org/10.15468/dl.2haffv), OBIS https://obis.org/ and BOLD https://www.boldsystems.org/ on 18 February
2024. The arrowhead is directed towards the new phyllosoma record described in this study.
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A total of seven COI sequences of Scyllaridae were analysed,
including one sequence of the phyllosoma of S. pygmaeus
obtained in this study, three sequences of adult S. pygmaeus
from Israel obtained from BOLD (BIM483-16, BIM696-19,
BIM712-19), one sequence of S. pygmaeus phyllosoma from west-
ern Mediterranean (Spain) obtained from NCBI GenBank
(FJ174965.1). Sequences of Scyllarus arctus (KC789473.1) and
Scyllarides latus (JQ623990.1) from Turkey were used as an out-
group. Sequence alignment was conducted using ClustalW
embedded in MEGA v11.0 (Tamura et al., 2021). The best-fitting
substitution model was selected according to the Bayesian infor-
mation criterion using maximum-likelihood (ML) model selec-
tion in MEGA. ML analysis was performed using the T92 + G
model with 1000 bootstrapping replicates.

Results

Morphological description

Scyllarus pygmaeus (Bate, 1888): phyllosoma, stage VII (following
Santucci, 1925) (Figure 2).

Dimensions: TL (total length) 12.96 mm; CL (cephalic length)
8.06 mm; CW (cephalic width) 9.84 mm; TW (thorax width) 4.16
mm; EL (eye length) 3.30 mm; A1L (antennular length) 2.02 mm;
A2L (total antennal length) 1.96 mm; AbdL (abdomen length)
3.90 mm.

Cephalic shield subrectangular, 1.6 times wider than long and
three times wider than thorax; stalked eye, longer than antennule
and antenna. Antennule biramous, penduncle 3-segmented; inner
ramus unsegmented. Antenna forked, flat. First maxilliped bud
flat, unarmed and large with wide anterior and posterior lobes.
Second maxilliped of three segments. Third maxilliped long, of
five segments. Periopods 1–3 bearing ventral coxal and subexopo-
dal spines. Periopod 5 bud. Pleopod buds present. Uropods
absent. Gills absent. Telson forked.

DNA barcoding

The DNA barcode consisting of a fragment of 638 bp of the COI
gene was sequenced from the phyllosoma larva of S. pygmaeus
and assembled from forward and reverse sequences. The sequence
was deposited in NCBI GenBank under the accession number
PP345485. NCBI blastn yielded 99.68% identity. Maximum like-
lihood analysis of Scyllaridae sequences obtained from GenBank

and BOLD (Figure 3) did not show a clear separation between
the S. pygmaeus phyllosoma obtained in this study, and the
adult S. pygmaeus previously collected in the Israeli
Mediterranean or the S. pygmaeus phyllosoma from the north-
western Mediterranean (Spain).

Discussion

The pygmy locust lobster, Scyllarus pygmaeus, was first described
in 1888 by Bate from material collected in the Canary Islands dur-
ing the HMS Challenger expedition (Bate, 1888). It was further
recorded from the Mediterranean Sea, Cape Verde Islands, and
Madeira at depths from 5 to 1200 m (Forest and Holthuis,
1960; Holthuis, 1991). In the Mediterranean Sea, the presence
of S. pygmaeus was overlooked for decades due to the confusion
with S. arctus, whose immature form was mistakenly identified
as S. pygmaeus (Lewinsohn, 1974). The juvenile form was
described separately as the species Nisto laevis (Sarato, 1885).
Only more than a century later, DNA analysis revealed it to be
juvenile S. pygmaeus (Palero et al., 2009). Lindley et al. (2004)
hypothesized that the intermediate phyllosoma specimens from
the eastern Mediterranean described by Stephensen (1923) belong
to S. pygmaeus given its prominence in the region. However, the
high interspecific larval similarities and inconsistent delineation
of stages by different authors hampers the validation of these
records.

Mura and Pessani (1994) described the morphology of the first
phyllosoma larval stage of S. pygmaeus from eggs hatched in the
laboratory. Palero et al. (2008) described the morphology of
the final phyllosoma larval stage of S. pygmaeus collected in the
northwestern Mediterranean Sea, identified by DNA barcoding.
Similarly, Mallol et al. (2014) used DNA barcoding to identify
the phyllosoma of S. pygmaeus collected from the Balearic Sea.
Pagliarino et al. (2013) reported the finding of six Scyllaridae
phyllosoma larvae from the waters around Sicily. Nonetheless,
since their identification was only based on morphological char-
acters, and as the specimens were of earlier stages than those
reported by Palero et al. (2008), they could not attribute the phyl-
losomata to a specific taxon. One of the two phyllosoma morpho-
types they described, ‘specimen e’, was similar in size (TL: 16 mm)
to the phyllosoma described in this study, but the shapes of the
first maxilliped and the telson differ. Based on total length and
further morphological characters, we can assign the S. pygmaeus
phyllosoma to stage 6–7 (following Stephensen, 1923), stage 7

Figure 3. Maximum-likelihood phylogenetic tree of Scyllarus pygmaeus based on the COI gene, using the T92 + G substitution model. The outgroups Scyllarus arctus
and Scyllarides latus were used as a root node. The numbers in blue indicate the percentage of ML bootstrap support (1000 replicates) for nodes that received at
least 60% support. The scale bar denotes the estimated number of nucleotide substitutions per site.
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(following Santucci, 1925), or stage 9 (following Fiedler and
Spanier, 1999). These stages were identified by the three previous
authors as S. arctus but were likely S. pygmaeus (see Pessani and
Mura, 2007 for further explanation).

While ovigerous females of S. pygmaeus have been recorded
peaking between May and July (Pessani and Mura, 2007), the
final phyllosoma stage described by Palero et al. (2008) was col-
lected in May, suggesting phyllosoma larval period of about 10
months. We can therefore estimate the age of the phyllosoma
larva described here to 6 months. This estimation should be trea-
ted with caution since Lewinsohn and Holthuis (1986) reported a
prolonged reproductive season in the eastern Mediterranean, last-
ing until December. Although the available information is scarce,
our molecular analysis, based on the mitochondrial COI gene, did
not indicate a population level genetic structure. Faria et al. (2013)
studied the population genetics of S. latus in a wide distribution
range in the northeastern Atlantic and western Mediterranean
and found that it is panmictic across its distributional range.
They attributed this to high fecundity and long-lived pelagic lar-
vae. It is plausible that S. pygmaeus individuals also belong to a
single panmictic population. Such a pattern could have implica-
tions for future conservation efforts as populations that are genet-
ically panmictic may be more susceptible to the effects of genetic
drift, demographic fluctuations, and stochastic events (Lacy,
1987). Further studies on the population genetics and larval devel-
opment of the pygmy locust lobster S. pygmaeus are needed to
reveal its recruitment dynamics and connectivity patterns.

Acknowledgements. We thank the R/V Bat-Galim (IOLR) crew for helping
with sampling. The study was funded by the National Monitoring Program of
the Israeli Mediterranean Sea.

Author contributions. T.G-H. has conceived the study, analysed the data,
interpreted the findings and wrote the article. A.I. and K.E. have collected
and analysed the data. E.S. has assisted in the interpretation of the findings.
A.R.M. has collected and analysed the data. All coauthors contributed to the
writing of the article.

Competing interests. None.

Data Availability Statement. The data underlying this article are available
in the GenBank Nucleotide Database at https://www.ncbi.nlm.nih.gov/
genbank/, and can be accessed with accession number PP345485.1.

References

Bate CS (1888) Report on the Crustacea Macrura collected by the “HMS
Challenger” during the years 1873–76, 1–942.

Booth JD, Webber WR, Sekiguchi H and Coutures E (2005) Diverse larval
recruitment strategies within the Scyllaridae. New Zealand Journal of
Marine and Freshwater Research 39, 581–592.

Faria J, Froufe E, Tuya F, Alexandrino P and Pérez-Losada M (2013)
Panmixia in the endangered slipper lobster Scyllarides latus from the
Northeastern Atlantic and Western Mediterranean. Journal of Crustacean
Biology 33, 557–566.

Fiedler U and Spanier E (1999) Occurrence of Scyllarus arctus (Crustacea,
Decapoda, Scyllaridae) in the eastern Mediterranean – preliminary results.
Annals for Istrian and Mediterranean Studies 17, 153–158.

Folmer O, Black M, Hoeh W, Lutz R and Vrijenhoek R (1994) DNA primers
for amplification of mitochondrial cytochrome c oxidase subunit I from

diverse metazoan invertebrates. Molecular Marine Biology and
Biotechnology 3, 294–299.

Forest J and Holthuis LB (1960) The occurrence of Scyllarus pygmaeus (Bate)
in the Mediterranean. Crustaceana 1, 156–163.

Holthuis L (1991) FAO species catalogue. Vol. 13. Marine lobsters of the
world. An Annotated and Illustrated Catalogue of Species of Interest to
Fisheries Known to Date., 292.

Lacy RC (1987) Loss of genetic diversity from managed populations: interact-
ing effects of drift, mutation, immigration, selection, and population sub-
division. Conservation Biology 1, 143–158.

Lavalli KL and Spanier E (2007) The Biology and Fisheries of the Slipper
Lobster. Boca Raton, USA: CRC Press.

Lewinsohn C (1974) The occurrence of Scyllarus pygmaeus (Bate) in the east-
ern Mediterranean (Decapoda, Scyllaridae). Crustaceana 27, 43–46.

Lewinsohn C and Holthuis L (1986) The Crustacea Decapoda of Cyprus.
Zoologische verhandelingen 230, 1–64.

Lindley J, Hernandez F, Tejera E and Correia S (2004) Phyllosoma larvae
(Decapoda: Palinuridea) of the Cape Verde Islands. Journal of Plankton
Research 26, 235–240.

Mallol S, Mateo-Ramírez Á, Alemany F, Álvarez-Berastegui D, Díaz D,
López-Jurad JL and Goñi R (2014) Abundance and distribution of scyllarid
phyllosoma larvae (Decapoda: Scyllaridae) in the Balearic Sea (Western
Mediterranean). Journal of Crustacean Biology 34, 442–452.

Mura MT and Pessani D (1994) Descrizione del primo stadio larvale e notizie
sul periodo riproduttivo di alcune specie di Decapodi. Biologia Marina
Mediterranea 1, 391–392.

Pagliarino E, Massi D, Canali E, Costa C, Pessani D and Bianchini M (2013)
Findings of phyllosoma larvae and nistos of the family Scyllaridae
(Crustacea, Decapoda) in the Southern Mediterranean Sea. The Open
Marine Biology Journal 7, 8–13.

Palero F, Guerao G and Abelló P (2008) Morphology of the final stage phyl-
losoma larva of Scyllarus pygmaeus (Crustacea: Decapoda: Scyllaridae),
identified by DNA analysis. Journal of Plankton Research 30, 483–488.

Palero F, Guerao G, Clark PF and Abello P (2009) The true identities
of the slipper lobsters Nisto laevis and Nisto asper (Crustacea:
Decapoda: Scyllaridae) verified by DNA analysis. Invertebrate Systematics
23, 77–85.

Pessani D and Mura M (2007) The biology of the Mediterranean scyllarids. In
Lavalli KL and Spanier E (eds), The Biology and Fisheries of the Slipper
Lobster. Boca Raton, USA: CRC Press, pp. 263–286.

Santucci R (1925) Contributo allo studio dello sviluppo postembrionale degli
Scyllaridea del Mediterraneo II: Scyllarus arctus. III: Scyllarides latus.
Memoria. R. Comitato Talassografico Italiano 71, 1–16.

Sarato C (1885) Études sur les Crustacés de Nice. Genre Arctus, Dana;
Sous-genre Nisto, Nob. Moniteur des etrangers de Nice 9, 3.

Satoshi M and Kuballa AV (2007) Factors important in larval and
postlarval molting, growth, and rearing. In Lavalli KL and Spanier E
(eds), The Biology and Fisheries of the Slipper Lobster. Boca Raton,
USA: CRC Press, pp. 91–110.

Stephensen K (1923) Decapoda-Macrura excl. Sergestidae (Penaeidae,
Pasiphaeidae, Hoplocaridae, Nematocarcinidae, Scyllaridae, Eryonidae,
Nephropsidae, Appendix). Report on the Danish Oceanographical
Expeditions 1908–10 to the Mediterranean and Adjacent Seas 2, 1–85.

Tamura K, Stecher G and Kumar S (2021) MEGA11: molecular evolutionary
genetics analysis version 11. Molecular Biology and Evolution 38, 3022–
3027.

Wakabayashi K, Sato R, Ishii H, Akiba T, Nogata Y and Tanaka Y (2012)
Culture of phyllosomas of Ibacus novemdentatus (Decapoda: Scyllaridae)
in a closed recirculating system using jellyfish as food. Aquaculture 330,
162–166.

Williamson D (1969) Names of larvae in the Decapoda and Euphausiacea.
Crustaceana 16, 210–213.

4 Tamar Guy‐Haim et al.

https://doi.org/10.1017/S0025315424000390 Published online by Cambridge University Press

https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
https://doi.org/10.1017/S0025315424000390

	First record of the phyllosoma larva of the pygmy locust lobster Scyllarus pygmaeus (Crustacea, Decapoda) in the eastern Mediterranean sea
	Introduction
	Materials and methods
	Results
	Morphological description
	DNA barcoding

	Discussion
	Acknowledgements
	References


