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Abstract

The genus Luidia is currently represented in the Mediterranean Sea by three species, namely Luidia ciliaris (Philippi,
1837), Luidia sarsii sarsii (Diiben & Koren in Diiben, 1844) and Luidia atlantidea (Madsen, 1950) which is an Atlantic
species recently reported from the Spanish and Tunisian coasts. Two individuals of Luidia atlantidea were collected as
bycatch from small-scale fisheries in the region of Sidi-Medjdoub (Mostaganem, Algeria) at a depth of 53 m. The detailed
study of the morphological and anatomical characters allowed us to formally identify the two individuals of Luidia
atlantidea and therefore to report it for the first time in the Algerian West coast.
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Introduction

The Mediterranean Sea is a biodiversity hotspot with between 15,000 and 20,000 marine species, of which nearly a
quarter are endemic (Bianchi e al. 2011). However, this biodiversity has been affected by several factors including
global warming, human pressure, and changes in the physical and chemical characteristics of seawater (Lejeusne et
al. 2010; UNEP-MAP RAC/SPA 2010).

As a result, the Mediterranean Sea has become more receptive to non-endemic animal and plant species of
Atlantic (through the Strait of Gibraltar) and Pacific origin (through the Suez Canal) (Ben Rais Lasram et al. 2008;
Raitsos et al. 2010; Zuljevic et al. 2011; Otero et al. 2013). Regular monitoring and reporting of species diversity
are necessary because of contributions by these Herculean and Lessepsian immigrants, which can modify the
composition of the Mediterranean biota (Bianchi ef al. 2011) and can present a real threat not only for native species
(competition then eradication), but also for human health and the economy (fishing, aquaculture, tourism) (Pomeroy
et al. 2004; Ben Souissi 2015). Nevertheless, not all non-native species threaten native species, such is the case of
the sea cucumber Holothuria (Roweothuria) arguinensis (Koehler & Vaney, 1906) which does not compete for food
with other holothurian species present in the Algerian coast such as Holothuria (Holothuria) tubulosa Gmelin, 1791,
Holothuria (Roweothuria) poli Delle Chiaje, 1824, Holothuria (Panningothuria) forskali Delle Chiaje, 1823 and
Holothuria (Platyperona) sanctori Delle Chiaje, 1823 (Belbachir & Mezali 2021).

Several marine invertebrates originating from the Atlantic Ocean have entered the Mediterranean Sea (Gofas
& Zenetos 2003). Among the echinoderms we find the sea cucumber Holothuria (R.) arguinensis reported in Spain
and Algeria (Gonzalez-Wangiiemert & Borrero-Pérez 2012; Mezali & Thandar 2014), Parastichopus tremulus
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(Gunnerus, 1767) reported in Spain (Ordines et al. 2019), Parastichopus regalis recorded in the Algerian coast
(Benzait et al. 2020; Khodja et al. 2021) and the starfish Luidia atlantidea reported in Spain and Tunisia (Gallardo-
Roldén et al. 2015; Chammem ef al. 2019). This study reports for the first time the presence of Luidia atlantidea in
the West Algerian coastal waters.

Material and methods

Two individuals of Luidia atlantidea were caught in the net of a demersal gillnet as bycatch in the Sidi-Medjdoub
(Mostaganem) region, west of the Algerian coast (36°0.032°N, 0°1.456’E) at a depth of 53 m in February 2019
(Figure 1). The individuals were photographed and transported to the PVCMRMS (Protection, Valorization of
Coastal Marine Resources and Molecular Systematics laboratory, Mostaganem, Algeria), anesthetized and stored in
formalin (10%) for subsequent identification based essentially on morphological criteria using the descriptions of
Koehler (1911), Madsen (1950), Clark (1953, 1955), Nataf & Cherbonnier (1973), Clark (1982), Clark & Downey
(1992). Each individual was weighed using a 0.01 g precision balance (wet body weight) and measured [minor
radius “r” (from the center of the disc to the interradial edge) and major radius “R max” (from the center of the
disc to tip of the longest arm) with a measuring tape and width of the arms at their base with a 0.01 cm precision
caliper].
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FIGURE 1. Sampling station of Luidia atlantidea (indicated by the black circle).

Starfish are not externally sexually dimorphic (Mariante ef al. 2010). Sexes were distinguished after analysis
of histological sections of the gonads of the two individuals of L. atlantidea. Histological analysis consists of the
fixation of the gonads in formalin (10%), dehydration in an ascending series of alcohol baths, clarification in xylene,
inclusion in paraffin, cutting into 5 um thick sections, staining with haematoxylin eosin and observation under a
light microscope (Leica DMLP) with an attached camera.

Acronym

Abbreviations used: LPVCMRMS—Laboratory of Protection, Valorization of Coastal Marine Resources and
Molecular Systematics, Mostaganem, Algeria.

Results and discussion

Order Paxillosida Perrier, 1884

Family Ludiidae Sladen, 1889

Genus Luidia Forbes, 1839
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Luidia atlantidea Madsen, 1950
Figures 2-3, Table 1

Luidia sarsi Studer, 1884: 43.

Luidia africana Koehler, 1911:19; Doderlein, 1920: 288-289.

Luidia atlantidea Madsen, 1950: 192-198, fig. 5, pl. 16, figs 1, 2; Nataf & Cherbonnier, 1973: 76-80; pl. I, B, pl. 11, A, B, pl.
VII, 1-5, pl. IX, E, F; Clark & Downey, 1992: 10-11, figs 5b, 6b, 7p, pl. 2A; Clark, 1953: 393, 394; 1955: 22, 32; 1982:
168, fig. 3p.

Material examined. LPVCMRMS2019.401, LPVCMRMS2019.402, Mostaganem, Algeria, 36°0.032°N,
0°1.456’E, 53 m, February 2019, 2 specs.

Description. Two specimens, minor radius “r”42.83 and 34.51 mm, wet weight 185.22 and 128.92 grespectively.
Flat body, five slender arms from base to tip. Major radius “R max” 230.30 and 180.40 mm and average width 25.83
and 24.98 mm respectively. Abactinal side (Figure 2A) gray, paxillae white, marginal paxillae show white bands.
Superomarginal paxillae squarish (Figure 2C1 & 2E1), larger with 4 rows of spinelets, abactinal paxillae small
and rounded (Figure 2C2 & 2E2) with 3 rows of short and thick spinelets. Central paxillar spinelets larger and
shorter than the peripheral ones. Actinal side beige (Figure 2B). Dorsolateral Inferomarginal plates with 3 rows of
needle-like spines (Figure 2F1) black at the base and white at the tips, the central spines significantly larger than
the peripheral ones. Ventrolateral inferomarginal plates with 3 alternating rows of white spines (Figure 2F2) that
decrease in size from the abactinal surface to the actinal surface. Adambulacral plates (Figure 2G1) with 3—4 smaller
spines arranged perpendicular to the ambulacral groove with the spine adjacent to the ambulacral groove longer
than the peripheral spines. Two long spines at the mouth plate (Figure 2D) directed toward the mouth followed
by pedicellariae and shorter spines. Pedicellariae with two valves, numerous especially on the inferomarginal and
adambulacral plates. Two rows of large podia. Madreporite small.

Gonad description. The largest specimen male (LPVCMRMS2019.401) and the smallest one female
(LPVCMRMS2019.402). The gonads extend into the coelomic cavity, forming two rows of tufts on each side of the
arm (ten in total), above the caeca pyloric. Color beige to cream for both sexes. Microscopically, gonads enclosed in
two sacs (inner and outer) separated by the genital coelom. Testes (Figure 3A) composed of spermatogenic columns,
spermatids attached to the top of the columns and the lumen where the spermatozoa accumulate. Ovaries (Figure
3B) with an elongated tubular shape. Oocytes of the same size (synchronous growth). Centric circular nuclei.

Distribution, abundance and habitat. Luidia atlantidea was first recorded from the western and northwestern
African Atlantic coast from Morocco to Zaire including the Cape Verde Islands (Clark 1953; Clark 1982; Clark
& Downey 1992; Entrambasaguas 2008). It occurs between 10 and 80 m deep (Clark 1982) and frequents rocky
bottoms with gray mud, sand and calcareous algae, muddy sand, fragments of gastropod shells, mud with stones,
sand with stones, fine sand (Clark & Downey 1992). Recently, L. atlantidea has been reported in the Canary Islands
(Osaer & Narvaez 2017) and in the Mediterranean Sea [northern Alboran Sea (Gallardo-Roldan et al. 2015) and the
Golf of Gabes (Chammem et al. 2019)].

In the Mediterranean, studies on the ecology and biology of L. atlantidea are practically very few, even
anecdotal. In fact, only Gallardo et al. (2015) and Chammem ef al. (2019) recorded it at the Spanish and Tunisian
water respectively, these authors affirmed the very low abundance of this species (generally < 2 individuals per
haul). Individuals of L. atlantidea were found at a greater depth range in the Mediterranean (0.9 — 95 m) (Gallardo
et al. 2015; Chammem et al. 2019) than that reported by Clark (1982) in the Atlantic.

No conclusion can be taken on the invasive status of this species, in fact, according to Makhlouf & Shakman
(2021), it is very difficult to identify invasive species in any country or region, because the species and their
interactions with ecosystems are very complex.

Remarks. In the Mediterranean Sea, two species of the genus Luidia are documented, Luidia sarsii sarsii
Diiben & Koren in Diiben, 1844 and Luidia ciliaris (Philippi, 1837). The differences that exist between the three
species present in the Mediterranean Sea are summarized in the table 1.
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FIGURE 2. Morphological characters of Luidia atlantidea Madsen, 1950 (fixed individual: LPVCMRMS2019.402) sampled
in the region of Sidi-Medjdoub (Mostaganem). A. Abactinal surface. B. Actinal surface. C. Paxillae of the abactinal surface. 1.
Large superomarginal paxillae. 2. Small abactinal paxillae. D. Mouth. E. Detail of abactinal paxillae. 1. Large superomarginal
paxillae. 2. Small abactinal paxillae. F. Detail of an arm, lateral view. 1. Dorsolateral inferomarginal spines. 2. Ventrolateral
inferomarginal spine. G. 1. Adambulacral plate.

FIGURE 3. Histological sections of the gonads of Luidia atlantidea. A. Testes. B. Ovaries. O. Oocytes. N. Nuclei. Sp.
Spermatozoa. SC. Spermatogenic columns. Small black arrows indicate spermatids. Lu. Lumen. Scale bar = 100 pm.

LUIDIA ATLANTIDEA IN WEST ALGERIA Zootaxa 5124 (1) © 2022 Magnolia Press - 91



TABLE 1. Morphological comparison of species of the genus Luidia found in the Mediterranean Sea

L. atlantidea

L. sarsii sarsii

L. ciliaris

Number of arms

5 (Clark & Downey 1992;
Present study)

5 (Clark & Downey 1992)

7 (Koehler 1921)

Shape of
abactinal paxillae

Small and rounded with 3 rows
of short and thick spinelets.
Central larger and shorter than
the peripheral ones (Clark &
Downey 1992; Present study)

Small and rounded (Clark &
Downey 1992)

Small and rounded (Clark &
Downey 1992)

Paxillar spinelets

Central markedly more coarse
and squat than the slender pe-
ripheral ones (Clark & Downey
1992; Present study)

Fine spinelets of fairly uni-
form length, median paxil-
lae mostly with only single
central spinelet, sometimes
distinctly coarser and the
peripheral ones are also less
attenuated (Clark & Downey
1992)

Variable in shape but fairly
uniform in height, a large
central spinelet and 10 or 12
smaller peripheral ones (Clark
1982; Clark & Downey 1992)

Superomarginal Slightly longer than broad but Elongated (Clark & Downey More or less elongated (Clark

paxillae many (often alternate ones) 1992) & Downey 1992)
almost square (Clark 1953; Clark
& Downey 1992; Present study)

Pedicellariae Ventrolateral pedicellariae short Elongated, narrow, and not tu-  Threevalved on some of the
and truncated (Nataf & Cherbon- mid, and have the outline of a  actinal plates but bivalved
nier 1973; Present study) somewhat produced isosceles ~ when on the inferomarginals

triangle (Norman 1865) (Clark & Downey 1992)

Inferomarginal Uppermost inferomarginal Uppermost inferomarginal Uppermost inferomarginal

spine spine usually of the same length  spine usually shorter than the ~ spine usually of the same
or longer than the second one second one (Clark 1953) length or longer than the sec-
(Clark 1953; Present study) ond one (Clark 1953)

Acknowledgments

The authors are grateful to the local fishermens of the Sidi Medjdoub region for their help in collecting the specimens.
The authors would like to thank the anonymous reviewers and the editor for their time and comments that helped
improve the manuscript. The first author would like to thank Pr Francis W.E. Rowe for his helpful advice.

References

Belbachir, N. & Mezali, K. (2021) Interspecific competition and invasive capacity of Holothuria (Roweothuria) arguinensis:
does its diet represent a danger for native Mediterranean species? Vie et milieu - life and environment, 70 (3—4), 311-314.

Ben Rais Lasram, F., Tomasini, J.A., Guilhaumon, F., Romdhane, M.S., Do Chi, T. & Mouillot, D. (2008) Ecological correlates
of dispersal success in Lessepsian fishes. Marine Ecology Progress Series, 363, 273-286.
https://doi.org/10.3354/meps07474

Ben Souissi, J. (2015) Les espéces non indigénes invasives et leurs impacts sur I’environnement et les activités économiques en
mer Méditerranée. Centre international de hautes études agronomiques méditerranéennes (CIHEAM), Watch Letter, No
33, 3 pp.

Benzait, H., Khodja, 1., Soualili, D.L. & Mezali, K. (2020) Note on Parastichopus regalis (Cuvier, 1817) from the Sidi-Medjdoub
area of Mostaganem, Algeria. SPC Beche-de-Mer Information Bulletin, 40, 43—45.

Bianchi, C., Morri, C., Chiantore, M., Montefalcone, M., Parravicini, V. & Rovere, A. (2011) Mediterranean Sea biodiversity
between the legacy from the past and a future of change. /n: Stambler, N. (Ed.) Life in the Mediterranean Sea: A Look at
Habitat Changes. Nova Science Publishers, New York, USA, pp. 519-541.

Chammem, H., Ben Souissi, J. & Perez-Ruzafa, A. (2019) Checklist with first records for the Echinoderms of northern Tunisia

92 - Zootaxa 5124 (1) © 2022 Magnolia Press MEZALI ET AL.



(central Mediterranean Sea). Scientia Marina, 83.
https://doi.org/10.3989/scimar.04899.19A

Clark, A.M. (1953) Notes on Asteroids in the British Museum (Natural History). Ill. Luidia. Bulletin of the British Museum
(Natural History) Zoology, 1, 12, 379—412.
https://doi.org/10.5962/bhl.part.21637

Clark, A.M. (1955) Echinodermata of the Gold Coast. Journal of the West African Science Association, 1 (2), 16-56.

Clark, A.M. (1982) Notes on Atlantic Asteroidea. 2. Luidiidae. Bulletin of the British Museum (Natural History) Zoology, 42,
157-184.

Clark, A.M. & Downey, M.E. (1992) Starfishes of the Atlantic. Chapman and Hall, London, 794 pp.

Delle Chiaje, S. (1823) [1824?] Descrizione zoologica ed anatomica di alcune specie di Oloturie. /n: Memoria su la storia
enotomiadegli animali senza vertebre del Regno di Napoli. Vol. 1. Fratelli Fernandes, Napoli, pp. 77-116, pls. 6-8.
https://doi.org/10.5962/bhl.title. 10021

Doderlein, L. (1920) Die Asteriden der Siboga-Expedition. 2. Die Gattung Luidia und ihre Stammesgeschichte. Siboga
Expedition, 46, 193-291.

Diiben, M.W. (1844) Norriges Hafs-fauna. Ofversigt af Kongl. Vetenskaps-akademiens forhandlingar, (1) pp. 110-116.

Entrambasaguas, L. (2008) Estudio faunistico y ecologico de los equinodermos del archipiélago de Cabo Verde. Ph.D. thesis.
Universidad de Murcia, Spain, 301 pp.

Forbes, E. (1839) On the Asteriadae of the Irish Sea. Memoirs of the Wernerian Natural History Society of Edinburgh, 8,
114-129.

Gallardo-Roldan, H., Urra, J., Garcia, T., Lozano, M., Antit, M., Baro, J. & Rueda, J.L. (2015) First record of the starfish Luidia
atlantidea (Madsen, 1950) in the Mediterranean Sea, with evidence of persistent populations. Cahiers de biologie marine,
56,263-270.

Gmelin, J.F. (1791) Vermes. In: Gmelin, J.F. (Ed.), Caroli a Linnaei Systema Naturae per Regna Tria Naturae. 13th Edition.
Tome 1(6). G.E. Beer Leipzig, pp. 3021-3910.

Gofas, S. & Zenetos, A. (2003) Exotic molluscs in the Mediterranean basin: Current status and perspectives. Oceanography and
Marine Biology: An Annual Review, 41, 237-277.

Gonzalez-Wangiiemert, M. & Borrero-Pérez, G. (2012) A new record of Holothuria arguinensis colonizing the Mediterranean
Sea. Marine Biodiversity Records, 5. e105.
https://doi.org/10.1017/S1755267212000887

Gunnerus, J.E. (1767) Beskrifning pé trenne Norrska Sjo-Krak, Sjo-Pungar kallade. Kungliga Svenska Vetenskapsakademiens
Handlingar, 28, 114 —124.

Khodja, I., Mezali, K. & Thandar, A. (2021) Multiple records and polymorphism of Parastichopus regalis (Cuvier, 1817)
(Echinodermata: Holothuroidea: Stichopodidae) along the Algerian coast. Zootaxa, 5032 (4), 549-562.
https://doi.org/10.11646/zootaxa.5032.4.5

Koehler, R. (1911) Mission en Mauritanie occidentale: Echinodermes. Bulletin de la Socieitei linneienne de Bordeaux, 65,
19-20.

Koehler, R. (1921) Faune de France. In: Lechevalier, P. (Ed.), Echinoderms. P. Lechevalier, Paris, pp. x-210.

Koehler, R. & Vaney, C. (1906) Mission des Pécheries de la Cote occidentale d’Afrique. II. Echinodermes. Actes Société
Linnéenne de Bordeaux. 60, 58—66.

Lejeusne, C., Chevaldonné, P., Pergent-Martini, C., Boudouresque, C. & Pérez, T. (2010) Climate change effects on a miniature
ocean : the highly diverse, highly impacted Mediterranean Sea. Trends in Ecology & Evolution, 25, 250-260.
https://doi.org/10.1016/j.tree.2009.10.009

Madsen, F.J. (1950) The echinoderms collected by the Atlantide Expedition, 1945-46. 1. Asteroidea. Atlantide Reports, 1,
167-222.

Makhlouf, M.H. & Shakman, E.A. (2021) Invasive Alien Species in Libya. /n: Pullaiah, T. & Ielmini, M. R. (Eds), Invasive
Alien Species: Observations and Issues from Around the World, Volume 1: Issues and Invasions in Africa, First Edition.
John Wiley & Sons Ltd, pp. 173—-195.
https://doi.org/10.1002/9781119607045.ch6

Mariante, F.L.F., Lemos, G.B., Eutropio, F.J., Castro, RR.L. & Gomes, L.C. (2010) Reproductive biology in the
starfish Echinaster (Othilia) guyanensis (Echinodermata: Asteroidea) in southeastern Brazil. Zoologia, 27 (6), 897-901.
https://doi.org/10.1590/S1984-46702010000600010

Mezali, K. & Thandar, A.S. (2014) First record of Holothuria (Roweothuria) arguinensis (Echinodermata: Holothuroidea:
Aspidochirotida: Holothuriidae) from the Algerian coastal waters. Marine Biodiversity Records, 7 (1), 1-4.
https://doi.org/10.1017/S1755267214000438

Nataf, G. & Cherbonnier, G. (1973) Les astérides d’ Afrique occidentale, utilisation du microscope électronique a balayage pour
une €tude systématique des Luidia. Bulletin du Muséum National d’Histoire Naturelle de Paris, 81, 69—101.

Norman, A. (1865) On the genera and species of British Echinodermata. Part 1. Crinoidea, Ophiuroidea, Asteroidea. Annals
and Magazine of Natural History, series 3, volume 15, 98—129. Available online from: https://www.biodiversitylibrary.
org/page/16004402 (accessed 12 Jan. 2022)
https://doi.org/10.1080/00222936508681771

Ordines, F., Ferriol, P., Moya, F., Farias, C., Rueda, J.L. & Garcia-Ruiz, C. (2019) First record of the sea cucumber Parastichopus

LUIDIA ATLANTIDEA IN WEST ALGERIA Zootaxa 5124 (1) © 2022 Magnolia Press - 93


https://www.biodiversitylibrary.org/page/16004402
https://www.biodiversitylibrary.org/page/16004402

tremulus (Gunnerus, 1767) (Echinodermata: Holothuroidea: Aspidochirotida) in the Mediterranean Sea (Alboran Sea,
western Mediterranean). Cahiers de Biologie Marine, 60, 111-115.
https://doi.org/10.21411/CBM.A.137C121D

Osaer, F. & Narvaez, K. (2017) First record of the starfish Luidia atlantidea in the Canary Islands. Arquipelago - Life and
Marine Sciences, 35, 19-21.

Otero, M., Cebrian, E., Francour, P., Galil, B. & Savini, D. (2013) Surveillance des espéces envahissantes marines dans les aires
marines protégées (AMP) méditerranéennes. Guide pratique et stratégique a [ attention des gestionnaires. UNIC. 2013.
978-2-8317-1618-3. 136 pp.

Perrier, E. (1884) Mémoire sur les étoiles de mer recueillies dans la mer des Antilles et le golfe du Mexique: durant les
expéditions de dragage faites sous la direction de M. Alexandre Agassiz. Archives du Muséum national d histoire naturelle
de France, 2°¢ série, tome 6, 127-276.
https://doi.org/10.5962/bhl.title.82184

Philippi, R.A. (1837) Ueber die mit Asterias auranciaca verwandten und verweschselton Asterien der Sicilianschen Kuste. Archiv
fiir Naturgeschichte, 3, 193—194.

Pomeroy, R., Parks, J. & Watson, L. (2004) How is your MPA Doing? A Guidebook of Natural and Social Indicators for
Evaluating Marine Protected Area Management Effectiveness. IUCN, Gland, Switzerland and Cambridge, xvi + 216 pp.
https://doi.org/10.2305/IUCN.CH.2004.PAPS.1.en

Raitsos, D.E., Beaugrand, G., Georgopoulos, D., Zenetos, A., Pancucci-Papadopoulou, A. M., Theocharis, A. & Papathanassiou,
A. (2010) Global climate change amplifies the entry of tropical species into the eastern Mediterranean Sea. Limnology and
Oceanography, 55.
https://doi.org/10.4319/10.2010.55.4.1478

Sladen, W.P. (1889) Report on the Asteroidea. Report on the Scientific Results of the Voyage of HM.S. Challenger during the
years 1873—187, Zoology, 30 (part 51), xlii + 893 pp.

Studer, T. (1884) Verzeichniss dcr wahrend der Reise S.M.S. Gazelle um die Erd 1874-76 gesammelten Asteriden und
Euryaliden. Pltys. Abh. Akad. Wiss. Bert., 1883,1884, (3), 1-64

UNEP-MAP RAC/SPA (2010) The Mediterranean Sea Biodiversity: state of the ecosystems, pressures, impacts and future
priorities. By Bazairi, H., Ben Haj, S., Boero, F., Cebrian, D., De Juan, S., Limam, A., Lleonart, J., Torchia, G., & Rais, C.,
Ed. RAC/SPA, Tunis, 100 pp.

Zuljevic, A., Thibaut, T., Despalatovic, M., Cottalorda, J., Vedran, N., Cvitkovic, I. & Boris, A. (2011) Invasive alga Caulerpa
racemosa var. cylindracea makes a strong impact on the Mediterranean sponge Sarcotragus spinosulus. Biological
Invasions, 13, 2303-2308.
https://doi.org/10.1007/s10530-011-0043-6

94 - Zootaxa 5124 (1) © 2022 Magnolia Press MEZALI ET AL.



