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The crustaceans, with their incredible variety of body plans, are a key group for studying how much
anatomical specializations have diversified, revealing the taxonomic and habitat diversity. Remarkably,
the amphipod crustaceans are interesting with their diverse morphologies, not been deeply investigated
yet, being a model taxon to detect threats to biodiversity as they are often peculiar to specific habitats
(Lo Brutto et al. 2021; Lo Brutto et al. 2022).

The Mediterranean Sea includes many habitats still unexplored (Lo Brutto et al. 2024a), rare
species (Lo Brutto & Iaciofano 2020) and groups which need to be revised for different taxonomic issues
to assess better their distribution and ecology (Lo Brutto et al. 2024b).

A case of a recent synonymy regards Neogammarus Karaman, 1969 and Rhipidogammarus
Stock, 1971. The last became the synonym since the type species — designating Gammarus
rhipidiophorus Catta, 1878 — which was fixed by Karaman (1969) for Neogammarus was successively
used by Stock (1971) when erected the genus Rhipidogammarus Stock, 1971. The designation of the
same type of species created a problematic situation. Thus, as Neogammarus Karaman, 1969 had
nomenclatural precedence over Rhipidogammarus Stock, 1971, all the species included within
Rhipidogammarus Stock, 1971 have been transferred to Neogammarus Karaman, 1969 (Rosas-Ramos
et al. 2023).

The Neogammarus genus encloses nine species including the no-more-valid genus
Rhipidogammarus (Ozbek & Sket 2020). They are Atlanto-Mediterranean species, distributed mainly
in the western part of the Mediterranean basin up to the Canary Islands coast (Stock 1988a; Stock &
Sanchez 1990). The names are herein listed in the new genus, plus the synonym as much literature still
reports the old name: Neogammarus adriaticus Karaman, 1973; Neogammarus (Rhipidogammariis)
gomeranus (Beyer & Stock 1994); Neogammarus (Rhipidogammarus) karamani (Stock, 1971);
Neogammarus (Rhipidogammarus) nivariae (Stock 1988)b; Neogammarus (Rhipidogammarus)
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rheophilus (Stock & Sanchez, 1990); Neogammarus (Rhipidogammarus) rhipidiophorus (Catta, 1878);
Neogammarus (Rhipidogammarus) triumvir (Notenboom 1985); Neogammarus (Rhipidogammarus)
variicauda (Stock, 1978).

Recently, a new species Neogammarus (Rhipidogammarus) gordankaramani (Ozbek & Sket
2020) was identified from Turkey, and reported as the first representative of the genus both for Turkey
and for the Eastern Mediterranean area.

The species belonging to this genus inhabit freshwater, subterranean, and mixohaline waters.

In 2017, a sampling survey was carried out within the surface waters of the Harq Hammiem
cave, which is the Malta's only known fully-submerged terrestrial cave, located along the north-eastern
Maltese coast, at the following coordinates: 35°55'37.64"N, 14°29'13.10"E. Sampling was conducted
by lowering a bucket within the cave's water column, down to a maximum depth of 2.5m.

The entrance to the cave is at the base of an escarpment, located on the northern flank of the
Harq Hammiem valley. The cave constitutes a unique natural feature in the Maltese Islands. It consists
of two chambers on different levels, with an interconnecting narrow corridor leading from the upper
chamber to a fully submerged lower chamber (Figure 1). The water inside the cave approximates
freshwater at the surface, turning brackish with depth and having seawater characteristics at deeper
levels (below the floor of the upper chamber).

e
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Figure 1. Sampling site. Morphology of Harq Hammiem cave on the north side of St. George’s Bay. St. Julians,
Malta. Source: Randolph Camilleri Surveys Ltd, 2001.

The cave was formed by a complex mechanism involving intense karstic activity and tectonics.
There is ample evidence of both phenomena: (i) dissolution and concretional growth on the walls
providing evidence of the karstic activity; and (ii) faults providing evidence of tectonism. An example
of the latter is the southern side of the upper chamber which constitutes a sheer vertical wall
corresponding to a fault plane aligned along the longitudinal axis of the cave.

Amphipod samples were collected and preserved in EtOH 70%.

The amphipods were identified to the species level as Neogammarus karamani (Stock, 1971).
Specimens were examined under a stereo microscope and dissected. Body length, from the tip of the
rostrum to the apex of the telson, was measured using ImagelJ software after placement on graph paper
and photographed (FINEPIX S1800, FUJIFILM). The taxonomic identification was performed
following Karaman (1991; 1993).

Totally, 10 specimens of Neogammarus karamani were collected. The samples were composed
of one male (body length 16.46 mm) (Fig. 2A), 7 females (Fig. 2B) (body length 12.16-13.84 mm), and
2 broken specimens.
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Figure 2. Neogammarus karamani (Stock, 1971). A: male; B: female; scale bar 1 mm.

An observation of morphological features was conducted. Lobes of maxilla 2 subequal, bearing
only normal distal setae; Mandible with palp. Accessory flagellum developed. Palms of gnathopods 1-
2 in males without median spine. Pereopod 3 with a fan of many plumose setae along the posterior
margin, at least in males. Coxae 4-5 as long as, or shorter than coxae 1-3. Urosome spiniferous. Rami
of uropod 1 partially reduced, without lateral spines, each with only one robust distal spine; Uropod 3
with inner ramus shorter than 1/3 of outer ramus (Figure 3). Outer ramus of uropod 3 2-segmented; both
margins of outer ramus of uropod 3 with spines mixed with short setae. According to Stock (1971), the
uropod 3 shows the medial margin of the first exopod segment (outer ramus) provided with spines of
reduced length. The length of the spines was expressed by Stock (1971) as a function of the exopodal
diameter. The ratio exopodal diameter/spine length should be 3.2 - 3.4. The character was herein
confirmed, showing to be robust.
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Figure 3. Neogammarus karamani (Stock, 1971), female, U3.

The absence of eyes was a characteristic feature of the collected specimens. The members of
the genus are adapted to inhabit hypogean waters; all of them are known to have more or less developed
eyes (Stock, 1988a) and most of them are usually characterized as ‘semi-subterranean’ animals
(Karaman, 2012).

Literature reports N. karamani as an endemic species for the central Mediterranean Sea. It is
distributed from the Tyrrhenian Sea to the Adriatic Sea and the western coast of Greece (Karaman 1993);
a wider area than the one described by Ozbek & Sket (2024) which limited its distribution to the Adriatic
Sea. All the previous records of the species were listed in Table 1. The record herein reported is the first
for the Maltese area and confirms the southernmost range area, together with an old (before 1982) record
from Lampedusa Island. It contributes to extending the geographical range of the species useful to
implement the World Amphipoda Database (WAD; Horton et al. 2023). In this regard, such a record is
consistent with the priorities of the WAD.

Table 1. Records of Neogammarus karamani from literature.

Speci
Site Year pecimens References Further information
collected
) . Kaman S_, 1950; G.
Zenta, Split, Croatia 1946 10 Karaman & Ruffo, 1977
. In débris of Posidonia, 1 1
Pirgy. Corfu, Greece 1957 6 Ruffo, 1960; Stock, 1971 ons Of Fosidoma, in & marine
erosion cave
Musone River, Macerata, Italy 1964 4 G. Karaman & Ruffo, 1977
Karaman_ 1969; G.
Boka Kotorska Bay, Kotor, Montenegro 1965 2 Karaman & Ruffo, 1977
. Karaman, 1969; G.
Skurda River, Kotor, Montenegro 1965 2 Karaman & Ruffo, 1977
. Karaman_ 1969; G.
Glavati, Montenegro 1965 20 aman & Ruffo, 1977
. . Karaman_ 1969; G.
Njivice near Hercegnovi, Montenegro 1966 29 Karaman & Ruffo, 1977
E Karaman_ 1969; G.
Venige, Montenegro 1966 6 Karaman & Ruffo, 1977
. . Kar: . 1969; G
Ljuta near Orahovac village, Montenegro 1966 4 aman, ;

Karaman & Ruffo. 1977

continued on the next page..
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Table 1

., . - Karaman_1969;
Donyt Morinj. Montenegro 1967 6 G. Karaman & Ruffo, 1977
Nameless stream discharging on the
beach near Miomo, Cap Corse, Corsica, 1970 85 Stock, 1971

France - Locus fypicus

Chlormity 53 mg/1; salinity 95.695
%o; on gravel

Nameless stream discharging on the Chlormity 28 mg/1; salinity 50.57 %o;

December

beach near Lavasina, Cap Corse, Corsica, 1970 5 Stock, 1971 9.6°C; pH 4.5; coarse gravel; high
France water flow
Porto Badisco, Puglia, Ttaly 1971 3 G. Karaman & Ruffo, 1977
Chlormity 27 mg/1; 10-40 m depth;
Nameless stream discharging on the November Stock. 1972 15.1°C; pH 6; on gravel and sand;
beach near Grigione, Corsica, France 1971 T very low water flow; site slightly
polluted
Lampedusa, Italy Before 1982 Ruffo, 1982
Rijeka, Lovran, Croatia Sket. 1969
Cavtat, Croatia Sket. 1969
Uleinj, Montenegro Sket, 1969

Acknowledgments

Project partially funded under the National Recovery and Resilience Plan (PNRR), Mission 4
Component 2 Investment 1.4 - Call for tender No. 3138 of 16 December 2021, rectified by Decree
n.3175 of 18 December 2021 of Italian Ministry of University and Research funded by the European
Union — NextGenerationEU. Award Number: Project code CN_00000033, Concession Decree No. 1034
of 17 June 2022 adopted by the Italian Ministry of University and Research, CUP B73C22000790001,
Project title “National Biodiversity Future Center - NBFC”".

References

Beyer, G. & Stock, J.H. (1994) Epigean freshwater Gammaridae (Crustacea, Amphipoda) from La
Gomera (Canary Islands). Bijdragen tot de Dierkunde, 64(2), 101-114.

Catta, J.D. (1878) Sur un amphipode nouveau, le Gammarus rhipidiophorus. Actes Soc. helvétique Sci.
Nat. Reunie a Bex les 20, 21 et 22 Aout 1877, Comte-Rendu 1876/1877, 60° Session, 256-263.

Horton, T., De Broyer, C., Bellan-Santini, D., Coleman, C.O., Corbari, L., Daneliya, M., Dauvin, J.C.,
Decock, W., Fanini, L., FiSer, C., Gasca, R., Grabowski, M., Guerra-Garcia, J.M., Hendrycks,
E.A., Hughes, L.E., Jaume, D., Kim, Y.H., King, R., Lo Brutto, S., Lérz, AN., Mamos, T.,
Serejo C., Senna, A.R., Souza-Filho, I.F., Tandberg, A H.S., Thurston, M.H., Vader, W.J.M.,
Viinold, R., Valls Domedel, G., Vandepitte, L., Vanhoorne, B., Vonk, R., White, K.N., Zeidler,
W. (2023) The World Amphipoda Database: history and progress. In: Berents, P.B., Ahyong,
S.T., Myers, A.A. & Fanini, L. (Eds.), Festschrift in Honour of James K. Lowry. Records of the
Australian Museum, 75(4), 329-342. https://doi.org/10.3853/j.2201-4349.75.2023.1875

Karaman, G. & Ruffo, S. (1977) On some interesting Echinogammarus species from the Mediterranean
basin with description of a new species, E. caacumbae s. sp. (Amphipoda, Gammaridae).
Animalia, 4 (1-2), 163—-182.

Karaman, G. (1969) XXVI Beitrag zur Kenntnis der Amphipoden. Taxonomie und Verbreitring der Art
Neogammarus rhipidiophorus (Catta) in Mittelmeerbassin. Glasnik Republickog Zavoda za
zastitu Prirode i Prirodnjacke Zbirke u Titogradu, 2, 47-58.

Karaman, S. (1950) Neogammarus rhipidiophorus Catta aus unterirdischen Gewassern der Adriatischen
Kiiste. Monogr. Acad. Serbe Sci. Sect. Sci. math, nat., (n.S.), 2, 175-186




IACIOFANO ET AL.

Karaman, G.S. (1973) Contribution to the knowledge of the Amphipoda. On three interesting
Neogammarus species from Mediterranean and Adriatic Seas (Amphipoda: Gammaridae). Acta
Musei Macedonici Scientiarum Naturalium, 13(6), 109-129.

Karaman, G. (1974) Catalogus Faunae Jugoslaviae. Crustacea Amphipoda. Consilium. Acad. Sci. Rei.
Publ. Soc. Foed. Jugoslaviae, Acad. Sci. Et Artium Slovenica, Ljubljana, 3 (3) 1-42.

Karaman, G. (1977) The value of the genus Neogammarus (Ruffo, 1937) and ist relation to the genus
Echinogammarus Stebb., 1899 (fam. Gammaridea) (Contributin of the Knowledge of the
Amphipoda 88). Animalia, Catania, 4 (1-2) 109—121.

Karaman, G. (1977) Contribution to the Knowledge of the Amphipoda 78. Revision of the
Echinogammarus Genera-Complex (fam. Gammaridea) Arhiv Bioloskih Nauka, Beograd, 27
(1-2), 69-93.

Karaman, G. (1982) Fam. Gammaridae. In: Ruffo, S. (Ed.), The Amphipoda of the Mediterranean, part.
1. Gammaridea (Acanthonotozomatidae to Gammaridae). Mem. Insti. Ocean. Fondation Albert
Ter, price de Monaco, 13, 1-364.

Karaman, G. (1991) Further discovery of genus Rhipidogammarus Stock (Gammaridea, Gammaridae)
on Canary Islands (Atlantic) (Confribution to the knowledge of the Amphipoda 198).
Poljoprivreda i Sumarsvo, XXXVII, 17-32.

Karaman, G.S. (1993) Crustacea - Amphipoda (d'acqua dolce). Fauna d'Italia. Vol. XXXI. Calderini,
Bologna (Italy), 337 pp.

Karaman, G.S. (2012) The anchialine Amphipoda (Crustacea) in the subterranean waters of Crna Gora
(Montenegro) (Contribution to the Knowledge of the Amphipoda 261). Natura Croatica, 21,
Suppl. 1, 68-70. Retrieved from https://hrcak.srce.hr/87200

Lo Brutto S., Badalucco, A. & Smit, H. (2024a) First occurrence of the mite Litarachna duboscqi
Walter, 1925 (Acariformes: Pontarachnidae) in the central Mediterranean Sea. Ecologica
Montenegrina, 74, 21-26. https://dx.doi.org/10.37828/em.2024.74.3

Lo Brutto, S., Badalucco, A. & Musco, L. (2024b) First occurrence of the family Botryllophilidae Sars
GO, 1921 (Copepoda, Cyclopoida) in Sicily, central Mediterranean Sea. Crustaceana, 97(3-4),
321-328. https://doi.org/10.1163/15685403-bjal0374

Lo Brutto, S. & Iaciofano, D. (2020) New records of amphipod crustaceans along the Israeli
Mediterranean coast, including a rare Mediterranean endemic species, Maera schieckei
Karaman and Ruffo, 1971. Biodiversity Data Journal, 8, e53864.
https://doi.org/10.3897/BDJ.8.e53864

Lo Brutto, S., Iaciofano, D., Lo Turco, V., Potorti, A.G., Rando, R., Arizza, V. & Di Stefano, V. (2021)
First assessment of plasticizers in marine coastal litter-feeder fauna in the Mediterranean Sea.
Toxies, 9, 31. https://doi.org/10.3390/toxics902003 1

Lo Brutto, S., Schimmenti, E., Iaciofano, D., Lubinevsky, H., Cesari, M. & Guidetti R. (2022) The
morphological diversity within a species can obscure the correct identification. Zoologischer
Anzeiger, 299, 106-114. https://doi.org/10.1016/j.jcz.2022.05.011

Notenboom, J. (1985) Rhipidogammarus triumvir n. sp (Amphipoda, Gammaridae) from wells near
Mojonera, Almeria. Stvgologia, 1,292-299.

Ozbek, M., & Sket, B. (2019) A new Rhipidogammarus (Crustacea: Amphipoda) species from Turkey:
first record of the genus from the Eastern Mediterranean Region, with an identification key for
the genus. Glasnik Odjeljenja prirodnih nauka, 23, 83-98.

Randolph Camilleri Surveys Ltd. Land sUNey ref: 373-04 Filename 373STGO0S5.dwg. of the 29th
January 2001.

Rosas-Ramos, N., Jurado-Angulo, P., Rodriguez-Flores, P.C. & Garcia-Paris, M. (2023) Nomenclatural
problems caused by type species designation in Gammaridae (Amphipoda). Animal Biodiversity
and Conservation, 173—176. https://doi.org/10.32800/abc.2023.46.0173

Ruffo, S. (1960) Studi sui Crostacei Anfipodi LV. Contributo alla conoscenza del Crostacei Anfipodi
delle acque sotterranee della Sardegna e delle Baleari. Atti dell'Istituto Veneto di Scienze, Lettere
ed Arti, Cl. Sci. Mat. Nat., 118, 169-180.

Ruffo, S. (1982) Gli Anfipodi delle acque softerranee italiane. Studi sui Crostacei Anfipodi, XCIII.
Biogeographia. The Journal of Integrative Biogeography, 7(1), 139-169.
https://doi.org/10.21426/B67110200

Ecologica Montenegrina, 77, 2024, 24-30 29



FIRST RECORD OF NEOGAMMARUS KARAMANI FROM MALTA

Sket, B. (1969) Uber die Verbreitung einiger Malacostraca (Had=ia, Salentinella, Neogammarus, Jaera)
langs der Jugoslawischen Adria Kuste. Bull. Scientifique, Sez. A, 14 (5-6), 147-148.

Stock, J. H. (1971) A revision of the Sarathogammarus-group (sic) (Crustacea, Amphipoda). Bijdragen
tot de Dierkunde, 41, 94—129.

Stock, J.H. (1972) Les Gammaridae (Crustaces Amphipodes) des eaux douces et saumltres de Corse. -
Bulletin Zodlogisch Museum Universiteit van Amsterdam, 2, 19, 197-220, 12 fig.

Stock, JH. (1978) A remarkably variable phreatic amphipod from Mallorca, Rhipidogammarus
variicauda 1. sp., in which the third uropod can assume the “parviramus” or the “variiramus”
condition. Bijdragen tot de Dierkunde, 48(1), 89-95.

Stock, J.H. (1988a) Amphipoda (Crustacea) from inland groundwaters of Fuerteventura. Bulletin
Zodlogisch Museum Universiteit van Amsterdam, 11(12), 105—113.

Stock, I.H. (1988b) A new Rhipidogammarus (Crustacea, Amphipoda) from Tenerife: first record of the
genus outside the Mediterranean region and its biogeographic implications. Hvdrobiologia, 169,
279-292.

Stock, I.LH. & Sanchez, E. (1990) First record of Crustacea Malacostraca from fresh waters in the Canary
Islands. Hydrobiologia, 206(1), 53-59.

30



