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Abstract 

The mollusc Diodora ruppellii (G. B. Sowerby I, 1835) (Gastropoda: Lepetellida: 
Fissurellidae) is reported here for the first time as an alien species in Libyan coastal 
waters. Field surveys conducted throughout the winter period of 2018–2019 along 
the sandy shoreline bordering Tripoli Harbour yielded fourteen empty shells and 
one live specimen, all found within accumulating shell middens. While the finding 
of D. ruppellii in close proximity to Tripoli Harbour may allude to its introduction 
via shipping traffic, natural dispersal from nearby, known or yet undiscovered, 
Mediterranean populations cannot be ruled out. The current study forms part of a 
larger ongoing programme investigating the marine fauna of the littoral zone with a 
focus on the identification of non-native species. As D. ruppellii is so far recorded 
from Libya as based on the present punctiform record, we rank it here as a casual 
(i.e. not established) species in the country. 
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Introduction 

Alien species are frequently reported within harbours and marinas, their 
translocation assisted via their attachment to the hulls of shipping vessels 
or within ballast water (e.g. Lambert and Lambert 1998; Ulman et al. 2017; 
Zenetos et al. 2017; Sghaier et al. 2019). Introduced species are often 
successful in these sheltered and nutrient-rich environments with intense 
shipping activity, or in regions in close proximity to such, and can spread 
quickly, leading to arguably higher rates of being detected (see Rizgalla et 
al. 2018, 2019a, b; Sghaier et al. 2019, among recent references from the 
Mediterranean Sea). Among the alien species invading the Mediterranean 
Sea, the fissurellid mollusc Diodora ruppellii (G. B. Sowerby I, 1835) is a 
species that can be easily found in the shallow waters of marinas (Sghaier et 
al. 2019). This taxon, while native to the Indo-Pacific, has presumably 
entered the Mediterranean Sea through the Suez Canal (Zenetos et al. 2004), 
invading the eastern parts of the basin; published records of its occurrence 
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Figure 1. Study area. A. The location of Tripoli in the Mediterranean Sea. B. The Tripoli 
Harbour (inner and outer basins). The black rectangle highlights the sandy shore of the outer 
basin where Diodora ruppellii was found. 

include Palestine, Egypt, Israel, Syria, Turkey and Lebanon (e.g. Haas 1948; 
Barash and Danin 1977, 1992; Engl 1995; Ammar 2004; Saker et al. 2013; 
Mytilineou et al. 2016; Crocetta et al. 2019 – but see below for a discussion 
on some of these sightings). More recently, a report published by Ounifi-
Ben Amor et al. (2016) from Tunisia suggested that this species may have 
also spread from central parts of the Mediterranean basin. Diodora 
ruppellii is generally known to feed on sponges and, although it is generally 
considered to be a shallow water species, it can be found in waters of up to 
70 m depth (Zenetos et al. 2004; Wronski 2010). Within the framework of 
an ongoing programme investigating alien species occurring in the marine 
coastal waters of Libya, here we provide the first record of D. ruppellii from 
Tripoli Harbour, in the central Mediterranean Sea. 

Materials and methods 

Tripoli Harbour is an old port with a long history dating back to the 
Phoenicians. In more modern times, its congestion has been well noted 
with up to 600 large vessels (i.e. up to 190 m long) visiting the port each 
year until the end of 2011. The harbour, with its cosmopolitan nautical 
activity, measures approximately 3.95 km long and almost 2 km broad at 
its widest point, covers an area of approximately 300 hectares, and is 
protected by two breakwaters, creating an outer and inner basin that are 
subject to tidal movements (World Port Source 2019; Mehdi Nailay pers. 
comm.). Weather permitting, daily surveys were undertaken from the 22nd 
November 2018 until the 28th January 2019 by walking approximately 600 
to 800 m along the shoreline of mixed sandy, rocky, and pebbly substrates 
marking the outer harbour (32.901140°; 13.212579°; Figure 1). Beached 
material in the accumulating shell middens was sorted through by hand, 
and, when appropriate, specimens were photographed in situ using a 
Hawawei Honor mobile phone and an Olympus Tough camera. Empty shells 
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Figure 2. Diodora ruppellii from Tripoli Harbour, Libya. A–B. Ventral and dorsal (aperture) 
views of a stranded specimen with soft parts, highlighted by a yellow rectangle. C. Dorsal 
(aperture) view of a fresh empty shell (2.1×1.5 cm). Photographs by Jamila Rizgalla (A, B) and 
Fabio Crocetta (C). 

were placed into labelled cardboard containers, while live specimens were 
fixed in 90% ethanol. All the collected material is held in a private archive 
maintained by the principal author and is available upon request. 

Results 

Fourteen empty shells of D. ruppellii were recovered from shell middens 
high on the foreshore. In addition, a single live specimen of D. ruppellii was 
found on the 7th January 2019, at low tide following a period of rough seas 
(Figure 2). In addition to the specimens of D. ruppellii, several other non-
native molluscs were collected including live specimens and empty shells of 
Cerithium scabridum Philippi, 1848 (Gastropoda: Cerithiidae), Brachidontes 
pharaonis (P. Fischer, 1870) (Bivalvia: Mytilidae), and Pinctada imbricata 
radiata (Leach, 1814) (Bivalvia: Pteriidae). 

Discussion  

The geographic spread of D. ruppellii within the Mediterranean Sea, at 
least since 1939, accounts for multiple records of its occurrence throughout 
the basin, supporting the proposal that this is an established species in the 
region (Zenetos et al. 2017). For some of the published records though, 
only the name of the species appears, and in the absence of a detailed 
description and/or photographic evidence upon which to authenticate the 
occurrence, these records should be considered cautiously (see Ammar 
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2004; Saker et al. 2013). This is also the case for the only report of 
D. ruppellii from the central Mediterranean Sea, which is based on a 
personal communication (Ounifi-Ben Amor et al. 2016). The current 
report of D. ruppellii, therefore, not only represents the first record of this 
taxon in Libya, thus filling a distributional gap in the area now occupied by 
this mollusc, but also the westernmost confirmed occurrence of this species 
in the Mediterranean Sea. 

The finding of D. ruppellii in Tripoli Harbour adds to the list of non-
native species already encountered in the area (reported in Rizgalla et al. 
2018, 2019a, b, c) and highlights the port as a hub for alien species. While 
the volume of nautical traffic moving in and out of the port may facilitate 
or increase the probability of introductions and establishment of species in 
Libya, the majority of the alien species found so far are already known to 
have widespread distributions throughout the Mediterranean Sea, and so 
natural dispersal from neighbouring populations for D. ruppellii and the 
other taxa encountered cannot be ruled out (Rizgalla et al. 2018, 2019a, b, c). 
Events in Libya’s recent past have made the undertaking of comprehensive 
surveys difficult to almost impossible; the lack of field surveys, therefore, 
makes it impossible to comment on whether the introductions are recent 
or otherwise (see the discussions in Rizgalla et al. 2019a). It is possible, 
therefore, that D. ruppellii may have been present in Libyan waters for many 
years, at low abundances, but their occurrence only came to light following 
the start of the current survey programme, increasing the level of surveillance 
for non-native species, and coupled with the winter-storms throughout 
2018–2019 and the volume of material carried onto the foreshore. The 
combination of factors contributing to the “discovery” of non-native 
species was also discussed for the finding of the alien bivalve Fulvia fragilis 
(Forsskål in Niebuhr, 1775) in Libyan waters (see Rizgalla et al. 2019b). 

While the documentation of non-native species is important, it is also 
critical that programmes of bio-surveillance continue to follow the fate of 
species following their arrival to determine if species can establish breeding 
populations. The successful colonisation of a species in a new locale may 
depend on various intrinsic and extrinsic factors, such as their response to 
local environmental conditions, food availability, and niche interactions 
with local species, etc. As D. ruppellii in the central Mediterranean is 
currently known with certainty only from Libya, and this is based on the 
present opportunistic record, we rank the species here as casual (i.e. not 
established, a species where only a single or few specimens had been 
recorded, with no certainties that it ever spread or reproduced in the area 
or the country). Through the ongoing survey programme, it is hoped that 
the status of D. ruppellii can be later confirmed as either an established or 
an ephemeral introduction. 

https://www.invasivesnet.org


 Diodora ruppellii in Libyan waters 

 Rizgalla et al. (2019), BioInvasions Records 8(4): 813–817, https://doi.org/10.3391/bir.2019.8.4.09 817 

Acknowledgements 

The authors wish to thank Mr. Mehdi Nailay and Mr. Adam Sahata for supplying information 
regarding the structure and function of the Tripoli Harbour. The authors wish also to thank the 
two anonymous reviewers for their insightful comments on the paper. 

References 

Ammar I (2004) Benthic fauna of the Syrian coast - assessment of the state of migrant and invasive 
species. Rapports et Procès-Verbaux des Réunions de la Commission Internationale pour 
l’Exploration Scientifique de la Mer Méditerranée 37: 473 

Barash A, Danin Z (1977) Additions to the knowledge of Indo-Pacific Mollusca in the 
Mediterranean. Conchiglie 13: 85–116 

Barash A, Danin Z (1992) Fauna Palaestina. Mollusca I. Annotated List of Mediterranean Mollusca 
of Israel and Sinai. The Israel Academy of Sciences and Humanities, Jerusalem, 405 pp 

Crocetta F, Bitar G, Zibrowius H, Oliverio M (2019) Increase in knowledge of the marine gastropod 
fauna of Lebanon since the 19th century. Bulletin of Marine Science 96, https://doi.org/10.5343/ 
bms.2019.0012 

Engl W (1995) Specie prevalentemente Lessepsiane attestate lungo le coste Turche. Bollettino 
Malacologico 31: 43–50 

Haas G (1948) Sur l’immigration de mollusques Indo-Pacifiques dans les eaux côtière de la Palestine. 
Journal de Conchyliologie 88: 141–144 

Lambert CC, Lambert G (1998) Non-indigenous ascidians in southern California harbors and 
marinas. Marine Biology 130: 675–688, https://doi.org/10.1007/s002270050289 

Mytilineou Ch, Akel EHK, Babali N, Balistreri P, Bariche M, Boyaci YÖ, Cilenti L, Constantinou C, 
Crocetta F, Çelik M, Dereli H, Dounas C, Durucan F, Garrido A, Gerovasileiou V, Kapiris K, 
Kebapcioglu T, Kleitou P, Krystalas A, Lipej L, Maina I, Marakas P, Mavrič B, Moussa R, Peña-
Rivas L, Poursanidis D, Renda W, Rizkalla SI, Rosso A, Scirocco T, Sciuto F, Servello G, 
Tiralongo F, Yapici S, Zenetos A (2016) New Mediterranean Biodiversity Records (November, 
2016). Mediterranean Marine Science 17: 794–821, https://doi.org/10.12681/mms.1976 

Ounifi-Ben Amor K, Rifi M, Ghanem R, Zaouali J, Ben Souissi J (2016) Update of alien fauna and 
new records from Tunisian marine waters. Mediterranean Marine Science 17: 124–143, 
https://doi.org/10.12681/mms.1371 

Rizgalla J, Fridman S, Ben Abdallah A, Bron JE, Shinn AP (2018) First record of the non-native sea 
snail Haminoea cyanomarginata Heller & Thompson, 1983 (Gastropoda: Haminoeidae) in the 
Southern Mediterranean Sea. BioInvasions Records 7: 411–414, https://doi.org/10.3391/bir.2018. 
7.4.09 

Rizgalla J, Bron JE, Crocetta F, Shinn AP, Almabruk SAA (2019a) First record of Aplysia 
dactylomela Rang, 1828 (Mollusca: Gastropoda) in Libyan coastal waters. BioInvasions Records 
1: 80–86, https://doi.org/10.3391/bir.2019.8.1.08 

Rizgalla J, Shinn AP, Crocetta F (2019b) First documented record of the invasive cockle Fulvia 
fragilis (Forsskål in Niebuhr, 1775) (Mollusca: Bivalvia: Cardiidae) in Libya. BioInvasions 
Records 8: 314–319, https://doi.org/10.3391/bir.2019.8.2.13 

Rizgalla J, Shinn AP, Crocetta F (2019c) New records of alien and cryptogenic marine bryozoan, 
mollusc, and tunicate species in Libya. BioInvasions Records 8: 590–597, https://doi.org/10.3391/ 
bir.2019.8.3.15 

Saker F, Abbas G, Sabha A (2013) The specific composition of assemblages gastropods and 
economic migratory species in several locations of the Syrian coast. Tishreen University Journal 
for Research and Scientific Studies - Biological Sciences Series 35: 110–128 

Sghaier YR, Zakhama-Sraieb R, Ben Hmida A, Charfi F (2019) An inventory of non-indigenous 
species (NIS) inside and outside three tourist marinas from the southern Mediterranean coast. 
Journal of the Black Sea/Mediterranean Environment 25: 29–48 

Ulman A, Ferrario J, Occhpinti-Ambrogi A, Arvanitidis C, Band A, Bertolino M, Bogi C, 
Chatzigeorgiou G, Çiçek BA, Deidun A, Ramos-Espla A, Koçak C, Lorenti M, Martinez-Laiz G, 
Merlo G, Princisgh E, Scribano G, Marchini A (2017) A massive update of nonindigenous 
species records in Mediterranean marinas. PeerJ 5: E3954, https://doi.org/10.7717/peerj.3954 

World Port Source (2019) http://www.worldportsource.com (accessed 8 July 2019) 
Wronski T (2010) The molluscan bio-fouling community on the Red Sea pearl oyster beds 

(Mollusca: Pteriidae). Zoology in the Middle East 51: 67–73, https://doi.org/10.1080/09397140. 
2010.10638442 

Zenetos A, Gofas S, Russo G, Templado J (2004) CIESM Atlas of exotic species in the 
Mediterranean. Vol. 3. In: Briand F (ed), Molluscs. CIESM Publishers, Monaco, 380 pp 

Zenetos A, Çinar, ME, Crocetta F, Golani D, Rosso A, Servello G, Shenkar N, Turon X, Verlaque M 
(2017) Uncertainties and validation of alien species catalogues: the Mediterranean as an example. 
Estuarine, Coastal and Shelf Science 191: 171–187, https://doi.org/10.1016/j.ecss.2017.03.031 

https://doi.org/10.5343/bms.2019.0012
https://doi.org/10.3391/bir.2018.7.4.09
https://doi.org/10.3391/bir.2019.8.3.15
https://doi.org/10.1080/09397140.2010.10638442
https://www.invasivesnet.org


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




