
Anali za istrske in mediteranske študije
Annali di Studi istriani e mediterranei

Annals for Istrian and Mediterranean Studies
Series Historia Naturalis, 32, 2022, 1

UDK 5                       Annales, Ser. hist. nat., 32, 2022, 1, pp. 1-265, Koper 2022  ISSN 1408-533X



KOPER 2022

Anali za istrske in mediteranske študije
Annali di Studi istriani e mediterranei

Annals for Istrian and Mediterranean Studies

Series Historia Naturalis, 32, 2022, 1

UDK 5                    ISSN 1408-533X 
                e-ISSN 2591-1783



ANNALES · Ser. hist. nat. · 32 · 2022 · 1

Anali za istrske in mediteranske študije - Annali di Studi istriani e mediterranei - Annals for Istrian and Mediterranean Studies

ISSN 1408-533X     UDK 5  Letnik 32, leto 2022, številka 1
e-ISSN 2591-1783

UREDNIŠKI ODBOR/
COMITATO DI REDAZIONE/

BOARD OF EDITORS: 

Alessandro Acquavita (IT), Nicola Bettoso (IT), Christian Capapé (FR), 
Darko Darovec, Dušan Devetak, Jakov Dulčić (HR), Serena Fonda 
Umani (IT), Andrej Gogala, Daniel Golani (IL), Danijel Ivajnšič, 
Mitja Kaligarič, Marcelo Kovačič (HR), Andrej Kranjc, Lovrenc Lipej, 
Vesna Mačić (ME), Alenka Malej, Patricija Mozetič, Martina Orlando-
Bonaca, Michael Stachowitsch (AT), Tom Turk, Al Vrezec

Glavni urednik/Redattore capo/
Editor in chief: Darko Darovec

Odgovorni urednik naravoslovja/ 
Redattore responsabile per le scienze 

naturali/Natural Science Editor: Lovrenc Lipej

Urednica/Redattrice/Editor: Martina Orlando-Bonaca

Prevajalci/Traduttori/Translators: Martina Orlando-Bonaca (sl./it.)

Oblikovalec/Progetto grafico/
Graphic design: Dušan Podgornik, Lovrenc Lipej

Tisk/Stampa/Print: Založništvo PADRE d.o.o.

Izdajatelja/Editori/Published by: Zgodovinsko društvo za južno Primorsko - Koper / Società storica 
del Litorale - Capodistria©

Inštitut IRRIS za raziskave, razvoj in strategije družbe, kulture in 
okolja / Institute IRRIS for Research, Development and Strategies 
of Society, Culture and Environment / Istituto IRRIS di ricerca, 
sviluppo e strategie della società, cultura e ambiente©

Sedež uredništva/Sede della redazione/
Address of Editorial Board: 

Nacionalni inštitut za biologijo, Morska biološka postaja Piran / 
Istituto nazionale di biologia, Stazione di biologia marina di Pirano / 
National Institute of Biology, Marine Biology Station Piran 
SI-6330 Piran /Pirano, Fornače/Fornace 41, tel.: +386 5 671 2900, 
fax +386 5 671 2901;
e-mail: annales@mbss.org, internet: www.zdjp.si

Redakcija te številke je bila zaključena 30. 06. 2022.

Sofinancirajo/Supporto finanziario/
Financially supported by: 

Javna agencija za raziskovalno dejavnost Republike Slovenije 
(ARRS) in Mestna občina Koper

Annales - Series Historia Naturalis izhaja dvakrat letno.

Naklada/Tiratura/Circulation: 300 izvodov/copie/copies

Revija Annales, Series Historia Naturalis je vključena v naslednje podatkovne baze / La rivista Annales, series Historia Naturalis è 
inserita nei seguenti data base / Articles appearing in this journal are abstracted and indexed in:  BIOSIS-Zoological Record (UK); 

Aquatic Sciences and Fisheries Abstracts (ASFA); Elsevier B.V.: SCOPUS (NL); Directory of Open Access Journals (DOAJ). 

To delo je objavljeno pod licenco / Quest’opera è distribuita con Licenza / This work is licensed under a Creative Commons BY-NC 4.0.

Navodila avtorjem in vse znanstvene revije in članki so brezplačno dostopni na spletni strani https://zdjp.si/en/p/annalesshn/
The submission guidelines and all scientific journals and articles are available free of charge on the website https://zdjp.si/en/p/annalesshn/
Le norme redazionali e tutti le riviste scientifiche e gli articoli sono disponibili gratuitamente sul sito  https://zdjp.si/en/p/annalesshn/



ANNALES · Ser. hist. nat. · 32 · 2022 · 1

Anali za istrske in mediteranske študije - Annali di Studi istriani e mediterranei - Annals for Istrian and Mediterranean Studies

UDK 5                                                      Letnik 32, Koper 2022, številka 1                                      ISSN 1408-53 3X
e-ISSN 2591-1783 

VSEBINA / INDICE GENERALE / CONTENTS 2022(1)

SREDOZEMSKI MORSKI PSI 
SQUALI MEDITERRANEI
MEDITERRANEAN SHARKS 

Farid HEMIDA, Christian REYNAUD & 
Christian CAPAPÉ
Observations on Thresher Shark, Alopias 
vulpinus (Chondrichthyes: Alopiidae) 
from the Coast of Algeria 
(Southwestern Mediterranean Sea) .................
Opazovanja morskih lisic, Alopias vulpinus 
(Chondrichthyes: Alopiidae) ob alžirski 
obali (jugozahodno Sredozemsko morje)

Elif ÖZGÜR ÖZBEK & Hakan KABASAKAL
Notes on Smoothback Angel Shark, 
Squatina oculata (Squatiniformes: 
Squatinidae) caught in the Gulf of Antalya ......
Zapis o pegastih sklatih, Squatina 
oculata (Squatiniformes: Squatinidae), 
ujetih v Antalijskem zalivu

Alessandro PAGANO & Alessandro DE 
MADDALENA
Underwater Observations of the Rare 
Angular Roughshark Oxynotus centrina 
(Chondrichthyes: Squalidae) in the 
Waters of Santa Tecla (Sicily, Italy) .............
Podvodna opazovanja redkega morskega 
prašiča, Oxynotus centrina 
(Chondrichthyes: Squalidae) v vodah 
Sante Tecle (Sicilija, Italija)

Deniz ERGÜDEN, Deniz AYAS & Hakan 
KABASAKAL
Morphometric Measurements of Three 
Young Carcharhinid Species from 
Northeastern Levant (Mediterranean Sea) ........
Morfometrične meritve mladičev treh 
vrst morskih psov iz družine 
Carcharhinidae iz severnovzhodnega 
Levanta (Sredozemsko morje)

Hakan KABASAKAL
Projections on the Future of 
Deep-Sea Sharks in the 
Sea of Marmara, Where 
Deep Zones Are Threatened 
by Deoxygenation: a Review .......................
Napovedi o prihodnosti 
globomorskih morskih psov v 
Marmarskem morju, ogroženem 
zaradi pomanjkanja kisika: pregled

BIOINVAZIJA
BIOINVASIONE 
BIOINVASION

Alan DEIDUN, Bruno ZAVA & 
Maria CORSINI-FOKA
Distribution Extension of Lutjanus 
argentimaculatus (Lutjanidae) and 
Psenes pellucidus (Nomeidae) to the 
Waters of Malta, Central 
Mediterranean Sea .....................................
Širjenje areala vrst Lutjanus 
argentimaculatus (Lutjanidae) in 
Psenes pellucidus (Nomeidae) v 
malteške vode (osrednje 
Sredozemsko morje)

Sami M. IBRAHIM, Abdulrraziq A. 
ABDULRRAZIQ, Abdulghani ABDULGHANI, 
Sara A.A. AL MABRUK, David SALVATORI, 
Bruno ZAVA, Maria CORSINI-FOKA & 
Alan DEIDUN
First Record of Enchelycore anatina 
(Muraenidae) from Libyan Waters and 
an Additional Record from Southern 
Italy (Western Ionian Sea) ...........................
Prvi zapis o pojavljanju kavljezobe 
murene Enchelycore anatina 
(Muraenidae) iz libijskih voda in 
dodatni zapis za južno Italijo 
(zahodno Jonsko morje)

1

9

25

49

35

17

59



ANNALES · Ser. hist. nat. · 32 · 2022 · 1

Rasha Ali HENEISH & Samir Ibrahim 
RIZKALLA
Morphometric and Meristic 
Characteristics of a New Record of 
Bluespot Mullet Crenimugil seheli 
(Pisces: Mugilidae) in Egyptian 
Mediterranean waters .................................
Novi zapis o pojavljanju vrste 
Crenimugil seheli (Pisces: Mugilidae) 
v egiptovskih sredozemskih vodah in 
njene morfometrične in meristične 
značilnosti

Yana SOLIMAN, Adib SAAD, Vienna 
HAMMOUD & Christian CAPAPÉ
Heavy Metal Concentrations in Tissues 
of Siganus rivulatus (Siganidae) from 
the Syrian Coast (Eastern 
Mediterranean Sea) ....................................
Vsebnost težkih kovin v tkivih 
marmoriranega morskega kunca 
Siganus rivulatus (Siganidae) iz 
sirske obale (vzhodno 
Sredozemsko morje)

IHTIOLOGIJA
ITTIOLOGIA
ICHTHYOLOGY

Jihade ALAHYENE, Brahim CHIAHOU, 
Hammou EL HABOUZ & 
Abdelbasset BEN-BANI
Length Based Growth Estimation of the 
Blue Shark Prionace glauca from the 
Moroccan Central Atlantic Coast .................
Dolžinsko-masni odnos in ocena rasti 
pri sinjem morskem psu (Prionace glauca) 
iz osrednje atlantske obale Maroka

Okan AKYOL, Altan LÖK & Funda ERDEM
Occurrence of Cubiceps gracilis (Nomeidae) 
in the Eastern Mediterranean Sea .................
Pojavljanje klateža, Cubiceps gracilis 
(Nomeidae), v vzhodnem Sredozemskem morju

Farid HEMIDA, Boualem BRAHMI, 
Christian REYNAUD & Christian CAPAPÉ
Occurrence of the Rare Driftfish Cubiceps 
gracilis (Nomeidae) from the Algerian 
Coast (Southwestern Mediterranean Sea) .........
Pojavljanje redkega klazeža Cubiceps 
gracilis (Nomeidae) z alžirske obale 
(jugozahodno Sredozemsko morje)

Deniz ERGÜDEN & Cemal TURAN
A Rare Occurrence of Carapus acus (Carapidae) 
in the Eastern Mediterranean, Turkey ................
Redko pojavljanje strmorinca Carapus acus 
(Carapidae) v vzhodnem Sredozemskem 
morju (Turčija)

Laith JAWAD, Murat ŞIRIN, 
Miloslav PETRTÝL, Ahmet ÖKTENER, 
Murat ÇELIK & Audai QASIM
Skeletal Abnormalities in Four Fish 
Species Collected from the Sea of 
Marmara, Turkey ........................................
Skeletne anomalije pri štirih vrstah rib 
iz Marmarskega morja (Turčija)

RAZMNOŽEVALNA EKOLOGIJA
ECOLOGIA RIPRODUTTIVA
REPRODUCTIVE ECOLOGY

Amaria Latefa BOUZIANI, 
Khaled RAHMANI, Samira AIT DARNA, 
Alae Eddine BELMAHI, 
Sihem ABID KACHOUR & 
Mohamed BOUDERBALA
Gonadal Histology in Diplodus vulgaris 
from the West Algerian Coast ......................
Histologija gonad pri navadnem 
šparu (Diplodus vulgaris) iz 
zahodne alžirske obale

Cheikhna Yero GANDEGA, 
Nassima EL OMRANI, Rezan O. RASHEED, 
Mohammed RAMDANI & Roger FLOWER
The Growth and Reproduction of Two Spari-
dae, Pagrus caeruleostictus and 
Pagellus bellottii in Northern Mauritanian 
Waters (Eastern Tropical Atlantic) ................
Rast in razmnoževanje dveh vrst pagrov, 
Pagrus caeruleostictus in Pagellus 
bellottii v severnih mavretanskih 
vodah (vzhodni tropski Atlantik)

Nassima EL OMRANI, Hammou EL HABO-
UZ, Abdellah BOUHAIMI, Jaouad ABOU 
OUALID, Abdellatif MOUKRIM, Jamila 
GOUZOULI, Mohammed RAMDANI, Roger 
FLOWER & Abdelbasset BEN-BANI
The Reproductive Biology of the 
Pouting Trisopterus luscus from the 
Atlantic Coast of Morocco ..........................
Reproduktivna biologija francoskega moliča 
(Trisopterus luscus) iz atlantske obale Maroka

143

155

137

119

67

75

85

101

113

107



ANNALES · Ser. hist. nat. · 32 · 2022 · 1

Mourad CHÉRIF, Rimel BENMESSAOUD & 
Christian CAPAPÉ
Growth Patterns and Age Structure of 
Mullus surmuletus (Mullidae) from the 
Northern Coast of Tunisia (Central 
Mediterranean Sea) .....................................
Rastni parametri in starostna struktura 
progastih bradačev Mullus surmuletus 
(Mullidae) iz severne tunizijske obale 
(osrednje Sredozemsko morje)

FLORA
FLORA
FLORA

Martina ORLANDO-BONACA, 
Erik LIPEJ, Romina BONACA & 
Leon Lojze ZAMUDA
Improvement of the Ecological Status 
of the Cymodocea nodosa Meadow 
near the Port of Koper ................................
Izboljšanje ekološkega stanja 
morskega travnika kolenčaste 
cimodoceje (Cymodocea nodosa) 
v bližini koprskega pristanišča

FAVNA
FAVNA
FAVNA

Manja ROGELJA, Martin VODOPIVEC & 
Alenka MALEJ
Cestum veneris Lesueur, 1813 
(Ctenophora) – a Rare Guest in the 
Northern Adriatic Sea .................................
Cestum veneris Lesueur, 1813 
(Ctenophora) – redek gost v 
severnem Jadranu

Adla KAHRİĆ, Dalila DELIĆ & 
Dejan KULIJER
Notospermus annulatus (Nemertea: 
Lineidae), a New Record for Bosnia 
and Herzegovina .......................................
Notospermus annulatus (Nemertea: 
Lineidae), prvi zapis o pojavljanju za 
Bosno in Hercegovıno

Andrea LOMBARDO & Giuliana MARLETTA
Report of an Interesting Trapania 
(Gastropoda: Nudibranchia: 
Goniodorididae) Specimen from 
Central Eastern Sicily ..................................
Zapis o zanimivem primerku iz rodu 
Trapania (Gastropoda: Nudibranchia: 
Goniodorididae) iz osrednje vzhodne Sicilije

Abdelkarim DERBALI & Othman JARBOUI
Stock Assessment, Cartography and 
Sexuality of the Wedge Clam Donax 
trunculus in the Gulf of Gabes (Tunisia) .......
Ocena staleža, kartografija in spolnost 
klinaste školjke Donax trunculus v 
gabeškem zalivu (Tunizija)

Abdelkarim DERBALI, Aymen HADJ TAIEB & 
Othman JARBOUI 
Length-Weight Relationships and Density 
of Bivalve Species in the Shellfish 
Production Area of Zarzis (Tunisia, 
Central Mediterranean Sea) .........................
Dolžinsko-masni odnos in gostota školjk 
na gojišču školjk v predelu Zarsisa 
(Tunizija, osrednje Sredozemsko morje)

Toni KOREN
The Diversity of Moths (Lepidoptera: 
Heterocera) of Significant Landscape 
Donji Kamenjak and Medulin 
Archipelago, Istria, Croatia .........................
Raznolikost nočnih metuljev (Lepidoptera: 
Heterocera) Pomembne pokrajine Donji 
Kamenjak in Medulinski arhipelag, Istra, Hrvaška

OCENE IN POROČILA
RECENSIONI E RELAZIONI
REVIEWS AND REPORTS

Ines Mandić Mulec & Nives Ogrinc
Recenzija knjige: Mikrobna biogeokemija vod ......

Kazalo k slikam na ovitku ...........................
Index to images on the cover .......................

173

185

197

237

217

211

229

205
263

265
265



ANNALES · Ser. hist. nat. · 32 · 2022 · 1



ANNALES · Ser. hist. nat. · 32 · 2022 · 1

229

received: 2022-02-15                 DOI 10.19233/ASHN.2022.24

LENGTH-WEIGHT RELATIONSHIPS AND DENSITY OF BIVALVE SPECIES IN 
THE SHELLFISH PRODUCTION AREA OF ZARZIS (TUNISIA, 

CENTRAL MEDITERRANEAN SEA)

Abdelkarim DERBALI, Aymen HADJ TAIEB & Othman JARBOUI 
Institut National des Sciences et Technologies de la Mer (INSTM). BP 1035 Sfax 3018, Tunisia

e-mail: derbali10@gmail.com; abdelkarim.derbali@instm.rnrt.tn

ABSTRACT

The present work reports length-weight relationships (LWRs) for the most common and abundant bivalve 
species found in coastal areas of Zarzis (southern Tunisia). Systematic surveys were carried out during 2018 on 
soft bottom in the littoral zone down to 1 m depth. This study provides the first results about LWRs and the density 
levels of 6 species (Ruditapes decussatus, Polititapes aureus, Moerella pulchella, Cerastoderma glaucum, Mactra 
stultorum and Loripes orbiculatus) distributed among five families. A stock size assessment of these target species 
revealed abundance values ranging from 0.47 to 6.10 indiv. m-², and biomass values from 1.83 to 10.34 g m-². The 
results showed negative growth in five species and isometric growth in one species. The data presented herein are 
essential for the management and conservation for these species.

Key words: Mollusca, bivalvia, Length-weight relationship, Allometric growth, Zarzis coast, Tunisia

RAPPORTO LUNGHEZZA-PESO E DENSITÀ DEI BIVALVI NELLA ZONA DI PRODUZIONE 
DI MOLLUSCHI DI ZARZIS (TUNISIA, MARE MEDITERRANEO CENTRALE)

SINTESI

L’articolo riporta le relazioni lunghezza-peso (LWR) per le specie di bivalvi più comuni e abbondanti trovate 
nelle aree costiere di Zarzis (Tunisia meridionale). Indagini sistematiche sono state effettuate durante il 2018 su 
fondi molli nella zona litorale fino a 1 m di profondità. Lo studio fornisce i primi risultati sulle LWR e i livelli di 
densità di 6 specie (Ruditapes decussatus, Polititapes aureus, Moerella pulchella, Cerastoderma glaucum, Mactra 
stultorum e Loripes orbiculatus) distribuite in cinque famiglie. Una valutazione delle dimensioni dello stock di 
queste specie bersaglio ha rivelato valori di abbondanza che vanno da 0,47 a 6,10 indiv. m-², e valori di biomassa 
da 1,83 a 10,34 g m-². I risultati hanno evidenziato una crescita negativa in cinque specie e una crescita isometrica 
in una specie. I dati qui presentati sono essenziali per la gestione e la conservazione di queste specie.

Parole chiave: Mollusca, bivalvia, rapporto lunghezza-peso, crescita allometrica, costa di Zarzis, Tunisia
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INTRODUCTION

The length-weight relationships (LWRs) in marine 
species is of a great use in fisheries biology for con-
verting length measures into weight and ascertaining 
the growth characteristics related to those variables 
(Anderson & Gutreuter, 1983). An empirical relation-
ship like LWR is an important piece of information 
in studying marine organisms. For instance, LWR al-
lows predictions of weight from length (Pauly, 1993).

Bivalve shell growth and shape are influenced 
by abiotic (exogenous/environmental) and biotic 
(endogenous/physiological) factors. Shell morphol-
ogy and relative proportions of many bivalve spe-
cies are known to be affected by environmental fac-
tors, such as latitude (Beukema & Meehan, 1985), 
depth (Gaspar et al., 2002; Derbali, 2011; Derbali 
et al., 2011), currents and water turbulence (Fui-
man et al., 1999; Hinch & Bailey, 1988), and type 
of sediment (Claxton et al., 1998; Derbali et al., 
2009a & b). Gaspar et al. (2002) have also reported 
that burrowing behaviour, ability and efficiency 
also affect the relative growth of bivalve species. In 
Tunisia, there have been many investigations docu-
mented on bivalve species (Tlig-Zouari et al., 2010; 
Bellaaj-Zouari et al., 2011; Derbali et al., 2018). 
Nonetheless, the data available on morphometric 
relationships and stock assessment of shellfish spe-

cies are very limited. The present study is the first 
attempt to obtain basic information by investigating 
the length-weight relationships and densities levels 
of the most abundant bivalve species harvested 
along the coasts of Zarzis (southern Tunisia). Stud-
ies concerning shell morphometric relationships of 
the species are underpinned by basic knowledge 
in different fields of environmental research. Such 
data are valuable for establishing a monitoring and 
management system and can be a useful reference 
for studies of marine invertebrates. 

MATERIAL AND METHODS

Sampling protocol and operations

Systematic surveys were carried out from Febru-
ary to October 2018 within the 100 km Zarzis coastal 
part located in south Tunisia (Fig. 1). Transects were 
systematically set up every 600 m in the littoral zone 
during low tides (up to 1 m depth). Bivalve species 
were collected every 50 m along each transect line 
from the upper limit of the tide’s influence to the low 
water mark. Along the transects, 4 to 10 sampling 
stations were marked. In each one, two replicates 
were taken from the quadrats (0.25 m²) using a 
shovel. Large specimens were collected by hand and 
small ones using a 2 mm mesh sieve.  

Fig. 1: Map of the study area, indicating the sampling location (Zarzis, Tunisia).
Sl. 1: Zemljevid obravnavanega območja z navedbo lokalitete vzorčenja (Zarzis, Tunizija).
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During each sampling period, seawater temperature 
and salinity were measured near the bottom immediately 
after sampling using a multi-parameter kit (Multi 340 i/
SET). After sampling, the materials were put in labelled 
plastic bags, subsequently preserved in a 7% formalde-
hyde solution to be used as material for data analysis. 

Data analysis

In the laboratory, the preserved samples were sorted 
and washed to remove all adhering organisms and 
other debris. Specimens were identified and counted. 
The measurement of the bivalve shell length (maximum 
distance along the anteroposterior axis, L) was made 
to the nearest 0.01 mm, using a digital caliper. The 
total fresh weight (including intra-valves water, W) was 
measured using a toploading digital balance (precision 
of 0.001 g). After identification to the species level, data 
were pooled at sampling sites to obtain mean densities 
(indiv. m-²) and mean biomass (g m-²). Mean densities of 
bivalve species recorded in the study area were com-
pared using one-way analysis of variance (ANOVA). The 
results are presented as means ± standard error (SE) and 
the significance level used in the tests was p < 0.05. 
In addition, the Spearman’s rank correlation coefficient 
was applied to identify significant correlations between 
bivalves’ density and biomass.

For each bivalve species, the LWRs were estimated 
using the equation: 

W = a Lb                 (1)
and its linear transformation: 

Log W = Log a + b Log L          (2)

where W = total fresh weight; L = length; a = in-
tercept (initial growth coefficient); b = slope (relative 
growth rate of variables). Besides, the LWRs were de-
termined with a 95% confidence limit of b and the sig-
nificance level of r2. The growth type was determined 
using the t-test, which investigated whether slope b was 
significantly different from the theoretical value 3, with 
a confidence level of ± 95% (α = 0.05) (Zar, 2010). The 
statistical package used was STATISTICA v. 6.0.

RESULTS

Occurrence and abundance

During the studied period, 45 transects were made 
from the high tide point to the extreme low tide point, 
which corresponded to 266 sampling stations. A total 
of 1260 specimens were collected, belonging to 6 
bivalve species distributed among 5 families (Tab.e 

Species N Lmean ± S.D
(Lmin –Lmax)

Wmean ± S.D
(Wmin – Wmax)

Allometric 
equation

Determin. 
coefficient 

(r²)

S.E. 
of b

Relationship
(t-test)

Family Veneridae

Ruditapes 
decussatus 50

26.45 ± 15.00
(3.2 – 54.85)

7.05 ± 7.55
(0.01 – 32.28)

Log W = -3.378 + 
2.7942 Log L 0.996 * 0.020 negative 

allometry

Polititapes aureus 282
22.57 ± 8.11
(3.25 – 35.85)

2.44 ± 1.7
(0.003 – 9.57)

Log W = -3.3709 + 
2.6877 Log L 0.9186 * 0.048 negative 

allometry

Family Tellinidae

Moerella pulchella 101
6.27 ± 1.54

(2.90 – 17.20)
0.04 ± 0.04
(0.01 – 0.38)

Log W = -2.9425 + 
1.8686 Log L 0.8266 * 0.086 negative 

allometry

Family Cardiidae

Cerastoderma 
glaucum 452

15.89 ± 8.29
(1.50 – 35.10)

2.39 ± 2.70
(0.001 – 16.50)

Log W = -3.4484 + 
2.9622 Log L 0.9708 * 0.024 isometric

Family Mactridae

Mactra stultorum 31
26.91  ± 8.13 

(6.6 – 37)
3.94 ± 2.70
(0.1 – 8.59)

Log W = -3.3433 + 
2.6823 Log L 0.9112 * 0.156 negative 

allometry

Family Lucinidae

Loripes orbiculatus 344
 10.00 ±  3.06
(3.00 – 16.55)

0.34  ± 0.27 
(0.006 – 1.37)

Log W = -3.3969 + 
2.8127 Log L 0.89 * 0.053 negative 

allometry

Tab. 1: Descriptive statistics and morphometric relationship parameters for 6 bivalve species from the Zarzis 
coast (N = number of individuals; L = shell length (mm); W = total fresh weight (g); S.D. = standard deviation; 
S.E. = standard error; (*) = P < 0.001).
Tab. 1: Opisna statistika in parametri morfometričnega razmerja za 6 vrst školjk z obale Zarzis (N = število osebkov; L 
= dolžina lupine (mm); W = skupna sveža teža (g); S.D. = standardni odklon; S.E. = standardna napaka; (*) = P < 0,001).
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1). In terms of numbers of individuals, the most 
abundant families were the Cardidae (35.88%), the 
Lucinidae (27.30%) and the Veneridae (26.35%); the 
least abundant were the Tellinidae and the Mactridae 
with percentages not exceeding 9%. The target bi-
valve species were encountered in various substratum 
types, such as muddy-sandy bottom patchily covered 
by meadows of Zostera noltii or Cymodocea nodosa 
or by mixed vegetation consisting of these two marine 
seagrasses. 

The sample size ranged from 31 individuals, e.g., 
in the surf clam Mactra stultorum (Linnaeus, 1758), 
to 452 individuals, e.g., in the cockle Cerastoderma 
glaucum (Bruguière, 1789). The assessment of the 
stock size of these target species across quadrats 
yielded density values ranging from 0.47 to 6.10 
indiv. m-², with biomass values varying from 1.83 to 
10.34 g m-² (Fig. 2). The most numerous species were 
M. pulchella (6.1 indiv. m-²), P. aureus (4.24 indiv. 
m-²) and L. orbiculatus (3.22 indiv. m-²). On the other 
hand, no significant variations occurred between 
mean values of R. decussatus, C. glaucum and M. 
stultorum (Fig. 2). This was due to fewer individuals 
being collected over the period of sampling.

In term of biomass, three species, P. aureus, C. 
glaucum and R. decussatus, maintained high level 
values (over 10.34 g m-², 5.64 g m-² and 5.3 g m-², 
respectively). Mean biomass showed significant 
variations of abundance (p < 0.05) between species, 
with the mean value for P. aureus higher (p < 0.05) 
than those of the remaining species. A Spearman’s 

correlation comparison indicated a strong positive 
correlation (> 0.9) between density and biomass 
for each species. The present study area has both 
a qualitative and quantitative importance because 
all the studied species together accounting for more 
than 491 tons. The highest temperature values 
were recorded in July (28°C), the lowest values in 
February (11°C). Salinity measurements showed an 
annual fluctuation between 32‰ in winter and 47‰ 
in summer.

Length-weight relationships

The results obtained for the length-weight relation-
ships, along with some sample descriptive statistics 
are given in Table 1. The data are not representative 
of a particular season and were not collected dur-
ing a specific period of the year. These parameters 
should therefore only be considered as mean annual 
values. In addition, the results revealed that in all en-
countered bivalve species determination coefficients 
(r²) were high in length-weight relationships and 
regressions were all highly significant (p < 0.001). 
The b value of the studied samples varied between 
1.86 and 2.96. For the 6 species studied, the LWRs 
indicated a clear prevalence of negative growth (5 
species, b values = 1.86‒2.81) over isometric growth 
(1 species, b values = 2.96). For the 5 species the 
growth in length was superior to weight increase, in 
one species the growth in length was accompanied 
by weight increase. 

Fig. 2: Density levels of the most abundant bivalve species along the Zarzis coast (south Tunisia) 
and their standard errors (± SE).
Sl. 2: Gostote najbolj razširjenih vrst školjk vzdolž obale Zarzis (južna Tunizija) in njihove 
standardne napake (± SE).
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DISCUSSION

The present study provides for the first time infor-
mation about densities and length-weight relationships 
(LWRs) of the most abundant bivalve species found on 
the Zarzis coast. Findings of recent research indicate 
that densities and biomasses varied substantially from 
one species to another. A stock size assessment of these 
target species across quadrats revealed mean density 
values ranging from 0.47 to 6.10 indiv. m-², and mean 
biomass values from 1.83 to 10.34 g m-². The high-
est density and biomass values were recorded for M. 
pulchella and P. aureus, respectively. Despite the small 
number of some of the studied bivalve species and the 
mortality of adult individuals, the littoral zone supports 
an extraordinary stock estimated at over 491 tons. 

As follows from this study, the colonised area pre-
sents more than 5.8% of the total biomass of cockle 
C. glaucum in the Gulf of Gabes. A similar gradient 
was observed in the clam species R. decussatus and P. 
aureus, with about 86 and 166 tons or 8% and 13%, 
respectively, of their total biomasses in the Gulf of 
Gabes (unpublished data). Our sampling efforts led to 
an estimation of the local conditions (heterogeneity of 
abundance and presence of many parameters influenc-
ing the distribution). It appears that development of this 
population has been accompanied by major impacts at 
numerous levels (e.g., physicochemical, edaphic and 
hydrological factors of the study area). Stergiou et al. 
(1997) clarified that temperature and food potentials 
are the most important factors affecting phenotypic 
differences in growth patterns and maximum sizes in a 
variety of marine organisms. The concurrent increase in 
water temperatures and phytoplankton levels (unpub-
lished data) on the Zarzis coast promotes rapid growth 
rates in many local bivalve species. Other mechanisms 
structuring bivalves populations include soft bottoms 
and organic matter content. The high diversity of shell-
fish species is particularly interesting when the relative 
organic matter content, depth (< 1 m) and muddy-
sandy bottom are considered. In fact, these factors can 
provide ecological conditions able to maintain highly 
diverse reef communities in a coastal lagoon.

The bivalve species are more frequent and abun-
dant in areas sheltered by seagrasses C. nodosa and Z. 
noltei, which cover more than 50% of muddy-sandy 
seabeds. The heterogeneity of the geographical distri-
bution of the target species was found to be signifi-
cantly correlated with the distribution of seagrass. This 
positive correlation was probably related to the main 
organic source provided by C. nodosa. The C. no-
dosa detritus is the richest in organic carbon and is the 
dominant source of primary organic matter. As a result, 
the sites colonised by it provide good conditions for 
the proliferation of clams as this species improves the 
food resources and dissolved oxygen levels. The same 
conclusion was reached by Vilela (1950) for natural 

populations of R. decussatus in Portugal. Several stud-
ies have confirmed the correlation between patterns 
of community structure and primary production. In 
particular, local abundance and biomass of filter feed-
ers was found to be correlated with both intertidal pro-
ductivity and nearshore primary productivity (Menge & 
Olson, 1990). Other parameters such as light and tides 
may also contribute (da Costa et al., 2013). 

All the studied species presented high determina-
tion coefficients in LWRs. In addition, the prevalence 
of negative and isometric growth and the absence of 
positive growth is a very interesting phenomenon, 
since these species are typical inhabitants of sandy or 
sandy-muddy bottoms. In practice this means that dur-
ing ontogeny bivalve shells become progressively and 
rapidly longer than weighty. This phenomenon may be 
explained by the fact that the density of substrata is 
a limiting factor on firmer sediments, therefore the b 
values of LWRs may not exceed three in such environ-
ments.

The present observations were not in agreement 
with those reported in previous works by Gaspar et 
al. (2001) and later by Derbali (2011). These authors 
argued that most studied bivalve species displayed 
positive or isometric growth. Thayer (1975) believed 
that these ontogenetic changes could be related to the 
different lifestyles between adult individuals (more 
sedentary and inhabiting deeper sedimentary bottoms) 
and juveniles (active burrowers). For these species, the 
negative and isometric growth may be a reflection of 
their burrowing strategies or, to a lesser extent, of the 
burrowing difficulties associated with their globous 
shape. 

In our study, the hydrodynamic conditions were 
similar across the sampling area and it might be assumed 
that relative growth was influenced by other parameters 
such as depth, sediment type, the burrowing behaviour 
of the studied species and their subsequent strategies 
to counter dislodgement and avoid predation. Indeed, 
Gaspar et al. (2002) found that some interesting con-
nections between environmental conditions, bivalve 
lifestyles and species morphometric relationships were 
reported for many bivalve species. 

Species of the families Veneridae, Tellinidae, Mac-
tridae and Lucinidae, namely R. decussatus (Linnaeus, 
1758), P. aureus (Gmelin, 1791), M. pulchella (Lamarck, 
1818), M. stultorum (Linnaeus, 1758) and L. orbiculatus 
(Poli, 1791), displayed negative allometry, which may 
be attributed to their shallower bathymetric distribu-
tion compared to the cockle species C. glaucum of the 
family Cardiidae. According to Gaspar et al. (2002), 
the negative growth and elongated shape may be an 
adaptive strategy to improve burrowing efficiency and 
depth within the substrate.

Further interesting results were detected with regard 
to other encountered species which, despite being 
deep burrowing bivalves, displayed isometric growth, 
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for instance, the species of the family Cardiidae; this 
appears to be in contradiction with other studies of 
these species in several other geographical areas 
(Ansell & Lagardère, 1980; Ramon, 1993; Gaspar et 
al., 2001; Derbali, 2011). Disagreements reported on 
species morphometric relationships may be a result 
of environmental conditions varying between differ-
ent geographical areas. In many cases, investigations 
were conducted in the Mediterranean and Adriatic 
Seas, where the habitats differ considerably from those 
in Tunisian waters. Therefore, Gaspar et al. (2001 & 
2002), Tlig-Zouari et al. (2009 & 2010) and Derbali 
et al. (2011 & 2012) argued that these environmental 
conditions could potentially lead to variations within 
bivalve species and between localities. Moreover, the 
size ranges of many shellfish species from different 
geographical areas are highly variable, which compli-
cates comparison among surveys.

Indeed, estimation of LWRs is necessary and 
important as it provides information on the condition 
of a population; it is also a widely applied approach 
in the study of the dynamics of exploited stocks and 
an effective tool used for basic research and manage-
ment strategies in fisheries. Moreover, the parameters 

affecting length-weight relationships can be used to 
enhance management and conservation and allow fu-
ture comparisons between different populations of the 
same species living in similar or different ecosystems. 
Future studies could be conducted in many ways: i) 
stocks assessment should be carried out each year in 
order to track variations in bivalve stocks and changes 
in their structures, ii) the relationship between species 
density and abiotic and biotic parameters should be 
investigated in detail, iii) in future research, more con-
sideration should be given to studies of weight of the 
visceral mass as opposed to those of total weight, since 
that analysis is also and particularly applicable to other 
fishery resources such as crustaceans, cephalopods, 
and fish. 
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POVZETEK

Avtorji poročajo o masno-dolžinskem odnosu za najpogostejše in najštevilčnejše vrste školjk na obrežnem 
predelu v Zarzisu (južna Tunizija). Leta 2018 so opravili sistematske raziskave na sedimentnem dnu do 1 m 
globine. Raziskava je obelodanila prve rezultate o masno-dolžinskem odnosu in gostoti za šest vrst školjk 
(Ruditapes decussatus, Polititapes aureus, Moerella pulchella, Cerastoderma glaucum, Mactra stultorum in 
Loripes orbiculatus) iz petih družin. Gostote teh tarčnih vrst so bile v razponu od 0,47 do 6,10 osebkov m-², 
biomase pa od 1,83 do 10,34 g m-². Rezultati so pokazali negativno rast pri petih vrstah in izometrično rast 
pri eni vrsti. Pričujoči podatki so pomembni za upravljanje in ohranjanje teh vrst.

Ključne besede: Mollusca, Bivalvia, dolžinsko-masni odnos, alometrična rast, obala Zarzis, Tunizija
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