
����������	
���
�������������������������	������	�������


���

���� 
� 
!������

�"�#��$%&#�� '(����� ������������ �	��
��	��

���&� ���


����%�#�&(�#��)(�%�#�
(*�+#%&����"&��"�,

�-#&�#.���(��&���#�
///�&0(%�1%2#"�#2��3
��������		
���������



PUBLICATION INFORMATION

ACTA ADRIATICA IS PEER REVIWED JOURNAL

The Acta Adriatica is an international journal which publishes the papers on all aspects of marine 
sciences, preferably from the Mediterranean. Papers should be in form of original research, review 
or short communication. Minimum of two international referees review each manuscript. Editorial 
Board members advice the Editors on the selection of supplementary referees. Acta Adriatica is 
published continuously since 1932.

Abstracts/contents list published in: Aquatic Science & Fisheries Abstracts, Zoological Record, 
Agricola, CAB Abstracts, Georeference, Water Resources Abstracts, Oceanic Abstracts, Pollution 
Abstracts, Dialog and Referativnij Zhurnal. This publication is also indexed in Fish & Fisheries 
Worldwide produced by NISC, South Africa.

Until the end of 2004 there were 45 volumes published with total of 645 scientific papers. 
Since 1951 the Institute of Oceanography and Fisheries has been publishing Bilješke-Notes 
(ISSN 0561-6360), a preliminary communication up to eight pages. Up to the end of 2004 there 
were 87 numbers published.

Types of papers that can be submitted for consideration by the Editorial Board are: a) original 
research papers, b) conference papers, c) preliminary reports, d) short communications, 
within the board field of marine and fishery sciences, referring preferably to the area of the 
Mediterranean or dealing with other areas, providing they relate to the Mediterranean in some 
aspect. Maximal lenght of one paper should not exceed 20 printed pages.

Printed in 380 copies.

THIS JOURNAL IS SUPPORTED BY MINISTRY OF SCIENCE, EDUCATION AND SPORT 
OF THE REPUBLIC OF CROATIA

IZDAVANJE ČASOPISA FINANCIRA MINISTARSTVO ZNANOSTI, OBRAZOVANJA I 
ŠPORTA REPUBLIKE HRVATSKE



ISSN: 0001-5113
AADRAY

ACTA ADRIAT.,
46 (Suppl. 2): 3 - 68, 2005

UDC: 597.5:591.134(282.24 Neretva) 
Original scientific paper

A benthos survey of the Senj Archipelago 
(North Adriatic Sea, Croatia)

Dušan ZAVODNIK1, Armin PALLAORO2*, Andrej JAKLIN1,

Marcelo KOVAČIĆ3 and Milvana ARKO-PIJEVAC3

1 Center for Marine Research, Ruđer Bošković Institute, Obala G. Paliaga 5, 
52210 Rovinj, Croatia

e-mail: dzavodnik@cim.irb.hr, jaklin@cim.irb.hr

2Institute of Oceanography and Fisheries, P.O. Box 500, 21000 Split, Croatia

3Natural History Museum Rijeka, Lorenzov Prolaz 1, 51000 Rijeka, Croatia
e-mail: marcelo.kovacic@public.srce.hr, milvana@prirodoslovni.com.hr

*Corresponding author, e-mail: pallaoro@izor.hr

The coastal seabed around the northern Adriatic islands of Prvić, Sv. Grgur, and Goli have 
remained little researched until recently. Therefore, we compiled here results of our studies on 
macroflora, fauna, and bottom communities. The benthos was surveyed by scuba diving at 26 sites 
and a fish census taken at 14 of them. Bottom trammel nets were used at 15 sites to document the 
structure and status of fish populations. Deep deposits were sampled by bottom grabs at 27 sites.

Fifty-six species of macroalgae, two marine phanerogams, 218 invertebrates, and 96 fish species 
were recorded. The most significant hard bottom communities were the biocoenosis of infralittoral 
seaweeds and the coralligenous biocoenosis. Deep deposits were characterized by elements of 
the biocoenoses of coastal terrigenous ooze and bathyal silts. Due to hydrodynamic conditions, 
there was a spatial mixture of populations peculiar to various communities. Scuba diving is a 
very suitable method for rapid identification and evaluation of infralittoral benthos. However, fish 
assemblages can be satisfactorily estimated only by compiling diving records and analyzing fishing 
gear catches.

Although results of our research reflect the study methods, it is evident that the benthic 
communities and fish assemblages in this area are very diverse and well preserved. Therefore, 
we again propose protecting the Senj Archipelago coastal seabed within the category of a special 
marine reserve, i.e. marine park.

Key words: benthos, ecology, fauna, flora, Adriatic Sea



4  ACTA ADRIATICA, 46 (Suppl. 2): 3-68, 2005

INTRODUCTION

There are three small islands named Prvić, 
Sv. Grgur, and Goli, and a dozen nearby islets, 
reefs, and rocks between the large Krk and Rab 
Islands in the Kvarner region of the northeastern 
Adriatic Sea (44°49’-44°56’N, 14°46’-14°51’E). 
This group of islands is named Senj Archipelago 
after a small nearby town on the shore of the 
mainland at the base of the Velebit mountain 
ridge. The largest island is Prvić, about 14.3 
km2. Although these islands are small, they were 
mapped but usually unnamed in the northern 
Adriatic charts by VAVASSORI, GASTALDI, 

BARTELLI, ORTELLIO, SGROOTEN, De JODE & 

BARENTSZ as long as 300 years ago (LAGO & 

ROSSIT, 1981). Because of their importance in 
navigation and maritime traffic, these islands 
have always been depicted as larger than the 
nearby Krk and Rab Islands. By the end of the 
Middle Ages, the sheltered southwestern part 
of Prvić Island was inhabited (LOVRIĆ et al., 
1998). Presently, there are no residents on Prvić 
Island but it is a well-known summer pasture 
for sheep owned by Krk Island breeders. Prison 
buildings were erected after World War II on Sv. 
Grgur and Goli Islands. By the mid-1980s, both 
campuses were abandoned.

The land and marine vegetation of this area 
belong to a submediterranean biogeographic 
region rich in Atlantic-boreal elements 
(LOVRIĆ, 1975). The Senj Archipelago is one 
of the Adriatic’s most exposed areas to the 
stormy northeastern bora (in Croatian: bura) 
wind that blows about 200 days per year in 
this area (LOVRIĆ, 1971a). Bora gusts can reach 
47.5 m/s (MAKJANIĆ, 1956). The other side of 
the archipelago is exposed to waves generated 
by the scirocco (in Croatian: jugo) wind. The 
continuous interaction of meteorological and 
hydrological agents in such a small area is 
reflected in a unique distribution of land and 
marine organisms and communities (LOVRIĆ, 

1971b,c, 1979, 1985, 1997; LOVRIĆ et al., 1998).

Environmental and biological conditions in 
the Senj environs began to attract scientists 
150 years ago. The history of research in the 
archipelago area was reviewed by LOVRIĆ et 

al. (1998) and NOVOSEL et al. (2002). The first 
scientific research in the area was carried out 
by LORENZ, a teacher at the Rijeka grammar 
school (TVRTKOVIĆ, 1996) whose famous book 
on hydrographical conditions, organisms, and 
benthic communities in the Kvarner region 
appeared in 1863. LORENZ dredged at four stations 
in Baška Bay on Krk Island, facing Prvić Island. 
The precise location of his environmental and 
biological data was not published although the 
sea bottom type, depth, and surface currents in 
the wide area of interest were roughly indicated 
in Lorenz’s chart.

More than fifty years later, the nearby areas 
of Kvarnerić and Velebit Channel were surveyed 
by the German RV Rudolf Virchow (ZAVODNIK, 

1990), the Austrian HMS Najade borrowed 
by Hungarians (LEIDENFROST, 1914; STILLER-

RÜDIGER & ZAVODNIK, 1990), and the Croatian 
vessels Margita (HOIĆ, 1896) and Vila Velebita 
(CAR & HADŽI, 1914; BULJAN & ZORE-ARMANDA, 

1968; MOROVIĆ, 1968). Sixty years later, jubilee 
Vila Velebita seasonal cruises were repeated 
(ZAVODNIK, 1979a). Regrettably, during all 
these cruises, none of the stations for sampling 
benthos was located in the Senj Archipelago. 
Similarly, it was not visited by bottom trawl 
surveys or coastal fisheries research projects 
that operated in this part of the northern Adriatic 
(KOTTHAUS & ZEI, 1938; ZEI, 1949; ALFIREVIĆ et al., 
1969; CRNKOVIĆ, 1970; JARDAS, 1986; CETINIĆ & 

PALLAORO, 1993; JARDAS et al., 1998).

Until the middle of the last century, there 
were no diving reports in the Senj Archipelago. 
ZALOKAR (1942) researched the nearby mainland 
coast between Senj and Lukovo Šugarje. A diving 
expedition was undertaken by KUŠČER in 1949 
(KUŠČER, 1963a) in the northern part of Velebit 
Channel, along the eastern coast of Krk Island, 
and in Vela Luka cove near Baška. Apparently, the 
first scientific underwater photographic surveys 
in the Prvić area were undertaken by Ljubljana 
University students in 1957 (ŠTOVIČEK-ŠTIRN, 

1991) and by SVOBODA a few years later (RIEDL, 

1966; MONNIOT & MONNIOT, 1970; SVOBODA, 1979; 

ŠTIRN, pers. comm.). VELKOVRH (1975) studied 
molluscan thanatocoenoses in deposits sampled 
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by diving in the strait between Sv. Grgur and 
Rab Islands in the end of 1960s.

From 1970 to 1989, the Senj Archipelago 
was a restricted area in which commercial 
navigation, fishing, and scientific research were 
not allowed. However, by 1964, LOVRIĆ had 
undertaken extensive algological and zoological 
research by skin diving around all the islands and 
islets of the archipelago and along the adjacent 
Krk and Rab Islands (LOVRIĆ & LOVRIĆ, 1983). 
During two decades of research, about 430 
sites were visited. Most of LOVRIĆ’s results 

became accessible to the scientific community 
only in a very condensed form (LOVRIĆ, 1976b; 
LOVRIĆ & VOLARIĆ, 1976; LOVRIĆ et al., 1989) 
that does not allow comparative study at any 
station. Simultaneous studies of onomastics of 
marine habitats and vernacular names of land 
and marine flora and fauna were carried out by 
LOVRIĆ (1997), HORVAT-MILEKOVIĆ & LOVRIĆ 

(1998) and LOVRIĆ et al. (2002).

Mrs. M. LEGAC made samplings by skin 
diving at 16 stations around Sv. Grgur Island 
(LEGAC, pers. comm.) in 1973 and 1980, but 
only results on bivalve mollusks were published 
(LEGAC & HRS-BRENKO, 1982; HRS-BRENKO 

& LEGAC, 1996). During this period, I. LEGAC 
produced photographs of benthic communities 
in deep areas around Sv. Grgur Island (LEGAC & 

LEGAC, 1986; ZAVODNIK & ŠIMUNOVIĆ, 1997; M. 
LEGAC, pers. comm.). Fouling assemblages on 
antique amphoras from this area were analyzed 
(LEGAC & LEGAC, 1989).

As part of its Norwegian lobster (Nephrops 
norvegicus) project in 1968-1972, the Institute 
of Oceanography and Fisheries, Split, undertook 
an extensive survey of the sea bottom and 
benthos in the entire Kvarner region of the 
Adriatic Sea, i.e., from the Istrian Peninsula and 
Rijeka Bay in the north, to the Zadar area and 
islands in the south (ALFIREVIĆ, 1968; GAMULIN-

BRIDA et al., 1971; BELLAN, 1976). The RV Bios 
made 15 grab stations in the Senj Archipelago 
but only four samples were processed on board 
for biological study. Results on some taxonomic 
groups of sediment-living macrofauna were 
published (ZAVODNIK & MURINA, 1975; BELLAN, 

1976; ZAVODNIK, 1980, 1994; LEGAC & HRS-

BRENKO, 1982; MURINA & ZAVODNIK, 1985/86; 

ŠTEVČIĆ, 1998). All sedimentological data, 
earlier (ALFIREVIĆ, 1968, 1980) and recent, were 
compiled by JURAČIĆ et al. (1999) and BENAC 

et al. (2000). BAKRAN-PETRICIOLI et al. (2005) 
presented a spatial distribution of infralittoral 
and circalittoral habitats around Goli Island and 
a part of Sv. Grgur Island, yielded by modeling.

Special interest was paid by scuba divers to 
Prvić Island, its cliffs, and submarine cave fauna. 
In 1971, ZIBROWIUS collected scleractinians 
and brachiopods in the Stražica Cape cave 
area (ZIBROWIUS & GRIESHABER, 1977; LOGAN, 

1979; ZIBROWIUS, 1980). SILÉN & HARMELIN 

(1976) described a new cave dwelling bryozoan 
(Haplopoma sciaphilum). FESSER (1980) studied 
the cave goby (Speleogobius trigloides) at 
Prvić Island. CHRISTIAN (1989) reported on 
intertidal Collembola collected at the same site 
and recorded species new to the Adriatic Sea. 
KOVAČIĆ (1997, 1998) reported on benthic fish 
from the area. In 1997-2002, NOVOSEL et al. 
(2002) studied the benthos of Prvić Island at the 
Stražica, Samonjin, and Šilo Capes. Cladocora 
caespitosa bioherms were studied by KRUŽIĆ 

(2001). Scleractinians in the archipelago area that 
are rarely noted in the Adriatic were discussed by 
KRUŽIĆ et al. (2002). DELL’ANGELO & ZAVODNIK 

(2004) recorded polyplacophoran mollusks. 

Because of the biological interest indicated 
by previous studies, the Senj Archipelago 
has been the subject of protection and coastal 
management proposals. In 1972, Prvić Island, 
its coastal sea, and the Sv. Grgur Channel were 
proclaimed a botanical and zoological reserve 
by the Krk Community Assembly (HRILJAC, 

1972). LOVRIĆ (1976b) and LEGAC & LEGAC 

(1986) proposed protecting the sea environment. 
Recent suggestions on the protection and coastal 
management of the Senj Archipelago have 
been compiled by POŽAR-DOMAC & BAKRAN-

PETRICIOLI (1996), POŽAR-DOMAC et al. (2000a), 
and RANDIĆ (2003).

The present research was undertaken to 
assess the biodiversity of the benthos to enable 
evaluation by the state and eventual monitoring 
by scuba divers after the area is protected by law. 
Because of the slow and unclear dynamics of 
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benthic communities, especially in infralittoral 
and circalittoral areas, it was decided that one 
survey at each station in late spring or summer 
would be sufficient. Consequently, analysis 
included visual census by divers of common 
well-known macroflora and macrofauna. Time 
consuming and difficult to identify taxa, such as 
many sponges, turbellarians, hydrozoans, small 
mollusks, polychaetes, crustaceans, bryozoans, 
tiny algae, microflora, and micro and meiofauna, 
were not surveyed.

MATERIALS AND METHODS

Research sites were chosen according to 
exposure to wave action and geomorphological 
features (Figs. 1, 2). Benthos collection stations 

were arbitrarily coded GR to differentiate them 
from research sites in other Adriatic Sea areas 
(Table 1). Station GR-3 was identical to LEGAC’s 
station 3 (LEGAC & HRS-BRENKO, 1982). Since 
LEGAC worked at 16 stations at Grgur Island, we 
continued her numbering by starting with GR-
17. Bottom trammel net stations were coded by 
the acronym T (Table 2). Bottom grab stations 
were not coded.

The principal working methods were visual 
recording and hand collection by skin and scuba 
divers along line intercept transects (BIANCHI et 
al., 2004) perpendicular to the shore line, from sea 
level to a depth of 40-50 m. Whenever possible, 
species abundance was visually estimated within 
a range from rare (r) to dominant (d). Analysis of 
supralittoral and mediolittoral communities was 

Fig. 1. Research area and sampling stations
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Fig. 2. Slope types in the Senj archipelago: A = gentle inclined slope (example, station GR-33); 
B = steep slope (GR-26); C = vertical cliff (GR-17); D = slope+walls (GR-27)

Station
(GR)

Island Locality Slope type * Bottom type  Method Depth
(m)

Dominant
communities

03 Grgur Port gentle incline rock, sand Scuba 0-5 Alg, Pos
17 Goli Markonj cape vertical cliff, wall rock, sand Scuba 0-46 Alg, Cor
18 Goli Vela Draga cove gentle incline gravel, rock, 

sand, silt, mud
Scuba 0-31 Alg, Cor, Det

19 Goli E Macinj rock slope + walls rock, sand Scuba 0-49 Alg, Cor
20 Prvić Stražica cape slope + walls rock, sand Scuba 0-47 Alg, Cav, Cor, Pos
21 Prvić Kita cove slope + walls rock, sand Scuba 0-50 Alg, Cor
22 Prvić Samotvorac cape steep rock, sand Scuba 1-45 Alg, Cor, Det
23 Prvić Fazanas cape slope + walls gravel, rock, 

sand
Scuba 0-36 Alg, Cor

24 Prvić Šilo cape slope + walls rock, sand Scuba 0-42 Alg, Cor
25 Prvić Njivica cove gentle incline rock, sand Scuba 0-40 Alg, Cor, Det
26 Grgur Strančarac steep rock, sand Scuba 0-55 Alg, Cor
27 Grgur Pod siku slope + walls mud, rock, sand Scuba 0-47 Alg, Cor
28 Goli Tatinja cove 

(port)
gentle incline rock, sand Scuba 0-6 Alg

29 Goli Sajalo cape slope + walls rock, sand Scuba 0-32 Alg, Cor
30 Prvić Opadna cove steep mud, silt, rock Scuba 0-40 Alg, Cor, Det
31 Grgur Tesne dražice slope + walls rock, sand Scuba 0-40 Alg, Cor, Det
32 Grgur Ilo cove steep mud, silt, rock, 

sand
Scuba 0-50 Alg, Cor, Cym, 

Det
33 Grgur Veli Samotorac 

cove
gentle incline rock, sand Scuba 0-17 Alg, Cor

34 Prvić Samonjin cape slope + walls rock, sand Scuba 0-34 Alg, Cor
35 Prvić Pećna cove steep rock, sand Scuba 0-30 Alg, Cor, Det
36 Prvić Dubac cove  rock, sand bottom 

trammel nets
5-30 Alg, Pos

Table 1. Description of benthos research stations (GR). Alg = photophilous algae; Cav = semi-dark cave; Cor = coral-
ligenous; Cym = Cymodocea meadow; Det = coastal detrital; Pos = Posidonia bed
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based on standard phytocoenological methods 
(PÉRÈS, 1961; BRAUN-BLANQUET, 1964; PÉRÈS & 

PICARD, 1964; BOUDOURESQUE, 1971). Deposit 
granulometry was established according to FOLK 

(1954).

Easily recognized fishes were recorded by 
divers. An ichthyological visual census was 
performed along transects GR-3, 17-21, 23, 
25-27, 29-32. Fish specimens were recorded at 
a distance of 5 m, left and right of the transect 
line. 

Fish were sampled by bottom trammel nets 
at 15 sites (Fig. 3). The nets were 32 m long, 
1.6-1.8 m high, had external netting panels 
(Croatian: “popon”) of 112-116 mm mesh, and 
internal netting panels (“maha”) of 28 and 
32 mm mesh (NÉDÉLEC, 1975). The average 

operating net surface was 54 m2. Experimental 
fishing was carried out with nets tied together, 
frequently 10 (in 80% of cases), but also 13 
and 15. Nets were usually set on the bottom 
at a depth of 5-25 m, occasionally deeper, on 
various types of sea bottom, i.e., rocky, sandy, 
muddy, barren, overgrown by algae and eelgrass 
Posidonia oceanica, etc. Nets were set in the 
evening and hauled up the following morning, 
meaning that fishing was carried out exclusively 
at night.

A modified classification of fish species 
spatial organization (HARMELIN, 1990) was 
applied where category 1 indicates benthopelagic 
species, categories 2-5 hyperbenthic species, and 
category 6 epibenthic species including pelagic 
and cryptobenthic species, as per PATZNER 

37 Prvić Stražica cape  mud, sand bottom 
trammel nets

5-20 Alg, Pos

38 Prvić Straža slope + walls mud, rock, sand Scuba 0-48 Alg, Cor
39 Goli Veli galebov islet steep rock, sand Scuba, bottom 

trammel nets
0-51 Alg, Cor, Pos

40 Grgur Smokova cape  mud, rock, sand bottom 
trammel nets

5-30 Alg, Pos

41 Grgur Zadbadnja cove slope + walls rock, sand Scuba 0-29 Alg, Cor
42 Goli Senjska Vela 

cape
slope + walls mud, rock, sand Scuba 0-53 Alg, Cor, Det

* See Fig. 2 for illustrations.

Station      
Trammel

(T)
Same as GR Island Locality No. nets used Mesh

(mm)
Depth
(m)

1 37 Prvić Stražica cape 10 28 5-20
2 36 Prvić Dubac cove 10 28 5-30
3 22 Prvić Samotvorac cape 15 32 5-20
4  - Prvić W Njivica rock 13 32 3-15
5 25 Prvić Njivica rock 15 32 4-20
6 23 Prvić Fazanas cape 10 28 3-18
7 30 Prvić Opadna cove 10 28 5-25
8 24 Prvić Šilo cape 10 28 8-39
9  - Grgur Plitvac cape 10 28 5-20
10 32 Grgur SE Plitvac cape 10 28 3-25
11 40 Goli Smokova cape 10 28 5-30
12 29 Goli Sajalo cape 10 28 3-15
13 28 Goli Tatinja cape 10 28 5-35
14  - Goli Mali Goli rock 10 28 10-28
15  - Goli Senjska cove 10 28 7-35

Table 2. Bottom trammel set stations (T)

Table 1. Cont’d
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(1999). Trophic categories of fish species were 
determined according to BELL & HARMELIN-

VIVIEN (1983) and FRANCOUR (1997) and data on 
trophic categories of blennies were taken from 
GOLDSCHMIDT et al. (1984).

Sampling of benthos of deep deposits was 
performed by Petersen 0.2 m2 and Van Veen 0.1 
m2 bottom grabs (Table 3). Van Veen samplings 
were replicated 2-3 times. The sediment was 
processed through a 2 mm mesh sieve. Specimens 
were preserved in 70% alcohol or a 4% buffered 
formol solution. Some specimens were lost.

 Easily recognized taxa were identified in 
the field. Further processing and final taxonomic 
studies were performed in the Laboratory for 
Ecology and Systematics of the Center for 
Marine Research at the ‘Ruđer Bošković’ 
Institute in Rovinj (CMRR), in the Natural 
History Museum of Rijeka (NHMR), and in 
the Ecological Laboratory of the Institute for 
Oceanography and Fisheries in Split (IOF), 
Croatia. Selected specimens were deposited in 
the reference collections of these establishments. 
Taxonomic nomenclature was based on ERMS 
(COSTELLO et al., 2001), www.algaebase.org, and Fig. 3. Research area and surveyed bottom trammel set 

stations.

Table 3. Taxa collected at bottom grab stations. D = detrital deposits; G = gravel; M = mud; S = sand; PT = Petersen 
grab 0.2 m2; VV = Van Veen grab 0.1 m2

Station 99/1 103/1 109/1 110/2 300/1 300/2 300/3 301/1 301/2 301/3 302/1 302/2 302/3 302/4 303/1 303/2 303/3

Depth (m) 72 78 70 65 75 100 80 65 86 73 75 82 78 78 85 88 86

Deposit M SM M M SM M SM DM M GM M M M GM DMS M DMS

Gear PT PT PT PT VV VV VV VV VV VV VV VV VV VV VV VV VV

Surface (m2) 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2

Volume (l) 25 30 30 30 55 90 80 52 48 53 50 51 51 53 30 60 42

Nemertina indet. - 1 1 - - - - - - - - - - - - - -

Turritella communis 
Risso, 1826 - - - - - - - - - - 1 - - - - - -

Aspidosiphon 
muelleri Diesing, 
1851 - - - - - - - - - - - 2 - - - - -

Golfingia elongata 
(Keferstein, 1826) - - - - 1 - - - - - - - - - 1 - -

Onchnesoma 
steenstrupi 
Kor.&Dan., 1875 - - - - - - - - 1 - - 2 - - - - -

Phascolion strombus 
(Montagu, 1804) - - - - - 1 - - - - - - - - - - -
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www.fishbase.org. Benthic communities were 
identified according to PÉRÈS & PICARD (1964), 

PÉRÈS (1967), and BELLAN-SANTINI et al. (1994).

In addition to data collected during the present 
study, this paper includes unpublished data on 
Petersen grab collections from 1968 (ZAVODNIK, 
unpubl.) and from coastal surveys conducted in 
1971-1995 (M. LEGAC, pers. comm.), principal 
field research from the 1995-1997 cruises of the 
RV Vila Velebita, and ichthyological research 
performed in 1997 within the framework of the 
RV Hidra. 

RESULTS

Ecological analysis of surveyed locations

Transect GR-3. The transect is located 
in the port of Sv. Grgur Island. The site is 
sheltered from destructive waves. At the time 
of this research, June 1995, the sea water was 
turbid because of a local phytoplankton bloom. 
Patches of the pelagosite were found in the 
supralittoral zone. From a depth of about 1 m, 
the rocky shore continues as a gently inclined 
slope of round loose stones and boulders and, 

Table 3. Cont’d

Glycera rouxii Aud. 
& M.Edw., 1833 1 - - - - - - - - - - - - - - - -

Marphysa kinbergi 
McInthosh, 1910 1 - - 1 - - - - - - - - - - - - -

Nephthys incisa 
Malmgren, 1865 - - - 1 - - - - - - - - - - - - -

Scoletoma impatiens 
(Claparède, 1868) 1 - - - - - - - - - - - - - - - -

Sternaspis scutata 
(Ranzani, 1817) - 1 - - - - - - - - - - - - 1 - -

Polychaeta indet. - - - - - - - - - - - - - 1 - - -

Alpheus glaber 
(Olivi, 1792) - - - - - - - - - 4 - - - - - - 1

Callianassa 
subterranea 
(Montagu, 1808) - - - - 2 - - 10 11 9 8 11 - 11 - 6 1

Callianassa sp.juv. - - - - - - 2 - - - - - - - - - -

Calocaris 
macandreae Bell, 
1846 - - - - 1 - - 1 3 - 1 - 1 - - - 2

Jaxea nocturna 
Nardo, 1847 - - - - 1 1 - 1 1 1 - - - 1 - - -

Processa nouveli Al-
Adhub&Will., 1975 - - - - - - - 1 - - - - - - 2 - -

Mysidacea indet. - - - - - - - - - - - 1 - - - - -

Amphipoda indet. - - - - - - 1 - - 1 1 - - - - 1 -

Gnathia sp. - - - - 1 - 1 - - - - - - - - - -

Isopoda indet. - - - - - - - - - - - - - - - - 1

Amphiura filiformis 
(O.F.Müller, 1776) - 1 - - - - - - - - - - - - - - -

Brissopsis lyrifera 
(Forbes, 1841) - - - 1 - - - 1 - - - - 2 1 1 2 -



11ZAVODNIK, PALLAORO, JAKLIN, KOVAČIĆ,  & ARKO-PIJEVAC: A benthos survey of the Senj Archipelago 

at about 4 m, coarse sand appears. Here and 
there, the bottom was covered by a thin film of 
silt. A small patch of Posidonia oceanica was 
recorded. The ichthyofauna was moderately 
diverse, 27 species were recorded (see Annex).

Transect GR-17 (Fig. 2C). The site is 
exposed to waves generated by the bora wind. A 
littoral Lithophyllum tortuosum belt was about 
15-20 cm wide. Extremely dense populations 
of limestone boring shellfish Lithophaga 
lithophaga and Gastrochaena dubia occurred at 
depths up to 1 m. A precoralligenous community 
with abundant calcareous algae, Parazoanthus 
axinellae, and some Axinella and Eunicella 
species, was present on a vertical cliff. At 37 
m, the wall was replaced by a moderately steep 
slope of coarse sand rich in organogenic debris.

Transect GR-18. A well-sheltered cove 
previously used for dumping construction 
materials. Large Actinia equina individuals 
occurred along the infralittoral fringe. Compact 
bedrock was completely covered by an 
algal carpet of Corallina officinalis, Valonia 
utricularis, species of the genus Dictyota, and 
a small Halopteris sp. in the upper infralittoral 
zone. Below 1.5 m, Padina pavonica and 
Cladophora sp. dominated giving support to 
myriads of small Bittium reticulatum. Boring 
clionid sponges and Gastrochaena dubia were 
abundant. Precoralligenous algae Halimeda 
tuna, Amphiroa rigida, and Peyssonnelia sp., 
and epiphytic Parazoanthus axinellae colonies 
also were recorded. Below 5 m, there were 
patches of coarse sand and pebbles and two 
small eelgrass meadows. At the lower part 
of a bedrock slope, about 10 m deep, large 
photophilic seaweeds such as Cystoseira and 
Sargassum were abundant; they covered about 
80% of the substratum. At 13 m, a bedrock 
slope altered to a talus consisting of pebbles and 
coarse sand. Soon the slope incline increased and 
the deposit changed to a coarse sand with shells. 
Finally, it changed to sand mixed with ooze. 
Species common to the coastal detritical sand 
community, such as Codium bursa, Astropecten 
aranciacus, Microcosmus savignyi, Phallusia 

mammilata, and Ascidia virginea, were recorded. 
The most diverse fish families were Blenniidae 
and Gobiidae.

Transect GR-19. A high energy site 
characterized by extremely rugged littoral rocks 
and a great impact of fresh water during rainy 
periods. Limpets, Patella rustica, and beadlet 
anemones, Actinia equina, were outstanding in 
size. The trunk diameter reached over 5 cm in 
live Actinia! A Phymatolithon lenormandii belt 
dominated the tidal area. The dominant algae in 
the upper infralittoral zone were Corallina sp. 
and Cystoseira compressa. Halimeda tuna was 
dominant in shadowed habitats such as beneath 
overhangs and in large crevices. A carpet of 
photophilic algae extended to the wall edge at a 
depth of 17 m. The 20 m vertical wall was rich in 
hydrozoans, Eunicella cavolinii, some Axinella 
species, Leptopsammia pruvoti, and many other 
species characteristic of a typical coralligenous 
biocoenosis. Grottoes in the lower part of the 
wall, at 20-37 m, were inhabited by conger eels 
(Conger conger). Deeper, a moderately inclined 
slope of coarse detrital sand extended to the 
deepest explored point, 49 m, where the red 
alga, Phyllophora nodosa, and sponge, Tethya 
aurantium, were common.

Transect GR-20. This small ridge facing 
Stražica Cape is pierced by a tunnel-like 
underwater passage 28 m long with entrances at 
depths of 5.5, 9, and 15 m. The area is extremely 
exposed to bora winds. Due to inaccessibility, 
the upper limit of the supralittoral rock was 
not reached during the study. At low tide and 
along the infralittoral fringe, the endolithic 
Cliona viridis and Gastrochaena dubia were 
abundant. A bit deeper, the date shell (Lithophaga 
lithophaga) was the dominant boring species. At 
6 m, two dense patches of Posidonia oceanica 
were recorded. At 5-17 m, the bedrock was 
completely covered by a Cystoseira association. 
The tunnel-like passage was mostly inhabited by 
organisms common to the biocoenosis of semi-
dark caves. A coralligenous community was well 
developed on vertical walls. Large horny corals 
such as Paramuricea clavata and Eunicella 
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cavolinii, hosting Alcyonium coralloides, and 
Alcyonium acaule were abundant. Below the 
base of the wall, at 46 m, there is a moderately 
inclined deposit slope of coarse sand rich in 
shell debris.

Transect GR-21. The geomorphologic and 
hydrographic conditions of this site are similar 
to those of GR-20. There was a discontinued belt 
about 10 cm wide of encrusting Phymatolithon 
lenormandii in the midlittoral zone. Small 
bioclumps of Lithophyllum tortuosum were 
scattered all around. Actinia equina was abundant. 
The infralittoral fringe was distinguished by a 
dense corallinacean belt below which the cliff 
was overgrown with turf of the Peyssonnelia and 
Cladophora species. Lithophaga lithophaga and 
Gastrochaena dubia were extremely abundant 
in the substrate. Codium bursa and Codium 
adherens prevailed on a steep shelf at 4-6 m. 
Deeper, the vegetation consisted of Peyssonnelia 
sp., Halimeda tuna, Flabellia petiolata, and, 
finally, Mesophyllum expansum assemblages. 
At 34 m, the vertical wall changed to a steep 
rocky slope occupied by a typical facies of the 
coralligenous biocoenosis. Only at 50 m, was 
the bedrock replaced by very coarse sand mixed 
with shells and loose stones which gave support 
to sponges of the genus Axinella, ascidians, 
and similar. Patches of secondary hard bottom 
formed in this area.

Transect GR-22 (Station T-3). Because 
of strong wind and unfavorable sea conditions, 
this transect was not surveyed in detail. A 
very steep rocky slope extending to a depth of 
about 20 m was poorly covered by sedentary 
organisms, in contrast to most of the other sites. 
Deeper, there was a moderately inclined slope 
of sandy detrital deposits. At about 45 m, the 
slope incline gradually diminished and the silty 
fraction increased. The abundance of red alga, 
Osmundaria volubilis, suggested the presence of 
a biocoenosis of detrital bottom mixed with ooze. 
However, scattered large rocks and boulders 
supported many species of the coralligenous 
biocoenosis, especially erect sponges and horny 
corals (see Annex).

Transect GR-23 (Station T-6). Littoral rocks 
were extremely rugged while the submerged 
bedrock was full of date shell borings and small 
caves and cracks. There were large patches 
of Catenella caespitosa in the lowest part of 
the supralittoral zone, beneath overhangs and 
in shadowed rock depressions, and Corallina 
sp., Phymatolithon lenormandii, and Balanus 
perforatus in the infralittoral fringe. Associations 
of photophilic algae were depressed in shallow 
areas. Some precoralligenous species, including 
Halimeda tuna, Flabellia petiolata, Peyssonnelia 
sp., Alcyonium acaule, and Parazoanthus 
axinellae, were common only in the upper 
infralittoral zone, at depths of only 1-2 m! The 
dominant algae at 2-4 m was Codium bursa. 
Deeper and approaching the edge of a vertical 
wall, Codium was replaced by Cystoseira. Its 
clusters were also recorded on isolated large 
stones and boulders at 30 m. The vertical wall, 
extending from 8 to 22 m, was characterized by 
a typical coralligenous biocoenosis. Below the 
wall, there was a steep slope of coarse sand and 
pebbles. The silty fraction increased at about 35 
m. The most diverse fish fauna noted during the 
visual census was recorded at this site.

Transect GR-24 (Station T-8). This high 
energy site with a vertical cliff just below the 
sea surface was characterized by a corallinacean 
belt. At 2 m, there was an overhang rich in 
rock boring Gastrochaena dubia, the sponge 
Chondrilla nucula, and algae common to a 
precoralligenous community. At about 3-5 m, 
at a moderately inclined narrow rocky slope, 
there were well-developed associations of 
photophilous algae such as Dictyota dichotoma, 
Padina pavonica, and various species of the 
genus Laurentia. Cystoseira corniculata var. 
laxior was dominant and a large Cladocora 
caespitosa bioherm was recorded at 5-13 m. 
A wall extending 13-39 m was occupied by 
a climax variety of coralligenous biocoenosis 
represented by Peyssonnelia spp., Eunicella 
cavolinii, Paramuricea clavata, Parazoanthus 
axinellae, Leptopsammia pruvoti, three species of 
the genus Axinella, Alcyonium acaule, and many 
others. At about 40 m, there was a moderately 
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inclined slope of coarse sand rich in shells. 
Well-developed associations of photophilous 
algae resulted in ichthyofauna especially rich in 
hyperbenthic species (Labridae and Sparidae).

Transect GR-25 (Station T-5). The shore and 
sea bottom were gently inclined. The tidal zone 
was peculiar for a Phymatolithon lenormandii 
belt and the abundance of the beadlet anemone 
(Actinia equina). On the contrary, the barnacle 
Chthamalus stellatus occurred rarely. Cystoseira 
compressa was a dominant seaweed in the 
infralittoral fringe and upper infralittoral zone. At 
about 5 m and deeper, it was replaced by dense 
settlements of Cystoseira crinita, C. spicata, and 
C. corniculata var. laxior. Rock boring shellfish 
Gastrochaena dubia and Lithophaga lithophaga 
were abundant. Large sea urchins, Paracentrotus 
lividus, about 5 specimens/m2, were found at 
clearings deprived of vegetation. Crabs, Xantho 
hydrophilus, were common below loose stones. 
The echiuroid worm Bonellia viridis also was 
abundant. The gently inclined slope did not 
become steep until 27-32 m. It was formed by 
large boulders, 1 m in diameter, which supported 
many species characteristic of a coralligenous 
biocoenosis, such as Mesophyllum expansum, 
Axinella verrucosa, Eunicella cavolinii, 
Alcyonium acaule, erect bryozoans, etc. A large 
Cladocora caespitosa bank occurred here. From 
35 m downwards there was a bottom of detrital 
sand and large stones covered by a carpet of 
Osmundaria volubilis.

Transect GR-26 (Fig. 2B). A peculiar 
feature of this high energy site is the midlittoral 
zone with two belts of calcareous algae. The 
upper belt was characterized by Lithophyllum 
tortuosum bioclasts and the lower consisted of 
Phymatolithon lenormandii. An overhang just 
below sea level shaded a 2 m high wall fully 
overgrown by a carpet of algae typical of a 
precoralligenous community, such as Flabellia 
petiolata, Halimeda tuna, and Peyssonnelia 
spp. At 2-9 m, there was a steep rocky slope 
supporting the biocoenosis of photophilous algae. 
Laurencia obtusa, Cladophora sp., Codium 
bursa, and Acetabularia acetabulum were 

abundant. Gastrochaena dubia and Lithophaga 
lithophaga were dominant boring organisms in 
the bedrock. Horny coral Eunicella singularis 
individuals were recorded in the area. A tiny 
Eunicella cavolinii colony was collected in a 
small cave at only 4 m. This species increased 
in abundance below 20 m where Eunicella 
was accompanied by Flabellia petiolata, 
Peyssonnelia sp. (dominant), Mesophyllum 
expansum, Axinella cannabina, A. verrucosa, 
Petrosia ficiformis, Aplysina aerophoba, 
Leptopsammia pruvoti, Parazoanthus axinellae, 
Alcyonium acaule, Myriapora truncata, etc. The 
bedrock was replaced by a continuous slope of 
coarse detrital sand at 40 m.

Transect GR-27 (Fig. 2D). The vertical 
rock was abundantly perforated, cheese-like, 
from sea level to a depth of 7 m as a result 
of karstification in the geological past and 
recent biogenic erosion. A continuous carpet of 
Catenella caespitosa occurred in a small shore 
cave to about 2 m above sea level. Lithophyllum 
tortuosum and Actinia equina were abundant 
in the tidal zone. A small wall below the 
littoral overhang was completely covered by 
Peyssonnelia spp., Cladophora sp., Flabellia 
petiolata, and Codium bursa. At about 7-15 
m, small Cystoseira spicata clumps occurred. 
Both Eunicella cavolinii and E. singularis were 
recorded. Below 20 m, there was a steep slope 
consisting of coarse sand partly mixed with ooze, 
a few step-like bedrock crags, and a red alga, 
Osmundaria volubilis, appeared. The deepest 
rocky wall, at 37-44 m, was occupied by a climax 
coralligenous biocoenosis: Peyssonnelia spp., 
Mesophyllum expansum, Axinella verrucosa with 
Parazoanthus axinellae, Eunicella cavolinii, 
Paramuricea clavata, Leptopsammia pruvoti, 
Porella cervicornis, Myriapora truncata, and 
others. The transect end was marked at 47 m on 
a muddy detrital sand.

Transect GR-28 (Station T-13). The 
sheltered position of this site in the Goli Island 
port was apparent by the presence of Fucus 
virsoides, Osilinus articulata, and O. mutabilis. 
The shallow bedrock was occupied by a well-
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developed biocoenosis of photophilous algae. 
The most abundant species were Cystoseira 
compressa, Padina pavonica, Acetabularia 
acetabulum, and Jania sp. The lower infralittoral 
and circalittoral zones were not analyzed. 
Nearby, a trammel net was set on the sandy and 
muddy deposit at 30-50 m (Table 4).

Transect GR-29 (Station T-12). The site 
is exposed to the scirocco (jugo) wind. On the 
west side of the cape, bedrock gently slopes 
to 10 m where it is replaced by a moderately 
inclined slope of bare coarse sand populated by 
Holothuria tubulosa, H. forskali, Condylactis 
aurantiaca, and others. Shallow water bedrock 
and large boulders were abundantly settled by 
Cystoseira spicata and C. corniculata var. laxior 
and single associated Osmundaria volubilis 
thalli. On the east side of the cape facing Prvić 
Island, species typical of a precoralligenous 
facies of the coralligenous biocoenosis were 
abundant: Peyssonnelia squamaria, Halimeda 
tuna and Flabellia petiolata, Eunicella cavolinii, 
Parazoanthus axinellae, and Alcyonium 
acaule. Clumps of Mesophyllum expansum and 
Leptopsammia pruvoti individuals were noticed. 
Some forty fish species were recorded by divers 
or collected by trammel.

Transect GR-30 (Station T-7). The bedrock 
and deposits incline continuously at about 45° to 
the greatest depth explored (40 m). Many Patella 
rustica and P. caerulea shells were entirely 
settled by a Chthamalus stellatus population in 
the tidal zone. From the shallow littoral rocks 
near the sea surface to a depth of about 12 
m, photophilous seaweeds such as Cystoseira, 
Laurencia, and Padina species cohabitated with 
typical sciaphilous algae common in the area. At 
12 m, the bedrock was substituted by a slope of 
coarse detrital sand and scattered loose stones. 
The endolithic Gastrochaena dubia was very 
abundant. The most attractive representatives of 
the coralligenous biocoenosis were horny corals 
(Eunicella species), settled on large boulders. 
At about 27 m, an increased amount of silty 
fraction favored the establishment of a dense 
Osmundaria volubilis carpet indicating the 
biocoenosis of detrital sand mixed with ooze. 

No invertebrates were noted in the trammel 
bottom set catch.

Transect GR-31. The site is exposed to 
waves generated by the sirocco wind. The 
supralittoral zone was about 2 m in height. 
There was a littoral overhang and a small wall 
that, at a depth of 6 m, continued as a steep 
bedrock slope. Below the 20 m depth mark 
the wall was substituted by a sandy deposit 
rich in shells. A typical littoral Cystoseiretum 
extended deepwards to the edge of a small wall 
at a depth of 11 m. The wall and large rock 
boulders heaped here and there were occupied 
by typical coralligenous organisms such as 
Axinella, Eunicella, Leptopsammia, Porella, 
Myriapora, and others. Cystoseira corniculata 
var. laxior, accompanied by a few photophilous 
algae, occurred on the boulders and large stones. 
Osmundaria volubilis, Serpula vermicularis, 
and Phallusia mammilata were abundant on 
sand, at a depth of about 40 m.

Transect GR-32 (Station T-10). A 
precoralligenous community, well represented 
by the algae Halimeda tuna, Flabellia petiolata, 
and Peyssonnelia sp., were found below an 
overhang in a shadowed habitat along the shore. 
Microcosmus sabatieri and Halocynthia papillosa 
were recorded at only 1 m depth! Deeper, in the 
biocoenosis of photophilous algae, Dasycladus 
vermilare was the most abundant species. There 
was a Cymodocea nodosa meadow in a restricted 
sandy deposit at 5-10 m. The seagrass covered 
75% of the bottom. A zone of Osmundaria 
volubilis settlement occupied 30-80% of the 
bottom at 19-26 m. Below 30 m, the deposit 
slope consisted of fine muddy sand and, at 36-
50 m, there was an area of large rocky boulders. 
Boulders offered excellent support to species 
common in the climax stage of a coralligenous 
biocoenosis such as Mesophyllum expansum, 
three Axinella species, Porella cervicornis, 
Myriapora truncata, etc. Osmundaria volubilis 
was abundant on hard substrates. Deeper than 
the boulders, there was a plain of a slightly 
muddy detrital deposit.
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Transect GR-33 (Fig. 2A). The sheltered 
location of this site was evident by the narrow 
supralittoral zone, only 100 cm high, and 
the presence of Fucus virsoides and Osilinus 
articulata at the tidal level. The shore rocks 
appeared rugged and the slope was gently 
inclined. At a depth of 13 m, the compact 
bedrock was replaced by coarse detrital 
sand. The rocky bottom was well covered by 
photophilous algae, Cystoseira and Sargassum 
in particular. Microcosmus sp. and Scyllarus 
arctus were collected at a depth of only 4 m. 
Eunicella singularis colonies were common 
on small bedrock ridges and large loose stones 
scattered in the detrital sediment. Rock boring 
clionid sponges and Gastrochaena dubia were 
abundant in a limestone supports along the 
entire transect.

Transect GR-34. The locality is extremely 
exposed to bora wind effects. The supralittoral 
zone is about 250 cm high and there were traces 
of physical abrasion on many limpet (Patella) 
shells in the mediolittoral zone. There was a 
well-developed settlement of Fucus virsoides 
in the nearby small beach protected by large 
rock boulders. There were two belts of epilithic 
organisms in the upper infralittoral zone; the 
upper was occupied by photophilous algae and 
the lower was peculiar for its precoralligenous 
aspect of a coralligenous biocoenosis. A very 
steep rocky slope and vertical wall reached a 
depth of 40 m. From about 15 m downwards, 
the area was occupied by a climax aspect of 
the coralligenous biocoenosis. Erect bryozoans, 
Axinella cannabina  and A. verrucosa, 
Paramuricea clavata, Leptopsammia pruvoti, 
etc., were abundant. At a greater depth, the rocky 
slope was replaced by a detrital sandy deposit. 
Large stones and boulders, accumulated here 
and there, were settled by common coralligenous 
organisms.

Transect GR-35. This is a high energy 
site similar to transect GR-34. Below a small 
overhang and a 3 m wall, fairly steep bedrock 
continues downwards to detrital sand covered 
by an Osmundaria volubilis canopy at 24 m. 

Shaded habitats in shallow water were occupied 
by a dense Peyssonnelia sp. association. Rock 
boring shellfish were abundant. Photophilous 
algae occupied the bedrock to about 15 m with 
dominant species such as Laurencia obtusa, 
Dictyota dichotoma, Cladophora, Codium, 
etc., covering some 80% of the rock. Aplysina 
cavernicola, Leptopsammia pruvoti, Porella 
cervicornis, and small Eunicella cavolinii were 
recorded in a wide horizontal crevice at 12 m.

Station GR-36 (Station T-2). This site was 
not surveyed by divers. Benthic organisms were 
collected by trammel bottom set at 5-30 m. 
The net was set on the rocky and sandy-muddy 
bottom and passed a Posidonia oceanica bed. 
Fronds of Osmundaria volubilis, Cystoseira 
corniculata ssp. laxior and C. spicata, Sargassum 
vulgare, and Codium bursa were extracted. 
Several decapod crustaceans and cephalopods 
and 16 fish species were recorded.

Station GR-37 (Station T-1). The trammel 
gear was set on a deposit of sand and mud at 5-
20 m. The vegetation component in the catch was 
represented by Posidonia oceanica leaves and a 
few Sargassum vulgare fronds. The fish fauna 
conformed to that of eelgrass beds; Scorpaena 
porcus, Symphodus tinca, and Serranus scriba 
were the most abundant species.

Transect GR-38. This site is fully exposed 
to the effects of the bora wind. Some small 
rock-pools on a vertical cliff in the supralittoral 
zone were inhabited by juvenile periwinkles 
(Melaraphe neritoides). Mosquito larvae were 
detected 250 cm above sea level. Extremely dense 
settlements of Catenella caespitosa were found 
high in the supralittoral zone in habitats shaded by 
overhangs and in cracks. Chthamalus stellatus, 
C. montagui, and Balanus perforatus populations 
were thoroughly intermixed at the infralittoral 
fringe. Similarly, there was a dense algal carpet 
composed of sciaphilous Peyssonnelia sp. and 
photophilous species, Dictyota dichotoma, 
Padina pavonica, Cladophora sp., and others, 
in the upper infralittoral zone. Here and there, 
patches of very coarse sandy and gravely deposit 
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accumulated on steep bedrock to a depth of 28 
m. An escarpment built of large consolidated 
stones and boulders and a vertical wall from 
29 to 45 m were characterized by the climax 
stage of the coralligenous biocoenosis described 
above. The octocoral, Alcyonium acaule, and 
Chromis chromis were abundant in the area. 
Fish diversity was low.

Transect GR-39. Sheltered from the bora 
wind but exposed to waves generated by the 
scirocco, the supralittoral zone is some 180 
cm in height. Fucus virsoides and Nemalion 
helminthoides were patchily distributed in 
the tidal zone. Laurencia obtusa and various 
Cystoseira species dominated the infralittoral 
assemblage of photophilous algae, covering 
about 70% of the area. The slope inclined 
constantly at about 45°. At 15 m, the coastal 
bedrock was replaced by coarse detrital sand. 
The presence of Cerianthus membranaceus 
and Echinocyamus pusillus indicated a constant 
water current along the deposit slope. At 41-48 
m, there was a steep bedrock ridge occupied 
by corals and other organisms common to a 
coralligenous biocoenosis. Peyssonnelia spp. 
were the dominant red algae but Cladophora sp., 
Flabelia petiolata, and Osmundaria volubilis 
were also recorded. There was a Posidonia 
oceanica meadow in the area surveyed, but not 
along the transect line.

Transect GR-40 (Station T-11). Limited 
information on the benthos was collected by 
a trammel bottom set. The gear was laid on 
bedrock, sand, and muddy deposit. Apparently, 
it passed a Posidonia oceanica bed and a 
Cystoseira corniculata ssp. laxior settlement. 
The decapod crustacean Scyllarus arctus 
(10 specimens), peacock wrass (Symphodus 
tinca; 30 specimens), and black scorpionfish 
(Scorpaena porcus; 17 specimens) were most 
abundant.

Transect GR-41. The site is fully exposed 
to the bora wind. The shore cliff is very rugged 
and almost inaccessible. The supralittoral zone 
is about 180 cm high. Lithophyllum tortuosum 

clusters in the mediolittoral zone did not surpass 
5 cm in diameter. There were a few mussels 
(Mytilus galloprovincialis) and one specimen 
of the European oyster (Ostrea edulis) in a 
rock pool. The infralittoral fringe was marked 
by a Corallina belt. The rocky slope was 
occupied by a dense carpet of photophilous 
algae. Cystoseira compressa, Laurencia sp. and 
Dictyota species dominated but Amphiroa rigida 
was also abundant. Deeper, precoralligenous 
algae such as Peyssonnelia sp., Halimeda tuna, 
and Flabellia petiolata increased in importance. 
At 6 m, a semi-dark fissure was inhabited by 
various sponges, Axinella verrucosa hosting 
Parazoanthus axinellae, Leptopsammia pruvoti, 
Myriapora truncata, etc. At 12-23 m, there 
was a vertical wall occupied by a typical 
coralligenous biocoenosis. From the base of 
the wall, loose stones accumulated to a depth 
of 29 m at which the rock was replaced by 
fine well-sorted sand. At the time of research 
(June 1997), about 75% of the deposit bottom 
was covered by sedimented mucilaginous 
aggregations generated by a phytoplankton 
bloom. Rock boring sponges (Clionidae) and 
shellfish (Gastrochaena dubia in particular) 
appeared very active at all depths from the 
infralittoral fringe to the base of the wall.

Transect GR-42. A high energy site. Due 
to a cliff-like inaccessible shore the height of 
the supralittoral zone could not be established. 
Mussels (Mytilus galloprovincialis) and 
barnacles (Balanus perforatus) were abundant 
at the infralittoral fringe. In shallow waters, 
steep bedrock was completely (100%) covered 
by photophilous algae, Cystoseira spp. in 
particular. Peyssonnelia sp. dominated shaded 
habitats. Two walls, at 22-32 m and 36-43 m, 
were settled by typical coralligenous fauna. A 
small plain at 32-36 m and a gently inclined 
slope from 43 m to over 53 m consisted 
of sand rich in silty fraction. Osmundaria 
volubilis was abundant. At 49-51 m, a ridge 
built of large consolidated stones formed an 
enclave of coralligenous biocoenosis within the 
biocoenosis of detrital sand mixed with ooze.
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Bottom grab stations. Collections were 
made at depths of 65-100 m (Fig. 1; Table 3). The 
deposit texture ranged from muddy gravel and 
detrital sand to sandy mud. The extracted fauna 
was low in both diversity and abundance. Only a 
small amount of the collected polychaete worms 
was identified. Therefore, precise identification 
of soft bottom communities was impossible at 
most of the surveyed stations. However, many 
species exclusive or preferential of peculiar well-
defined biocoenoses were identified: Turritella 
communis, Sternaspis scutata, Jaxea nocturna, 
and Processa nouveli of the biocoenosis of coastal 
terrigenous ooze; Golfingia elongata of silty-
sandy detrital deposit; Onchnesoma steenstrupi, 
Calocaris macandreae, and Brissopsis lyrifera 
of the community of bathyal silt (Table 3). 
Subfossil skeleton debris of a species exclusive 
to bathyal silt,  the gorgonarian Funiculina 
quadrangularis, was found at stations 301/2 and 
301/3 (Table 4). A macruran decapod crustacean, 
Callianassa subterranea, was the most frequent 
and abundant live fauna species processed in 
our grab collections.

 Flora. LOVRIĆ (1971a, 1976a, 1978) recorded 
only the most conspicuous elements of the marine 
flora and vegetation. Catenella caespitosa was 
common everywhere in the supralittoral zone, 
in shaded cracks, and below large rock boulders. 
At some sites, e.g., stations GR-23 and 27, 
large Codium bursa specimens dominated on 
shaded walls and below overhangs at only 
2-4 m. At station GR-24, a shade seeking 
Cystoseira corniculata var. laxior occurred at 
only 5 m. On deeper walls and bedrock some 
species of the genera Peyssonnelia, Halimeda 
tuna, and Flabellia petiolata were common 
everywhere. Osmundaria volubilis dominated 
sandy and mixed deposits, usually below 30 m. 
The ecological importance of several calcifying 
algae was specifically recognized, especially that 
of Phymatolithon lenormandii and Lithophyllum 
tortuosum which constructed cushion-shaped 
hemispherical swellings and pavements in the 
lower mediolittoral zone, Corallina species 
arranged in dense belt-like settlements in the 
infralittoral fringe, and Peyssonnelia polymorpha 
and Mesophyllum expansum that contributed 
significantly to the formation of a secondary 
hard bottom. Only two seagrass species were 
recorded: Cymodocea nodosa and Posidonia 
oceanica. Their shallowest limits were 2 and 3 
m, respectively.

Porifera. Twenty-six sponge species were 
identified. Some of them, such as Aplysina 
aerophoba, Petrosia ficiformis and Chondrilla 
nucula, were common and distributed 
everywhere, especially in the upper infralittoral 
zone. At some sites, endolithic clionids were 
abundant. Three Axinella species characteristic 
to the coralligenous biocoenosis occurred in the 
circalittoral zone: A. cannabina; A. damicornis, 
and A. polypoides. Most Geodia cydonium 
specimens were small and did not exceed about 
10 cm in diameter but the largest reached 40 cm 
(GR-25, 30 m). Apparently, Spongia agaricina 
and S. virgultosa were not previously recorded 
in this part of the Adriatic.

Cnidaria. Only the Anthozoa class 
was considered. Of 24 species, six were 
scleractinians. Actinia equina, Anemonia viridis, 
and Parazoanthus axinellae occurred almost 
everywhere. Adult A. equina specimens were 

Station
Turritela
communis

Funiculina
quadrangularis

301/1 23 -
301/2 88 +
301/3 65 +
302/1 24 -
302/2 74 -
302/3 34 -
303/2 87 -
303/3 48 -

Table 4. Subfossil Turritella communis shells (no. speci-
mens) and Funiculina quadrangularis axial skeleton 
fragments extracted from bottom grab deposit col-
lections (0.2 m2)

Taxonomical account

About 160 species of marine flora and fauna 
were recorded in situ by divers. After processing 
algae fronds, phanerogam stems, biogenic 
aggregations, and sediment samples, and analysis 
of bottom trammel net catches, a total of 56 algae, 
2 marine phanerogams, 225 invertebrates, and 96 
fish were identified to the species level.
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very large in the tidal zone at stations GR-18 
and 19, their basal holds being 5 cm and more in 
diameter. Actinia cari specimens were collected 
only in Pećna cove (station GR-35). Colonial 
Parazoanthus axinellae and Alcyonium acaule 
commonly occurred together in shaded habitats 
of the upper infralittoral zone at 1-2 m at 
station GR-23. At the same depth at station 
GR-18, small Parazoanthus colonies settled on 
Peyssonnelia squamaria, Codium bursa, and 
Codium adherens thalli, and Microcosmus sp. 
(probably M. sabatieri) specimens. A similar 
epiphytic mode of life in Parazoanthus was 
previously recorded at the entrance of the surface 
cave at Banjole Islet near Rovinj where it settled 
on basal parts of Cystoseira compressa thalli 
(ZAVODNIK, 1967). Common scleractinians in 
the upper infralittoral zone were Balanophyllia 
europaea and Cladocora caespitosa. A small 
bank of the latter at Šilo Cape (station GR-
24) was described by KRUŽIĆ (2001). Another 
large bank, about 1 m high, was found at 
station GR-25. The most characteristic species 
in the circalittoral zone, i.e., in the coralligenous 
biocoenosis, were Eunicella cavolinii, Eunicella 
stricta, Paramuricea clavata, and Leptopsammia 
pruvoti. The shallowest record of E. stricta was 
at only 4 m (station GR-17). Subfossil debris 
of an Funiculina quadrangularis axial skeleton 
was the only evidence of this species exclusive 
to the biocoenosis of bathyal silt. 

Mollusca. Seventy species were listed. 
Small gastropods such as Rissoidae were 
not considered by divers. Some well-known 
species were recorded rarely, for example, 
Lepidochitona caprearum, Bolinus brandaris, 
Hexaples trunculus, Muricopsis cristatus, 
several Gibbula and Chama species, etc. On the 
other hand, rock boring shellfish Lithophaga 
lithophaga and Gastrochaena dubia were 
abundant everywhere in the upper infralittoral 
zone. Of species protected by law, only the 
date mussel (Lithophaga) and fan shellfish 
(Pinna nobilis) were recorded. Many Osilinus 
articulatus specimens in the infralittoral fringe 
at the high energy station GR-34 were concealed 
in empty Lithophaga borings that provided 
excellent shelter to this gastropod that generally 
occupies low energy environments.

Annelida Polychaeta. From various reasons, 
in the area of record, this remained the least 
known group of benthic macrofauna. Obviously 
divers have paid much interest to large tube 
living specimens but missed collection of mobile 
creatures (Annex). Grab sampling was successful 
but, unfortunately, worm collections were lost 
before taxonomic analysis was finished.

Crustacea. Four species of Cirripeds and 29 
species of decapod crustaceans were identified. 
The crab Pilumnus vilosissimus was recorded 
for the first time in this part of the Adriatic. The 
European lobster, Homarus gammarus, was 
noted by divers. At station GR-33 Scyllarus 
arctus was collected at only 4 m depth, in the 
biocoenosis of infralittoral algae dominated 
by Cystoseira and Peyssonnelia species. The 
abundance of a silt-tolerant species Callianassa 
subterranea and the continual presence in our 
grab collections of Calocaris macandreae, a 
species exclusive of the biocoenosis of bathyal 
silt, suggest the community complexity in 
muddy and mixed deposits in this area.

Echinodermata. Twenty-four species were 
identified, the most frequently recorded by 
divers being Echinaster sepositus, Holothuria 
tubulosa, and H. forskali. The presence of 
sediment-living irregular echinoids was 
established by tests. From the zoogeographical 
point of view, the most important finding was 
Echinocardium mortenseni in the coarse detrital 
sand of Sv. Grgur Island (station GR-33), already 
reported by ZAVODNIK (2003). Collections of 
live Brissopsis lyrifera individuals suggest the 
presence of bathyal fauna in a rather shallow 
and small area of the Senj Archipelago.

Tunicata. Most underwater records 
concerned large solitary ascidians. Quite 
unexpected, Halocynthia papillosa and 
Microcosmus sabatieri occurred at only 1 m 
below overhangs in shaded areas of station 
GR-32. Colonies of an unidentified Clavelina 
species were common in upper parts of large 
Cystoseira stems at some stations.

Fish. Four cartilagineous and 92 teleostean 
species were listed (Table 5). Most are well 
distributed along the eastern part of the Adriatic, 
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Table 5. Fish taxa recorded in present study including method of recording specimen (D = diving; T = trammel bottom 
set), habitat (bpl = benthopelagic; crypt = cryptobenthic; epi = epibenthic; hyp = hyperbenthic; pel = pelagic), 
type of feeder (car = carnivore; det = detritivore; herb = herbivore; omn = omnivore), and prey size (macro = 
macrophagic; meso = mesophagic; micro = microphagic).

Taxon Method Occurrence Feeding Prey size

SCYLIORHYNIDAE
Scyliorhinus canicula (Linnaeus, 1758)  T epi car macr 

TORPEDINIDAE
Torpedo marmorata (Risso, 1810) T epi car macr

RAJIDAE
Raja montagui Fowler, 1910 T epi car  macr

MYLIOBATIDAE
Myliobatis aquilla (Linnaeus, 1758) T epi car macr
 
CONGRIDAE
Conger conger ([Artedi, 1738] Linnaeus, 1758) D crypt car macr

SYNGNATHIDAE
Syngnathus sp. – juv. D epi car macr

MERLUCIIDAE
Merluccius merluccius (Linnaeus, 1758) T      hyp car macr

GADIDAE
Trisopterus minutus (Linnaeus, 1758) T hyp car macr

ZEIDAE
Zeus faber Linnaeus, 1758 T hyp car macr

SERRANIDAE
Serranus cabrilla (Linnaeus, 1758)  DT hyp car macr
Serranus hepatus (Linnaeus, 1758) DT hyp car macr
Serranus scriba (Linnaeus, 1758) DT hyp car macr

CARANGIDAE
Trachurus mediterraneus (Steindachner, 1868) T pel car micr
Trachurus trachurus (Linnaeus, 1758) T pel car micr

SCIAENIDAE
Sciaena umbra Linnaeus, 1758 D hyp car macr

MULLIDAE
Mullus barbatus Linnaeus, 1758 T hyp car meso 
Mullus surmuletus Linnaeus, 1758 DT hyp car meso 

SPARIDAE
Boops boops (Linnaeus, 1758) DT hyp car micr
Dentex dentex (Linnaeus, 1758) DT hyp car macr
Diplodus annularis (Linnaeus, 1758) DT hyp car meso
Diplodus puntazzo (Cetti, 1777) D hyp car meso
Diplodus sargus (Linnaeus, 1758) D hyp car meso
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Table 5. Cont’d

Diplodus vulgaris (E. Geoffroy Saint-Hilaire, 1817) DT hyp car meso
Oblada melanura (Linnaeus, 1758) DT hyp car micr
Pagellus acarne (Risso, 1826) T hyp car meso
Pagellus erythrinus (Linnaeus, 1758) T hyp car meso
Pagrus pagrus (Linnaeus, 1758) T hyp car macr
Sarpa salpa (Linnaeus, 1758) D hyp herb
Sparus aurata Linnaeus, 1758 D hyp car meso

CENTRACANTHIDAE
Spicara maena (Linnaeus, 1758) DT bpl car micr
Spicara smaris (Linnaues, 1758) DT bpl car micr

POMACENTRIDAE
Chromis chromis (Linnaeus, 1758) DT hyp car micr

LABRIDAE
Acantholabrus palloni (Risso, 1810) T hyp car meso
Coris julis (Linnaeus, 1758) DT hyp car meso
Labrus merula Linnaeus, 1758 DT hyp car meso
Symphodus doderleini Jordan, 1891 D hyp car meso
Symphodus cinereus (Bonnaterre, 1788) DT hyp car meso
Symphodus mediterraneus (Linnaeus, 1758) DT hyp car meso
Symphodus melanocercus (Risso, 1810) D hyp car meso
Symphodus ocellatus (Forsskål, 1775) DT hyp car meso
Symphodus roissali (Risso, 1810) D hyp car meso
Symphodus rostratus (Bloch, 1797)  D hyp car meso
Symphodus tinca (Linnaeus, 1758) DT hyp car meso

TRACHINIDAE
Trachinus araneus Cuvier, 1829 D crypt car macr
Trachinus draco Linnaeus,1758 DT crypt car macr
Trachinus radiatus Cuvier, 1829 DT crypt car macr

URANOSCOPIDAE
Uranoscopus scaber Linnaeus, 1758 T  crypt car macr

SCOMBRIDAE
Sarda sarda (Bloch, 1793) T  pel car micr
Scomber japonicus Houttuyn, 1782 T  pel car micr

GOBIIDAE
Buenia affinis Iljin, 1930 D  epi car meso
Chromogobius zebratus (Kolombatović, 1891) D  crypt car meso
Gobius auratus Risso, 1810 D  epi car meso
Gobius bucchichi Steindachner, 1870 D  epi omn 
Gobius cobitis Pallas, 1811 D  epi omn
Gobius cruentatus Gmelin, 1789 D  epi car meso
Gobius fallax Sarato, 1889 D  epi car meso
Gobius geniporus Valenciennes, 1837 D  epi car meso
Gobius niger Linnaeus, 1758 D  epi car meso
Gobius paganellus Linnaeus, 1758 D  epi car meso
Gobius roulei De Buen, 1928 D  epi car meso
Gobius vittatus Vinciguerra, 1883 D  epi car meso
Speleogobius trigloides Zander & Jelinek, 1976 D  epi car meso
Thorogobius ephippiatus (Lowe, 1839) D  epi car meso
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Table 5. Cont’d

Thorogobius macrolepis (Kolombatović, 1891) D  epi car meso
Zebrus zebrus (Risso, 1826) D  crypt car meso

BLENNIIDAE
Aidablennius sphynx (Valenciennes, 1836) D  epi omn
Coryphoblennius galerita (Linnaeus, 1758) D  epi herb
Lipophrys canevai (Vinciguerra, 1880) D  epi herb
Lipophrys dalmatinus (Steindach. & Kolomb., 1883) D  epi car meso
Lipophrys nigriceps (Vinciguerra, 1883) D  crypt omn
Parablennius gattorugine (Linnaeus, 1758) D  epi omn 
Parablennius incognitus (Bath, 1968) D  epi omn
Parablennius rouxi (Cocco, 1833) D  epi omn
Parablennius sanguinolentus (Pallas, 1811) D  epi herb
Parablennius tentacularis (Brünnich, 1768) D  epi omn 
Parablennius zvonimiri (Kolombatović, 1892) D  crypt omn
Paralipophrys trigloides (Valenciennes, 1836) D  epi car meso

TRIPTERYGIIDAE
Tripterygion delaisi (Cadenat & Blache, 1971) D  epi car meso
Tripterygion melanurus Guichenot, 1845 D  crypt car meso
Tripterygion tripteronotus (Risso, 1810) D  epi car meso

MUGILIDAE
Oedalechilus labeo (Cuvier, 1829) D  hyp det

ATHERINIDAE
Atherina boyeri Risso, 1810 D  bpl car micr
Atherina hepsetus Linnaeus, 1758 D  bpl car micr

SCORPAENIDAE
Scorpaena notata Rafinesque, 1810 T  epi car macr
Scorpaena porcus Linnaeus, 1758 DT  epi car macr
Scorpaena scrofa Linnaeus, 1758 DT  epi car macr

TRIGLIDAE
Chelidonichthys lastoviza (Bonnaterre, 1788) T  epi car macr

SCOPHTHALMIDAE
Zeugopterus regius (Bonnaterre, 1788) T  crypt car meso

BOTHIDAE
Arnoglossus laterna (Walbaum, 1792) T  crypt car meso
Arnoglossus thori Kyle, 1913 T  crypt car meso

SOLEIDAE
Buglossidium luteum (Risso, 1810) T  crypt car meso
Monochirus hispidus Rafinesque, 1814 DT  crypt car meso
Synapturichthys kleinii (Risso, 1827) T  crypt car meso

GOBIESOCIDAE
Lepadogaster candollii Risso, 1810 D  crypt car meso
Lepadogaster lepadogaster (Bonnaterre, 1788) D  crypt car meso

LOPHIIDAE
Lophius piscatorius Linnaeus, 1758 D  epi car macr
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except Acantholabrus palloni which is typical 
to coralligenous environments (HARMELIN, 1990) 

and Raja montagui which inhabits fine fraction 
deposits (JARDAS, 1996). Both species were rarely 
recorded in the northern Adriatic. Divers’ records 
of a dotted yellow Gobius remain uncertain 
since positive identification is possible only on 
collected specimens (HEYMER & ZANDER, 1992). 
Therefore, only records of G. fallax at station 
GR-34 and a north Adriatic color morph of G. 
auratus (HERLER et al., 2005) at stations GR-18 
and GR-25 were recognized. The conger eel 
(Conger conger), red scorpionfish (Scorpaena 
scrofa), and comber (Serranus cabrilla) were 
observed in spaces within large Cladocora 
caespitosa colonies. In bottom trammel net 
catches, a few specimens of four pelagic fishes 
were recorded: Trachurus mediterraneus, T. 
trachurus, Sarda sarda, and Scomber japonicus, 
in addition to the benthic fish.

Benthic communities

Several benthic communities well-known 
in the Mediterranean (PÉRÈS & PICARD, 1964; 

BELLAN-SANTINI et al., 1994; CORMACI et al., 
2004) and Adriatic (GAMULIN-BRIDA 1967, 1979; 

ŠIMUNOVIĆ, 1970; ZAVODNIK et al., 1981; JAKLIN 

& ARKO-PIJEVAC, 1997) were identified. As a 
consequence of the coastal and sea bottom 
topography, some communities were distributed 
belt-like around Prvić, Sv. Grgur, and Goli 
Islands. Local variations occurred, depending 
on other climatic and edaphic agents such as 
habitat isolation, hydrodynamics, and turbidity.

Biocoenosis of supralittoral rocks. 
(Tables 6, 7). As throughout the Adriatic Sea, 
characteristic organisms included the epilithic 
Cyanophyta, periwinkle Melaraphe neritoides, 
barnacle Eraphia depressa, and isopod Ligia 
italica. The supralittoral zone rose 4 m or more 
above sea level at high energy sites, on vertical 
cliffs, and on steep coastal rocky slopes. There 
were supralittoral rock pools up to 2.5 m above 
sea level. Common rock pool inhabitants were 
unidentified Ochthebius bugs and mosquito 
larvae. Once, a few juvenile Melaraphe 
neritoides specimens were recorded. The red 
alga Catenella caespitosa commonly occurred 
like patches in shadowed cracks and niches at 
the lower horizon of supralittoral zone. 

Biocoenosis of mediolittoral rocks. There 
were two belt-like population zones or horizons: 
the upper was characterized by dense Chthamalus 

Table 6. Abundance (c = abundant) and sociability estimation of the supralittoral rock 
community at low energy sites

Station GR - 18 33 39

Surface (m2) 1 0,5 1,5

Zone height (cm) ? 100 180

Inclination 45 - 90º 30 - 45º 45º

Exclusive species

Melaraphe neritoides + . 2 1 . 2 -

Euraphia depressa 1 . 2 + . 1 + . 1

Ligia italica c - -

Preferential species

Catenella caespitosa 1 . 2 - 1 . 2

Companion species

Patella rustica 1 . 1 - + . 1

Chthamalus montagui - - 1 . 1

Chthamalus stellatus - 1 . 1 1 . 1
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stellatus populations accompanied by the limpet 
Patella rustica, and Melaraphe neritoides; the 
lower by the beadlet anemone Actinia equina, 
corallinacean algae Lithothamnion lenormandii, 
Phymatolithon tortuosum, and, at a few low 
energy sites, Fucus virsoides associations. 
Common accompanying species were Patella 
aspera and P. caerulea (Tables 8, 9). Most of 
the taxa were distributed patchily and fairly 
intermixed throughout the intertidal zone. 
Consequently, it was impossible to define the 
boundary-lines between the upper and lower 
horizons of the zone. The situation was similar 
in Rijeka Bay (ZAVODNIK et al., 1981). 

Biocoenosis of infralittoral seaweeds. This 
biocoenosis was represented by a number of 
algal associations and facies. Corallina spp. and 
Cystoseira amentacea associations were noted 
in well-agitated sites. Cystoseira crinita and 
Padina pavonica were dominant in sheltered 
locations with slightly inclined bedrock. A 
Cystoseira compressa association occupied 
similar environments under various exposures 
to waves. A Cystoseira barbata association was 

recorded at the only well-sheltered stations, 
GR-3 and 39, with patches covering 80-100%. 
A few Sargassum thalli were recorded within 
Cystoseira associations at many sites but 
Sargassum vulgare was abundant in a dense 
Cystoseira amentacea var. spicata settlement 
at Njivice rock (station GR-25). Dasycladus 
vermicularis grew patchily at some sheltered 
environments and at sites moderately exposed 
to wave action. Only a few facies of this 
biocoenosis were well distributed in the entire 
research area, such as Padina pavonica, 
Dictyota spp., Acetabularia acetabulum, 
Laurencia obtusa, and Halimeda tuna + 
Flabellia petiolata which is characteristic of 
less insolated or partly shaded steep and vertical 
rocky environments. Peyssonnelia species 
associated constantly beneath overhangs. In 
the upper infralittoral zone characterized by 
photophilous algae, two facies dominated by the 
mussel (Mytilus galloprovincialis) and the stone 
coral (Cladocora caespitosa) were recorded, 
both in moderately turbid to well-agitated sites.

Table 7. Abundance (+ = present, abundance not assessed; r = rare) and sociability estimation of the supralittoral rock 
community at high energy sites

Station  GR - 21 30 31 34 35 38 41

Surface (m2) 2 0,5 1 2 2 1 1

Zone height (cm) > 200 260 200 250 240 400 > 180
Inclination 90º 90º 30 - 90º 0 - 90º 70 - 90º 90º 0 - 90º

Exclusive species
Melaraphe neritoides 1 . 1 1 . 1 1 . 2 1 . 2 1 . 1 - 1 . 1
Euraphia depressa - 1 . 2 + . 2 1 . 2 1 . 2 2 . 2 1 . 2
Ligia italica r - - + - + -

Preferential species
Catenella caespitosa 1 . 2 2 . 2 - + . 2 - + . 2 + . 2

Companion species
Patella rustica 1 . 1 - + . 1 1 . 1 + . 1 + . 1 + . 1
Chthamalus stellatus - 1 . 2 + . 1 - - 1 . 2 -

Accidental species
Pachygrapsus marmoratus - - - - + - -
Verrucaria adriatica - - - - - 1 . 2 1 . 2
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Table 8. Abundance (c = abundant; r = rare; + = present, abundance not assessed) and sociability estimation  of the 
mediolittoral rock community at low energy sites. Species marked with an asterisk (*) appeared during high tide

Coralligenous biocoenosis. There were 
two aspects. A precoralligenous aspect was 
characterized by non-calcified moderately 
sciaphilous algae such as Cystoseira corniculata 
var. laxior, Flabellia petiolata, and various 
Peyssonnelia, Codium (especially Codium bursa), 
and Cladophora species. Seaweed associations 
were accompanied by a number of sponges, 

including clionids, Chondrosia reniformis, and 
especially Petrosia ficiformis, tube worms, 
bryozoans (Schizobrachiella sanguinea) and, 
occasionally, solitary ascidians Microcosmus 
sabatieri and Halocynthia papillosa. Alcyonium 
acaule was recorded in shallow water in some 
high energy sites. This community occurred, in 
general, under ledges along rocky shores at all 

Station GR - 18 33 39

Surface (m2) 1 1 1

Zone height (cm) ? 40 35
Inclination 0 - 45º 0 - 90º 45º

Exclusive species    

Rivularia atra 1 . 2 1 . 1 1 . 1

Rivularia mesenterica + . 1 - -

Fucus virsoides - 1 . 2 2 . 2

Actinia equina 1 . 1 1 . 1 1 . 2

Lepidochitona caprearum - - + . 1

Patella ulyssiponensis 1 . 1 - -

Mytilaster minimus 1 . 2 1 . 2 1 . 2

Preferential species    

Phymatolithon lenormandii 2 . 2 3 . 3 1 . 2

Nemalion helminthoides - - 1 . 2

Patella caerulea 1 . 1 1 . 1 1 . 1

Patella rustica + . 1 + . 1 + . 1

Chthamalus montagui + . 2 2 . 2 2 . 3

Chthamalus stellatus 1 . 2 2 . 2 2 . 2

Companion species    

Osilinus articulatus - - + . 1

Osilinus turbinatus + . 1 - + . 1

Mytilus galloprovincialis - - + . 1

Accidental species    

Cereus pedunculatus - - 1 . 2

Melaraphe neritoides - 1 . 1 -

Ostrea edulis + . 1 - -

Palaemon elegans * + - -

Ligia italica c - -

Aidablennius sphynx * r - -

Tripterygion tripteronotus * + - -



25ZAVODNIK, PALLAORO, JAKLIN, KOVAČIĆ,  & ARKO-PIJEVAC: A benthos survey of the Senj Archipelago 

Table 9. Abundance (+ = present, abundance not assessed) and sociability estimation of the mediolittoral rock community 
at high energy sites. Species marked with an asterisk (*) appeared during high tide

Station   GR - 21 30 31 34 35 38 41

Surface (m2) 1,5 0,3 1 3,5 1 1 0,5

Zone height (cm) 45 40 ? 40 40 45 40

Inclination 90º 90º 30 - 90º 0 - 90º 70 - 90º 90º 0 - 90º

Exclusive species        
Rivularia atra - 1 . 1 1 . 1 1 . 1 - - 1 . 2

Rivularia mesenterica - - - + . 1 - - -

Fucus virsoides - - - + . 2 - - -

Lithophyllum tortuosum 1 . 2 - - - - - 1 . 2

Hildenbrandia prototypus - + . 2 - - 1 . 2 - -

Actinia cari - - - - 1 . 2 - -

Actinia equina 1 . 1 1 . 1 1 . 1 + . 1 + . 1 1 . 1 1 . 1

Patella ulyssiponensis + . 1 + . 1 - + . 1 - - -

Mytilaster minimus 1 . 2 1 . 2 1 . 2 + . 2 + . 2 + . 2 1 . 2

Pachygrapsus marmoratus - + - - - - -

Preferential species        

Phymatolithon lenormandii 4 . 5 - - - - 2 . 3 -

Nemalion helminthoides - + . 1 - - - 2 . 3 -

Catenella caespitosa - 1 . 2 2 . 2 + . 2 1 . 2 2 . 2 3 . 4

Patella caerulea + . 1 1 . 1 + . 1 1 . 1 1 . 1 + . 1 + . 1

Patella rustica 1 . 1 1 . 1 + . 1 1 . 1 + . 1 1 . 2 1 . 1

Chthamalus montagui - 1 . 2 2 . 2 1 . 1 1 . 1 + . 1 2 . 2

Chthamalus stellatus 3 . 3 1 . 2 2 . 2 + . 1 + . 1 1 . 1 2 . 2

Companion species        
Osilinus articulatus - - - + . 1 - - -

Osilinus turbinatus - 1 . 1 1 . 1 1 . 1 + . 1 - 1 . 1

Mytilus galloprovincialis - 1 . 1 + . 1 - - - -

Accidental species        
Gibbula sp. - - - 1 . 1 - - -

Melaraphe neritoides + . 1 1 . 1 - - + . 1 + . 1 -

Palaemon elegans * - + - - + - -

Euraphia depressa - - + . 1 - - - -

Ligia italica - - - - - + -

Lipophrys canevai * + - - - - - -

Lipophrys dalmatinus * + - - - - - -
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islands and rocks, just below the infralittoral 
fringe to a depth of 2-5 m. A precoralligenous 
aspect also appeared on large shaded reefs and 
ridges dispersed on steep slopes to 20 m and 
more.

A typical climax aspect of the coralligenous 
biocoenosis was characterized by calcified red 
algae, especially Mesophyllum expansum, a 
number of solitary and colonial corals, and large 
bryozoans. The community was recorded at many 
sites, on bedrock, cliffs, shelves, and ridges, in 
shadowed habitats and semidark caves, and at 
depths of 10-15 m along rocky slopes. Variations 
of the typical aspect were: (a) Association of 
Mesophyllum expansum and Halimeda tuna at 
less turbid sites under the influence of cold water 
upwelled from surrounding deep sea areas. (b) 
Facies of Eunicella cavolinii accompanied by 
Mesophyllum expansum and Halimeda tuna, 
sponges Acanthella acuta, Axinella verucosa, 
Axinella cannabina, and Petrosia ficiformis, 
the epibiontic Alcyonium coralloides, and 
bryozoans Myriapora truncata and Smittina 
cervicornis. This assemblage was typical of cliff 
and wall environments at 15-47 m. (c) Facies 
of Eunicella stricta. Single specimens of this 
horny coral were recorded at many sites but 
usually dispersed in settlements of Cystoseira 
corniculata var. laxior. Populations of Eunicella 
singularis, abundant enough to distinguish as 
a special facies of coralligenous biocoenosis, 
occurred rarely in environments with large 
stones on gravel and sandy deposits at 13-31 m.  
(d) Facies of Paramuricea clavata, recorded at 
stations GR-20, 24, and 27, on walls at 20-39 
m. Paramuricea was commonly accompanied 
by Peyssonnelia sp., Axinella cannabina, Tethya 
aurantium, Parazoanthus axinellae, Alcyonium 
acaule, Leptopsammia pruvoti, and Myriapora 
truncata. 

Biocoenosis of semi-dark caves. A well-
developed community of this type was located 
in the submarine passage at Stražica Cape 
(station GR-20). This passage is 28 m long 
and 5.5-15 m deep. Axinella cannabina, A. 
damicornis, Leptopsammia pruvoti, Acanthella 
acuta, epizoic Parazoanthus axinellae and 
Alcyonium coralloides, and others settled on 

the round walls and ceiling of the passage, 
totally covering them. Assemblages of these 
characteristic species were small, distributed 
patch-like, and so intermixed on the surfaces 
that recognition of a peculiar facies in situ was 
impossible. There was nearly identical fauna in 
small caves at stations GR-19 and 41 at 20-22 m. 
Some characteristic species of this biocoenosis 
were regularly recorded on the insides of narrow 
and obscure cracks and crevices, on walls and 
steep bedrock, and under large rocky boulders. 
Evidently, these habitats represented enclaves 
of semi-dark caves in bottom areas occupied by 
the coralligenous biocoenosis, and, rarely, by the 
biocoenosis of infralittoral seaweeds.

Meadows of marine phanerogams. Several 
patches of Cymodocea nodosa and Posidonia 
oceanica were recorded. Cymodocea nodosa 
meadows were established on sandy bottoms, 
never dense, and poor in associated seaweeds. 
Cymodocea occupied no more than 75% of the 
sandy bottom in the most dense meadow (station 
GR-32). Cymodocea meadows proved a modest 
residence for macrofauna. In contrast, Posidonia 
oceanica beds, although spatially limited, were 
well developed at stations GR-20 and 36, where 
all signs of a climax stage of this well-known 
complex biocoenosis were evident. Posidonia 
occurred in small patch-like assemblages rarely 
extending beyond one square meter and rooted 
in gravel deposited in bedrock depressions and 
cracks at other sites. From above, these eelgrass 
patches seemed similar to the “colline” meadows 
described by BOUDOURESQUE et al. (1985).

Biocoenosis of coastal detrital bottoms. 
This biocoenosis occurred at the bases of very 
steep rocky slopes and vertical walls around the 
islands and rocks. The deposit of rough sand 
mixed with gravel and small stones was rich 
in organogenic debris of calcified algae, coral 
and bryozoan colonies, tubes of polychaete 
worms, and numerous molluscan shells. After 
the death of organisms, particles rolled down 
or fell off higher rocks and accumulated near 
walls. This deposit extended from 30-42 m, 
down moderately inclined slopes. Because of 
the great depth, scuba divers were unable to 
establish the lowest level of this biocoenosis 
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and the sediment was not sampled for detailed 
research of the fauna. The biocoenosis in this 
area was confirmed by characteristic species 
such as Geodia cydonium, Suberites domuncula, 
Pecten jacobaeus, Laevicardium oblongum, 
Vermiliopsis infundibulum, and Phallusia 
mammilata. However, the presence at some 
sites of rheophilous fauna (anemone Cerianthus 
membranaceaus, echinoids Sphaerechinus 
granularis, Echinocardium fenauxi, and 
Spatangus purpureus) suggests strong water 
movement, supporting the transition appearance 
or population mixture of species from the SGBC 
(Biocoenosis of sand and gravel under influence 
of bottom currents) biocoenosis (PÉRÈS & PICARD, 

1964). Detrital sand was partly covered by a film 
of fine silt at 27 m at GR-18 and at 34 m at GR-
23 where Holothuria forskali, Ascidia virginea, 
and Phallusia mammilata were recorded. The 
facies of Osmundaria volubilis was located 
on genuine detrital sand mixed with pebbles 
and small stones at stations GR-29 and 32. 
The maximum covering rate of this alga was 
about 95%. Patch-like islets of a secondary 

hard bottom in detrital sand at station GR-21 
offered a convenient habitat for species of the 
coralligenous biocoenosis settled in circalittoral 
plains.

Biocoenosis of coastal terrigenous ooze. 
Grab analyses revealed the occurrence of this 
biocoenosis on muddy sediments, poorly mixed 
with minced shell debris and fine sand particles at 
65-100 m. A great amount of subfossil Turritella 
communis shells, up to 1100 per square meter, 
and an abundance of Callianassa subterranea 
indicated the affinity of the community to 
Turritella and Callianassa variances of this 
biocoenosis (ZAVODNIK, 1979b). The presence 
at several stations of species exclusive to the 
bathyal silts biocoenosis, such as Onchnesoma 
steenstrupi and Calocaris macandreae, and 
subfossil fragments of  Funiculina quadrangularis 
stems (Table 4), suggest that the community has 
a mixed faunal composition, especially in Grgur 
Channel, between Prvić, and Sv. Grgur and Goli 
Islands (Fig. 4).

Fig. 4. Distribution of species 
characteristic of the biocoe-
nosis of coastal terrigenous 
ooze (CTO) and bathyal silt 
(BS)
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Fish assemblages

Complementary results were provided by 
the two sampling methods: seventy-one fish 
species were recorded by divers during the 
daytime and 47 species during night catches 
by trammel nets. Twenty-two species were 
common to both methods (Table 5). 

The most numerous species in total 
bottom trammel net catches (Tables 10, 11) 
were Scorpaena porcus (Scorpaenidae; 
43.2%), Symphodus tinca (Labridae; 8.3%), 
Uranoscopus scaber (Uranoscopidae; 7.4%), 
Pagellus erythrinus (Sparidae; 5.3%), and 
Serranus scriba (Serranidae; 4.1%). The bulk 
of divers’ records referred to Blenniidae (12 

species) and Gobiidae (16 species). Some 
species were recorded by divers at 2-4 sites but 
were not found in bottom trammel net catches.

The dominant species in biomass (wet 
weight) in bottom trammel net catches were 
Scorpaena porcus (43.2%), Uranoscopus scaber 
(8.2%), Scorpaena scrofa (6.3%), Symphodus 
tinca (6.2%), and Pagellus erythrinus (4.6%) 
(Table 12). According to estimates of catch 
per effort (CPU; MOROVIĆ, 1971), 20% of the 
catches belonged to “excellent” (>2 kg per net) 
and “very good” (1.5-2 kg per net) classes, 33% 
to “good class” (0.8-1.5 kg per net), and 27% to 
“poor class”. The best average catch per net was 
in the Prvić Island area (1.712 kg) and the worst 
at Goli Island (0.795 kg).

Table 10. Number of specimens and wet weight (g) of species caught by bottom trammel sets at Sv. Grgur and Goli 
Islands

Island Grgur Goli

Station
Taxon

T-9 T-10 T-11 T-12 T-13 T-14 T-15

N (W) N (W) N (W) N (W) N (W) N (W) N (W)

PISCES
Scyliorhinus canicula
Torpedo marmorata 
Trisopterus minutus 
Merluccius merluccius 
Chelidonichthys lastoviza 
Scorpaena notata 
Scorpaena porcus 
Scorpaena scrofa 
Serranus cabrilla 
Serranus hepatus 
Serranus scriba 
Boops boops  
Dentex dentex 
Diplodus annularis 
Diplodus vulgaris 
Pagellus acarne 
Pagellus erythrinus
Mullus barbatus 
Spicara maena  
Trachurus mediterraneus
Acantholabrus palloni
Coris julis  
Labrus merula 
Symphodus cinereus
Symphodus mediterraneus
Symphodus ocellatus 
Symphodus tinca 
Sarda sarda
Scomber japonicus

-
-
-
-

1 (158)
-

44 (4610)
1 (98)

-
1 (12)
3 (322)

-
-
-
-
-

5 (474)
-

1 (120)
-
-
-
-
-
-
-

1 (104)
-

3 (480)

-
-
-

1 (72)
-

1 (80)
8 (784)
2 (2378)

-
1 (8)

-
-
-
-
-

1 (114)
5 (340)
9 (826)

-
-
-
-
-
-

1 (14)
-

1 (166)
-

-
-
-
-

1 (106)
-

17 (1692)
2 (725)
5 (588)

-
6 (744)

-
2 (1946)
1 (38)
3 (534)

-
-
-
-

1 (228)
1 (122)

-
-

1 (10)
-

1 (12)
30 (3878)
1 (2015)

-

-
1 (564)

-
-

1 (366)
3 (240)
4 (604)

-
-
-

1 (82)
5 (648)

-
2 (92)

-
-

2 (220)
-
-
-
-
-

1 (320)
-
-

1 (10)
12 (1518)

-
11 (2548)

4 (1134)
-

5 (669)
1 (546)
1 (206)
5 (418)

-
-
-
-
-

1 (124)
-
-
-
-

14 (1965)
8 (1048)

-
-
-
-
-
-
-
-
-
-
-

-
-
-
-

1 (678)
-

11 (1122)
3 (3115)

-
-

5 (610)
-
-
-
-
-

2 (970)
3 (376)

-
-
-
-

2 (656)
-
-
-

6 (682)
-
-

-
-
-
-

1 (608)
3 (132)

37 (3123)
1 (746)
3 (644)

-
2 (281)

-
-
-
-

1 (104)
-

2 (243)
-

1 (214)
-

2 (48)
-
-
-
-

5 (526)
-
-
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Table 10. Cont’d
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Table 11. Number of specimens and wet weight (g) of species caught by bottom trammel sets at Prvić Island

Trachinus draco 
Trachinus radiatus 
Uranoscopus scaber  
Monochirus hispidus 
Synapturichthys kleinii 
Total  Pisces

-

13 (1070)
-

2 (350)
75 (7798)

1 (28)
-

14 (2231)
-
-

45 (7041)

-
-

2 (376)
1 (26)

-
75 (13040)

-
1 (192)
4 (1128)

-
-

49 (8532)

-
-
-
-
-

39 (6110)

-
-

1 (284)
-
-

34 (8493)

-
-

6 (1038)
-
-

64 (7707)

CEPHALOPODA
Sepia officinalis 
Octopus vulgaris
Total Cephalopoda

1 (130)
4 (6495)
5 (6625)

-
-
-

-
1 (1970)
1 (1970)

-
-
-

-
-
-

-
-
-

-
-
-

CRUSTACEA
Homarus gammarus
Scyllarus arctus 
Galathea strigosa 
Munida rugosa 
Liocarcinus corrugatus 
Liocarcinus depurator
Total Crustacea

-
-
-
-
-
-
-

-
-
-
-
-
-
-

1 (504)
6 (216)

-
-
-
-

7 (720)

-
2 (88)

-
-
-
-

2 (88)

-
1 (30)
1 (46)

-

11 (215)
13 (291)

-
6 (246)
1 (48)

-
-
-

7 (294)

-
4 (146)
1 (64)
2 (49)
1 (24)

-
8 (283)

TOTAL 80 (14423) 45 (7041) 83 (15730) 51 (8620) 52 (6401) 41 (8787) 72 (7990)

Station
Taxon

T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8

N (W) N (W) N (W) N (W) N (W) N (W) N (W) N (W)

PISCES
Scyliorhinus canicula
Raja montagui  
Torpedo marmorata 
Myliobatis aquila 
Trisopterus minutus 
Merluccius merluccius 
Zeus faber 
Chelidonichthys 
lastoviza 
Scorpaena notata 
Scorpaena porcus 

Scorpaena scrofa 
Serranus cabrilla 
Serranus hepatus 
Serranus scriba 
Boops boops  
Dentex dentex 
Diplodus annularis 

-
-

1 (438)
-
-
-

3 (568)

1 (142)
-

85 
(12422)

-
-
-

17 (2474)
-
-

15 (786)

-
-
-
-
-

1 (634)
-

-
1 (98)

25
 (2764)

-
1 (110)

-
8 (1054)
1 (74)

1 (1095)
6 (285)

-
-
-
-
-
-
-

2 (548)
-

21
 (3408)
2 (984)
4 (852)

-
-
-
-
-

1 (226)
-
-
-

2 (201)
2 (634)
1 (42)

5 (1122)
5 (306)

47 
(6328)

3 (2830)
1 (146)

-
2 (302)

-
-
-

-
1 (222)

-
1 (658)

-
6 (2406)
1 (770)

4 (1348)
-

159 
(18007)

-
-
-

2 (220)
-

1 (602)
-

-
-
-
-
-
-
-

-
-

67 
(6402)
1 (88)
1 (168)

-
2 (226)

-
-

1 (48)

-
-
-
-
-
-
-

-
-

48
 (5823)

-
1 (182)

-
7 (698)

-
-

5 (212)

-
-
-
-

1 (162)
1 (546)
1 (502)

3 (606)
16 (1127)

34 
(3186)

4 (3269)
8 (1224)
1 (12)
2 (230)

-
1 (1420)
1 (50)

Island Grgur Goli

Station
Taxon

T-9 T-10 T-11 T-12 T-13 T-14 T-15

N (W) N (W) N (W) N (W) N (W) N (W) N (W)
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Table 11. Cont’d

Station
Taxon

T-1 T-2 T-3 T-4 T-5 T-6 T-7 T-8

N (W) N (W) N (W) N (W) N (W) N (W) N (W) N (W)

Diplodus vulgaris 
Oblada melanura 
Pagellus acarne 
Pagellus erythrinus
Pagrus pagrus 
Chromis chromis  
Mullus barbatus 
Mullus surmuletus
Spicara maena  
Spicara smaris 
Trachurus trachurus 
Coris julis  
Labrus merula 
Symphodus ocellatus 
Symphodus tinca 
Trachinus draco 
Trachinus radiatus 
Uranoscopus scaber 
Arnoglossus laterna 
Arnoglossus thori 
Zeugopterus regius 
Buglossidium luteum 
Monochirus hispidus 
Synapturichthys kleinii 
Total  Pisces

1 (62)
3 (276)

-
2 (238)

-
1 (26)

-
13 (2042)
2 (244)

-
-
-

2 (352)
-

38 (4360)
-
-

6 (1080)
-
-
-
-
-
-

190

 (25510)

-
-

1 (114)
5 (812)

-
-
-

1 (144)
1 (76)

-
-
-

4 (1270)
-

3 (612)
-
-

8 (1526)
-
-
-
-

1 (50)
-

68

 (10718)

1 (156)
-
-

 11 (1458)
1 (118)

-
1(90)

-
-
-
-
-
-
-
-
-

2 (440)
7 (1098)
1 (12)
1 (12)

-
-
-
-

54

 (9176)

-
-
-

13 (2361)
-
-
-

1 (166)
9 (1119)

-
-
-
-
-
-
-
-

1 (454)
-
-

1 (32)
-
-
-

94

 (16269)

-
-

2 (190)
8 (1306)

-
-

1 (104)
6 (1276)

-
1 (18)

-
-
-
-

1 (272)
1 (38)
1 (266)

34 (6888)
-

1 (28)
-

2 (46)
-

2 (614)
235

 (35279)

-
-
-

4 (594)
-

1 (8)
-

1 (214)
2 (290)

-
-

3 (226)
1 (314)

-
2 (180)

-
-

4 (776)
-

1 (30)
-
-
-
-

91

 (9564)

-
-
-

2 (200)
-
-
-

2 (376)
3 (344)

-
-
-

1 (624)
1 (10)

14 (1416)
-
-

2 (310)
-
-

1 (18)
-
-
-

87

 (10213)

2 (522)
-
-

1 (302)
-
-
-
-

2 (229)
-

1 (154)
1 (25)

-
-

4 (358)
-
-

2 (342)
-
-
-
-

1 (20)
-

87

 (14286)

CEPHALOPODA
Sepia officinalis 
Octopus vulgaris
Total Cephalopoda

1 (148)
2 (3930)
3 (4078)

1 (550)
2 (5170)
3 (5720)

-
-
-

-
-
-

2 (402)
2 (2150)
4 (2552)

2 (384)
4 (6643)
6 (7027)

-
-
-

-
3 (4335)
3 (4335)

CRUSTACEA
Homarus gammarus
Scyllarus arctus 
Galathea strigosa 
Munida rugosa 
Liocarcinus corrugatus 
Dromia personata 
Total Crustacea

-
1 (36)

-
-
-
-

1 (36)

1 (2250)
3 (142)

-
-
-
-

4 (2392)

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-

1 (106)
-

1 (106)

-
5 (166)

-
-
-
-

5 (166)

-
-
-
-
-
-
-

-
24 (915)
9 (471)
8 (192)

-
2 (288)

43 (1870)

TOTAL 194
(29624)

75
 (18830)

54
 (9176)

94
 (16269)

240
 (37937)

102 (16757) 87 
(10213)

133
 (20491)

Total nets 10 10 15 13 15 10 10 10

Catch per net 19.4 
(2962)

7.5 
(1883)

3.6
 (612)

7.2 
(1252)

16.0 
(2529)

10.2 (1676) 8.7 
(1021)

13.3
 (2049)
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Table 12. Species composition of bottom trammel net catches at 15 sites surveyed during the end of spring (June) or
  summer (July/August) 1997

Taxon N %

Length (Lt) (cm) Wet weight  (g )

Range x ± SD Total % Range x ± SD

PISCES
Scyliorhinus canicula (Linnaeus, 1758)
Raja montagui  Fowler, 1910
Torpedo marmorata Risso, 1810
Myliobatis aquila (Linnaeus, 1758)
Trisopterus minutus (Linnaeus, 1758)
Merluccius merluccius (Linnaeus, 1758)
Zeus faber Linnaeus, 1758
Chelidonichthys lastoviza (Bonnaterre, 
1788)
Scorpaena notata Rafinesque, 1810
Scorpaena porcus Linnaeus, 1758
Scorpaena scrofa Linnaeus, 1758
Serranus cabrilla  (Linnaeus, 1758)
Serranus hepatus  (Linnaeus, 1758)
Serranus scriba  (Linnaeus, 1758)
Boops boops  (Linnaeus, 1758)
Dentex dentex (Linnaeus, 1758)
Diplodus annularis  (Linnaeus, 1758)
Diplodus vulgaris (G. Saint-Hilaire, 
1817)
Oblada melanura  (Linnaeus, 1758)
Pagellus acarne  (Risso, 1827)
Pagellus erythrinus (Linnaeus, 1758)
Pagrus pagrus (Linnaeus, 1758)
Chromis chromis  (Linnaeus, 1758)
Mullus barbatus  Linnaeus, 1758
Mullus surmuletus  Linnaeus, 1758
Spicara maena  (Linnaeus, 1758)
Spicara smaris (Linnaeus, 1758)
Trachurus mediterraneus (Steindachner, 
1868)
Trachurus trachurus  (Linnaeus, 1758)
Acantholabrus palloni (Risso, 1810)
Coris julis  (Linnaeus, 1758)
Labrus merula  Linnaeus, 1758
Symphodus cinereus (Bonnaterre, 1788) 
Symphodus mediterraneus  (Linnaeus, 
1758)
Symphodus ocellatus (Forsskål, 1775)
Symphodus tinca  (Linnaeus, 1758)
Sarda sarda (Bloch, 1793) 
Scomber japonicus Houtuyn, 1782
Trachinus draco Linnaeus, 1758
Trachinus radiatus Cuvier, 1829
Uranoscopus scaber  Linnaeus, 1758
Arnoglossus laterna (Walbaum, 1792)

5
1
2
1
8
12
6

21
34
607
19
24
3
57
7
5
32

7
3
5
74
1
2
24
24
20
1

2
1
1
6
11
1

1
3

117
1
14
2
4

104
1

-
-
-
-
-
-
-

1.5
2.4
43.2
1.4
1.7
-

4.1
-
-

2.3

-
-
-

5.3
-
-

1.7
1.7
1.4
-

-
-
-
-
-
-

-
-

8.3
-

1.0
-
-

7.4
-

40.7 - 48.8
37.2

28.6 - 30.8
76.7

17.1 - 25.7
20.3 - 46.4
12.9 - 36.9

20.9 - 39.2
9.2 - 19.3
10.3 - 31.3
15.6 - 45.7
18.0 - 29.9
7.8 - 9.7

14.7 - 24.3
21.3 - 29.2
35.9 - 49.2
11.6 - 17.1

15.0 - 28.7
18.7 – 28.0
19.5 - 20.9
8.9 - 33.8

20.8
8.4 - 11.1

16.3 - 25.4
22.1 - 26.5
18.2 - 26.0

12.7

29.7 - 32.1
26.3
21.0

13.7 - 20.7
21.4 - 35.4

8.5

11.2
9.3 - 10.5
17.3 - 33.1

58.6
26.9 - 32.6
15.7 - 17.9
19.4 - 33.3
13.4 – 36.0

10.9

44.0 ± 3.17
─

29.7 ± 1.56
─

22.4 ± 2.86
35.8 ± 8.39
24 ± 10.72

28.8 ± 5.26
15.5 ± 1.96
17.7 ± 3.35
31.9 ± 8.85
23.7 ± 2.82
8.7 ± 0.95

20. 6 ± 1.91
24.0 ± 2.70
42.7 ± 5.15
14.6 ± 1.02

21.9 ± 4.30
22.1 ± 5.11
20.3 ± 0.58
22.3 ± 4.33

─
9.8 ± 1.91
21.5 ± 2.17
24.1 ± 1.29
21.1 ± 1.64

─

30.9 ± 1.70
─
─

17.1 ± 3.01
27.3 ± 4.31

─

─
9.9 ± 0.60
21.4 ± 3.14

─
30.2 ± 1.85
16.8 ± 1.56
27.7 ± 6.31
21.9 ± 3.91

─

1360
222

1002
658
1032
4838
1882

5888
2401
70275
14233
3914
32

7243
846
5063
1565

1274
376
522

10441
118
34

2687
4218
2422
18

442
154
122
299
3536
10

14
32

14072
2015
3028
66
898

18701
12

-
-
-
-
-

2.1
-

2.6
1.1
30.8
6.2
1.7
-

3.2
-

2.2
-

-
-
-

4.6
-
-

1.2
1.8
1.1
-

-
-
-
-

1.5
-

-
-

6.2
-

1.3
-
-

8.2
-

190 - 364
─

438 - 564
─

84 - 162
72 - 88.6
36 - 770

106 - 678
16 - 138
18 - 666
79 - 1780
90 - 306
8 - 12

36 - 230
74 - 202

602 - 1420
26 - 76

62 - 404
84 - 208
94 - 114
8 - 508

─
8 - 26

38 - 180
134 - 254
76 - 162

─

214 - 228
─
─

16 - 96
134 - 624

─

─
10 - 12
52 - 390

─
140 – 280

28 - 38
74 – 366
34 - 562

─

272.0 ± 71.18
─

501.0 ± 89.10
─

129.0 ± 31.21
403.2 ± 245.91
313.7 ± 312.74

280.4 ± 160.36
70.6 ± 26.44
115.8 ± 82.01

749.1 ± 513.02
163.1 ± 56.41
10.7 ± 2.31

127.1 ± 39.38
120.9 ± 43.33

1012.6 ± 324.85
48.9 ± 9.94

182.0 ± 111.56
125.3 ± 71.59
104.4 ± 9.53
141.1 ± 84.93

─
17.0 ± 12.73
112 ± 31.60

175.8 ± 34.89
121.1 ±1 9.17

─

221.0 ± 9.90
─
─

49.8 ± 33.33
321.5 ± 149.27

─

─
10.7 ± 1.15

120.3 ± 57.62
─

216.3 ± 45.52
33.0 ± 7.07

224 ± 123.09
179.8 ± 102.81

─
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Table 12. Cont’d

Taxon N %
Length (Lt) (cm) Wet weight (g)

Range x ± SD Total % Range x ± SD

PISCES
Arnoglossus thori Kyle, 1913
Zeugopterus regius (Bonnaterre, 
1788)
Buglossidium luteum (Risso, 
1810)
Monochirus hispidus Rafinesque, 
1814
Synapturichthys kleinii (Risso, 
1827)

Total 

3

2

2

3

4

1287

-

-

-

-

-

91.7

10.6 - 14.4

10.9 - 11.9

12.8 - 12.9

11.1 - 13.8

20.4 - 35.9

13.0 ± 2.06

11.4 ± 0.71

12.9 ± 0.07

12.4 ± 1.36

29.6 ± 6.57

70

50

46

96

964

189736

-

-

-

-

-

   83.1

12 - 30

18 – 32

22 - 24

20 – 50

60 - 362

23.3 ± 9.87

25.0 ± 9.90

23.0 ± 1.41

32.0 ± 15.87

241±  29.01

CEPHALOPODA
Sepia officinalis Linnaeus, 1758
Octopus vulgaris Cuvier, 1797
Total

7
18
25

-
1.3
1.8

10.3 - 17.5
─

12.6 ± 2.43
─

1614
30693
32307

-
13.4
14.2

130 - 550
850 - 2670

230.6 ± 147.93
1705.2 ± 563.26

CRUSTACEA
Homarus gammarus (Linnaeus, 
1758)
Scyllarus arctus (Linnaeus, 
1758)
Galathea stringosa (Linnaeus, 
1758)
Munida rugosa  (Fabricius, 
1775)
Liocarcinus corrugatus (Pennant, 
1777)
Liocarcinus depurator (Linnaeus, 
1758)
Dromia personata (Linnaeus, 
1758)
Total

2

52

12

10

2

11

2
91

-

3.7

-

-

-

-

-
6.5

29.1 - 44.5

9.9 - 13.8

9.2 - 11.2

8.0 - 8.8

3.1 - 5.4

3.1 - 3.8

5.4 - 8.6

36.8 ± 10.89

11.6 ± 0.92

10.3 ± 0.68

8.6 ± 0.29

4.3 ± 1.63

3.4 ± 0.18

7.0 ± 2.26

2754

1985

633

241

130

215

288
6242

1.2

-

-

-

-

-

-
2.7

504 - 2250

22 - 62

37 - 64

18 - 30

24 - 106

17 - 23

58 - 230

1377 ± 1234.61

38.2 ± 9.89

52.8 ± 7.71

24.1 ± 3.31

65.0 ± 57.98

19.6 ± 1.92

144 ± 121.62

TOTAL 1403    100 228285   100

Total nets 163 163

Catch per net 8.6 1400.5
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Most fish species have an epibenthic (37%) 
or hyperbenthic (35%) mode of life. About 19% 
are cryptic, seeking shelter in limestone rock 
cracks (e.g., Conger conger), shellfish borings 
(Blenniidae, Tripterygiidae, and Gobiidae), 
niches under loose stones (Gobiesocidae), or 
sandy deposits (Scophthalmidae, Bothidae, and 
Soleidae). Occasionally, four benthopelagic and 
four pelagic species (4.2% each) were caught by 
a single trammel bottom set.

Carnivores dominated fish assemblages with 
82 species (85%) of which 30 (37%) were 
microphagic, 28 (34%) were mesophagic, and 
24 (29%) were macrophagic. Low numbers 
of herbivores (Sarpa salpa and three Blenniid 
species), omnivores (two Gobiids and seven 
Blenniids), and detritivores (Oedachilus labeo) 
were expected.

DISCUSSION

Biodiversity

The aim of this study was to survey the 
Senj Archipelago by making a diving census 
based on rapid visual identification of flora and 
fauna (BIANCHI et al., 2004; GAMBI & DAPPIANO, 

2004). However, many species are not active in 
daytime. Such individuals may be concealed 
in the sediment, under loose stones, in organic 
clumps or algae turf, etc. Field surveys and the 
desire to promptly present results are reflected 
by the “roughness” of the data since only easily 
identifiable macroflora and macrofauna can be 
censused (JAKLIN, 1998). Small and concealed 
organisms usually escape the attention of divers. 
The lack of a quantitative collection of biological 
material and the detailed and time-consuming 
processing of material in the laboratory became 
evident by comparing the our results, which were 
obtained from only one survey per transect, with 
detailed analyses of collections at Prvić Island 
undertaken by NOVOSEL et al. (2002). About half 
the species recorded by them were Porifera and 
Bryozoa, i.e., ‘difficult and time-consuming’ 
taxa that require a well-trained specialist for 
field recognition. Therefore, in view of the time-

consuming process, we intentionally paid minor 
attention to these taxa.

Rapid scuba diving prospection was used 
many times in scientific and applied research 
in the eastern Adriatic, especially in pollution, 
fisheries, and coastal management projects. More 
or less detailed descriptions of diving research 
sites or transects are presented in project reports. 
But such data only rarely appear in professional 
scientific literature and theses (ŠIMUNOVIĆ & 

ANTOLIĆ, 1980; ZAVODNIK et al., 1981, 2000; SENEŠ, 

1988, 1989; BELAMARIĆ & ŠERMAN, 1989; TURK & 

VUKOVIČ, 1994; OREPIĆ et al., 1997; KRUŽIĆ, 2001; 

NOVOSEL et al., 2002).

In the Senj Archipelago, most characteristic 
sublittoral benthic communities in shallow water 
to 50 m are biocoenoses of infralittoral algae and 
coralligenous, represented by a precoralligenous 
facies and its typical climax stage (PÉRÈS 

& PICARD, 1964; HARMELIN, 1994). Spatial 
distribution of these communities is conditioned 
by climatic and edaphic  environmental factors 
such as depth, type and quality of sea bed, 
water transparency, habitat isolation, and 
hydrodynamic and sedimentation conditions 
(PÉRÈS & PICARD, 1964; RIEDL, 1966; PÉRÈS, 1967; 

BELLAN-SANTINI, 1969).

 For the most part, the Senj Archipelago 
is built of Cretaceous limestones. Tectonic 
movements and strong karstification in the 
geologic past resulted in current geomorphologic 
features (BENAC, 1996; JURAČIĆ et al., 1999). The 
area was flooded by the sea after the last (Würm) 
glaciation, 6,000-10,000 years ago (ŠEGOTA, 

1982; BENAC & JURAČIĆ, 1998), and extremely 
turbulent hydrodynamics generated by storm 
winds reduced recent sedimentation processes 
in shallow water environments. Deep narrow 
valleys between ancient hills and mountain peaks 
were partly filled by Holocene landborn deposits 
(ALFIREVIĆ, 1964; BENAC et al., 2000). Karstic 
phenomena formed before the transgression are 
well preserved. The resulting underwater relief 
of the area features steep bedrock, sedimentary 
slopes, cliffs, and submerged walls that descend 
from 100 m above sea level to a depth of over 
50 m.



34  ACTA ADRIATICA, 46 (Suppl. 2): 3-68, 2005

The archipelago is characterized by 
submerged tidal notches, compact bedrock, 
and ledges around islands, islets, and rocks. 
The configuration of the shores and undersea 
landscape is reflected in the principal features 
of the rocky area: it is narrow horizontally but 
very high vertically. There are rocky overhangs 
or tidal notches along the shores of the islands 
at a depth of 0.5-1 m (BENAC et al., 2004), 
formed by marine abrasion and bioerosion 
(TORUNSKI, 1979; SCHNEIDER & TORUNSKI, 1983). 
LORENZ (1863:300) estimated that about half of 
the calcareous rock in the Kvarner region was 
destroyed by date shell (Lithophaga lithophaga) 
borings. KLEEMANN (1973) suggested that the 
date shell boring rate, determined by the texture 
of the carbonate rock, ranged 4.3-12.9 mm/y. 
Bioerosion of the littoral rocks at low energy sites 
along the western coast of the Istrian peninsula, 
especially in the Rovinj environs, is about 0.1-
1.1 mm/y (SCHNEIDER, 1976). Presumably, the 
destruction rate of rocks at high energy sites is 
even greater.

Geomorphologic and sedimentary features, 
together with stress hydrodynamics, determine in 
the distribution pattern of benthic communities. 
For example, the general lack of shallow water, 
sandy and sandy-muddy deposit plains, and 
slightly inclined slopes are reflected in the 
scarcity of marine phanerogams beds, especially 
Cymodocea nodosa meadows. This seagrass 
occurred at only two moderately sheltered sites 
at Sv. Grgur Island. No Zostera meadows at all 
were detected.

RAC & LOVRIĆ (2002) suggested that strong 
hydrodynamics is the most important factor 
determining the spatial distribution of marine 
phanerogams. The coastal rocks at station GR-
38 are extremely exposed to sea surf and 
waves generated by the stormy bora wind. All 
three chthamalid barnacles were recorded there, 
Euraphia depressa, Chthamalus montagui, and 
C. stellatus, so intermixed with periwinkle 
(Melaraphe neritoides) and limpet (Patella 
rustica) that the limit between the mediolittoral 
and supralittoral communities could only be 
approximated by the occurrence of beadlet 

anemone (Actinia equina) and Phymatolithon 
lenormandii incrustations. Lithophyllum 
tortuosum appeared as cushion-shaped swellings 
similar to those described in the eastern 
Mediterranean (ZIMMERMANN, 1982). No large 
sideward growing “trottoir” constructions, as 
recorded in the western Mediterranean (PÉRÈS 

& PICARD, 1952, 1964), were seen.

Shaded overhangs, ledges, and vertical 
cliffs are not a favorable environment for 
well- developed settlements of infralittoral 
photophilous algae, especially Cystoseira and 
Sargassum associations. Thus, the general 
lack of gently sloping bedrock and strong 
hydrodynamics are the prime factors that 
neutralize spatial expansion of seaweeds. 
Algae settlements were depressed at high 
energy sites exposed to bora winds, i.e., they 
had a low cover rate and seaweed biomass. 
On the contrary, the morphology of the sea 
bottom, the low sedimentation rate, and the 
transparent unpolluted water allowed optimum 
development of the coralligenous biocoenosis. 
The area is very rich in most taxa characteristic 
of this community (PÉRÈS & PICARD, 1964). Its 
precoralligenous aspect occurred everywhere 
from shaded shallow water overhangs, bedrock, 
and boulder ridges to depths of over 20 m.

The destructive action of waves generated 
by storm winds is well expressed in the upper 
infralittoral zone of cliffs at the northeastern 
shores of islands and rocks. The phenomenon 
is especially evident by the strong depression 
or total absence of photophilous algae in the 
biocoenosis most characteristic to the upper 
infralittoral rocky bottom throughout the 
Mediterranean (PÉRÈS & PICARD, 1964; PÉRÈS, 

1967; BELLAN-SANTINI et al., 1994) and Adriatic 
(PÉRÈS & GAMULIN-BRIDA, 1973).

LORENZ (1863) discovered variations in the 
spatial distribution of shallow water benthic 
communities in the Kvarner region 140 years 
ago. He supposed that the main reasons for 
the phenomenon were the type of bottom 
(bedrock and deposits) and the exposure to 
destructive waves generated by storm winds. 
The greatest variations were in the supralittoral, 
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mediolittoral, and upper infralittoral zones. Much 
later, ZALOKAR (1942) studied shallow rocky 
bottom communities along the mainland coast 
facing the Senj Archipelago. Skin diving and a 
simple diving device (KUŠČER, 1963b) enabled 
the author to introduce a quantitative abundance-
dominance method to marine research that 
had been developed and standardized in land 
phytocoenology (BRAUN-BLANQUET, 1964).

A modern approach to land and marine 
phytocoenology was applied in the Senj 
Archipelago by LOVRIĆ (1976a, 1978) but the 
synecology of rocky shore fauna had never been 
studied in detail. Our results show that coastal 
populations in this area widely conform to those 
described in the western Mediterranean (PÉRÈS 

& PICARD, 1964; PÉRÈS, 1967; GARCÍA RASO et 
al., 1992; BELLAN-SANTINI et al., 1994) and other 
areas of the Adriatic (HUVÉ et al., 1963; GAMULIN-

BRIDA, 1967, 1979; PÉRÈS & GAMULIN-BRIDA, 1973; 

ZAVODNIK & ZAVODNIK, 1982, 1986; OREPIĆ et al., 
1997). As suggested long ago (ERCEGOVIĆ, 1934; 

ZEI, 1955), the width and/or height of a littoral s. 
str. zone, indicated by the distribution pattern of 
the marine organisms, depends on the incline 
of the rocky support and energy characteristics 
of the site and microhabitat. We found an 
identical distribution pattern in the coralligenous 
biocoenosis: a typical coralligène of the wall 
(PÉRÈS & PICARD, 1964) and very steep compact 
bedrock that was much higher than wide.

A gently sloping sedimentary bottom of sand 
and gravel rarely occurs in the Senj Archipelago. 
The inadequate deposit may be one reason for 
the apparent scarcity of seagrass meadows. 
Although Posidonia oceanica beds are far more 
characteristic to the central and southern parts of 
the eastern Adriatic (GAMULIN-BRIDA, 1967), they 
have been recorded in areas adjacent to the Senj 
Archipelago. Posidonia was recorded at the sea 
surface at Lošinj and Unije Islands (ZAVODNIK, 

1992) and small meadows were recorded at a 
few meters depth at Rab and Pag Islands and in 
Rijeka Bay (LEGAC, 1974; ZAVODNIK et al., 1981). In 
the present study, however, Posidonia nowhere 
occurred shallower than 3 m, perhaps due to 
uprooting of seagrass stems by storm waves 
(LOVRIĆ et al., 1998). Well-developed P. oceanica 

beds were recorded at only two stations, GR-20 
and 36, but for reasons explained above were 
not studied in detail. Visually, flora and fauna 
compositions of these beds largely conformed 
to those reported for other Adriatic areas (ZEI, 

1962; ŠPAN et al., 1989; ANTOLIĆ, 1994; Authors, 
unpubl.).

Cymodocea nodosa is a widely distributed 
seagrass in the north Adriatic, especially along 
the shallow west Istrian coast (ZAVODNIK, 1983; 

ZAVODNIK & JAKLIN, 1990) and at Krk and Rab 
Islands (LEGAC, 1974; GAMULIN-BRIDA et al., 1980; 

ZAVODNIK et al., 1981; JAKLIN & ARKO-PIJEVAC, 

1994, 1997). We detected small meadows of this 
seagrass only at stations GR-3 and 32, both of 
which are located on the western side of Sv. 
Grgur Island in low energy areas sheltered from 
destructive influences of the bora wind. Both 
sites have adequate shallow water and a gently 
sloping sandy deposit. Contrary to LOVRIĆ et 
al. (1989), the spatial and depth distribution of 
seagrasses in the research area may be defined 
more by geomorphologic and sediment properties 
of the sea bottom than extreme hydrodynamic 
conditions generated by meteorological, i.e. 
wind, agents. On the other hand, our research 
agrees with GAMULIN-BRIDA (1968) that, in 
northern Adriatic channels, the upper limit of 
the circalittoral zone is as shallow as 20 m 
due to water movements generated by winds. 
Similar displacements in turbid environments of 
coralligenous assemblages were well noted in 
the western Mediterranean (HARMELIN, 1994).

The input of a large amount of food brought 
by steady water currents (RIEDL, 1964; SEKULIĆ 

& LOVRIĆ, 1987) and waves probably aided the 
formation of reeflike structures of the coral 
Cladocora caespitosa at Šilo Cape (station 
GR-24). Similar reefs at sites with rapid water 
drift were reported elsewhere in the Adriatic: 
at Sorinj Cape and Rab Island (LEGAC, pers. 
comm. ), in the Rabac environs (ZAVODNIK & 

VIDAKOVIĆ, 1982), at Ljubački Cove (KRUŽIĆ, 
2001), and in the Mljet National Park (KRUŽIĆ, 

2001; KRUŽIĆ & POŽAR-DOMAC, 2002; KRUŽIĆ et al., 
2002). In accordance with CHOMSKY et al. (2004), 
the exceptionally large littoral limpet (Patella 
rustica) and beadlet anemone (Actinia equina) 
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at stations GR-19 and GR-34 can be explained 
by plentiful food input. Further evidence of 
favorable effects of continuous water movement 
is the abundance of sessile suspension feeders, 
especially sponges, octocorallians (Alcyonium 
acaule, Eunicella spp.), and bryozoans. 

Turbidity and the sedimentation rate are the 
main edaphic agents that determine the spatial 
distribution of benthic assemblages (PÉRÈS, 1961; 

RIEDL, 1964; GAMULIN-BRIDA, 1968). Our results 
do not unconditionally support the modelling 
approach to identification and distribution 
of benthic communities by means of neural 
networks and consideration of many variables 
concerning habitats (BAKRAN-PETRICIOLI et al., 
2005). For example, on the northern coast of Goli 
Island (station GR-19), divers noted no trace 
of a large P. oceanica meadow as predicted by 
BAKRAN-PETRICIOLI et al. Further, instead of the 
predicted coralligenous bottom, our bottom grab 
samplings at stations 105/1, 106/1, 106/2, and 
303/3 east of Goli Island revealed a common 
silted sandy deposit mixed with organogenic 
detritus and inhabited by pelophilous species at 
most. 

The classic depth zonation of benthic 
communities was inverse at many sites due to 
the rocky shore, the shallow water sea bed, and 
the insolation of microhabitats. For example, 
many sciaphilous organisms affiliated with the 
precoralligenous facies of the coralligenous 
biocoenosis occurred at depths shallower than 
assemblages of photophilous algae in the upper 
infralittoral zone, i.e., in submerged tidal notches 
(BENAC et al., 2004). Thus, an overall mixture of 
photophilous and sciaphilous organisms was 
quite common, especially in algae taxa. A similar 
dependence of benthic communities on solar 
radiation occurs in the western Mediterranean 
(MARINOPOULOS, 1989).

The spatially mixed soft bottom communities 
were evidenced at some sites by the presence of 
species characteristic to the coastal terrigenous 
ooze biocoenosis (Fig. 4) as well as the bathyal 
silt biocoenosis. Such a mixing of species was 
well noted in the Mediterranean (CARPINE, 1970; 

VAMVAKAS, 1970). The most important factors 
for the distribution of larvae are the relatively 

great depth (80-100 m) and steady current. 
Species assemble in a dynamic equilibrium 
of communities. This mixed community (not 
transitional; ZAVODNIK, 1979b), described as 
“the biocoenosis Nephrops norvegicus-Thenea 
muricata” (GAMULIN-BRIDA, 1965) or “the 
biocoenosis of muddy bottoms of the open 
central Adriatic and of the insular zone of the 
northern Adriatic” (GAMULIN-BRIDA, 1967), is a 
typical habitat and fishing ground of the Norway 
lobster (Nephrops norvegicus; KARLOVAC, 1953; 

JUKIĆ, 1974; ŽUPANOVIĆ & JARDAS, 1989).

A mixture of algae associations and 
gorgonian colonies at 20-36 m was recorded 140 
years ago in the Kvarner area (LORENZ, 1863:321). 
The author sampled biological material with a 
common fisheries dredge before scientific diving 
techniques were developed (RIEDL, 1966). The 
interspersed character of the algal coenoses was 
a secondary effect of strong hydrodynamics, sea 
temperatures lowered by submarine springs, and 
upwellings generated by storm winds (LOVRIĆ 

et al., 1998). These conditions were reflected in 
the spatial distribution of neritic and oceanic 
seaweed taxa and phytocoenoses (LOVRIĆ & 

LOVRIĆ, 1985; SEKULIĆ & LOVRIĆ, 1987; LOVRIĆ 

et al., 1989; LOVRIĆ & SEKULIĆ, 1991). The Senj 
Archipelago is a special ecological unit (RAC & 

LOVRIĆ, 1998) where destructive waves limit the 
upper border of seagrass meadows (LOVRIĆ et al., 
1998). A similar phenomenon has not yet been 
documented in the zoological realm although 
our results and reports by FIELD (1922) and 
HOSOMI (1977) indicate that heavy storms have 
harmful effects on shore mussel (Mytilus edulis 
and M. galloprovincialis) assemblages.

The coralligenous biocoenosis was poorly 
studied in the past because of technically 
limited diving equipment (NIKOLIĆ, 1958). While 
precoralligenous populations in tidal notches 
below subvertical overheads were surveyed by 
skin diving, the typical (i.e., climax) stage 
of the coralligenous biocoenosis that occurs 
along steep bedrock slopes and deep underwater 
walls could not be studied in detail until a 
modern scientific scuba diving method was 
developed half a century ago (RIEDL, 1954, 1963, 

1966). Scuba research has been promoted by 
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taxonomic interest in the Senj Archipelago and 
Prvić Island (ZIBROWIUS & GRIESHABER, 1977; 

LOGAN, 1979; SVOBODA, 1979). Photographs of 
marine organisms taken at Prvić and Sv. Grgur 
Islands have been published elsewhere (RIEDL, 

1966; SVOBODA, 1979; ZAVODNIK & ŠIMUNOVIĆ, 

1997).

Our scuba diving method, bottom trammel net 
catches, and preliminary bottom grab samplings 
indicate that the benthic marine fauna in the Senj 
Archipelago largely conforms with the fauna 
at other northern Adriatic sites (VATOVA, 1928; 

MATJAŠIČ & ŠTIRN, 1975; ZAVODNIK & KOVAČIĆ, 

2000). Only one species endemic to the Adriatic 
fauna (Polycitor adriaticus) and a few species 
rarely noted in the north Adriatic (Pilumnus 
vilosissimus, Echinocardium mortenseni, 
Raja montagui, Acantholabrus palloni) were 
recorded during the present research. As far 
as we know, the sponges Spongia agaricina 
and Spongia virgultosa were not previously 
recorded in this part of the Adriatic. In addition 
to our taxonomic list, M. LEGAC (pers. comm.) 
collected the gastropode Cyclope neritea at 
station GR-03 and recorded Loligo vulgaris 
specimens in the area of GR-32. At the same 
site, I. LEGAC photographed clusters of Loligo 
eggs and Scyliorhinus egg capsules attached to a 
large Axinella polypoides sponge (ZAVODNIK & 

ŠIMUNOVIĆ, 1997:19).
 Thanatocoenoses in deposit samples 

collected by bottom grab were not analyzed in 
detail. The great amount of subfossil Turritella 
communis shells (Table 4) could have indicated 
an overall mortality caused by predation, oxygen 
deficiency, or disease. However, predation can 
be eliminated since the shells were intact and 
had no injuries or perforations and, for reasons 
discussed above, the cause could not have 
been oxygen depletion in the near-bottom layer 
of the water column. Hence, the mortality 
was probably caused by an unknown disease 
epidemic. A similar mortality was recorded 
about half a century ago among Noah’s ark (Arca 
noae) in the coastal sea of the western Istrian 
peninsula (HRS-BRENKO, 1974, 1980). Nearly all 
the subfossil Turritella shells were empty. A 
few shells were inhabited by cryptic sipuncula 

such as Aspidosiphon muelleri and Onchnesoma 
steenstrupii (Table 3). Aspidosiphon were 
recorded in about 4% of subfossil Turritella 
shells in the Velebit Channel, only 10 nautical 
miles away (MURINA & ZAVODNIK, 1979). The 
maximum inhabitation rates of sipuncula in 
Turritella shells in this area were recorded in the 
Gulf of Kvarner (57%; MURINA & ZAVODNIK, 

1979) and Rijeka Bay (15%; ZAVODNIK, 1998).

The Senj Archipelago is not an important 
venue for commercial and game fishing but 
local fishermen from Baška and Krk Island have 
long caught sprat (Sprattus sprattus) around 
Prvić Island, especially at Sokol and Šilo Capes 
(BASIOLI, 1954). The ancient toponym ‘tunêra’ 
indicates that there was a tunny trap (in Croatian: 
‘tunara’) in the Pećna cove area (station GR-35) 
at Prvić Island (LOVRIĆ, 1970), although neither 
FABER (1883), LORINI (1903), nor BASIOLI (1962, 

1984) reported on any fishing gear of this type at 
Prvić Island. Newly spear fishers sporadically 
appear in the area during the tourist season.

Fish, cephalopod, and crustacean assemblages 
near Prvić, Sv. Grgur, and Goli Islands were not 
qualitatively or quantitatively analyzed until 
recently. Due to the unfavorable sea bottom 
relief and great depths, we were unable to 
perform bottom trammel net catch at sites 
influenced by the destructive effects of the bora 
wind. In catches from calmer sites, the most 
abundant families by biomass (wet weight) were 
Scorpaenidae, Octopodidae, Uranoscopidae, and 
Labridae (Table 12), very similar to the catch 
composition at other mainland coastal areas 
in the Adriatic (JARDAS, 1979, 1986; JARDAS & 

PALLAORO, 1989) but considerably different from 
the composition of bottom trammel net catches 
from offshore islands such as the Palagruža 
island group (JARDAS et al., 1996; POŽAR-DOMAC 

et al., 2000b). Our catch per effort values (CPU) 
are much higher than those established in other 
mainland coastal areas (POŽAR-DOMAC et al., 1998; 

A. PALLAORO & I. JARDAS, unpubl.). Evaluation 
of the number of recorded species and CPU 
values suggest that the Senj Archipelago can 
be considered a relatively preserved fishing 
area. The main agent preventing intense fishing 
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exploitation is the strong bora wind that blows 
an average 200 days per year (LOVRIĆ, 1971c).

Visual counts of fish by divers in the 
Adriatic are rare (KOVAČIĆ, 2002a). Despite 
the lack of exact quantitative data, results of 
the present research can be compared with 
reports on fish diversity in other areas. Species 
richness in the present research was slightly 
higher or similar to other visual counts in 
the north Adriatic (CASTELLARIN et al., 2001; 

KOVAČIĆ, 2002a; LIPEJ et al., 2003) due to the high 
number of Blenniid and Gobiid species. Species 
richness of coastal fish assemblages in the Senj 
Archipelago was superior to visual counts in 
other parts of the Adriatic (KOVAČIĆ, 2002a). 
The high energy factor most influences spatial 
distribution of benthic communities, especially 
assemblages of large seaweeds and seagrass 
meadows. Consequently, the occurrence and 
abundance of many fish species and their 
assemblages depend indirectly upon exposure 
of the habitat. Although the Senj Archipelago 
area, from qualitative and quantitative points 
of view, seems richer in fish than many other 
mainland and interior island areas of the eastern 
Adriatic, it has endured changes similar to 
those in neighboring areas (MOROVIĆ, 1965, 1971; 

JARDAS & PALLAORO, 1990; CETINIĆ & PALLAORO, 

1993; JARDAS et al., 1998; POŽAR-DOMAC et al., 
1998, 2000b; PALLAORO & JARDAS, unpubl.). The 
growing coastal exploitation, expressed by the 
decline of CPU, is the main cause of changes 
in assemblages of fish and edible invertebrates 
and the decrease in number, body length, and 
weight of many important and valued fish, 
cephalopods, and crustaceans.

Threats and conservation

The United Nations Mediterranean Action 
Plan (MAP) established a list of communities, 
associations and their facies, species, and areas 
to be included in national lists of areas to be 
protected (UNEP, 1999). Six benthic biocoenoses, 
comprising seven facies and associations and 15 
species of marine flora and fauna, were listed 
in the coastal sea around Prvić, Sv. Grgur, and 
Goli Islands. Previous experience in the Medi-

terranean (BELLAN-SANTINI et al., 1994; GALIL et 
al., 1995; GALGANI et al., 1996) shows that the most 
vulnerable assemblages are Posidonia oceanica 
beds because of environmental disturbance. 
Typical (i.e., climax) facies of the coralligenous 
biocoenosis and the biocoenosis of semi-dark 
caves are, in general, menaced by divers. Aes-
thetically, small beaches in the Samotvorac cape 
area (Prvić Island, station GR-22) are subject to 
the largest amount of anthropogenic litter, plas-
tic and tar lumps being the largest components, 
indicating offshore origin.

The Krk City Assembly proclaimed Prvić 
Island, its coastal area, and the Grgur Channel 
a botanical and zoological reserve in 1972 
(HRILJAC, 1972). Protected sea and undersea 
areas in Croatia are defined by statutory acts 
such as the Constitution Act of the Republic 
of Croatia, Declaration on Environmental 
Protection, Environmental Protection Act, Act 
on Preservation of Nature, etc. (RADOVIĆ, 1999). 
Special protection of the Senj Archipelago 
islands was suggested by the Spatial Plan 
of Primorsko-Goranska County. However, 
the form and degree of protection of marine 
environments depend on their condition before 
introduction of the protection program (LOVRIĆ, 

1976c). The purpose of protection is to preserve 
highly valued flora and fauna and to restore 
species in risk. To achieve this, it is better to 
maintain a small area under a high degree of 
protection than a large area under a moderate 
protection regime. An effective example of this 
practice in Croatia is the Purara Islet, located 
within the borders of the Kornati National Park 
(BRALIĆ, 1990; GRUBELIĆ, 1997).

Because of menacing human activities such 
as overfishing, diving, damping, and pollution, 
a conservation program must preserve important 
benthic communities in the mediolittoral (i.e., 
tidal zone) to the circalittoral zones. One of the 
basics for establishment of “marine reserves”, 
i.e. preserved areas of coastal seabeds, is the 
preservation of genetic resources and protection 
of endangered organisms including fish. The 
recovery of autochthonous fish assemblages is a 
main goal. Marine organisms at nonpolluted sites 
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are most menaced by too intensive fishing and 
disturbance from maritime traffic, swimmers, 
spear fishers, and divers (BELLAN-SANTINI et al., 
1994). Scuba diving has recently become a mass 
sport and a prosperous industry (VAN TREECK 

& SCHUHMACHER, 1998). Since the islands in 
this study are far from large tourist centers and 
have inaccessible rocky coasts, the impact of 
disturbance on fish assemblages is considerably 
less than the impact of fishing.

The effects of a marine reserve on the 
composition of fish assemblages can be checked 
only by complex scientific research prior to and 
during the years following the establishment of 
the reserve. Such research can prove whether 
the reserve area and protection measures were 
well chosen and consistently implemented. 
Mediterranean reserves (RAMADE & VICENTE, 

1994), as in other parts of the world, were 
established and are maintained because of their 
favorable influence on marine flora and fauna.

Scientific research documenting changes 
in fish assemblages in protected areas is rare 
because the method of visual census was only 
recently developed and such research is very 
demanding. For data to be representative, a 
large amount of basic data is required, i.e., 
many days of research or many professional 
divers. Results of studies within a reserve 
are compared with results from outside areas 
or earlier studies within the reserve. Time is 
required to prepare data for presentation, adding 
to the complexity of multi-year research. Recent 
research produced a large data base at protected 
areas in the Mediterranean such as Park National 
de Port Cros (HARMELIN et al., 1995) and Réserve 
Naturelle de Scandola (FRANCOUR, 1994) in 
France, Parque Natural de Cabo de Gata-Níjar 
in Spain (GARCÍA RASO et al., 1992), and Parco 
Marina di Miramare (DE GIROLAMO et al., 1999) 

and Riserva Marina di Ustica (VACCHI et al., 
1998; LA MESA & VACCHI, 1999) in Italy. Similar 
research has probably been conducted at other 
protected areas in the Mediterranean.

During the procedure of establishing 
protected areas, it is important to consider 
international categories to improve links between 

national and international systems. Bearing the 
above in mind, we renew our insistence that the 
Senj Archipelago be protected in the category 
of special marine reserves (RAMADE & VICENTE, 

1994), i.e., marine parks (POŽAR-DOMAC et al., 
2000a). The park should encompass the maritime 
area including a minimum of 200 m from the 
shores of Prvić, Sv. Gurgur, and Goli Islands 
and the aquatorium between these islands (i.e., 
Grgur Channel). The park could be managed 
similar to the proposal for the Silba Marine Park 
(POŽAR-DOMAC et al., 1998).

While tools and acts of protection refer 
exclusively to human activities, natural events, 
in principle, cannot be controlled by legal 
procedures. Thus, the Senj Archipelago benthos 
may suffer from vigorous hydro-meteorological 
conditions, phytoplankton blooms, and 
destructive alochthonous species. Periodic 
blooms of plankton and benthic microphyta have 
long been known in the northern part of Velebit 
Channel (PUCHER-PETKOVIĆ & MARASOVIĆ, 

1984; DEGOBBIS et al., 1995). Harmful effects of 
deposited mucous aggregates were noted in 
nearby Rijeka Bay (ZAVODNIK, 1977). Divers 
recorded an abundant coverage of mucuous 
aggregations in the thermocline layer at 12 m 
at station GR-24 in June 1995 and at 30 m at 
station GR-41 in September 1997. However, no 
mortality of benthic organisms was recorded and 
no lesions were detected in horny corals such 
as described by BAVESTRELLO & BOERO (1986) 
and MISTRI & CECCHERELLI (1997). Because 
it is a very dynamic marine environment, it 
cannot be anticipated that the Senj shallow 
water benthos might suffer oxygen depletion 
and overall mortality as frequently occurs in 
the shallow northern Adriatic Sea, especially in 
the Gulf of Triest and off the Istrian peninsula 
(PICCINETTI & MANFRIN, 1969; STACHOWITSCH, 

1984, 1991; HRS-BRENKO et al., 1992; ZAVODNIK 

et al., 1994; ŠIMUNOVIĆ et al., 1999; TRAVIZI, 2000; 

JAKLIN, 2002).

A recent unexpected threat to Adriatic 
infralittoral benthos was the green algae, 
Caulerpa taxifolia and C. racemosa, which were 
first recorded in this part of the Mediterranean 
only a few years ago. The nearest C. taxifolia 
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settlements to the Senj Archipelago were located 
at Malinska in Rijeka Bay (28 km away) and 
in the Barbatski Channel at Rab Island (13 
km; ZAVODNIK et al., 1998a,b, 2001; ŽULJEVIĆ et 
al., 1998). Caulerpa racemosa is much more 
invasive and recently became well distributed in 
the middle and southern Adriatic. It has not yet 
been recorded in the Kvarner area (ŽULJEVIĆ et 
al., 2003, 2004). The only north Adriatic settlement 
of this species was at Vrsar, a small town on the 
west Istrian coast (LJ. IVEŠA, pers. comm.). An 
invasion of these algae in the Senj Archipelago 
might be expected in the near future.

CONCLUSIONS

1.The diving method provides enough 
information to establish the state of the 
environment in coastal areas under control. 
Assessment of benthic fish assemblages is 
possible only through studies by divers and 
analyses of trammel bottom set catches.

2.The hard bottom communities of 
infralittoral seaweeds and coralligenous 
biocoenosis are the most characteristic in the 
studied coastal benthos ecosystem.

3.The extreme hydrodynamic regime in 
the Senj Archipelago contributes to a spatial 
mixture of coastal and shallow water populations 
characteristic of peculiar benthic communities.

4.Deep muddy deposits are occupied by the 
biocoenosis of coastal terrigenous ooze enriched 
by many species of the bathyal distribution. The 
community is most affiliated to the facies of 
Turritella which is distinctive in the northern 
part of the Kvarner insular region.

5.The Senj Archipelago is a domain of 
several marine species and benthic communities 
which, according to MAP, are protected in the 
Mediterranean. Special attention should be paid 
to eelgrass Posidonia oceanica assemblages 
and the biocoenosis of semi-dark caves.

6.The area is a well-preserved fishing area, 
i.e., not yet menaced by overfishing.

7.Due to its biodiversity, the Senj Archipelago 
is an appropriate area for protection within the 
category of marine (park) reserves.
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Prikaz bentosa Senjske otočne skupine (sjeverni Jadran, Hrvatska)

Dušan ZAVODNIK1, Armin PALLAORO2*, Andrej JAKLIN1,
Marcelo KOVAČIĆ3 i Milvana ARKO-PIJEVAC3

1Institut ‘’Ruđer Bošković’’, Centar za istraživanje mora, G. Paliaga 5, 52210 Rovinj, 
Hrvatska

2Institut za oceanografiju i ribarstvo, P.P. 500, 21000 Split, Hrvatska

3Prirodoslovni muzej Rijeka, Lorenzov prolaz 1, 51000 Rijeka, Hrvatska
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SAŽETAK

Stjecajem okolnosti podmorje otoka Prvić, Sv. Grgur i Goli do danas je ostalo slabo poznato. Stoga su 
ovdje prikazani značajniji rezultati naših povremenih istraživanja makroflore i faune i životnih zajednica 
morskog dna. Metodom jednokratnog autonomnog ronjenja bentos je snimljen na 26 obalnih postaja te je 
na 14 od njih izvršena i vizualna procjena ihtiofaune. Radi utvrđivanja sastava i stanja ribljih naselja na 15 
postaja koristile su se mreže poponice. Na sedimentnom dnu u većim dubinama na 27 postaja uzorkovalo se 
grabilom.

Ukupno je zabilježeno 56 vrsta makroalga, dvije morske cvjetnice, 218 vrsta beskralješnjaka i 96 vrsta riba. 
U podmorju istraživanog područja na tvrdom dnu su najznačajnije zajednice infralitoralnih alga i koraligena, 
dok su za duboko muljevito dno značajni elementi biocenoze obalnog terigenog mulja i zajednica batijalnih 
muljeva. Zbog specifičnih hidrodinamskih uvjeta u svim razinama dolazi do lokalnog miješanja naselja 
vrsta karakterističnih za pojedine zajednice. Pokazalo se da je metoda autonomnog ronjenja vrlo pogodna za 
brzu identifikaciju i procjenu stanja priobalnog makrobentosa, dok se riblja naselja mogu zadovoljavajuće 
procijeniti samo usporednim rezultatima ronjenja i analiza lovina iz ribarskih alata. 

Iako su rezultati naših istraživanja vjeran odraz primijenjenih metoda rada, nema sumnje da su životne 
zajednice morskog dna kao i riblja naselja u ovom području vrlo raznolika i primjerno očuvana. Stoga 
podržavamo prijedlog trajne zakonske zaštite podmorja istraživane otočne skupine u kategoriji morskog 
parka.

Ključne riječi: bentos, ekologija, fauna, flora, Jadransko more
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submitted in ASCII code. The text should by typed double spaced on one side of the paper only.

Manuscripts should, in general be organized in the following manner:
 Title, Author(s) name(s) (with/indicate e-mail address),  Affiliation(s) - in italics, Abstract, 

Key words, Introduction,  Material and methods,  Results, Discussion (or Results and Discussion), 
Conclusions, Acknowledgements, References, Tables, Figure captions.

Croatian scientists should provide a summary in Croatian containing the complete title, name(s) of 
author(s) and affiliation(s). The titles of chapters (Introduction, ect.) should be typed in block capitals. 
Titles and subtitles should be typed on a separate line  and not interfere. For the text please use Times 
New Roman with font size 11, for names in capitals, size 9. Names of autors in species quotations please 
write in lowercase. 

 Measurements should be given in  International System of Units (SI). 
Key words should be identified by using ASFA theasaurus aviable online at:  
www. fao.org/fi/asfa/asfa.asp
 Vouchers of the material used in biological papers should be clearly quoted.

References
  Text citations are given as SMITH (1974) or (SMITH, 1974). If reference is made in the text  written 

by more than two authors,  the first author should be followed by et al. (SMITH et al., 1974).  In the list 
of references  all authors must be mentioned. Surnames of authors are written with a comma and initial: 
SMITH, D. The initials of any  additional co-authors, excluding the first, precede the surname:  SMITH, D. 
& A. ROBERTS;  SMITH, D., A. ROBERTS & R. BLACK.

 The list of references should be arranged alphabetically  by authors names and chronologically per 
author. If an author on the list is also mentioned with co-authors, the following order shouled be used: 
publications of a single author arranged  chronologically,  followed by publications of the same author 
with more than one co-author. Publications by the same author(s) in the same year should be listed as 
1974a, b, c etc., both in the text citations and in the list of references.

 Journal abbreviations should be in accordance with the World List of Scientific Periodicals.
 References should be arranged in the following manner:

Periodicals:
 WALNE, P.R. 1964. Observation on the fertility of the oyster (Ostrea edulis). J. Mar. Biol. Assoc.   

 U.K., 44: 293-310.
 FALCONER, D.S. & M. LATYSZEWSKI. 1965. The environment in relation to selection for size 

 in mice. J. Genet., 51: 67-80.
 AULSTAND, D., T. GJEDREN & B. SKJERVOLD. 1972. Genetic and environmental sources of variations 

in 
 length of rainbow (Salmo gairdneri). J. Fish. Board Can., 29: 237-241.
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Books:
 BOOLOOTIAN, R.A. 1966. Physiology of Echinodermata. Interscience Publisher. New  York, N.Y.,   

 882 pp.
 ALEXANDER, G., J.P. SIGNORE & E.S.E. HAFEZ. 1974. Behavioural aspects of reproduction. In: E.S.E. 

 Hafez (Editor). Reproduction in Farm Animals. Lea and Febiger, Philadelphia. Pa., pp. 222-254.
Edited symposia:
 O’CONNOR, C. 1975. Reproductive periodicities and population dynamics of some New South 

 Wales sea urchins with a view to open sea culture. In: G. Persoone and E. Jaspers (Editors). 
 10th European Symposium on Marine Biology, Ostend, Belgium, 17-23 September, Vol. 1.   
 Universal press, Wetteren, Belgium, pp. 285-301.

Quoting only  one page: 
 SINOVČIĆ, G. 1995. First data on some aspects of biology and population dynamics of Atlantic 

 mackerel, Scomber scombrus L. in the Adriatic. Rapp. Comm. int. Mer Médit., 34: p. 258.

Theses:
 DABROWSKI, K. 1976. Studies on the utilisation of non-protein compounds in common carp 

 nutrition. Thesis, University of Olsztyn, 96 pp.

If referred text is mimeographed, the note (mimeo) should be added at the end of the reference.

The papers which are not written in English, should be referred in original language with translated 
title in English (in brackets):  

 GAMULIN-BRIDA, H. & A. POŽAR-DOMAC. 1974a. Bentoske biocenoze Jadranskog mora kao novi   
 izvori hrane i raznih sirovina s posebnim obzirom na spužve i koralje (Benthic biocoenoses   
of the Adriatic as new sources of food and various raw materials,  with special consideration 
 for sponges and corals). Acta Adriat., 16(4): 71-95.

The titles translated in English should indicate the original language in brackets:
 TOĞULGA, M. 1977. The studies on population dynamics of red mullet (Mullus barbatus, 
  Lin. 1758) in Izmir Bay (in Turkish). Ege University, Journal of Faculty of Science, 
  Series B, C.I., S. 2:175-194.

Tables
 Tables should be written on separate sheets and numbered  consecutively with all remaining pages. 

Tables are numbered using Arabic numerals. Avoid vertical lines. Avoid unnecessary bolded text. For 
the legends use Times New Roman font size 9 (italics).

Illustrations
 Graphs, maps and other illustrations should be of such a size as to allow a reduction by a factor of 4. 
 Figures captions should be typed in italics on a separate sheet of the manuscript. They should be 

referred to in the text: 

- They showed no differences in survival (Fig. 1).
- The corresponding values of the test solutions are shown in Fig. 1.

 Photographs with high quality resolution (300 dpi) are also acceptable. Preferable size of photos is 
15x10cm. Originals of illustrations and photographs are required.

Latin names
 Latin names of genera and species should be printed in italics.

Proofs
Proofs will be sent to author (first named author if no corresponding author is identified of multi-

authored papers) and should be returned within 48 hours of receipt. Corrections should be restricted to 
typsetting erors.

Reprints
 Authors receive 40 reprints free of charge (to be shared when there are two or more authors).


