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OCCURRENCE OF LARVAE OF SCYLLARUS ARCTUS (CRUSTACEA,
DECAPODA, SCYLLARIDAE) iIN THE EASTERN MEDITERRANEAN -
PRELIMINARY RESULTS

Ulrich FIEDLER
Abt. Meereszoalogie, Institut {ir Meereskunde, Diisternbrooker Weg 20, [3-24105 Kiel, Germany

Ehud SPANIER
The Leon Recanati Center for Maritime Studies and Department for Maritime civilizations, University of Haifa, Mount Carmel,
Haifa 31905, lsrael

ABSTRACT

Phyllosoma larvae of the broad lobster Scyllarus arctus (Crustacea: Decapoda: Scyllaridae) were sampled by
plankion neis in the Eastern Mediterranean. A scheme for distinguishing between farval stages is suggested. It
describes the characteristic features of phyliosoma stages 3 to 12. Phyllosomes of the studied species were found
almost all year round and nearly all stages were represented in the samples. Findings of early stage larvae may
indicate a spawning season mainly from February to April and from july to September. Most larvae were caught at
considerable distances offshore, Larvae were sampled mastly in four long-term persistent or recurrent eddies. Data
from physical studies imply an increased probability that phyllosomes can be trapped in eddies for a relatively long
period of time while drifting away from the coast. The possible ecological significance of this finding is discussed.

Key words: Zooplankton, Phyllosoma farvae, Crustacea, Decapoda, Scyllaridae, Scyflarus

INTRODUCTION

I comparison with the wealth of information avail-
able on the biology and ecology of lfarval stages of
clawed lobsters, Nephropidae fe.g., Cobb and Wahle,
1994; Factor, 1995) and of spiny lobsters, Palinuridae
(e.g., Kittaka, 1994), the knowledge of the larval stages
of slipper lobsters, Scyllaridae, is scanty, especially on
the Mediterranean species. In the Fastern Mediterranean
this family is represented by two genera, Scylfarides and
Scyllarus (Holthuis, 19971). Only one species af the first
genus, S. fatus, (Latreille, 1803}, and two of the [atter, S.
. arctus (Linne, 1758) and §. pygmaeus (Bate, 1888), are
- reported from this area (Seridji, 1989). The complete
farval development of none of these species is known.
- Within the genus Seyllarus, phyllosoma larvae spend up
“to four months drifting in the ocean (Phillips & Mc
- Wiltiam, 1989). How is larval dispersal controlled in the
" open sea in view of various physical "obstacles” such as

eddies, ar do they use these circling currents as a
*development-foop" until metamorphosis?

in the Eastern Mediterranean, mesoscale eddies are
recognized as potentially important oceanographic fea-
tures (Robinson et al, 1987, 1991). in this area, four
long-term persistent or recurrent eddies have been in-
vestigated: a cyclonic, cold-care eddy south of Crete,
two anti-cyclonic eddies at the Herodotus basin (Mersa
Matruh and one eddy just north of #) and the anti-cy-
clonic Shikmona eddy south of Cyprus (Brenner, 1993).
The diameter of the last eddy is approximately 150 km.
Krom et af. {1991} found the waters in the core of the
Shikmona eddy near Cyprus 10 be sealed off the sur-
rounding waters. This is apparently true also for the
Mersa Matruh and the eddy off Crete (Hecht, personal
communications).

Stephensen (1923) found numerous phyllosoma lar-
vae of the broad lobster S. arctus in plankion samples of
the Thor expedition {1908-1910) in the Mediterranean.
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He was able to distinguish the different larval stages
starting with phyllosoma stage 1 that bad been previ-
ously described by Dehrn (1870) based on larvae
hatched from eggs of 5. arctus in the laboratory.

The identification of larvae for the present study was
based on Stephensen (1923). Qur findings suggest sev-
eral additions and corrections of his staging system,
which are briefly stated in the identification scheme
below,

Larvae of only two species of Scylfarus have been
successfully reared in the laboratory (Robertson, 1968:
Seyflarus americanus; Wto & Lecas, 1990: Scyflarus
demani). Their descriptions of larval stages were used to
confirm our staging system. As long as there are not
enough results from laboratory rearing experiments, a
key based on defining stages from field material may be
a useful tool, despite its limitations, Thus, identification
of larvae enables the attempt done in the present study
relating their spatial and temporal distribution to their
physical environment.

MATERIALS AND METHODS

The larvae used in this study were collected during
cruises conducted by the lIsrael Qceanographic and

Limnological Research {IOLR), Haifa, as part of the in-
ternational POEM (Physical Oceanography of the Fast-
ern Mediterranean) Program and the JOLR-Eddy-Pro-
gram, From the summer of 1988 unti] the spring of 1999
several cruises were made with the R/V Shikmona it in
the Eastern Mediterranean. A total of (50) stations, lo-
cated in two arrays, were sampled in the Eastern Medi-
terranean. The locations of the sarepling stations are
given in Figure 1.

During these cruises, oblique plankton hauls were
tzken using a General Oceanics plankton net (60 cm in
diameter, 500 pm mesh size) and a mesopelagic net (1 m?
squared mouth, 1000 ym mesh size), both equipped with
a 25 kg depressor and a General Oceanics digital flow
meter. A neuston net (50 x 20 ¢m half submerged mouth,
500 pm mesh size) was also used. During the POEM-
cruises 1988 - summer 1989 only the General Qceanics
net was employed and from fall 1989 - spring 1990 only
the mesopelagic net was used. The General Oceanics net
and the neuston net were used alternating during the
IOLR-eddy-program  cruises.  Samples were  taken
randomly at all times. Approximately 400 m* of seawater
were filtered per haul (General Oceanics and
mesapelagic netl. The neuston net was towed for 15
minutes with a speed 2 kn, resulting 0.5 nm towing range.

are -
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25° a0e 35°
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Fig. 1: Sampling stations of the present study. Dots: POEM cruises, triangles: 10LR eddy cruises.

Sl 1: Vzorcevalne postaje. Pike: krizarjenja v organizacifi POEM (Physical Oceanography of the Eastern Mediter-
ranean). Trikotniki: krizarjenfa v organizacifi IOLR (Israel Oceanography and Limnological Research) za
preucevanfe morskih vrtincev.
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Tab. 1: Identification scheme for phyllosoma stages of Scyllarus arctus.

Tab. 1: identifikacijska shema stadijev fitlosom raka Scyllarus arctus.

List of abbreviations: Abd-Abdomen; biram biramous; Cs-Cephalic shield; t-length; Mx-Maxilla; Mxp-Maxilliped;
Per-Pereiopod (Per 1-4: numbers of natatory setae on the exopodite); Pleop-Pleapad; pres.-present; ¥-total; Th-
Thorax; Urop-Uropods; W-width.
Dimensions are given in mm.

tern was modified. A brief identification table for the
phyllosoma stages of S. arctus was developed (Table 1),
This scheme uses morphological and morphometrical
features; vyet, mainly morphelogical characters were
used for the final definition of stages. The most charac-
teristic features are emphasized in the text of Table 1 by
bold letters. Due to the relatively smal! number of
specimens, no means or medians are given. This
scheme is based only on material of the present study.
Some phyllosoma stages are, therefore, not included,

RESULTS AND DISCUSSION

A total of 32 phyliosorma-larvae were found in these
samples, 24 of which were identified as S. arctus larvae.
Two of the remaining phylicsoma are most probably
Scyllarides latus larvae (stage 1), since they resemble
closely the known first stage {arvae of this species. Six
‘phyllosoma could not be identified until now. A brief
scheme for the identification of phyllosoma stages of S.
arctus is presented in Table 1,

Stage 3 4 5 6 17| 8 9 10 11 12
Stephernisens systemn il v V \ Vi Vi Vil VIH X
No exam. Z 4 1 3 5 3 3 1 2
T-L 3.3-34 | 4349 6.1 7.03-7.9 10.1-12.3|12.8-13.7} 15517 19 21.6-24.4
Cs-L 2223 ] 29-3.2 4.3 4.9-5.5 7.0-8.3 8.7-9.2 116.2-11.9 12.1 12.7-14.5
Cs-W 2325 3.2-36 4.7 5.6-6.3 8.5-104 110.7-11.2112.3-13 9 15.0 16.1-18.0
Th-wW 1.2 1.5-1.8 2.2 2.5-2.7 3.3-41 4.5-4.8 5258 6.7 6.8-7.6
Cs-W/Th-w 20-2.1 2.1-2.2 2.1 2.2-2.3 2.3-2.6 2.3-2.5 2.3-2.5 2.4 2.4
Abd-L 0.3 0.4 0.5 0.6-0.7 1.0-1.5 1.5-1.9 2.0-2.6 3.25 5.0-5.7
Abd-W 0.2-03 | 0.3-0.4 {}.6 0.7-0.9 1.3-1.9 2.0-3.0 2.9-3.2 3.8 5.G-5.6
Mxp1 0 2] <Mx2 <Mx2 =Mx2 =Mx2 =Mx2 =Mx2 biram
Pert 10 12-13 14 15-16 19-22 21-22 23 24 25-27°
Per2 10 12-13 14 15-16 2Q-22 22-23 23 24 25-27
Per3 5-7 8-11 31 13 17-19 19-22 21 22 24-25
Ferd 2 4-7 4 9-11 15-16 17 19 20 21-23
Per5-l, 0.03 0.03-0.2 0.3 0.2-0.3 0.4-G.7 .6 1.2-1.4 1.8 3.5-4.1
Gills 2} 5] o] 0 ¢ ¢} 0 Q pres.
Pleop o o pres. pres. bilobed | bitobed | bilobed,
elongated
irop [ o 0 hilobed | bilobed | bilobed | bilobed | bilobed
Abd. concav | concav | concav slightly | straight | straight | slightly | convex
cancav convex
Samples were preserved in 4% buffered formalde- Sizes and morphological features of sampled phylio-
hyde/seawater. Specimens were examined and meas- soma agree well with Stephensen’s (1923) description.
. wured in natural seawaler. The identification of specimens  We added to his larval description some morphological
- followed Stephensen (1923). In addition his staging svs-

and morphometrical data. A detailed identification key
to the phyllosoma stages of 3. arctus is in preparation.
The main difference  between our scheme and
Stephensen's is the splitting of his stages V and Vi into at
feast two additional stages respectively. The absence or
presence of uropods and the dimensions of cephalic
shield and thorax shield are the key features for separat-
ing our stages 5 and 6. The gap between our stage 6 and
8 let us hypothesize a 7' phyllosoma stage, despite no
specimens being sampled. The drastic increase in the
number of setae per pereiopod between our stages 6
and & and the morphometrical data suggest a presence
of an interrmediate stage. The 8th and 9t stages are
mainly distinguished by morphometrical differences.
Two Scyffarus species have been rearad in the labo-
ratory (Robertson, 1968; ito & Lucas, 1990). Both de-
veloped within a few weeks and passed through 7 to 3
phyllosoma stages. There are only slight differences in
the total iength and development of maxilliped 1 and
natatory setae on pereiopads between S. arctus and S.
americanus stages 3-8 (Robertson, 1968). Uropods,
pleopods and gills appear earlier in 5. americanus lar-
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vae. S. demani (ito & Lucas, 1990) differs in size from S,
arctus, but the development of morphological features is
similar. S. americanus and S. arctus develop natatory
setae on pereiopod 4 in stage 4, while S. demani devel-
ops such setae in stage 5. Last larval stages of 5. ameri-
canus and S. demani are smafler than S. arctus stage 12.
S. kitanoviriosus stage & (Wada et al, 1989) and S.
timidus stage 9 (Ritz, 1977} fall into approximately the
same size range we found in §. arctus, in agreement to
Stephensen's findings. Stephensen's system already
consisted af 9 stages, more than described by Robertson
and Wada et al. (1989). The duration of larval develop-
ment of S. americanus described by Robertson is by far
shorter than the duration of larval life suggested by lar-
val findings for other species. Therefore the number of
instars may vary, whereas the general developmental
features remain constant.

(1994) found significant differences in larval catches of
stage { larvae between 142 ym and 500 ym mesh size.
Since we did not use any net with less than 500 pm
mesh size, the lack of stage | and U larval catches may
be explained.

Basing on plankton material from the Mediterranean
Sea, Stephensen (1923) suggested that the main spawn-
ing season was in summer. Zariquiey Alvarez (1968)
found ovigerous females in the Western Mediterranean
from February to April and from July to September. Our
sampling of phyflosomes within the early stages con-
firms the results of Zariquiey Alvarez, with the exception
of one stage 3 phyllosoma found in November, it may

Tab. 2: Times and stages of sampled phyllosoma farvae,
Tab. 2: Meseci in stadiji vzoréenih filosom,

Phyllosoma larvae of S, arctus were found in alf sea-  [Month/Stages | 3 14 [ 516 |7 |88 it0[11]42
sons except winter {Tah. 2). Nearly all phyllosoma | March 31181 212121111
stages are represented in the samples. Larval stages in | May 1 311
March ranged from stage 4 up to the last larval stage. | August i
Younger stages were found in spring, and fall; latest | September 11 1
stages in spring and summer. Most farvae were found in November 3 ]

March (54.2%) and May {20.8%). Rothlisherg et al.
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Fig. 2: Sampling locations of phyllosoma larvae of Scyllarus arctus of the present study and schematic general
circulation of the Fastern Mediterranean (from Robinsen et al, 71991}, Roman numbers: phyllosomes’s stage;

names of gyres according to Robinson et al. (1991).

Si. 2: Vzorcevalne lakacije filosom raka Scylfarus arctus in shematsko splo$no kroZenje vzhodnega Sredozemskega

morja (po Robinsonu et al., 1991). Rimske stevilke: stadiji

filosom; imena spiral po Robinsonu et al. (1991).
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indicate a different spawning pattern in the Eastern
Mediterranean. Similarly, Spanier et al. (1988) found
that the spawning season of Scyflarides fatus in the
southeastern Mediterranean is different, to a certain ex-
tent, from the spawning season observed for the same
species by Martins {1985) in the Azores, because of
faster increase of water temperature in the spring in the
southeastern Mediterranean.

Adults of S. arctus are known from all parts of the
Mediterranean Sea {(Holthuis, 1991; Holthuis & Gottlieb,
1958; Stephensen, 1923}, They live in relatively shallow
waters preferring muddy botiorn (Pippitone, personal
communications). While aduits are reported from Israeli
and Egyptian coasts (Holthuis & CGottlieb, 1958), no
phyllosoma were found close to these coasts (Fig. 2).
Most farvae were caught far away with two found as far
as about 260 km off the coast.

Larvae (Fig. 2) were sampled mostly in the eddy
south of Crete (cold-core eddy), Mersa Matruh and its
northern neighbor gyre (south-east of Crete} and Shik-
mena eddy (south of Cyprus). Only two phylosoma
were found away from any eddy structure south of
Crete. However, since most cruises were aimed for
measurements of physical and chemical characteristics
of eddies, the sampling pattern of larvae may be imbal-
anced. It is therefore suggested to extend the sampling
range of the present preliminary study also to areas
away from eddies.

Drifter experiments south of Crete showed that buoys
that had been trapped for days or weeks in eddies
moved for unknown reasons to the eddy boundaries, left
the eddies, but became trapped once more, by neigh-
haring eddies (A. Hecht, personal cormmunications). The
planktonic ife of phyllosomes lasts several months. This
tmplies an increased probability that they will be
trapped in eddies while they drift away from the coast.
Obviousty there is a rade off* between the advantage of
reaching uninhabited coasts and the risk of being lost at
sea. The amount of time larvae actually spend in a

-~

certain eddy has not been calcdlated and it is not known
where they emerge. Yet, this explains the high dispersal
of larvae. Long planktonic larval-life and high dispersal
often correlate with a broad niche breadth in the aduits.
High larval dispersal reduces intraspecific competition
that is of particular importance in environments with
highly limited rescurces. The data of the present
preliminary study is based on a relatively small number
of phyllosomes. There is a clear need to expand the
sample size, spatial and temporal scope of the coverage
in future studies to verily the trends suggested here.
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Fig. 3: Phyflosoma larva of the broad lebster Scyllarus
arctus {(Photo: E. Spanier).

S1. 3: Larva tilasoma raka vrste Scylfarus arctus (Foto: E.
Spanier).
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POVZETEK

Aviorja sta s planktonsko mrezo lovila in vzorcevala filosome raka nagajivca Scyllarus arctus (Crustacea:
Decapaoda: Seyllaridae} v vzhodnem Sredozemlju. Na osnovi vzorcenfa sta pripravila shemo za locevanje med
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razvoinimi stadiji larv, z opisi znacilnosti stadifev filosom od 3-12. Filosorne preucevane vrste so bile najdene med
skoraj vsakim vzorcenjem v teku leta in v vzorcih so bili zastopani skaraj vsi stadiji. Dobljeni zgodnji razvojni stadifi
larv kazejo na lo, da drstitveno obdobje poteka predvsem med februarjemn in aprilom ter med julifern in
septembrom. Vecina larv je bila ujeta dalec od obrezia. Larve so bile vzoréene v stirih obmocjih s stalnimi ali
ponavijajocimi se cirkulirajocimi vrtinci, Podatki teh raziskav kaZejo na verfetnost, da se filosome lahko ujamejo v
vetince za razmeroma dolgo obdobje, ko [il nosi proc od obrezja. Aviarje razglabliata o mozZnem ekoloskem

pomenu teh odkritif,

Kljucne besede: zooplankton, filosome, raki, deseteronozci, madvedjt raki, Scvifarus arctus, razsirjenost, vzhodno
Sredozemlije
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ABSTRACT

Several poisonous (toxic) and venomous species are known to live or sporadically occur in the northern part of
the Adriatic Sea. Despite the fact that they generally do nat represent a major health hazard, they certainly deserve
our attention and knowledge about their biolagy, ecology and harmful substances they possess. The majority of toxic
organisms that could be found in the northern Adiiatic belong to a large group of single cell planktonic algae
(Dinophytal. A vast number of toxic species are members of spanges (Porifera). Under certain circumstances seme
fish from the Scombridae family could also become toxic due to the improper storage and subsequent massive re-
fease of histamine in their bodies. Massive blooms of toxic dinaffagellates represent a major threat to human health
due to the accumulation of their toxins in edible shellfish species like mussels Mytilus galloprovincialis). Venomous
animals (those who inject their toxins directly into the body of their victim) could be found in different groups of
marine animals, most notably among coelenterates and fishes.

Key waords: venomous organisms, poisonous organisims, human health, Northern Adriatic

INTRODUCTION

Marine organisms are a vast source of toxic com-
pounds with a broad spectrum of hiological activities.
Many are harmful to man, but only few of them can in-
flict serious enough envenomation/intoxication that
could lead to the death of the inflicted person. In this
- regard, members of the dinoflagellates, cnidarians, mal-
luscs and fishes deserve our special consideration. It is
known that certain spacies of dinoflagellates and some
diatoms cause serious, sometimes massive intoxication
due to the ingestion of otherwise edible shellfish. In their
tissues they accumulate harmful biotoxins that are pro-
duced during massive algal blooms and therefore be-
come poisonous. Diarrheic (DSP), paralytic (PSP} and
- neurotoxic (NSP) intoxication are produced by different
- dinoflagellate species, while amnesic {ASP} symptoms
. are caused by diatom biotoxins. Ciguatera is another
© well-known  disease with rather bizarre neurological
- osymptoms. It occurs in tropics and subtropics and is

- caused by ingestion of poisonous predatory fish. These
- fish accumulate biotoxins through the food web. The
o source of biotoxins is the toxic benthic dinoflagellate

- Gambierodiscus toxicys. Sometimes it causes massive

intoxication that is seldom fatal but could last for ex-
tended period of time {up to several months). Certain
tissues of the notorious fugu fish (Tetraodontidae, puffer
fish), which are considered a delicacy in Japan, are a
prime source of tetrodatoxin, although this toxin could
be also found in some other marine and even terrestrial
organisms. The exact origin of the toxin is not known,
although the growing evidence shows that certain bacte-
ria are the source of the toxin. Tetrodotoxin blocks so-
dium channels in nerves and causes fatal respiratory
paralysis. Venomous marine animals can inflict moder-
ate to serious envenomation. Some of their toxins are
pawerful enough to kill an aduit within a couple of min-
utes. Most venomous marine animals belong to cnidari-
ans, molluscs, fishes and sea snakes. in this paper we will
focus on the toxic and venomous organisms that inhabit
the Northern Adriatic Sea.

TOXIC ALGAE AND THEIR BLOOMS

The Adriatic has been for a long time considered
relatively safe in terms of toxic marine plankton blooms.
However, the increased eutrophication in the Northern
Adriatic basin during the last two decades resulted in
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occurrence of several toxic dinoflagellate species and
their blooms which affected mariculture production
{Boni et al., 1990; Malej et al., 1997; Sedmak & Obal,
1998). The mariculiures were periodically closed and
shellfish sale was temporally banned by the public health
authorities due to the serious threat to the human health.
The unicellufar algae implicated in the production of
diarrhetic shellfish poison {(DSP) mainly belong to the
genus Dinophysis {(Sedmak & Fanuko, 1991). The first
documented occurrence of a massive toxic bloom in the
Slovenian pant of the Adriatic was in Qctober 1984, A
massive occurrence of potentially harmful Gymnodinium
and Alexandrium species was detected and several
gastrointestinal intoxication reported (Fanuko etaf,, 1989;
Mozeti¢ et al.,, 1997). From there on toxic blooms occur-
red almost on a regular hasis. Due {o the detection of
biotoxins in mussel’s tissue and identification of harmful
toxic atgae in the Slovenian part of the Adriatic in the last
decade, maricultures were not temporary closed only in
1991 and 1992, [n all cases toxic bleoms occurred in
mid or late summer or early autumn, except in 1993
when maricultures were closed from mid October to the
end of November and in 1989 when production and sale
of mussels were banned for almost half a year, from late
September 1o the beginning of March 1990 (Sedmak &
Obal, 1998). In 1996, two human intoxication by DSP
were reposted in Slovenia, while many others probably
passed unnoticed because of the similarity of DSP
symptoms to other gastrointestinal infections (Malej et al.,
1994). The shelifish species that accumulate the largest
amounts of toxins are edible mussels (Mylifus gallopro-
vincialis). These mussels are afso the main mussels grown
in maricultures. Other shellfish that appear on the fish-
markets and are commonly eaten are Pilgrim's scallops
(Pecten jacobeus), aystess (Ostrea edulis), warty venus
shells (Venus verrucosa), and checkerboards (Venerupis
decussata). These could also be affected by harmiul
toxins, but generally accumulate less toxins and are fess
often available on the fishmarkets for larger consumption.

Toxins implicated in DSP intoxication are acidic
okadaic acid {a strong tumor promoter and protein
phosphatase inhibitor), dinophysis toxin-1, -2 and -3
{DTX-1, DTX-2, DTX-3) and several pelyether lactons
named pectenotoxins {FTX). Another ciass of polyether
toxins - vessotoxins (YTX) - were also found in the
Adriatic mussels from the Emiglia-Romagna coast
{Ciminiello et al., 1997). Ingestion of YTX could also in-
duce neurclogical symptoms in intoxicated persons al-
though so far, other toxins that cause amnesic (ASP),
paralytic (PSP) or neurotoxic (NSP} symptomis have not
been detected in the Adriatic mussels.

The periodical but regular occumrence of toxic algal
blooms in the northern Adriatic is a serious threat to
public health and to the local economy. It is beyond the
scope of this paper to discuss problems associated with
toxic algal blooms but a suitable measures of protection,

monitoring and legislature are required in order 0 con-
trol this phenomena (e.g. Sedmak & Obal, 1998).

Marine sponges

Marine sponges are known to be true “chemical
factories" producing an impressive number of unique
substances with a broad spectrum of biological activi-
ties. Some tropical species are known to produce severe
contact dermatitis and itching (Mebs, 1995; Fisher,
1978) but the majority is considered harmless and no
harmful effects on man from the Adriatic sponges have
been reported so far. There are, however, well docu-
mented reports from the Mediterranean on the so-called
sponge divers disease which in fact occurs due to re-
petitive stings by an anemone (Sagartia elegans) at-
tached to the sponges at the depth of 25-45 metres
(Zervos, 1934; Halstead, 1988). With a decline of com-
mercial sponge collecting, this disease became ex-
tremely rare. Treatment is symptomatic: non-ineffective
but unresponsive skin reaction may respond to a short
{up to 3 days) course of systemic steroid application un-
der medical supervision.

The lack of appropriate structures for injection of
toxic substances and the fact that sponges are not eaten
by humans put sponges far from being considered @
hazard to human health. Nevertheless, sponges are one
of the prime targets in search of novel substances that
might be useful in treatment of various diseases from
AlDS to cancer. As ah example, in aqueous extracts of
just 21 northern Adriatic sponges we found hemaggluti-
nating, haemolytic, antibiotic, cytotoxic and anti-
cholinesterase activity (Sepci¢ et al, 1997) With no
doubt we can conclude that what we know about
sponges is just a scratch under their surface. Many new
and important chemical substances could be expected
from their bodies in the future.

Coelenterates

Coelenterates (Cnidaria: sea anemones, jellyfish and
hydroids) represent, with no doubt, toxicologically the
most important group of marine organisms. Some of their
venoms ate so powerful that can kifl an adult within
minutes. There are several members of the class that
inflict upon contact painful stings with sometimes serious
consequences (see Williamson & Burnett, 1995). In the
Northern Adriatic there are several cnidarians that could
be hamnful to man, but usually envenomation is mode-
rate and does not present a serious threat to the victim.

The most notorious example of the venomous jelly-
fish from the Adriatic is the massive occurrence of
Mauve stinger jellyfish (Pelagia noctiluca) in the late -
seventies and early eighties {(Maretic et al., 1980; Maretic
& Russel, 1983). This species was so abundant that rep-
resented a serious threat to the tourist economy of the
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Mediterranean countries. Thousands of people were
stung by this relatively small jellyfish. Most of the vic-
tims developed only local reactions, in some hyperpig-
mentation of the skin developed that persisted for
month, and there were few reports of systemic reaction
and even anaphylactic shock {Togias et af, 1985},

Other potentially dangerous jellyfish that occurred
along the nortk [talian Adriatic coast is the cubomedusa
Carybdea marsupialis (Avian et al,, 1992; Rottini et al,
1995). Contact with this jellyfish has been reported to
cause erythematous-vesicular eruptions over the skin,
accompanied by pain and a strong burning sensation.
Skin lesions my also be observed in more susceptible
individuals {Kokelj et al., 1992, 1993).

Other species of jellyfish that are sporadically com-
mon in the Northern Adriatic are Cotylorhiza tbercu-
fata, Rhizostoma pulmeo, Aurelia aurita, and Chrysaora
hysoscella. Although some reports list these species as
stingers (e.g. Kokelj et al, 1989}, a personal experience
of the author cannot confirm these reports. However, it
is possible that in susceptible individuals these jellyfish
may alse inflict a painful sting and aoe should be cau-
tious in handling them with bare hands. Most of the jel-
iyfish venoms contain cytolysins, but they are difficult to
isolate in pure form since they are extremely heat labile
and prone to the denaturation from various other rea-
sons. The ambiguity in this field of research is therefore
large and oo firm conclusions about the composition of
jeliytish venom have been made.

Sea anemones [Actiniaria) are another representative
of the coidarians that can inflict a painful sting. Al-
though all sea anemones contain very powerfut and
even lethal toxins in thelr nematocysts, there are only
few species that can pierce human skin and cause en-
venomation. Anemonia suicata is one such species liv-
ing in shallow waters and rocky pools of the Adriatic,
sometimes covering large areas. This species is photo-
phylic and could persist even in polluted waters. Small
children that often play in the rocky pools are especially
prone to the envenomation since their skin and mucosa
are more tender. The affected area of the skin takes on a
reddened and slightly raised appearance, bearing bregu-
larty scattered pin-head size vesicies and sometimes an
edema may develop around the injured skin, On lips
and child skin larger blisters can develop. The area be-
comes painful, particularly to touch and heat {Maretic
1973; Maretic & Russel, 1983}, There are some other
. sea anemones that could cause unpleasant conse-
Cquences upon contact with their tentacles, e the al-
. ready mentioned Sagartia elegans and two rare species
- whose existence in the Northern Adriatic is doubtful:
- Alicia mirabilis and Cladastis costae. The wuch of the
o latter {Peljesac peninsula, Southern Adriatic, personal

Cexperience, 1987) was quite painful and a burning sen-
oo sation with erythrema of the hand lasted for several
- hours, Most sea anemones possess peptide neurotoxins
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that block sodium or potassium channels in nerves,
Many also possess protein cytolytic toxins that are,
however, different from those found in jellyfish. No
special treatment of sea anemone stings is needed. in
most cases a topical ointment like Kamagel will ease the
pain and the symptoms. In small children precaution is
needed in order not 1o spread undischarged nematacysts
over the body and in the vicinity of mouth and eyes.

In the case of jellyfish stings, treatment of the victim
depends on species involved.

For Pelagia stings washing with sea (not tap) water
and application of ice is recommended. If symptoms
persist or worsen one should seek medical attention,
and especially if signs of anaphylactic shock develop
this should be done without any hesitation. In the case
of a Carybdea sting, the remaining nematocysis should
be first neutralised by vinegar and then by ice packs for
pain relief. One should seek medical help if symptoms
persist of worsen. .

MOLLUSCS (MOLLUSCA)

The only toxic molluscan species in the Morthern
Adriatic is the Mediterranean cone snail (Conus mediter-
raneus). |towever, no reports exist about the composi-
tion of its venom and possible envenomation in humans.
Nevertheless, one should be careful in handling this
cone since some of its tropical cousins are known to
possess in their venoms a vast arrav of peptide toxins
that can easify cause human death. The Mediterrangan
cone is a greenish brown cone shaped snail, but its shell
is often variable and covered with bryozoans.

ANNELIDA (POLYCHAETA)

Some of the bristle worms are capable of inflicting
painful wounds by their hollow and hrittle setae, filled
with toxins. Such species are those from the genera fu-
rvthoe, Aphrodita and Hermaodice. Fire worm (Hermao-
dice carunculata) is a large up to 25 am tong segmented
worm. Each of the segments bears on both sides
numerous white setac that are extremely fragile upon
contact. According to Penner (1970), the contact with
bristleworm #. carunculata praduced pain and transient
numbness of the hand whern setae were broken off in the
skin, The pain or stinging sensation persisted for more
than 12 hours, and the numbness of the entire extramity
lasted for about 30 minutes. He suggested that the setag
be filled with neurotoxin, which was emptied into the
wounds when the bristles broke off. Hermodice carun-
culata could be found at various depths. Because the
worm is a scavenger, it could be usually found over
dead marine creatures. People {except SCUBA divers}
only occasionally come in close contact with this warm.
Care should be exercised to avoid touching this and
other polychaete worms with bare hands,
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ECHINODERMATA

Sea urchins are a nuisance well known to bathers
who dare to venture into the water barefooted. Although
the majority of sea urchins are not toxic, their fragile
broken spines that were not entirely removed from the
skin tend to get inflamed due to the bacterial infection.
Granuloma and vesiculation of the skin around the bro-
ken particle are common, and sometimes surgical ap-
proach is needed to remove the spine. In the Adriatic
the usual culprits are the violet sea urchin (Paracentrotus
lividus) and black sea urchin (Arbacia lixula). The latter
is less common, but contact with its extremely fragile
spines tends to be more painful and broken particles are
more difficult to remove. The only sea urchin in the
Adriatic possessing venomous glands is the one that
could be handled with bare hands without any conse-
quences. Sphaerechinus granularis belongs to the
Toxopneustidae family of sea urchins, which are toxic.
S. granularis is no exception, but its venomous pedicel-
laria (Peres, 1950) are too weak to pierce the human
skin, its spines are blunt and difficult to break. Another
potentially dangerous species because of its extremely
long spines is the Mediterranean diadema urchin
(Centrostephanus longispinus). However, this sea urchin
lives only in the southern part of the Adriatic. It is un-
likely for us to encounter its spines since its habitat is
bellow 50 m. This species belongs to the diadema sea
urchin family whose members are a real threat to the
unaware tourists in the tropics.

Among other echinoderms sea stars and holothurians
are known to possess or excrete different toxic sub-
stances with predominant hemolytic activity. The ma-
jority of them are saponins, holothurin being probably
the most examined substance of this class (Habermehl| &
Volkwein, 1971). The noxious taste of these compounds
probably repel potential predators, but they do not affect
human beings.

Fig. 1: Snake locks anemone (Anemonia sulcata) pos-
sesses several neurotoxins. A touch by its tentacles
could be painful, especially with small children.

Sl. 1: Voscena morska vetrnica (Anemonia sulcata) vse-
buje stevilne nevrotoksine. Dotik njenih lovk je lahko
bole¢, zlasti pri majhnih otrocih.

Fig. 2: Compass jellyfish (Chrysaora hysoscella) is quite
common, bul its stings are very mild.

§l. 2: Kompasni klobuc¢njak (Chrysaora hysoscella) je
razmeroma pogost, dotik z lovkami pa ne pusca hujsih
posledic.

Fig. 3: Mediterranean cone shell (Conus mediterraneus)
is the only venomous gastropod in the Mediterranean.
Sl. 3: Sredozemski stozec (Conus mediterraneus) je edi-
na strupena vrsta polza v Sredozemlju.

Fig. 4: Purple sea urchin (Sphaerechinus granularis) is
the only venomous sea urchin in the Adriatic. However,
its spines are blunt and venomous pedicellarea too weak
to pierce the human skin.

Sl 4: Pegasti jezek (Sphaerechinus granularis) je edini
strupeni morski jezek v Jadranu. Ker pa so njegove bo-
dice tope, s¢ipci pa sibki, cloveku ni nevaren.

Fig. 5: Weevers are without much doubt the most ven-
omous fish in the Mediterranean. Streaked weever (Tra-
chinus radiatus) can reach the length of 50 cm and
should be treated with respect. Envenomation is exlre-
mely painful, but fortunately its venom is thermolabile.
Sl. 5: Morski zmaji so nedvomno najbolj strupene sredo-
zemske ribe. Crnoglavi morski zmaj (Trachinus radia-
tus) lahko doseze do 50 cm dolZine, zato moramo biti
ob srec¢anju z njim $e posebno previdni. Vbod morskega
zmaja je ekstremno bolec, k sreci pa je strup termola-
bilen.

Fig. 6: A related species is the greater weever (Trachinus
draco). In the Northern Adriatic this species is more
abundant but is usually smaller. Its venom is equally
efficient as the venom of its relative, the streaked
weever. Greater weevers are usually buried in the sand.
SI. 6: Sorodna vrsta je morski zmaj (Trachinus draco). V
severnem Jadranu je ta vrsta bolj pogosta, vendar
doseze nekoliko manjso velikost. Strup morskega zmaja
je enako ucinkovit kot strup sorodnega crnoglavega
morskega zmaja. Morski zmaji so pogosto popolnoma
vkopani v pesek.

Fig. 7: Scorpion fish are a common sight underwater,
but can be easily overlooked due to their cryptic colo-
ration while lying motionless on the sea bottom. There
are several species with venomous spines that can inflict
painful wounds, although less serious compared to the
weevers stings. The biggest species in the Adriatic is the
red scorpionfish (Scorpaena scrofa).

Sl. 7: Z bodikami se pod vodo pogosto srecamo, ceprav
jih zaradi njihove barvne prilagojenosti okolju in ne-
premicnemu lezanju na dnu velikokrat tudi spregle-
damo. Poznamo nekaj vrst, vse imajo strupene bodice,
ki lahko povzrocijo bolece rane, ceprav so te manj hude
od vbodov z bodicami morskih zmajev. Najvecja bodika
v Jadranu je rdeca bodika (Scorpaena scrofa).

Fig. 8: Sting rays and eagle rays possess one or two long
venomous spines protruding from the base of their tails.
Encounters with these fishes are, except on fishing
boats, rather rare. Common sting ray (Dasyatis pasti-
naca) is the most common stingray in the Adriatic. It
can reach the length of up to 1.5 m. (All photos by T.
Turk)

SI. 8: Strupene ribe v Jadranu so $e morski bici in morski
golobi. Obe skupini rib imata po eno ali dve dolgi stru-
peni bodici, ki strlita iz repnega korena. Srec¢anja s temi
ribami, razen na ribiskih ladjah, so redka. Na sliki je
morski bi¢ (Dasyatis pastinaca). Najvecji ulovljeni ose-
bek je bil dolg 1,5 m. (Vse fotografije: T. Turk)
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FiSH
Venomous fish

Venomaeus fish are probably of the greatest medical
importance in the Northern Adrigtic since they are fre-
quently encountered by fishermen, divers and bathers.
Without much doubt the most venomous fish of the
Mediterranean are weevers fishes. There are four species
living in the Adriatic: very common greater weeverfish
Trachinus trecently renamed to Echichithys) draco, fairly
common Sstreaked keever (7. radiatus), fess common
spatted weever (T. araneus), and very rare lesser weever
(T, vipera). The latter is also the smaliest but considered
the most venomous. Weevers are small to medium sized
fish, the largest documented one caught near Puia was a
specimen of 7. radiatus, measuring 53 cm and weighting
1550 g {Maretic & Vejnovic, 1990). They are benthic fish
lying motionless on the sea bed, frequently they bury
themselves inta the sand with eyes, head and dorsal and
opercular spines exposed. They live at various depths,
but in summer when spawning takes place, they could
be found in very shallow water. The common features of
all weevers are their venomous spines of the dorsal fin
(D) and an additional dagger-like opercular spine on
each side of the head. Grooved spines are lined with
glandular cells that produce venom. The isofation of fish
toxins from crude venom preparations is one of the most
challenging problems in toxinology. Weevers are no
exception in this regard. Toxic components of the vepom
are extremely unstable at roorm temperature. [t was not
until 1992 when dracotoxin, a main toxic component of
crude T. draco venom preparation, has been isolated.
Dracotoxin is 105 Kda hemolytic protein shawing high
affinity for rabbit red blood celis. It causes depolarisation
of rat brain particles and is lethal to mice (Chhatwal &
Orever, 1992a, 1992h). 1t is quite possible that draco-
toxin possesses also additional biological activities that
may be responsible for the clinical picture seen in human
envenomanons.

fnvenornation with weevers mest often occurs in in-
experienced tourist fishermen who are not aware that
grabbing and handling a strugpling weever on the hook
line may end with seriaus consequences. Less common,
but still important, are accidents in sandy shallow waters
where bathers are swimming and wading barefooted on
the sea bed and being stung by stepping on the buried
weever. {n the Pula Medical Centre, out of 257 patients
stung by different species of weevers only 41% were
[ocal people, while the rest were lourists {(Maretic,
1982). The weeverfish sting is extremely painful, victim
may scream of the excruciating pain. The instantaneous
burming pain is probably due to the farge amounts of 5-
hydroxytriptamine and histaming in the venom {Carlisle,
1962; Chhatwal & Dreyer, 1992b). Seon pain comes to
involve the entire affected limb and within 30 min or so
increases to reduce the patient to writhing and some-

limes screaming incoherence {Halstead, 1988). Local
swelling and erythema quickly follow and in neglected
wounds significant focal tissue damage, protracted
morbidity of the limb and secondary baclerial infection
mav occur. Death cases are documented (Skeie, 1962a,
1962h; Carlisle, 1962; Maretic, 1988) but at least three
of them were due o delayed septicemia.

Fortunately, because venom components are ox-
tremely heat sensitive and labiie, hot water immersion is
an effective remedy for weeverfish (as well as other
venomous fish) stings. The temperature of the water
should be comfortable enough for the patient, hot
enough to provide relief but not too hot to cause burns.
In more seripus cases an antivenin against Trachinus,
Scompaena and Uraposcapus that effectively relief the
symptoms within minutes is available, produced by the
imunoloski institwt in Zagreb.

Stargazers {Uranoscopus spp.) are closely related to
weevers but the reponts about thelr toxicity are ambigu-
ous. They have two sharp dossal spines and an opercu-
far spine, but according to Halstead (1988) they do not
possess venomous glands, therefore they are considered
nonvenomous. However, Gerhardt and Delange (1999)
claim that the Mediterranean stargazer (Uranoscopus
scaber) possesses venomous spines. in man, accidental
slings provoke acute pains and twinges that last, if un-

treated, for about 24 hours. Nevertheless, stargazer

venom seems to be far less toxic than that of weevers or
the scorpion fish.

Scarpion fishes {Scorpaenidae} are weil known for
their venomous spines in their front dorsal fin and nu-
merous opercular spines. Scarpion fish are masters of
camouflage and lie motionless on the sea bottom. Ac-
cording to Maretic (31982a), most accidents occur with
housewives who clean the fish and accidentally get stung.
There are four species living in the Nosthern Adriatic:
black scorpionfish {Scorpaena porcus), red scorpionfish
{(S. scrofaj, small ved scorpionfish (5. notata S. usivlatal
and Madeira rockiish (Sebastes maderensis), Symptoms of
envenomation due to the sting are painful and similar to
thase of weevers, hut generally milder. Recommended
treatment is the same as in weever's sting.

It is quite unlikely to get stung by one of the mem-
bers of eagle rays (Myliobatidae} or stingravs {Dasya-
tidae). Since this animals can reach considerahie size
one should be aware of their venorous, harpoon like,
barbed spines (transformed dorsal fins) protruding from
their tails. In large specimens these spines can reach up
to 20 cm and are a respectable weapon that is not only
venomous but can aiso cause deep traumatic injusies.
Because these fishes are cautious and usually five in
greater depths, accidents in the Adriatic are very rare.
However, in certain pan of the world, like in California,
they contribute to the majority of fish envenomation.
The major culprit there is the stingray Urobatis halferi
{Maretic, 1982a). Lagle ray or stingray slings cause acute
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pain, redness and edema around the wound. General
symptoms are malaise, nausea and sweating. Anxiety,
salivation, vomiting, diarrhoea, troubles in respiration,
blurred vision, paresthesias and shock have alse been
described (Halstead, 1970). Treatment is symplomaltic,
immersion in hot water is recommended for pain relief,
but larger woundls should be also treated surgically. To
avoid accidents with stingrays and eagle rays, great care
shouid be exercised, especially with large caught speci-
mens that ¢an trash araund with their tail and cause
injurtes of vital organs.

Fish poisoning

Moray eels, 1o the contrary of their fierce and evil ook
and popular belief that they are venomous, do not possess
any venom glands. Nevertheless, their bite could cause
seriaus bacterial infection. Mediterranean moray eel (My-
raena helena) thalis rare in the Naorthern Adriatic, conger
eel (Conger conger), and eel (Anguilla anguilia) are,
however, cryptotoxic since they have poisonous blood.

Another form of fish poisoning (ichthyotoxise) is
also possible by ingesting certain fish of Scombridae
family which is, however, due 1o the improper storage of

" the cateh and not to their endogenous toxins. Scombro-
toxism or scombroid fish poisoning is due to the large

Tom TURK: POIMOMOLS AND VENCMOUS ORTUANISMS OF THE NORTHERN ADRIATIC SEA, 159-160

content of histamine released fron the Hesh of macker-
els and other fish of the Scombridae family. The reason
is improper storage of fish that enables bacteria in re-
feasing histamine from the fish muscles. A peppery taste
of the fish indicates a high level of histamine. Symptoms
are typical of histamine poisoning, including headache,
dizziness, nausea, vomiting, generalised erythema and
urticaria, followed by diarrhoea, extensive pruritus, and
in severe cases bronchospasm and respiratory distress.
Shock and even death my follow in untreated severe
cases {Taylor e al., 1989}, Treatment is carried out with
antihistaminic drugs. In the former Yugoslavia a case of
massive scombrotoxic poisoning was reported in 1981
{Maretic, 1982b). Scombrotoxism is an important public
health issue and canned fish may also be implicated
(Murray etal,, 1982).

CONCLUSIONS

We can conclude that marine organisms in the
Northern Adriatic wsually do not represent a serious
threat to public health. Nevertheless, the knowledge
about their biology, ecology and harmful substances
they possess is important in order to act properly when
individuals or even larger population are affected by
their toxins or venoms,

STRUPENI ORCGANIZMI SEVERNEGA JADRANA

Tom TURK
Oddelek za biclogijo, Biotehniska fakdlteta, Upiverze v Ljubljani, $1-1000 Lubljana, Vetna pot 111

POVZETEK

. Vsevernem Jadranu Zivi ohcasno ali stalno nekaj vrst strupenih morskils organizmov, Ceprav ne pomenijo resne
‘nevarnosti za zcravie ljudi, si zasluzfjo naso pozornost in znanje o njikovi biologifi, ekologiji in strupenih spoveh, ki
Fih najdemo bodisi v njihovili telesifi bodisi v strupnih #lezah. Veliko vecing arganizmov v vodah severnega Jad-
‘rana, ki v dolodenih razmerah laiko postanejo strupeni, prisievamo k deobnim enacelicnim planktonskim oklepnim
‘bickarjem {Dinaphytal. Maozicna cvetenfa dinoflagelatov so najhujsa groZnja cdraviju liudi, saj se ti toksini kopi¢ijo
v thivih skolik, kot so npr. klapavice Mytilus galloprovincialis). Veliko toksicnih snovi wsebujejo tudi spuzve
(Porifera). Tu in tam lahke postanejo strupene wdi nekatere ribe iz diuzine skus (Scombridae), kar pa je v glavnem
 posiedica nepravilnega shranfevanja ulova in posledicne velike vsebnosti histamina v tkivu ujetih rib. Tiste strupene
CZivall, ki imajo strupni aparat in strup direking vhrizgajo v telo Zitve, spadajo v razliéne skupine, tudi v severnem
Jadranu pa jik je najvec med ozigalkarji in ribami.

Kljucne besede: strupeni organizmi, zdravie ljudi, severni Jadran
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| MOLLUSCHI DEL LITORALE MARINO DI CERVERA (Parenzo, Istria)
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RIASSUNTO

o Tra l'autunno del 1995 e Iestate del 1998, si sona condotti aleuni studi sufla malacofauna del litorale di Cervera
Crvar), focality situata nelle vicinanze di Parenzo (Porec). In modo pit specifico sono stati determinati | Molluschi
raccolti all'interno della insenatuca di Porto Bussola (Busufa-Porat), sui fondali antistanti il litorale settentrionale
" della baia omonima e lungo fa costa stessa. In totale sono state identificate 395 specie, tale indice di biodiversity &
tato confrontata con altri risalenti a lavori sia di inizio secolo (Vatava, 1928), sia piu recenti {(Passamonti et al.,
S1993; Vio & De Min, 1996} e risulta essere elevalo soprattutto in rapporto alla limitata estensione dell'area
“consideratd, confermando la buona situazione ambientale dell'Adriatico Settentrionale e deffa costa istriana it
“modo particolare, Si teme comungue che H'incremento del turismo porti non solo alla diffusione di campeggi e posti

INTRODUZIONE

Sin dalla fine del secolo scorso molti ricercatori
~hanno studiato la fauna marina dell'Alio Adriatico e
“del'istria in modo particolare: fra questi Stossich (1879-
80) e Vatova (1928 e 1949} vanno sicuramente ricardati.
. Negli ultimi decenni, inoltre, sono state descritte le
biocenosi  bentoniche deil’Adriatica  Settentrionale
{Aleffi et al, 1995; Orel et al, 1981/2, 1987} e
recentemente sono stati pubblicati lavorl riguardanti i
meluschi (Vio et al,, 1981; Vio & De Min, 1996; De
Min & Vio, 1997, 1998).

Volenda approfondire la conoscenza della malaco-
fauna deff'Alto Adriatico, nel periodo compreso tra
fautunno del 1995 e Yestate del 1998, sonc state
effettuate diverse osservazioni sui melfuschi marini della
costa istriana a Nord defla citth di Parenzo (Porecd).

L'area presa in esame interessa {'insenatura i Pto
Bussola (Busuja-Porat), la penisola omonima che la
protegge dal mare aperto ed il litorale a Nord della
punta stessa ed & staia scelta come fonte di studio sia
per la varieta di ambientt presenti, sia per la
configurazione geografica che la espone all'azione di
venti diversi (Fig. 17.

[ux}

“barca, ma anche alla cementazione di vasti tratti di litorale con un conseguente impatio biolagico negativa.

Parole chiave: Mollusca, check-list, istria, Alto Adriatico

MATERIALE E METOD!I

| risultati presentati in questo lavoro sono stati ofte-
nuti analizzando sia il detrito spiaggiato, sia i moliuschi
raccoiti in immersione.

Lungo il fitorale dell’area studiata, infatti, sono siati
prelevati, sopratiutto net mesi autunno-invernall, diversi
campioni di detrito spiaggiato, per identificare le specie
di maltuschi accumulate dal moto ondose. E* opportuno
cansiderare che, in questa regione, | venti def terzo-
quarto quadrante {ponente, maestrale) hanno poca rile-
vanza poiché raggiungano la massima intensitd nel peri-
odo compreso tra maggio ed agoesto. Tra @ venti boreali,
invece, softanto la tramontana, che & presente talvolta
tra ottobire e febbraio, pud provocare violente tempeste.
Lo sciroceo, che soffia da SE e pil raramente il libeccio,
che proviene da SW, risuitano essere molto importanti
per I'accumulo lungo il litorale di detriti vari e di con-
chiglie, dato che sollevano violente ondate che scon-
volgane il fondale e si infrangono contro la costa,

Maolto del materiate malacologico analizzato @ stato
raccolto dopo queste mareggiate ed & stato determi-
nante per una conascenza pit approfondita delle bio-
cenosi titorall antistanii.

b
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Fig. 1: Area di campionamento.
Sk 1: Obmodie vzordevanja.

Si sono effettuate anche diverse immersioni in apnea
e per mezzo di autorespiratore (ARA), durante le quali si
e prelevaio del detrito dalle pozze e dai canaloni for-
matisi sia tra fe praterie di faperogame marine, parti-
colarmente sotto costa, sia tra la roccia calcarea,
soprattutto il af fargo.

Questo materiale & stato successivamente filtrato
tramite un setaccio con rete a maglie di 1 mm di lalo,
per separarlo dalla parte pelitica.

Si & ritenuto inoltre opportuno aspostare limitate
superfici di substrato duro, popolate daila biocenost del-
le Alghe Fotofile (A.P) sia esposte alla luce, sia situate
in posizione sciafila, per campionare 1 micromotluschi
epifiti.

Durante tutti [ rilievi subacquet, i Molluschi imme-
diatamente classificabili, sono stati segnalati su delle ta-
volette di plastica, onde minimizzare if danno hio-
Jogico, mentre le specie dubbie sono state prelevate e
fissate in una soluzione al 5% di aldeide farmica in
acgua ¢ mare per un'‘analisi pil approfondita di
faboratorio; si & seguito lo stesso procedimente per le
specie appartenenti ai piani bentenici sopralitorale e
mesolitorale.

I micromolluschi e gli Opistobranchi sono stati de-
terminati con uno stereomicroscopio Olympus SZ 40 ed
alcune specie interassanti sono state folografate con lo
§1€550.

Per guanto concerne la sistematica e la clas-
stficazione delle specie appartenenti alia famiglia Tere-
dinidae sono state consuitate le pubblicazioni di Roch
{1940; e di Munari {1974}

La nomenciatura presentata & quella pubbiicata da
Sabeili et af. (1990} nel "Catalogo Annotato dei Mol-
luschi Marini del Mediterranen”, mentre | termini big-
nomici riportati si riferiscono at lavoro di Peres & Picard
(1964).

RISULTAT]
Area studiata

L'istria meridionale & rappresentata, dal punto di
vista geologico, da serie ben definite di calcari; guelia
pit antica appartiene al Giurassico e nella parte in-
feriore @ caratterizzata da calcare a brachiopodi (Rhyn-
conella) a cui seguono calcari coralligeni ed oolitici,
depositatisi alf'epoca in un mare poco profondo ed
attualmente affioranti in diverse aree soprattutto lunge la
costa, in cottispondenza di quelle zone in cul i calcari
cretacel sono stati maggiormente degradati dagli agenti
atmosferici. Alla fine del Cretaceo, infatti, si svilup-
parono calcari a bivalvi (Rudiste ed Ippuriti}, che subi-
rono una sommersione nell'focene, periodo geologico
durante il quale si depositarono calcari nummulitici
{Alvedline, Nummulit) dello spessore di una quindicina
di metri, che vennero in seguito ricoperti da strati di
marna ed arenaria.

I corrugamento oligocenico, benche attenuato per
quel che riguarda H'lstria meridionale, causd una gra-
duale ermersione che diede origine ad un ampio dossg,
deolcemente ondulato - pianeggiante, che venne erosg,
corroso ed inciso dagli agenti dinamici. in tal mode le
formazioni calcaree affiorarono e, per dissoluzione della
roccia stessa, si ricoprirono di un velo di terra rossa, il
cui accumuo st oincremento notevolmente dopa Pab-
bassamento del livello det mare, che favori un'ulteriore
emersione della regione con un conseguente aumento
dell'area esposta  ail'erosione  supesficiale  (Vatova,
1928).

1l fonde marino

L'insenatura di Porto Bussola presenta nella parte
settentrionale ed occidentale, una riva costituita da la-
stroni calcarei fessurali, mentre il lalo odentale ¢
caratterizzato da una spiaggia ciottolosa che delimita il
campeggio vicine. Pur avendo P'imboccatura rivolta al
mare, la bala & in larga parte riparata dai venti
meridionali da Pla Raguzzi (Rt Silok} e permette un
sicuro ormeggio alle imbarcazioni da diporto.

I piani sopralitorale e mesolitorale, sebhene limitati
in altezza, sono notevolmente estest in lunghezza,
soprattatto considerato il fatto che sono saggetti ad una
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escursione di marea ridotia; queste fasce presentano

grossi accumuli di materiale spiaggiato, dove vivono

- specie caratteristiche delle biocenosi dei Residui a

- Rapida ¢ Lenta Dissecazione (R.R.D., R.L.D)

- Per quel che concerne Pinfralitorale, nella pare
 orientate vicino alla riva, & caratterizzato da un fondaie
di sabbia fine, che ospita la biocenosi delle Sabbie Fini
“Ben Calibrate (5.F.8.C.), mentre nelle vicinanze di un

“piceolto approdo, situate nell'angolo piu interno delia
hata, in corrispondenza di una sorgente carsica, diviene

- peliticor in queste ambiente vivono elementi tipici delle
" Lagune Euriterme ed Eurialine (L.E.E.).

Procedendo verso il largo, dopo i due metr di pro-
~ fondity, la sabbie presenta granulometria diversa ricca
" sia di materiale organice, sia di frazioni pelitiche. Que-

tsto tipo di sedimento si accumula tra i rilievi rocciosi,
permetiendo {instaurarsi della biocenosi delle Sabbie
Fangnse di Moda Calma (S.V.M.C), con una facies a

. Cymodocea nadosa.

~ Le fanerogame marine scompaiono pressoché fotal-

“mente alla profondita di 5-6 metsi in direzione del-
“Pentrata di P.to Bussola e vengonao sostituite da for-
mazioni rocciase che continuano verso il largo.

La penisole € caratterizzata da un infralitorale ad
- Alghe Fotofile {A.P.) con predominanza i una facies
“precarailigena, quesio perché le rocce calcaree che la
_costituiscono, non solo sone ampiamente fessurate, ma
-anche ricche di aree sciafile soprattutto alla base dsi
“massi.

Aggirando fa penisola e procedendo verse settentri-
one, le rocce calcaree sommerse si presentano pill levi-
‘gate e si alternano a canaloni scavati dall'idrodina-
-mismo, ai cul lati crescono dei piccoli prati di Cymo-
sdocea; in questi canaloni si rinvengono molte specie
‘appartenenti alta biocenosi delle Sabbie Grossolane sot-
“toposte alle Correnti di Fondo (S.G.C.F.\.
© Piw al largo, if fondale raggiunge la profondita di 20
‘metri ed & caratterizzato da sabbia grossolana che s
“arricchisce sempre pils di elementi pelitici, si passa in tal
‘modo dalla hiccenosi del Detritico Costiero (2.C), a
“quetla de! Detritico Fangoso (D.E)} fino a trovare alcune
“specie appartenenti ai Fanghi Terrigeni Costieri (V. T.C.).

Lista dei molluschi rinvenuti nella zona di Cervera
(Crvar}

. Nela seguente tabella viene presentata fa lista clei
“molluschi rinvenuti sia viventi, sia presenti nel detrito
con la sofa parte conchigliare; in guest'ultime caso sono
- state considerate valide anche le specie che presenta-
‘vana unicamente frammenti di guscio, ma chiaramente
riconoscibili.

(* moftuschi rinvenuti viventi)
(C = malluschi presenti nel Circalitorale)

Classe Polyplacophora Gray J. E., 1821

1. lepidopleurus cajetanus (Poli, 1791)*
. Ischrochiton rissoi (Payraudeau, 1826}
3. Callochiton septemvalvis euplaeae (Costa O.G.,
1829} C
4. Lepidochitona cinerea (Linné, 1767)*
5. tepidochitona corrugata (Reeve, 1848)"
€. Chiton corallinus {Risso, 1826)* C
7. Chiton olivaceus Spengler, 1797*
8. Acanthochitona fascicularis (Linneo, 1767)*

Classe Gastropoda Cuvier, 1797

9. Patella caerulea Linnd, 17587

10. Patelta ulyssiponensis Gmelin, 1791*
11.Smaragdia viridis (Linng, 1758}

12. Diodora gihberula (Lamarck, 1822)*

13. Diodora graeca {Linng, 1758)"

14 Dicdora itatica (Delrance, 1§20)*

5. Emarginuia adriatica Costa O.G., 1829%
16, Emarginuia octaviana Coen, 1939"
17.Emarginella huzardi (Payraudeau, 1826)*
14. Emarginuta sicula Gray, 1825
149.Scissurella costata O'Orbizny, 1824
20.Anatoma crispata Fleming, 1828

21, Haliatis tuberculata lamellosa Lamarck, 18227
22.Clanculus corallinus (Gmelin, 1791
23.Clanculus cruciatus {Linné, 1758}
24.Clanculus jussieui (Payraudeau, 1826}
25. Calliostoma conulus (Linné, 17583
26.Calliostoma laugieri laugieri (Payraudeau, 1826}*
27.Calliostoma zizyphinum {Linné, 1758} C
28.Gibhula atbida (Gmelin, 1791
29.Gibbula ardens (Von Salis, 1793)*
30.Gibbula magus (Linng, 1758 C
31.Gibbula adansonii adansonii (Payraudeau, 1826)"
32, Gibbula adriatica (Philippi, 1844)*
33.Gibbula turbinoides (Deshayes, 1835)
34.Gibbula fanulum (Cmelin, 1791)*
35.Gibbula guttadauri (Philippi, 1836} C
36.Gibbula varia (Linng, 1758)*

37.Gibbuia divaricata (Linne, 1758)%
38.Gibbula raritineata (Michaud, 1829)*
39.Gibbala umbilicaris (Linné, 1758)"

40. Monodeonta articulata Lamarck, 1822%

41 Monodonta mutabilis {(Philippi, 1846)*

42 Monodonta turbinata (Von Born, 1778)*
43 Chelandelia miliaris (Brocchi, 1814) C

44 Jujubinus exasperatus (Penrant, 1777)*
45 Jujubinus striatus striatus (Linne, 1758)*
46 Jujubinus gravinae (Dautzenbery, 1881 C
47 . Haomalopoma sanguineurmn (Linng, 1758)
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48.5kenea catenoides (Monterosato, 1877)

49.TharsieHa depressa {Granata-Grillo, 1877)

S0, Tricolia pullus pullus {Linné, 1758)*

51. Tricolia speciosa (Von Muchlfeldt, 1824)

52. Tricolia tenuis (Michaud, 1829)

53.Bolrna rugosa {Linné, 1767)*

54. Cerithium alucaster {Brocchi, 1814)* ¢

55. Cerithium rupestre Risso, 1826*

56.Cerithium vulgatum Bruguiere, 1792*

57.Bittium jadertinum {Brusina, 18751

58. Bittium lacteum lacteusss (Philippi, 1836)

59, Bittium latreillit (Payraudeau, 1826)*

60, Bittium reticulatum {Da Costa, 1778)*

61. Bittium scabrum (Olivi, 1792)%

62.

18541 C

Diala varia Adamms A, 1861 C

64 Fossarus ambiguus (Linné, 1758)

(5. Turritella communis Risso, 1799 C

66. Littorina neritoides (Linné, 1758)*

.Eatonina cossurae (Calcara, 1841)"

.Eatonina fulgida (Adams J, 1797)*

.Rissoa decerata Philippi, 1846

.Rissoa fraunfeldiana Brusina, 1868*

.Rissoa guerinii Récluz, 18437

.Rissoa labiosa (Montagu, 1803)*

.Rissoa lia (Monterosato, 1884)

.Rissoa monodonta Philippi, 1836*

.Rissoa similis Scacchi, 1836*

.Rissoa splendida Eichwald, 1830*

.Rissoa variabilis (Von Muehlfeld, 1824)

78.Rissoa ventricosa Desmarest, 18514

79.Rissoa violacea violacea Desrnarest, 1814

80 Alvania aspera (Philippi, 1844)

81.Alvania beani (Manley in Thorpe, 1844)

82.Alvania canceliata (Da Costa, 1778)

83. Alvania cimex {Linné, 1758)*

84. Alvania discors (Allan, 1818)*

85. Alvania geryonia {Nardo, 1847)*

86. Alvania lactea (Michaud, 1832}

a7. Alvania lanciae {Calcara, 1841)

28.Alvania lineata Risso, 1826%

89. Alvania mamillata Risso, 1826

90. Alvania rudis (Philippi, 1844)

91. Alvania beniamina (Monterosato, 1888}

92. Alvania semistriata {(Montagu, 18087

93. Alvania carinata {Da Costa, 1778)

94.Manzonia crasea (Kanmacher, 1798)

95.Manzonia weinkauffi jacobusi Oliverio, Amati &
Nofroni, 1986 C

96. Peringiella elegans (Locard, 1892)

97, Pusillina inconspicua {Alder, 1844}

98 Pusillina marginata (Michaud, 1832)

99 Pusillina munda {(Monterosato, 1884}

100, Pusillina parva {Da Costa, 17758)*

101, Pusiliina philippi (Aradas & Maggiore, 1844)*

63.

I R T B S|
Wi —
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Cerithidium submamiflatum (De Rayneval & Ponzi,

102. Pusillina radiata (Philippi, 1836)*

103. Setia turriculata Monterosato, 1884+

104. Pisinna glabrata (Von Muelfeldt, 1824}

105. Rissoina bruguierel (Payraudeau, 1826)

106. Paludinelia ittorina {Delle Chiaje, 1828)*

107. Assiminea grayana Fleming, 1828

108. Barlesia unifasciata (Montagu, 1803)

109. Caecum auriculatum De Folin, 1868*

110. Caecum subannulatum De Folin, 1870+

111. Caecum trachea (Moniagu, 1803)*

112. Hydrobia acuta (Draparnaud, 1805)*

113. Heleobia stagnarum {Gmeli, 1803)

114.Ceratia proxima (Forbes & Hanley, 1850 ex Alder
.}

115, Hyala vitrea (Montagu, 1803)

116. Tornus subcarinatus (Montagu, 1803)

117. Truncatella subcylindrica (Linng, 1767}

118. Megalomphalus disciformis (Granata-Grillo, 1877)

119. Aporrhais pespetecani (Linng, 1758) C

120.Calyptraea chinensis {Linné, 1758)* C

121. Crepidula gibbosa Defrance, 1818%

122 Crepidula unguiformis Lamarck, 1822 C

123. Capulus hungaricus (Linng, 1758y C

124 Vermetus tricquetrus Bivona Ant., 1832%

125. Petaloconchus glomeratus {Linné, 1758}

126. Serpularbis arenaria (Linng, 1767)*

127. Lamellaria latens (Mueller, 1776) C

128.Trivia arctica {Pulteney, 1789) C

129. Naticarius stercumuscarum {Gmelin, 1791)

130. Euspira guillemint {Payraudeau, 1826 C

131.fuspira nitida (Donovan, 1804)%

132. fuspira macilenta (Philippt, 1844) C

133. Neverita josephinia Risso, 1826*

134. Galeodexs echinophora (Linné, 1758} C

135. Alanta peronii Lesueur, 1817 €

136. Marshallora adversa {Moritagu, 1803*

137. Monophorus perversus {Linné,1758)

138. Cerithiopsis minima {Brusina, 1865)*

139, Cerithiopsis nana jeffreys, 1867 (Fig. 2)

140. Cerithiopsis tubercularis (Montagu, 1802)*

141, Metaxia metaxa (Delle Chiaje, 1828

142, Epitonium clathratulum (Kanmacher, 1798)

143.Epitonium commune (Lamarck, 1822)*

144. Epitonium turtoni (Turon, 1819)

145. Crinophtheiros comatulicola {Graff, 1875) C

146.Ersilia mediterranea (Monterosato, 1669) (Fig. 3)

147, Melanella boscii {Payraudeay, 1827)

148 Melanella polita (Linng, 1758)* C

149 Vitreolina curva (Monterosato, 1874 ex Jeffreys ms,)*

150. Vitreolina incurva (B.D.D., 1883)

151. Parvioris microstoma {Brusina, 1864)

152, Bolinus brandaris {Linné, 1758)* C

153, Hexaplex trunculus (Linné, 1758)*

154, Muricopsis cristata (Brocchi, 1814)*

155. Qcenebra erinaceus (Linné, 1758)*

156. Qcinebrina aciculata (Lamarck, 1822)*
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.Qcinebrina edwardsii (Payraudeau, 1826)*
.Trophon muricatus (Montagu, 1803} C
. Typhinelius sowerbyi (Broderip, 1833)*
 Buccinulum corneum (Linné, 1758)

. Chauvetia brurnea {(Donovan, 1804)*
Chauvetia submamitiata (B.0.0., 1882)
Engina leucozona {Philippi, 1843
Pisania striata (Gmelin, 1791)*

.Poilia dorbignyi (Payraudeau, 1826)*
Fasciolaria lignaria (Linné, 1758)
fusinus rostratus (Olivi, 1792)* C

. Fusinus syracusanus (Linné, 1758)*
.Nassarius corniculus (Ofivi, 1792)*

. Nassarius incrassatus (Stroem, 176834

. Nassarius pygmasus (Lamarck, 1822)*

. MNassarius reticuiatus (Linné, 1758)*
 Nassarius mutabilis (Linné, 1758)*
Nassarius costulatus cuvierii (Payraudea, 1826)
.Cyciope neritea {Linné, 1758
.Columbella rustica (Linné, 1758)*
.Mitrefla minor (Scacchi, 1836)
Mitrella scripta {Linné, 1758)"
Vexillum ebenus (Lamarck, 1811)*
Vextllum littorale {(Forbes, 1844}
Vexifum tricolor (Gmelin, 1790)
.Gibberula miliaria (Linné, 1758)

. Gibberula philippi {Monterosate, 1878)

.Mitra cornicula {Linné, 1758)*

.Conus mediterraneus Hwass in Bruguiere, 1792*
.Bela nebula (Montagu, 1803)*

.Bela brachystoma (Philippi, 1344)*

. Bela decussata (Locard, 1897)

.Bela laevigata (Phitippi, 1836}

.Mangelia brusinae Van Aartsen & Fehr de Wal, 1978
.Mangelia paciniana (Calcara, 1839

.Mangelia scabrida Monterosato, 1890
.Mangelia smithii (Forbes, 1840)

-Mangelia stossiciana Brusina, 1869

6. Mangelia unifasciata (Deshayes, 1835}
7. Mangelia vauguelini (Payraudeau, 1826)

.Mangilielia bertrandii (Payraudeau, 1826)

9. Mangilieliz caerulans (Philippt, 1844)

Mangiliela multilineata (Deshaves, 1835)
Mangilialla taeniata (Deshayes, 1835)

12, Mitrolumna olivoidea (Cantraine, 1835)
3. Raphitoma echinata (Brocchi, 1814)*
. Raphitoma histrix Beilasdi, 1847
25, Raphitorna laviae (Philippi, 1844)
. Raphitoma linearis (Montagu, 1803)*
7. Raphitoma purpurea (Montagu, 1803)

-Comarmondia gracilis (Montagy, 1803)*

. Philbertia papillosa Pallary, 1904

- Philbertia phitberti (Michaud, 1829
-Omalogyra atomus (Philippi, 1841)*
Ammonicera fischeriana {Monterosato, 1869)%

213. Chrysallida deipretei (Sulliotti, 1889)
214. Chrysallida doliolum (Philippi, 1844)

215. Chrysallida emaciata (Brusina, 1866)
216. Chrysallida intermixta {(Monterosato, 1884)
217. Chrysaltida juliae (De Folin, 1872)

218. Chrysallida monozona (Brusina, 1869)
219. Chrysallida nanodea (Monterosato, 1878)
220, Chrysallida obtusa {T.Brown, 1827)

221, Chrysallida suturalis (Philippi, 1844)

222 Chrysallida terebellum (Philippi, 1844)
223, Buparthenia bulinea (Lowe, 1841 C

224, Folinella excavata (Philippi, 1836)*

225. Folinella ghisottii Van Aartsen, 1984
226. Clathrella clathrata (Philippi, 1844)

227 Tragula fenastrata (lefleys, 1848)

228, Eulimella acicuta (Philippi, 1836)

229. Anisocyela pointeli (De Folin,1867)

230. Odostomia acuta (elfreys, 1848)

231. Odostomia carrazzai Van Aartsen, 1987
232.Odostomia eulimoides Hanley, 1344
233. Qdostomia lukisii jeffreys, 1859

234. Odostomia nardoi Brusina, 1869

235, Odostomia plicata (Montagu, 18G3)*
236.Oxdostomia scalaris Mac Gillivray, 1843
237.Qdostomia striolata Forbes & Hanley, 1850
233.Qdostomia turrita Hanley, 1844

239. Odostemia clavulus (Loven, 1846)

24Q. Odaostemia coneidea (Brocchi, 1814)
241.Ondina obliqua tAlder, 1844)

242, Ondina diaphana dilucida (Monterosato, 1884)
243. Ondina vitrea (Brusina, 1866)

244. Turbonilla delicata Monterosato, 1874
245, Turbonilla acutissima Monterosato, 1884 C
246, Turbonilla jefireysit (Jeffreys, 1848)

247 . Turbonilla factea (Linné. 1756}

248. Turbonilla obliquata (Philippi, 1844)
249, Turbonilla vrufa (Philippi, 1836)* C

250, Retusa leptoneilema (Brusina, 1866}
.Retusa mammillata (Philippi, 1836)
Retusa semisulcata (Philippt, 1836)

. Retusa truncatula {Bruguiere, 1792)
.Cylichnina laevisculpta {(Cranata-Grillo, 1877)
.Cvlichnina umbilicata (Monfagu, 1803)
Nolvuteila acuminata (Bruguiere, 1792)

7. Bulla striata Bruguiere, 1792 C
.Hamynoea hydatis (Linng, 1758)"

G tfamynoea navicula (Da Costa, 1778)*

. Atys ieffreysi (Weinkautf, 1868)
.Weinkauffia turgidula {Forbes, 1844)*
.Philine aperta {Linné, 1767)*

263. Philine catena (Montagu, 1803) C

264. Cylichna crossei B.D.D., 1886

265. Cylichna cylindracea (Pennant, 1777)¥
266. Scaphander lignarius (Linné, 1758} C
267. Cavolinia tridentata (Niebuhr, 1775y C
268. tlysia flava Verrill, 1901*
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269.Tytodina perversa (Gmelin, 1791)
270. Aplysia depilans Gmelin, 1791*

271. Aplysia punctata (Cuvier, 1803)F
272, Paradoris indecora (Bergh, 1881)*
273. Dendrodoris grandiflora (Rapp, 1827)7
274, Dendrodoris limbata (Cuvier, 1804)*

275. Williamia gussonti (Costa O.G., 1829)
276. Trimusculus mammillaris (Lmne 1758)
277. Auricudinelia erosa (Jeffreys, 1830)*
278. Ovatelia firminki (Payraudeau, 1826)*
279. Ovatella myosotis (Draparnaud, 1826)*
280. Ovatella denticulata (Montagu, 1803)

Classe Bivalvia Linng, 1758

281.Nucula nucleus {Linng, 1758)*

282. Nuculana commutata {Philippi, 18441* C
283. Arca noae Linné, 1758*

2B4. Arca tetragona Pali, 1795 C

285. Barbatia barbata (Linné, 1758)"

286.Scapharca inaequivalvis (Bruguiere, 17895

287.Striarca lactea {Linné, 1758

268. Glycymeris glycymeris (Linné, 1758)*
289. Glycymeris insubrica (Bracchi, 1814)*
290. Mvtilus galloprovincialis Lamarck, 1819%
291 Mytifaster minimus (Poii, 1795)*

292, Mytilaster solidus Monterosaio 18727
293. Gregarieila petagnae Scacchi, 1832

294. Modioiarca subpicta (Cantraine, 1835)* C
295 Musculus costolatus (Risso, 1826)*

296. Lithophaga lithophaga (Linné, 1758)*
297. Modiolus barbatus (Linng, 1758)*

298, Pinna nobilis Linné, 1758+

299, Pecten jacobaeus (Linné, 1758y C

300. Aeguipecten opercularis (Linné, 1758)*
301, Chiamys multistriata (Poli, 1795y

302. Chlamys varia (Linné, 1758)*

303. Chiamys glabra (Linng, 1758)%

304. Chlamys proteus (Dillwyn, 1817 ex Solander ms.)*

305. Spondylus gaederopus Linng, 1758*

306. Anomia ephippium Linng, 1758

307 Pododesmus squamula (Linng, 1758) C

308.Lima lima (Linng, 1758y

309 Lima exilis Wood S.V., 1839*

330.Lima hians (Cmelin, 1791)* €

311.Limea loscombi (Sowerby G.B., 1823)* C
12. Ostrea edulis Linné, 1758*

.Crassostrea gigas (Thunberg, 1793

.Ctena decussata {Costa O.G., 1829)*

. Loripes lacteus (Linng, 1758)*

.Lucinelia divaricata {Linné, 1758)*
.Anodontia fragilis (Philippi, 1836y

8. Myntea spinifera iMontagu, 1803)" C

319.Chama gryphoides Linngé, 1758*

320. Pseudochama gryphina {Lamarck, 1819)*

321, Galeomma turtoni Turton, 1825
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2. Barnia sebetia {Costa (.G, 1829)*

3. Lasaea rubra {(Montagu, 1803

4. Myseila bidentata (Montagu, 1803)* C

5. Hemilepton nitidum (Turton, 1822)

6. Cardita calyculata (Linng, 1738)*

7.Glans trapezia (Linné, 1767)

328. Venericardia antiquata (Linné, 1758 C

329:Acanthocardia aculeata (Linné, 1758y C

330. Acanthocardia paucicostata (Sowerby G.B I,
1841)* C

331. Acanthocardia tuberculata (Linné, 1758}

332 Parvicardium exiguum (Gmelin, 1791)*

333. Laevicardium crassum {Gmelin, 1791 C

334. Lasvicardium eblengum (Gmelin, 1791)* C

335. Cerastoderma edule {Linné, 1758)*

336, Mactra stubtorum Von Bom, 1778

337 Spisula subtruncata (Da Costa, 1778)*

338. Donacilla comnea (Poli, 1795)*

339, Solen marginatus Pulteney, 1799

340 Ensis minor {Chenu, 1843)®

341. Vellina tenuis Da Costa, 1778

342 Tellina balaustina Linné, 1758*

343.Tellina donacina Linné, 1758* C

344 Tellina distorta Poli, 1791% C

345 Tellina incarnata Linng, 1738

346.Tellina planata Linné, 1758

347 Tellina nitida Poli, 1791*

348. Gastrana fragilis (Linné, 1758)*

349 Donax semistriatus Poli, 1795*%

350. Donax trunculus Linng, 1757*

351. Psammobia fervensis (Gmelin, 1781 C

352, Psamimobia depressa (Pennant, 1777)*

353, Psammehia costulata Turton, 1822

354, Abra alba (Wood W, 1802)*

355. Abra tenuis (Montagu, 1803

356. Solecurtus multistriatus {Scacchi, 1834)

357.Sclecurtus scopula (Turton, 1822) ¢

358, Sclecurtus strigitlatus (Linné, 1758y

359 Venus verrucosa Linné, 1758*

360, Chamelea gallina (Linng, 1758)*

361. Timoclea avata (Pennant, 1777)*

362. Gouldia minima (Montagu, 1803)* C

363, Dosinia fupinus (Linng, 1758)%

364. Dasinda exoleta {Linné, 17581

365, Pitar rudis (Poli, 1795)* C

366.Callista chione (Linng, 1758y C

367, Tapes decussatus (Linné, 1758)*

368. frus irus {Linné, 1758y

369, Paphia aurea {(Omelin, 1791)*

370, Venerupis senegalensis {Gmelin, 1791)*

371.Petricola lithophaga (Retzius, 1786)*

372, Petricola lajonkairii (Payraudeau, 1826)

373, Mysia undata (Pennant, 1777)*

374. Corbula gibba (Olivi, 1792)* C
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375 Lentidium mediterraneum {Costa .G, 1839)*

376. Gastrochaena dubia (Pennant, 1777
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377. Hiatella arctica {Linné, 1767)*

378. Phoias dactylus Linné, 1758

© 379, Teredora maileolus (Turton, 1822) C

280, Bankia carinata {Gray ). £., 1827) C

381, Thracia convexa (Wood W., 1815} C

" 382 Thracia corbuloides Deshayes, 1830 C

383, Thracia papyracea (Poli, 1791)*

- 384. Thracia pubescens (Pulteney, 1799)* C
"’_»385.Thracia distorta (Mantagu, 1803)* (Fig. 4}

- 386.Pandora pinna Montagu, 1803) C

. 387.Lyonsia norwegica (Gmelin, 1791)* C

».:Classe Scaphopoda Bronn, 1862

388, Dentalium dentalis Linng, 1758%

389, Dentalium inacguicostatum Dautzenberg, 1891% C
90. Dentalium vulgare Da Costa, 1778

.391. Fustiaria rubescens (Deshayes, 1826)* C

-Classe Cephatepoda Cuvier, 1795

392 Sepia elegans Blainvilte, 1827 C
93, Sepia officinalis Linng, 17587
94_Sepiola rondeletii Leach, 1817 C
95, Gctopus vulgarts Cuvier, 1798%

2: Cerithiopsis nana Jeffreys, 1867.
Altezza: mm 2,4.

: Cerithiopsis nana feffreys, 1867.
Visina: 2,4 mm.

7

Specie di netevole interesse

Cerithiopsis nana (fig. 2)

Come tutte e specie appartenenti al suo genere, vive
dal mediolitorale ali'infralitorale fino afla profondity
100 metri circa (Nordsieck, 1968); lo si rinviene as-
sociato a spugne, dalle quali non st allentana molto, in
quahito costituiscono i suo cibo preferito (Fretter &
Manly, 1977).

Secondo Palazzi (1994), per voler gsser pit precisi,
guesto gasteropade vive su Suberiles domuncula, ben-
ché city risulti essere poco documentato per il Medi-
terranea. Tale affermazione deriva dal fatto che Autore
ha poluto osservare una colonia di Cerithiopsis nana
nella Laguna di Lanterna, a nord di Cervera. Il ritro-
vamento, avvenutc a bassa profondita, ha suscitato stu-
pore soprattutio per la capacita deghi esemplari, di man-
tenersi attaccati alia spugna con fili mucosi, nonostante
il forte moto ondosa. Seziont della spugna hanno inocltre
evidenziato c¢he tali gasteropodi si fimitavano ad in-
festarne la superficie.

Ersilia mediterranea (Fig. 3)

Specie citata di rado e quasi esclusivamente per il
bacino meridionale del Mediterranen (Sicilia, Tunisia,
Algeria, Golfo di Gabes). Negli ultimi anni, perd, Harea
di distribuzione tende a spostarsi sempre pitl 2 Nord
come viene dimostrate da diverse segnalazioni.

Pirozzi tdentifica questo piccolo Lacunide nel detrito
del Gaotfo di Napoli (Ghisatti, 1978).

Fig. 3: Ersifia mediterranea (Monterosato, 1869).
Altezza: mm 1,3,

51, 3: Ersilia mediterranea (Monterosato, 1869).
Visina: 1,32 mm.
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Successivamente vengonoe raccolti un esemplare a
Capo Passero (Stracusa), uno presso lisola di Capraia
{Livorno) a 80 metri di profondita ed un altro nelia baia
di Paraggi (Genova): quest'ultimo, inoltre, si presenta in
ottime condizioni di freschezza e con residui di parti
molli (Cecalupo, 1981).

Per quel che concerne 'Adriatico Settenirionaie £rsi-
lia mediterranea viene rinvenuta per fa prima volta a
Veruda (Pola) (Babbl & Rinaldi, 1981); nel 1983 viene
citata per H'lsota d'Eiba (Mietto & Quaggiottn, 1983) e
Hoenselaar & Hoenselaar, nel 1989, pubblicane nel
Bollettino della S.1L.M. una cartina che illustra il bacine
del Mediterraneo con tutli i rivevamenti di questa pic-
cola specie.

In aggiunta & tali dati, vi & la segnalazione degli AA.
dell'esemplare raccolto a 10 metri circa di profondita a
Cervera, presso Parenzo, nel luglio del 1997, su una
piccola prateria di Cymodocea in un canalone creato
dalle correnti di fondo.

Thracia distorta (Fig. 4)

Specie che vive nelle fenditure delie rocce, o nei fori
praticati da molluschi perforanti. La morfologia delle
valve si presenta molto variabile poiché Thracia distorta
si adatta alia dimora scelta; questa peculiarita ha spesso
reso difficile la sua determinazione e per tale motivo
diversi studliosi sono stati tratti in inganno (Barsotti,
1978,

Fig. 4: Thracia distorta (Montagu, 1803).
Lunghezza: mm 5,8.

Fig. 4: Thracia distorta (Montagu, 1803).
Dolzina: 5,8 mm,

DISCUSSIONE

Lungo il tratto di costa studiato dal 1995 al 1998 a
livelio di malacofaung, sono state individuate 395 spe-
cie di moluschi: 8 Polyplacophora {(2%), 272 Gastro-
poda (quasi il 69%), 107 Bivalvia {27%), 4 Scaphopoda
{1%;} e 4 Cephalopoda (1%},

Il numero delle specie rinvenute viventi & di 228 e
rispetto al totale dei taxa raccolti, si aggira attorno al
58%; cio chiaramente ¢ significative poiché testimonia
l'importanza dell'azione di accurnule def materiale sulla
riva ad opera delfe mareggiate, sopraitutto nei mesi
autunno-invernali: essa infatti permette una miglior
conoscenza degli organismi che provengono anche
dalie biocenosi del circalitorale (vedi Jista molluschi)
poste al largo in acque pil profonde.

Gli Opistobranchia segnalati sone caratteristici del
mesolitorale e dell'infralitorale anche se in alcuni casi
(Bulla siriata, Scaphander lignarius e Cavolinia triden-
tata) sono stati raccolti nel detrito depositatosi nella
biocenosi del Detritico Costiero.

Confrontando i dati malacologict pubblicati da Vato-

2 (1928) per le acque di Rovigno, non molto distante
geograficamente da Cervera, risulta che Autore aveva
identificato 339 specie (pari quasi ali'86% di quelle
citate in questo lavoro); ¢id dimostra una notevale
conascenza dei moltuschi gia all'inizio def secolo.

Il gran numern di specie determinate, conferma Pat-
tuale ricchezza dell'Alto Adrdatico, peraltro gia rilevata
daghi stessi AA. nella pubblicazione del 1996 sul Colfo
di Trieste in cut sono stati elencati 492 molluschi pre-
senti provvisti di conchiglia (Vio & De Min, 1996).

La notevole biodiversitd dell‘area studiata, per guan-
to riguarda la malacofauna, appare chiara anche para-
gonando il numero di specie da noi osservate {395), con
il totale di quelle viventi nel Mediterranco: 2200 (com-
presi gli Apfacophora, recentemente scoperti): tale nu-
mero eleva la percentuale, per Cervera, a circa il 18%.

Volendo inoitre confrontare | dati raccoltt da Pas-
samanti et a/. {1993} con quelli presentati, si evidenzia
che sone abbastanza simili: infaltl questi Autori in-
dicano per Banjole, localita posta vicino a Pola, la
presenza di 213 specie di Molluschi, mentre a Cervera
ne sono state rinvenute 395, Ritenlamo comungue op-
portuno sotclineare che nell'insenatura di Banjole,
dove il fondale degrada verse il mare aperto fino alla
profondita di 40 metrt ed @ caralterizzato da sabbia
pelitica frammista a rocce intervailate a praterie di
zosteracee, la presenza di uno stabilimento per fa fa-
varazione € la conservazione del pesce, lo scarso
wdrodinamismo ¢ Fapporto di acque dolci, hanno
sicuramente influito sia sul numiero elevato di specie di
Molluschi  segnalati, sia sulla presenza di forme
particolast quali Conus ventricosus Cmelin, 1791 (vari-
etd di C. mediterraneus, dalla conchiglia pit atlungata
che presenta alla base colort tendenti al rosso, rosa o
arancio invece che grigio-verdi) (Poppe & Goto, 1991).
Cid non toglie che l'elevato indice di bindiversita del
fitorale di Cervera, sia maggiormente imputabile alla
notevale varieta di biotopi che caratterizzano 'area e
alllinfluenza antropica relativamente bassa. Tutt'ora,
infatti, gli insediamenti urbani nella zona sono pochi,
fatta ecceziong per alcuni campesggi posti nelle vici-
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- panze ed alcuni alberghi, edificati sottocorrente, nei
pressi di Parenzo (Porec).

Si pud inoltre rilevare una differenza tra il numero di
specie rinvenuto all'internc detl'insenatura di P.to Bus-
sola (328) e guello del litorale aperto verso 'Adriatico
{totale 395 campionate): cid & sicuramente imputabile al
fatto che, essendo guesto tratto di costa mena protetio
‘dalie mareggiate & piti frequente I'accumularsi sulla riva
di specie viventi nelle biocenosi caratteristiche del cir-
calitorale quali: il Detritico Costiero (D.C)), il Detritico
fangoso (D.E), i Fanghi Terrigeni Costieri (V.T.C.} ed |
‘Fondi Mobili fastabilt (ML
© Purtroppo @ facilmente ipotizzabile che 'incremento

(Vatova, 1928}, kot tudi z recentnimi (Fassamonti ¢t al.,
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POVZETEK

V obdobju med jesenjo 1995 in poletiem 1998 smo apravili vzorcevanja malakofavne obrezja pri Crvarju blizu
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1993; Vio & De Min, 1996). Kare, da je bicdiverziteta zelo
visoka glede na omejeno razsirjenost raziskanega obmocja. Kljub temu obstaja moznost, da bosta razvof turizma,
-predvsem gradnja kampov in privezov za Colne, kot tudi pozidava obale, negativao vplivala na to pestrost.
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ECOLOGICAL CHARACTERISTICS OF SEAWATER INFLUENCED
BY SEWAGE OUTFALL

Patricija MOZETIC, Viado MALACIC & Valentina TURK
Natioral Institute of Biology, Marine Biological Station, $1-633Q Piran, Fornace 41

ABSTRACT

.+ The impact of sewage discharge from the treatment plant at Piran through submarine outfalls approx. 3500 m off
the coast was studied. During the years 1998-7999 six surveys of oceanographic parameters, autrient concentrations
and faecal coliforms were carried out at the central station between the twa outfalls and at the reference station. The
spreading of the sewage in the water calumn was detected through observing smalf vertical salinity osciffations (~0.1
PSUJ in layers of thickness fess than 1 m, a few rneters above the hottom. Sewage dispersal was confirmed by the
presence of faecal coliforms. Their number increased (max. 1160/100 mi) in the layers with highest salinity oscilla-
tions. The ecological impact of submarine outfalls on the surcounding environment was highest in the case of am-
monium, while for ather nutrients the impact was almaost negligible. This was confirmed by the relatively high corre-
{ation between faecal coliforms and ammonium (p=0.58} in the near-field sewage plume, while there was no cotre-
{ation {p=-0.05} between these properties in the sewage al the treatment plant's outlet, The reference station proved

INTRODUCTION

Near-shore marine areas are susceptible to many
dlfferent land-based sources of pollution, among which
direct, untreated wastewater discharge seems to be one
of the main causes of increased eutrophication. This
preblem is even more evident in coastal areas where
economically important activities, such as tourism and
aquacultare, set high standards of seawater quality.
‘Many legislative acis have been successfully imple-
mented in order to control the quality of the water body
receiving municipal wastewaters and for the protection
of human health. Slovenia started to monitor some pol-
lution parameters within the frame of UNEP/MED-POL
Program Phase If (Tusnik et al, 1989 in 1983. Among
several “hot spots”, referred as land-based scurces of
pollution, sewage effluents at treatment plants were ana-
lysed from the very beginning.

- In comparison to this well-developed net of pollution
ntrol on the land, the seawater in the vicinity of sewage
scharges along the Slovenian coast did not gain such
attention. Up to now, the majority of research work

to be unsuitable for comparison due to periodic bacterial contamination.
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concerning the effect of sewage dispersal in the marine
environment was focused on the Piran sewage outfall
{(Gulf of Trieste, Adriatic Sea). The municipality of Piran,
which is one of the most touristically developed Slove-
nian areas, solved the problem of sewage disposal in the
late 70's by constructing a submarine sewage outfal!
3450-m off the caast. Eleven years later, in 1987, another
submarine outfall was constructed parallel to the old ane
at a horizontal distance of less than 200 m and 3250 m off
the coast (Vukovi¢ & Malacgic, 1997). A mechanical treat-
ment plant produces a studge that is periodically removed
from digestion tanks t¢ an onshore dumping-ground, and
an effluent, that is discharged by gravity through the
outfalls into a depth of 21 m (Malej, 1980; Malac¢i¢,
1997). The old and new outfalis terminate with diffusers
that are 108 m and 185 m long, respectively. They are
placed 1 m ahove the bottom and are drilled alternately
with 11 to 17 lateral holes on both sides of the pipes. Up
to now these diffusers are the only ones in Slovenian
waters. Average effluent flow is about 10360 m? per day
and may increase during the season due to increased
population (D. Kleva - Svagelj, pers. comim.).
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Fig. 1: Location of the Piran submarine outfall, station
grid and sampling stations in the southern part of the
Gulf of Trieste. Sampling station PI-16 is located in the
cenlre of the station grid.

Si. 1: Lokacija piranskega podvodnega izpusta, mreze
postaj in vzorcevalnih postaj v juznem delu Tr2askega
zaliva. Postaja PI-16 leZi v sredini mreze postaj.

Early studies comprised an overview of environ-
mental conditions in the water column and at the sea
floor before (1974/75) and after {1978/79) the construc-
tion of the fist submarine outfall (Avcin et al, 1978;
Malej, 1980; Faganeli, 1982). The authors reported a
minimal effect of the outfall upon the surrounding ma-
ring ecosysterm, suggesting a very rapid dispersal of the
effluent and thus the high effectiveness of the Piran
treatment plant. No studies were done after the con-
struction of the second cutfall until recently,

Iny the last three years an extensive project has been
undertaken in order to analyse the dispersion of the
sewage plume from the Piran submarine outfall
IMalacic, 1997, 1998; Vukovic & Malagi¢, 1997) The
dynamics of sewage plume dispersion is controlled by
stratification, shear currents, turbulence and the Coriolis
force. Nutrients and faecal bacteria were occasionally
monitored along with oceanographic parameters at the
centrai station located between the two diffusers.

The purpose of this paper is to estimate the extent of
sewage pollution in the water column hased upon eco-
logical paramelters, and to extract the most representative
parameters (i.e. indicators) of such poliution. Further-
more, we'll try to compare these new data with the data
collected 20 years ago in order to assess possible dete-
rioration of the marine environment and the effectiveness
of the sampling strategy designed for such studies.

MATERIALS AND METHODS
Sampling strategy and field survey

Sampling was carried out at station PI-16 which is
located between the submarine outfalls of Piran and at
station F {Fig. 1) which is defined as the reference station.
The central station PI-16 was chosen from a grid of 31
stations {Malaci¢, 1999a). During the years 1996-1998
several oceanographic surveys of the water column were
undertaken. However, only four samplings from 1998 are
preseried in this paper. Biological and chemical para-
meters were sampled in addition to the CTD casts
{conductivity, temperature, depth). An additional two
samplings were performed in 1999, Surveys, labelled
from 1 to 6, correspond 1o the following days: 2 Apsil
1998 (1), 18 June 1998 (2}, 31 August 1998 (3}, 12
Ociober 1998 (4), 24 May 1999 (5), and 21 July 1999 (5).
Samplings were performed in calm weather and during
fow tidal currents - the tidal range of sea-surface elevation
{peak-to-peak} was less than 0.6 m in the port of Koper.

The battomn at stations PI-16 and F is 21 m deep. The
number and position of sampling depths varied from
one sampling to another, and were defined each time
separately with regard to the vertical salinity profile of
station Pi-16. The spreading of the sewage plume was
detected from slightly lower salinity {for about 0.1 PSU)
in thin fayers within the water column. The number of
samnpling depths varied from 9 to 14, while the sampling
depth interval was smaller than 2 m in the layers with
slightly lower salinity. The reference station F was sam-
pled only at a few depths, the number of which did not
exceed five - the number of standard oceanographic
depths (0.5, 5, 10, 15 m and just above the bottom). The
exception was Survey 1 when sampling depths at station
F correspanded to those at station PI-16,

information about the input load was gained from
the bacteria and nutrient analysis of sewage samples
that were coliected at the outflow of the treatment plant
before each survey. The samples were collected about
three to four hours before the sampling at station P1-16.
It takes about this amount of time for the sewage to
reach the sea (station P{-16).

On the basis of several oceanographic surveys of the
water column near the sewage plume during different
stratified conditions, a station grid was designed
(Malacic, 1997). The grid with a diameter of approx.
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-900-m covers 31 stations around both outfalls and en-
“ables a fast dynamic survey (within one hour) of the
- plume extent. At grid stations venical profiles of tem-
perature, salinity, oxygen and fluorescence were ob-
“tained using the fine-scale multiparameter CTD probe,
-designed at the Centre for Water Research, University of
" Western Australia. The vertical resolution of the probe is
of about 2.5 cm for a conventional drop speed of about

| Analyses

‘Nutrients. Concentrations of nitrate (NO3), nitrite
L(NO5), ammonium (NH4%), phosphate (PO4?) and sili-
“cate (Si047) were measured in unfiltered seawater and
iltered sewage samples using standard colorimetric pro-
adures (Grasshoff, 1983). Sewage samples were filtered
trough glass fibre filters (Whatman GF/F). Total nitro-
wen (N-tot) and total phosphorus {P-tot) were analysed in
mfiltered samples. Inorganic nitrogen (AN;p) was cal-
ulated as NH4* + NOz™ + NO;™.

Faecal coliform bacteria. The number of faecal coli-
orms was determined following the recommendations
- UNEP/WHO (1994). Water samples were filtered
rough the 0.45 pm pore-size Millipore filters and in-
tbated on m-FC agar medium at 44.5+0.2°C for 24
ours.

o Statistical analyses. Data from nuirient concentra-
ians and faecal bacteria counts measured in the sewage
t the outlet of the treatment plant and at the station Pl-
b were statistically elaborated. Cross-correlation of
tandardised data was used to calculate correlation co-
fficients (p) in order to examine the linear relationship

nd standard deviations (S0} are shown.

$D) merjenih parametrov.
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between properties (i.e. nutrients and faecal bacteria).
Data were standardised using the following equation:

(<X>-X)SD

where X; represents measured value, <X> mean
value and SD is the standard deviation of the specific
parameler.

RESULTS
Sewage compaosition

Nutrient analyses and bacterial counts were per-
formad on sewage effluent that was treated mechani-
caily (Tab. 1), Almost all inorganic nitrogen was present
as ammonium. Concentrations of ammonium, nitrite
and nitrate varied substantially: from below the detec-
tion [imit up to 243 pmol ' in the case of nitrate. Ex-
cept far samples collected on 12 Qctober 1998 and 21
july 1999 the inorganic nitregen (51-98% of total nitro-
gen) prevailed over organic forms.

More than 50% of tatal phosphorus was in the farm
of phosphate (PO43), while other forms that are nor-
mally present in sewage, e.g. polyphosphate and or-
ganic phosphate, were not analytically separated. The
highest concentrations of ammaonium, phosphate, total
nitrogen and phosphorus were rmeasured during the
summer months (31 August 1998 and 21 july 1999),
while in the case of nitrate and nitrite it was just the op-
posite: during the summer they were at their minimum.
Average count of faecal bacteria was around
7.3%108/100 mi with a standard deviation of 2.7x10°.

b, : 1: Compoasition of sewage water at the outflow of the Piran treatment plant: concentrations of nitrate (NOy’),
itrite (NO7'), ammonium (NH4*), inorganic nitrogen (XNj, ), phosphate (PO4%), silicate (SiO4%), total nitrogen
-fot) and phosphorus (P-tot) and number of faecal coliform bacteria (FC). Mean values of the parameters (< X >}

1+ Sestava odpadne vode na iztoku iz piranske Cistilne naprave: koncentracije nitrata (NOy’), nitrita (NOy'),
imonija (NHg*), anorganskega dusika (ENin.), fosfata (PO4), silikata (Si04%), celotnega dusika (N-tot) in fosforja
P-tot) ter stevilo fekalnih koliformnih bakterij (FC). Podane so srednfe vrednosti (< X >) in standardne deviacije

NO;,” NOy' NH,* IN, PO 3i0,* N-tot P-tot FC
oot I famol MYy {umot ) Famol I'h fmol 111y fpmal i1 Jwmel I7H Lamot MY [(No /100 o)
17.96 3.40 825.93 847.29 38.75 139.44 1651.17 62.69 3908406
43.16 16.76 841.87 901,79 40.36 249.16 92441 67.48 1.036+07
<0.01 G.04 19316.30 1916.34 46.71 38827 1998.59 109.69 4.48E406
24.92 14.32 299.30 334.54 24.16 201.60 920.50 37.29 8.00E+06
24251 6.32 952.72 1201.55 58.22 272043 1893.30 92,18 7. 008+06
21707/99 3.04 0.07 1836.6¢ 1839.71 1G2.28 262.28 5275.80 11597 1.02E407
<X> . 54.60 6.82 1112.12 1173.54 51.75 143.53 2111.05 79.55 7.26E+06
: 93.33 719 634.44 613.27 27.13 830.02 1619.34 30.80 2.68€+06
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Fig. 2: Coefficients of cross-correlation analyses
between faecal bacteria and nufrients.

a) data from the sewage at the oullet of the trealment
plant

b) data from station PI-16
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Sl 2: Koeficienti korelacijske analize med fekalnimi
bakterijami in hranilnimi snovmj.

a) podatki iz odpadne vode na izfoku iz cistilne na-
prave

b) podatki s postaje PI-16

Tab. 2: Coefficients of cross-correlation analyses performed on nutrient concentrations and faecal bacferia counts,
which were measured in the sewage at the outlet of the Piran treatment plant (N = 6).

Tab. 2: Korelacijski koeficienti, izracunani za koncentracije hranilnih snovi in stevila kofiformnih bakterij (N = 6).
Analize so bife opravijene v odpadni vodi na iztoku iz piranske Cistilne naprave.

PO 43~ P-tot NOy~ NO3- NHg* N-tot $i044- FC

PO43- 1 0.80 -0.60 0.03 0.71 0.96 0.22 0.42
P-tot 0.80 1 -0.81 0.05 0.95 0.76 0.64 -0.01
NOy -D.60 -0.581 1 0.11 -0.79 -0.68 -0.33 0.45
NO>- 0.03 0.05 0.11 1 .24 0.17 -0.21 0.01
NHg* 0.71 0.95 -0.79 -0.24 1 0.71 0.74 -0.05
N-tot 0.96 0.76 -0.68 ~0.17 0.71 1 0.21 0.33
Si0g% 0.22 0.64 -0.33 ~0.21 0.74 0.21 1 -0.01
FC 0.42 -0.01 0.45 0.01 -0.05 0.33 -0.01 1

Cross-correlation analyses {Tab. 2) of nutrient con-
centrations and faecal bacteria in sewage show variable
relationships among parameters. Some nutrients are
highly correlated among cach other fe.g. PO, Paot,
NH4*, and N-tot), while faecal bacteria are only slightly
correlated to phosphate and nitrite (Fig. 2a). There is no
meaningful correlation between the bacteria and am-
monium in the sewage.

Vertical structure of the water column

CTD casts were performed at every susvey and
sampling depths at station Pi-16 were determined using
the salinity vertical profile. in this work only one vertical
profile of temperature, salinity, fluorescence and dis-
solved oxygen will be presented as an example (24 May
1699) of the fine vertical structure of the water column

that is affected by the sewage plume (Fig. 3). Warming
of the atmosphere in late spring contributed to the rise of
seawater temperature in the upper layers. Conseguently,
a weak stratification of the water column with a ther-
mocline at approx. 12 m was re-established, separating
the upper warmer layers {17.0-18.8°C) from the colder
bottom ones (12.4-13.4°C). Salinity gradually increased
with depth from the value at the surface (36.27 PSL)
towards the value at the depth of the thermocline (37.04
PSUY. In the fayer between 11 and 16 m slight oscilla-
tions of salinity ranged from 0.03 to 0.12 PSU. They in-
dicate an intrusion of less saline water presumably
priginating from the outfalls. Below 16 m depth the sa-
linity increased again and reached the maximum (37.69
PSL) at the bottom. The fluorescence peak and highest
oxygen concentration were detected at a depth of
around 16 m. The salinity vertica) profile was crucial for
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Fig. 3: Temperature, salinity (Sal), in situ fluorescence
(Chl a} and dissolved oxygen (D.0.) vertical profiles
recorded an May 24, 1999 using CTD fine-scale probe.
defail of vertical profiles of temperature and salinity
between 10 and 16 m depth is shown in the lower
figure.

SL-3: Vertikalni profili temperature, slanosti (5al), in
situ fluorescence (Chl a) in raztopljenega kistka (D.O.),
posneti s CTD sondo 24, maja 1999. Na spodnji sliki je
prikazan izsek vertikainil profilov temperature in
s!anostr na globini 10 do 16 m.

stermmauon of 12 sampling depths. Between the depth
range 11.5-16.5 m the samples were collected at depths
withan mtervai smaller than 1 m.

Water quality of the recipient

i\utnent concentrations and the sanitary quality of
the seawater were measured in the near-field of the
sewage plume (station PI-16), as well as at the reference
§tation {station F}, in order to examine the impact of
-sewage on the surrounding media. Fine-scale vertical
distributions of chemical and microbiological parame-
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ters during six surveys at station P16 are shown in fig-
ures 4a and 4b,

Faecal coliforms are the fundamental indicators of
sewage pollution. Therefore, we first followed the distri-
bution of bacteria in the water column. Secondly, we
compared nutrients to bacterial distributien in order to
determine the most representative nutrient(s} of sewage
dispersion. The number and vertical distribution of fae-
cal coliforms differed substantially among the six sur-
veys (Fig. 4a, upper pane}). On 18 june 1998 we ob-
served no sewage at station P16, while on other occa-
sions the number of bacteria varied from less than 1 to
1160/100 ml. A peak value of 1160 counts/100 mi was
counted on 2 April 1998 at depth of 12 m, with the sec-
ond highest 890 counts/100 ml at depth of 14 m on 24
May 1999. Low values, apart from the situation of zero
counts on 18 June 1998, were counted during late
summer {31 August 1998). Then, the highest count of
215/100 mi was reached at the battom.

The vertical distribution of faecal coliforms also var-
ied substantially. During spring surveys (2 April 1993
and 24 May 1999} the bacteria were present only in 2
narrow layer of a thickness of 3 m between depths of 11
and 14 m. An approx. 15-fold increase was detected at
depths of 12 m and 14 m with respect to counts at other
depths. During other periods faecal coliforms were more
evenly distributed throughout the water column. Bacte-
ria were found in a thicker layer between 7 and 13 m,
with peak values at the bottom (31 August 1998) and at
depths between 11 and 16 m (12 Qctober 1998 and 21
July 1999).

With a few exceptions vertical profiles of ammonium
followed faecal vertical distributions (Fig. 4a, upper
panel). Peaks of ammonium {4.08 - 7.33 pmol ') were
measured at the same depths as bacterial maximums,
and also at the bottom (3.23 pmot I!). Concentrations of
other nitrogen forms, especially nitrate, were generally
higher in the upper layers of the water cofumn (1.83 -
6.01 pmo! ') and again at the botom (7.72 pmol {°F;
Fig. 4b, lower panef). Phosphate and total phosphorus
(Fig. 4b, upper panel} showed a similar vertical pattern.
Extremely high phosphate concentrations were meas-
ured on 31 August 1998 at the surface (0.30 pmol '), at
the bottom (0.92 pmol I'1) and at 15 m depth (0.41 pmot
I'1). In other cases the concentrations of phosphate were
below 0.10 pmol I'l. Increased phosphate and total
phosphorus values were only occasionally observed in
the layers where faecal coliforms were present. Silicate
concentrations varied from 1.85 to 34.72 pmol 1 (Fig.
4a, bottom panel). Similarly to nitrate, the highest values
of silicate concentrations were generally measured in
the bottom layers {except for 2 April and 31 August
1998).
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Fig, 4a: Vertical distribution of faecal coliform bacteria, ammonium, total nitrogen {N-total) and silicate at station
P1-16 during six surveys during the years 1998-1999.

SI. 4a: Vertikalna porazdelitev fekalnih koliformnih bakterij, amonija, celotnega dusika (N-total) in silikaia na
postaji PI1-16 tekom 3estih vzorcevanj med leti 1998-1999.
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ig. 4b: Vertical distribution of phosphate, total phosphorus (P-total), nitrate and nitrite at station Pi-16 during six
surveys during the years 1998-1999.

. 4b: Vertikalna porazdelitev fosfata, celotnega fosforja (P-total), nitrata in nitrita na postaji PI-16 tekom Sestih
Vzorcevanj med leti 1998-1999.
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o Tab. 3: bbeffiéiénfé bf cross-correlation analyses performed on nutrient concentrations and faecal bacteria counts,
. which were measured in the seawater at station PI-16 (N =
" Tab. 3: Korelacijski koeficienti, izracunani za koncentracije hranilnih snovi in $tevila koliformnih bakterij (N = 70).

70).

PO43- P-tot NO» NO;- NH4* N-tot 5i04%- FC

PO, 1 0.82 0.49 -0.10 0.37 0.12 0.27 0.18
P-tot 0.82 1 0.40 011 0.37 -0.09 0.02 0.35
NO,- 0.49 0.40 1 -0.02 0.72 0.19 0.47 0.07
NOs- -0.10 0.1 -0.02 1 0.14 0.87 0.19 0.21
NHg* 0.37 0.37 0.72 0.14 1 0.09 0.29 0.58
N-tot 012 -0.09 ~0.19 0.87 0.09 1 0.07 0.26
5i0,44- 0.27 0.02 0.47 0.19 0.29 0.07 1 0.06
FC 0.18 0.35 0.07 0.21 0.58 0.26 0.06 1

Nutrients and faecal bacteria measured at station PJ-
16 were statistically elaborated in a way similar to that
for the sewage effluent. Data from all six surveys col-
lected at all depths were cross-correlated (Tab. 3). The
strongest refationships were observed between POg*
and P-tot, and NO3™ and N-tot {p = 0.82 and 0.87, re-
spectively). However, the impact of sewage discharge
on the recipient is revealed with the correfation between
faecal bacteria, indicators of such polution, and nutri-
ents {Fig. 2b). The bhighest correlation coefficient be-
wween bacteria and nutrients was calculated in the case
of ammonium {p = 0.58). A relatively low correlation
coefficient was observed for total phosphorus {p = 0.35).
In all other cases (faecal coliforms vs. nitsite, nitrate, to-
tal nitrogen, phosphate and silicate) there was no
meaningful correlation, indicating no effect of sewage
input on these nutrient forms,

Nutrients and sanitary quality at the reference station

Station F was chosen as a reference station because
we expected no impact of sewage pollution at that sta-
tion. We therefore compared the nutrient data from both
stations {PI-16 and F).

Faecal coliforms were absent at the station F (Fig. 5}
during four samplings in 1998 except for the slight in-
crease in the bottom layer on 31 August 1998. On the
contrary, they were found on bhoth 1999 samplings at
depths below 10 m with relatively high numbers on 24
May 1999 (450 and 165 counts/100 ml). Concentrations
of all nutrients were in a range similar to the range of
nutrients measured at station Pi-16. On average, nitrate
and tatal nitrogen were higher at station F (2.30 and
36.51 pmol 17}, respectively) while all other mean val-
ues were higher at station Pi-16. {t should be stressed,
however, that the number of sampling depths at station
F was lower than the number of depths at station Pi-16.

Moreover, half of the samplings at station F were taken
only in subsurface or middle layers. A thorough com-
parisorn is therefore fimited.

DISCUSSION

The sewage composition from the Piran treatment
plant shows a high variability of parameters during six
samplings (Tab. 13. High concentrations of nitrate and
pitrite in the sewage were measured in spring, while
during the summer periad they were close to the detec-
tion limit. These forms of nitrogen are normally absent
from fresh sewage as they are producis of the biological
oxidation processes within the treatment plant (Masters,
1998). Therefore, high oscillations of nitrite and nitrate
in Piran sewage might be attributed to the different age
of the sewage at the time of sampling. We have to con-
sider also that the Piran sewerage system is of a com-
bined type, meaning that during heavy rainfalls surface
dratnage waters coming from roads, roofs and paved
areas are collected in the treatment plant. This leads to
fluctuations in both the volume and concentration of
sewage. It was shown in a previous work (Male] et al,,
1997) that the main nitrogen form in the rainwater that
was collected at the local meteomlogical station was
nitrate. A considerable fraction of nitrogen was bound in
the organic form.

The concentration of ammonium could also, to some
extent, be an indicator of the age of the sewage as this
formn of nitrogen is the final product of the decomposi-
tion processes of organic nitrogen and hydrolysis of urea
{Masters, 1998). Higher concentrations of ammonium
during the summer might also be attributed to the in-
creased tourist papulation and not only to the age of the
sewage. The same conclusion might be drawn about
orthophosphate, total nitrogen and phosphorus. Faganeli
(1982} already observed this in a previous work.
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After mechanical treatment the sewage is gravita-
tionally released to the sea through the two outfalls.
Oceanographic properties of the recipient at station Pi-
16 on 24 May 1999 were shown as an example. At that
time the less saline water, presumably originating from
the two diffusers, was retained below the thermocline at
a depth of 12 m. The sewage plume was identified by
small salinity oscillations in the range of 0.03 to 0.12
PSU in thin layers of a thickness of less than 1 m at
depths between 13 and 15 m. The sampling strategy was
arranged in such a way that the sewage plume was de-
tected as much as possible through frequent samplings
that were separated along the vertical by less than 1 m.
On 24 May 1999 frequent sampling was performed in
depths between 11.5 and 16.5 m.

A detailed three-year study of the oceanographic
properties around the submarine outfall confirms that
within the turbulent wastewater field the fluctuations of
temperature are in general of the order of 0.1°C, and of
salinity tess than 0.1 PSU (Matacdi&, 1999a), During pe-
riods of stratified water column the sewage plume gen-
erally lies at depths between 13 and 18 m - a few meters
above the bottom, while during the homogeneous water
column (winter), sewage can emerge at the surface
(Vukovi¢ & Malaci¢, 1997; Malacic, 1999b). The sew-
age plume spreads horizontaily in thin Jenses of a thick-
ness of less than 1 m in windless, stratified conditions
(Majaci¢, 1999a). Small vertical variations of tempera-
ture and salinity that characterise these lenses indicate
very fast dilution of sewage ¢lose above bath diffusers.
The study also showed that without seasonally-oriented
measurements (f.e. CTD casts) it is very difficult to sepa-
rate the influences of ambient conditions (e.g. currents,
winds, tide} on the spreading and rising of sewage. One
possibitity, although expensive, would be to use dye
tracers (e.g. rhodamin) (Proni et al, 1994; Adams et al,
1998; Yilmaz et al., 1998).

The spreading of a sewage plume was confirmed by
measurements of faecal coliforms. Faecal coliform bac-
teria such as Eschericia coli ave traditionally used as in-
dicators of sewage contamination because they appear
1o be specific to sewage pollution. They are present in
large numbers, relatively easy to quantify (Nichols et af,
1993}, and are taken as a sign of potential pathogen
presence. Domestic sewage discharged in coastal waters
contains an unhealthy mix of hoth harmless and infec-
tious microorganisms, such as faecal streptococci
(Streptococcus faecalisy and human pathogenic viruses,
which are more resistant to environmental stress and
thus survive longer in the marine environment (days-
weeks). Recent studies indicate that, instead of faecal
coliforms, sterol biomarkers could also be a suitable pa-
rameter to detect sewage {Mudge & Cwyn Lintern,
1999), especiatly when a historic measure of sewage
contamination is required. The comparison hetween the
measurements of 24 May 1999 (Fig. 4a, upper panel)

with the CTD cast {Fig. 3) showed that the occurrence
and high number of faecal coliforms coincided with the
{ayer of highest salinity oscillations along the vertical.
Similar vertical distribution of salinity and bacteria was
also observed during other months with the peak values
of bacteria always below 10 m. The only exception was
18 june 1998 when no faecal coliforms were detected.
Absence of bacteria was also observed during other sur-
veys performed between 1996 and 1997 {Vukovi¢ &
Malacic, 1997). Faecal coliforms have been found also
in the upper layers (above 10 m), but only during the
homogenous water column (Vukovit & Malacic, 1997;
unpubl. data). A possible explanation for the bacterial
absence at station P16 observed on 18 june 1998 and
reported previously by Vukovic & Malacic (1997) can
be attributed to the fact that the sampling was not per-
formed exactly at station Pi-16. At this station the sam-
pling usually takes half an hour. Since ancharing is
prohibited at that position the research vesse} drifted
away from station PI-16 approx. 400 m due to winds
and surface currents. Besides ineffective sampling there
are other plausible factars which may considerably re-
duce the survival rate of faecal bacteria in the marine
environment - primarily solar radiation, as well as salin-
ity, pH changes, the presence of toxic substances, pre-
dation and parasitism, lysis by bacteriophage, subopti-
mal water temperature, and nutrient deficiencies (Cheryl
et af., 1995; Solic & Krstulovic, 1992). The effect of an-
other factor, the osmotic stress due to moving from fresh
1o saline waters, is even more intensified when the
sampling is performed outside the near-field of the sew-
age plume {i.e. drifting of the vessel).

The highest number of faecal coliforms (from 215 fo
1160/100 ml) is above the regulation limit for bathing
waiers set by the State Department for Public Health,
which require less than 100 coliforms/180 ml (Official
Gazette, 1988). The area around the Piran submarine
outfall is not designed for bathing or aquaculiure activ-
ity, On the contrary, no activity should be allowed in
the zone around the diffusers. According to UNEP
{1995) recommendations ".. as a precaution against
damage by anchors or fishing gear, submarine outfalls
should be marked with clear buoys at the end at every
bend of the unprotected part, fitted with clear signs
prohibiting anchering and fishing in a 200 m radius
around it, and warning against swirmnming or wind-surf-
ing in the vicinity." These high coliform numbers shouid
be a major concern from the point of view of the treat-
ment plant operation. Taking into account the number
of faecal coliforms at the treatment plant outlet (Tab. 1)
and in the sea, the abatement factor of the microhial
load was between 10% and 107 in most cases (37%)
which is beyond the range of UNEP recommendations
for submarine outfalls (UNEP, 1995). Only in the two
highest cases of bacterial contamination (890 and
1160/100 mi the abatement factor was around 103
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h’;&h is in agreement with UNEP recommendations
{1995). This abatement factor is usually a combination
of initial hydraulic dilution over a submarine pipe and of
bacterial decay. UNEP (1995) recommends an outfall
system that ends with a diffuser of appropriate length at
certain distance from sensitive areas (e.g. bathing ar-
eas). This recomimendation is met for the outfali at Piran.
However, it is planned that the submarine outfall will be
comomed with the chemical disinfection of sewage
sludge to decrease bacterial abundance and nutrient
Fbéd even more.
Bacterial numbers were correlated with nutrient
concentrations, and nutrient measurements at both sta-
ions (station Pl-16 and reference station F) were com-
pared in order to detect other indicative parameter(s} of
wage pollution. Vertical distribution of analysed sub-
stances (Figs. 4a, 4b), and calculated correlation coeffi-
ents between them (Tab, 3, Fig. 2b} show that only
armonium could be an indicator of sewage dispersion
2 0.58). Interestingly, this relationship between am-
imonium and faecal bacteria cannot be detected in the
‘i wage effluent {Tab. 2, Fig. 2a) where other nutrient
species {phosphate and nitrite) are more linearly corre-
ted to bacteria than ammonium, although this correla-
tian is relatively weak. All other nutrient concentrations
at.the station PI-16 are comparable ta the concentrations
4t the reference station {Fig. 5) and to concentrations
that are generally measured in the southern part of the
sulf of Trieste {(Vukovic et al., 1997-1999). Thus, only a
shght influence of sewage duspersal on the pelagic envi-
onment was detected. In the Guif of Trieste maximal
concentrations of ammonium are generally measured at
€ bottom (Vukovic et afl., 1997-1999). They result from
degradation and sedimentation processes. In the water
iumn above the submarine outfall the ammonium
2k values {4.56-7.33 pymol 1) were up to two times
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higher than those measured at the reference station
{max. 3.83 pmol {1} and were found in the layers of
highest bacterial contamination. Sometimes the peak
was detected at the bottom. Concentrations and vertical
distribution of remaining nutrients are most likely greatly
influenced by other external inputs (e.g. rain water, river
water; Malej et al, 1995, 1997) and processes
(biological uptake, bacterial degradation, sedimentation,
entrapment at the bottom). This hypothesis is even more
plausible when variable sewage composition and fast
dilution at the diffuser's autlet is taken into account. Fx-
cept for ammonium, and to a lesser extent for total
phosphorus, station PI-16 reflects similar nutritional
conditions as station F. Similar findings were described
for more polloted areas than the Bay of Piran, with
higher external nutrient loads {municipal wastewater,
industry, rivers), A water quality study of Tampa Bay in
Florida (Wang et al., 1999) showed that external loading
of ammonium comprised less than 1% of total
ammonium flux and that major seasonal variations can
be attributed to mineralisation of organic nitrogen (algal
death and respiration) and to phytoplankton uptake.

n terms of bacterial contamination, station F was
found unsuitable as a reference site. The distance be-
tween the two stations is 0.85 Nm. Historically, station F
has a recognisable status as a reference station for the
nor-polluted, open-waters of the Gulf of Trieste
{Fanuko, 1986}, On both 1999 surveys faecal coliforms
were found at this station, indicating the impact of sew-
age discharge on the environment, presumably due to
specific oceanographic properties at that time. High
hacterial numbers were counted again in November
1999 at depths between 8 and 10 m {unpubl. data). This
fact necessitates simultaneous measurements of currents
at different depths.

Tab. 4: Comparison of the mean nutrient concentrations measured 20 years ago (Faganeli, 1982), and mean

itrient concentrations from this work at the station above the submarine ouifall at Piran.

Tab. 4: Primerjava srednjih vrednosti koncentracij hranilnih sofi v povrsinskem in pridnenem sloju, izmerjenih
ed 20 leti (Faganeli, 1982) in tistih, izmerjenih v tej Studiji, na postaji v blizini piranskega podvodnega izpusta,

Parameter Surface layer Boitom layer

{pmol 1)

Faganeli (1982) this work Faganeli (1982} this work
NOy 0.23 0.08 0.29 0.33
NOj- 2.18 1.84 1.95 2.05
NH,4* 2.18 0.92 2.97 2.62
ZNin. 4.59 2.84 5.41 5.00
PO43 0.18 0.08 0.16 0.31
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Finally, a comparison was made between recent nu-
trient data and the data measured 20 years ago (Malegj,
1980; Faganeli, 1982) when the treatment plant of Piran
started to operate (Tab. 4). Concentrations measured
only in the surface and bottom layers were considered
for the comparison. Mean nutrient concenirations pre-
sented in this work are generally lower than those re-
potted by Faganeli (1982), especially in the susface
layer. Only in the case of phosphate in the bottom layer
are mean concentrations of recent measurements higher
than those measured two decades ago. These slight dif-
ferences in nutrient concentrations within the last 20
years indicate no major deterioration of the pelagic en-
vironment, although a continuous monitoririg of water
column properties is missing for an affirmative conclu-
sion in this direction (i.e. long-term studies). Prompt
monitoring of the sediment is even more crucial - no
information about the deterioration of the sediment over
the fast 20 years is available. To date only one survey of
the bottom organisms in the vicinity of the sewage out-
fall has been performed since the treatment plant started
its operation {Avc¢in et al., 1978). The need for an overall
survey of the sediment structure and benthic communi-
ties is even more profound if we consider the higher
susceptibility of the sediment to pollution over time as
compared to the pelagic environment (Gray et al,
1990). The impact of sewage discharge on the sediment
has to be considered also in view of its greater potential
for faccal contamination. A recent study (Pommepuys et
al., 1992) has shown that sediments can accurmulate a
variety of microorganisms, such as faccal coliforms, fae-
cal streptococci, Clostridium perfringens spores, and
viruses. Sediments may contain 100 to 1000 times as
many faecal indicator bacteria as the overlving water
and may provide a favourable, nonstarvation environ-
ment for the bacteria (Cheryl et al., 1995; Ashbolt ef al,,
1993).

Comparison between recent and past studies of the
impact of sewage discharge also brings up the shortcom-
ings of sampling design, which in tumn is reflected in the
results. During her study Malej (1980) observed faecal
coliforms only at the botiom of station Pi-16, whereas at
a depth of 10 m and at the surface no bacterial con-
tamination was reparted. It must be pointed out that in
hoth studies {Malej, 1980; Faganeli, 1982) only the lay-
ers at the surface, at the bottom and at 10 m depth were
sampled. Our study showed that the past sampling strat-
egy was inadequate since much important information
can be lost. All recent studies (Mukovic & Malaci¢,

1997; Malacic, 1999a, 1999b) also demonstrated the
imponance of a small-scale vertical sampling strategy in
such an extremely variable environment, where the in-
dicator parameters, and furthermore, undesirable eutro-
phication effects are difficuit to follow.

CONCLUSIONS

Our results showed a relatively high correlation be-
tween faecal bacteria and ammonium at the station
above the submarine outfalls. Thus, in addition to faecal
coliforms, ammonium can be identified as an indicator
of the faecal pollution in the neardield sewage plume.
Almost no correfation was observed between bacteria
and other nutrients. Except for the ammonium no
meaningful impact of the sewage discharge on the sur-
rounding environment was observed when compared
with nutrient concenirations at reference station F. Bac-
terial contamination was sometimes detected at station
F, which was therefore found unsuitable as a reference
site.

A smail-scale vertical sampling scheme with un-
evenly distributed sampling depths proved to be a suc-
cessful strategy for the detection of sewage spreading in
the water column. Drawbacks of the survey are refated
to the long sampling time and technical/human limita-
tions {not enough sampling depths in the upper water
column, lack of measurements of currents). The sam-
pling scheme was based on small salinity fluctsations in
the range of 0.1 PSL along the vertical. These vertical
oscitlations indicate thin fenses of sewage.

A comparison between nutrient concentrations,
measured in the vicinity of the outfalls in this study and
concentrations measured 20 years age, did not demoen-
strate a deterioration of the pelagic environment. How-
ever, continyous sewage discharge over the last two
decades has probably affected the sediment - its chermi-
cal structure and bottom organisms. The lack of these
data strongly necessitates further studies of the sediment.
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EKOLOSKE ZNACIENOSTH OBALNEGA MORIJA V BLIZINI PODVODNEGA
KANALIZACHSKEGA 1ZPUSTA

Patricija MOZETIC, Viado MALACIC & Valentina TURK
Nacionalni institul za biolagijo, Morska biolotka postaja, S1-6330 Piran, Fornade 41

POVZETEK

‘predstavijen je vpliv odplak piranske cistilne naprave, ki se stekajo vzdolz dveh podvodnih izpustov v obalno
orje okoli 3500 m pred Piranom. V abdobju 1998-1999 je bilo opravijenifi Sest vzorCevanj, ki so viljucevala
oceanografske meritve, analize hranifnih snovi ter fekalnih koliformnih bakterif na postaji, ki lezi sredi obeh izpustov
n'na referencni postaji. Sirfenfe odplak v morski vodi je bilo zaznano nekaj metrov nad dnom z majhnimi,
sertikalnimi spremembami slanosti tred velikosti ~0,1 PSU}Y v manj kot meter debelih slojih. Analize fekalnih
akt‘érfj, indikatorjev fekalnega onesnaZenja, so potrdile lego odplak v vodnem stolpcu. Stevilo fekalnih bakterij
'max. 1160/100 mi) se je povecalo v slojih z na;ve(fﬂmt variacijami slanosti. Najvecyi vpliv podvodnega izpusta na

alno morje je bil opaZen v primery amonija, na ostale hranilne snovi pa Sirjenje odplak nima vecjega vpliva.
Relativao visok korelactiski koeficient je bil izracunan med fekalnimi bakterijami in amonijem (p=0,58) v blizin
podvodnega izpusta, medtem ko {a povezava ni bila opaZzena v odplakah v sami ¢istilni napravi (p=-0, 05)
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;'DIATOM ASSEMBLAGES IN COASTAL SHALLOW WATERS AT THE WATER -
SEDIMENT INTERFACE (GULF OF TRIESTE, NORTH ADRIATIC SEA)
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ABSTRACT

- The resuspended microphytobenthos, maostly consisting of benthic diatoms, plays an important role in the pro-
'dUCinH of O as a food source for pelagic and benthic grazer at the water-sediment interface of the coastal envi-
anment. In the coastal shallow waters of the Gulf of Trieste, the possible modifications in diatom community living
t the water-sediment interface have been studied in respect of disturbed conditions, such as the presence of sus-
pended mussel cultures. Two stations were chosen, one sited below the musse! rafts (st. M), the other {reference site,
" B} in an area free of cultures. The microscopic observations have shown that both stations, where mainly epipelic
‘species belonging to the medium size class have been recorded, are characterised by the species Cylindrotheca
“closterium, Bacillaria paxillifera and Gyrosigma acuminatum. The statistical analyses have not showa significant
differences as far as biodiversity of communities is concerned, However, the diatom assemblage living under the
‘mussel cultures has been less abundant in comparison with the reference site, presumably due to the presence of

INTRODUCTION

- Microphytobenthos, mainly consisting of diatoms,
lays an important role as the primary producer in the
arbon cycle of nearshore marine sediment systems
lepper, 1989; De Jong et al., 1994). As producer of the
_neéw organic matter that can enter into the benthic and
‘pelagic tophic web, microphytobenthos constitutes a
substantial food source for sediment feeders {macro-
‘meiobenthos) (Asmus, 1982; Admiraal et al, 1983). Be-
stdes, it can be the main oxygen producer in coastal
-environments (Varela & Penas, 1985; johnstone et af.,
990), controlfing also the oxygen balance at the water-
diment interface and allowing the aerobic degradation
~autachthonous and sedimented organic matter in
diments (Davis & Mcintire, 1983; Barranguet, 1997).

In the past, much research has been carried out into
atial and seasonal distribution patterns of microphy-
bgnthos (Sundbick, 1984, 1986; Miller et al, 1987;
noeijs et afl., 1990; Sundbick & Snoeijs, 1991; De fong
':,Colijn, 1994}. Moreover, the sediment stabilisation by
enthic diatoms and the microstructure of diatom films
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have been widely studied {Grant et al., 1986; Paterson,
1989). Although the term microphytobenthos suggests
that these algae are confined to the sediments, their
presence in the water column as a part of the phyto-
plankton has been welt-documented (Humell, 1985; De
jonge & Van Beusekom, 1992). Recently, some studies
have been undertaken to evidence the role of this resus-
pended microphytobenthos as an  additional food
source, in the water column, for pelagic filter- feeding
community (De Jonge & Van Beusekom, 1992; De jong
et al., 1994; Stachowitsch & Fuchs, 1995; De jong & De
Jonge, 1995).

It is known that benthic microalgae can be stirred up
into the overlying water by hydrodynamic energy (tidal
currents, waves and winds}), becoming temporarily part
of phytoplankten (De Jonge & Van Den Bergs, 1987; De
jonge, 1985; Delgado et al, 1991). The resuspended
algae are mainly species able to migsate actively up and
down the sediment, or non-motile species reaching the
sediment surface in relation to bloturbation features
(Patersan, 1986, 1989; Happey-Wood & jones, 1988).
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Fig. 1: Position of the study area (%) and locatios of the
reference (st. B) and the mussel culture site (st. M).

Sl. 1: Slika obmocdja raziskav ter lokacije (%) referencne
postaje (post. B) in nasadov uZitnih klapavic (post. M).

Several recent studies have investigated the envi-
ronmental impacts of bivalve cultures regarding their
role as suspension feeders that reduce the amount of
phiytoplankton (Frechétte el af,, 1989; Asmus & Asmus,
1991). The massive biodeposition following the estab-
lishment of a mussel community also leads to a con-
tinuous organic enrichment of sediments, which in-
creases the oxygen demand and may cause a temporary

~anoxia (Svane & Setyobudiandi, 1996; Barranguet,
1997). It has been demonstrated by many authors that
organic input to the sediments enhances a net flux of
inorganic nutrients to the water column with a high
ammonium efflux (Klump & Martens, 1981; Rizzo,
1990Q; Hatcher et al., 1994).

in order to identify any changes in diatom assem-
blages at the water sediment interface due to the pres-
ence of a suspended mussel farm, two stations have
been investigated for this paper. Cell density, species
composition, blodiversity and temporal patterns of dia-
tom community in the musse! cufture have been com-

pared to a nearby reference station, not influenced by
mussels.

MATERIAL AND METHODS

The study sites {st. M and B} were located in the
coastal area of the Gulf, in front of the Marine Biology
Laboratory (Aurisina); one sampling station was situated
under suspended mussel (Mytilus galloprovincialis} cul-
tures (st. M), the other {contsol station B} in an area of
similar depth and sediment type (sandy-pelitic sediment)
unaffected by cultures (Fig. 1). The water depth in the
sampling sites was 12 matst. M and 13 m atst. B.

Temperature and salinity were measured at the bot-
tom layer by means of a Multiparameter tdronaut Ocean
Seven mod. 401 probe simultaneously with biological
sampling.

Sediment samples were collected at two stations at
monthly intervals from May to October 1998. At each
station, 3 sediment cores (8 cm diameter, 20 cm length)
were taken by a diver and the overlying water was
sampled using plastic syringes of 60 ml capacity. The
overlying waters of the three cores were mixed together
and fixed with a 4% hexamethylenetetramin-buffered
formaldehyde solution. After manual stirfing, subsam-
ples of 10 mlL were placed in a counting chamber, and
then the viable cells at the time of fixing (with plasmatic
content), were counted under a Leizt inverted fight mi-
croscope and expressed as cells LY, using the Utermahil
(1958) method.

Three replicates were counted and the absolute
numbers of the viable cells were converted into relative
abundance values (RA, %).

Cells were grouped into five size classes {a < 20, b
21-70, ¢ 71-120, d 121-200 and & > 200 pm} expressed
as frequency percentage (%). The different microalgae
growth forms were also identified using the literature
and experimental observations (Welker & Nichetto,
1996) and expressed as frequency value {%). The fol-
fowing life forms were particufarly considered: epipelic
tbenthic species living on - or moving through - muddy
sediments), epipsammic {adnate benthic species grow-
ing on sand grains) and plankionic (non-benthic species
floating in the water column).

Scanning electron microscopy (SEMj was performed
on a LEIKA CAMBRIDGE STEREOSCAN- 4301 at the
Department of Biclogy, Trieste University (Zingone et
al, 1990).

Community diversity and dominance were measured
by the species richness (Margalef index), the Pielou’s
evenness index (), the Shannon-Weaver index (H) and
the Simpson index {L). The two quantitative indices
{Shannon-Weaver index and Simpson index) were cal-
culated from relative abundances, using the STADIV
program (Ganis, 1991).
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' Fig. 2: Hydrological parameters recorded at the bottom
-layer during the sampling months at the controf (a) and
“at the mussel cultures (b) site.

_Filled squares: temperature (°C); filled rhombus:
“salinity (PSU).

- 81 2: Hidroloski parametri, izmerjeni v pridnenem sloju
v mesecih vzoréenja na referencni postaji (a) in na
lokaciji nasadov uzZitnih klapavic ().

“Crni kvadrati: temperatura (°C); ¢rni rombi: slanost
(psU).

RESULTS

~ The investigated stations were characterised, at the
ottom layer, by comparable salinity values between the
-considered months. The temperature values showed a
imitar increasing trend during the sarmplings at the two
“stations, with a strong increase of about 6°C from May
1o June {Fig. 2).

© At the mussel culture station (st. M), values of tem-
“perature slightly higher than at the control station (st. B)
-were recorded at all times.

. The temporal pattern of the cellular abundance was
-quite similar between the months at the stations. The
‘average cell density values at the reference site (st. B)
‘were generally higher than at the mussel culture site {st.
‘M). An average absolute maximum was recorded at the
“stations in june, respectively with 509333 cells I'1 at
-station M and with 1495500 cells |1 at station B. Con-
versely, a minimum was recorded in October with mean
values of 22333 cells I at station M and 37500 cells !
“at station B respectively (Fig. 3).
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Fig. 3: Cell density at the control (B) and at the mussel
culture (M) site during months of sampling. Standard
deviations obtained from three replicates are indicated
by error bars.

SL. 3: Gostota celic na referencni postaji (B) in na
lokaciji nasadov uzitnih klapavic (M). Oznacene so
standardne deviacije srednjib vrednosti, izracunane iz
lreh ponovitev.

The size classes that appeared with constant and
significative frequency were mainly of *a*, "b" and "¢
classes. The smallest (< 20 pm) and 21-70 pm size
groups increased from May to Qctober, whereas the
medium size diatoms (71-120 pm} indicated an evident
decrease. The other size classes ("d" and “e") occurred
with irregular and very low frequency during all exam-
ined period (Fig. 4).

The diatom assemblages were mostly characterised
by the prevalence of epipelic species with "raphe sys-
tem"; these motile diatoms varied in mean frequency
from 49.7% to 26.7% at station M and from 70.7% to
98.0% at station B (Fig. 5). The epipsammic growth
forms, consisting of diatoms attached firmly to the sub-
strate, appeared with a mean relative frequency always
higher at the mussel cultures site in respect to the refer-
ence site, reaching the highest frequency (49.8%) in
fuly. Living planktonic species were constantly present
at both focations with a variation ranging from 0.5% to
3.8% at station M and from 0.2% to 14.2% at station 8.
Nevertheless, the highest mean frequency (14.2%) of
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Fig. 4: Relative abundance of size groups at the control
(B) and at the mussel cultures (M) site. All values are
means of three replicates.

$1. 4: Relativna abundanca velikosinih razredov na
referencni postaji (B) in na lokaciji nasadov uzitnih
Kapavic (M). Vse vrednosti so srednje vrednosti treh
panovitev,

planktonic species was recorded at the control station
{st. B} in May (Fig. 5).

The two sampling sites were characterised by the
presence of the foliowing epipelic species: Cytin-
drotheca closterium (EHR.) REIMANN & LEWIN, Bacil-
lariz paxillifera (O. F. MULL.) HENDEY and Gyrosigma
acuminatum (KUNTZ.) RABENHORST (Figs. 6 a-f).

At the control station, C. closterium showed the
highest relative abundance in June with the mean value
of 82.65%, while B. paxillifera and (. acuminatum
reached the highest values in July (mean RA 16.37%
and 18.16%), The relative abundance of these three
species was followed by a progressive decrease during
the other months (Tab. 1, Fig. 7).

At the mussel culture station, comparable relative
abundances were noted. In particular C. closterium
reached its maximum in May {mean RA 84.15%), while
. paxillifera and G. acuminatum reached it in August
tmean RA 19.25%) and September (mean RA 19.88%)
respectively. In spite of the constant presence of B.
paxillifera and G. acuminatum at bath stations during
the sarpling period (May-October), C. clasterium was
never found on either site (Tab, 1, Fig. 7). These species
may be considered characteristic of the diatom-assem-
blages living at the water-sediment interface, in order to
determine the features of the community, even if they

Fig. 5: Change in fife forms frequency (%) at the
control (B) and at the mussel cultures (M) site. All
values are means of three replicates,

Sl. 5: Spremembe v frekvenci Zivijenjskih oblik (%) na
referencni postaji (B) in na lokaciji nasadov uzitnih
Ilapavic (M). Vse vrednosti so srednje vrednosti treh
ponovitev.

are not necessarily the most abundant species. These
commuaities may be even defined by merely one of the
characteristic species.

The epipsammic forms detached with large amounts
were mainly characterised by the genera Amphora and
Navicula. Particularly at station M, Amphora was the
prevalent genus in July (mean RA 48.15%) with the
highest percentage of A. ostrearia De BREBISSON (mean
RA 46.,98%; Tab. 1, Fig. 5).

The diatom communities at the water-sediment inter-
face showed similar values in species richness (Margalef
index} at both sites. The absolute maximum was re-
corded in September (3.4} at station B and in july (3.3) at
station M, whereas the absolute ainimum was noticed
in August {1.5) at station B and in May (1.3) at station M.

The evenness measures ranged from 0.2 t¢ 0.8 at the
reference site, while at the mussel site they ranged from
0.3 to 0.8. Pielou's index values showed a similar tem-
poral patiern to H-values, indicating that abundance was
more evenly distributed among the species from May to
October. The species abundance was unevenly distri-
buted in june (0.2} and in May (0.3 at B and M sites re-
spectively, as indicated by the very low Pielou's index
values. A better abundance distribution among the spe-
cies was evident in Septermnber at station B and in August
at station M with the corresponding values near to one.
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Fig. 7: Relative abundance of characteristic species at
the contro! (B) and at the mussel cultures (M) site. All
frequency values are means of three replicates.

§i. 7: Relativna abundanca znacilnih vest na referencni
postaji (B) in na lokaciji nasadov uzitnih kiapavic (M),
Vse vrednosti so srednje vrednosti treh ponovitev.

The Shannon-Weaver's diversity (M) index varied be-
tween 0.9 and 3.0 at site B, whereas at site M the same
index varied between 0.8 and 2.7, The H-values showed
an increasing trend from May to Qctober at both sites. At
the two stations the highest diatoms community biodi-
versity (H) was reached at different imes. In particular at
station B, the Shannon-Weaver index was egual to 3.0 in
September, while at the other station the highest value
was recorded in August (H = 2.7). Inversely, the lowest
H-index values were recorded in June (H = 0.9) and in
May (H = (0.8) at sites B and M respectively,

The Simpson index values showed an evident op-
posite temporal trend in view of the trend observed for
the Shannon-Weaver index. The Jowest Simpson index
values were reached in September at st. B (L = 0.07) and
in August at st. M (L = 0.09), the months in which the
highest M-values wese revealed. As these quantitative
indices are inversely correlated, this corresponds with
the absence of any dominant species. in addition, the
highest L-index values (0.67 at st. B in June and 0.71 at
st. M in May) together with the lowest H-index values
were registered in the same months, indicating a clear
dominance of some species (Tab. 2),

DISCUSSION

The between-site differences in total cell density in-
dicated that the diatoms community at the water-sedi-
ment interface, affected by the mussel cultivations, was
always less abundam than the one observed at the refer-
ence site. The diatorn assemblage under the suspended
mussef cubures seemed o be limited in growth, in spite
of the enhanced sedimentation of organic material and
furthermore active nutrients regeneration at the water-
sediment interface (Klump & Martens, 1981; Rizzo,
1990; Hatcher et al, 1994; Svane & Setyobudiandi,
1996). On the other hand, the sediments are usually
considered an inexhaustible source of inorganic nutri-
ents for benthic algae so that nutrient limitation should
not arise {Sundhick, 1986; Sundbick & Snoeijs, 1991).
The lower diatom abundance, at the mussel site, could
be explained by considering the presence of the other
limiting factors. As already seen by several authors
(Sundback, 1986; Paterson, 1986; De jonge & Colijn,
1994), light intensities may be considered a limiting
factor for microphytobenthos, which can survive shad-
ing for long periods and recover rapidly when light
conditions improve. The mussel site, although placed at
a lower depth than the other one (st. B) and also condi-
tioned by higher bottom temperature, might be unfa-
vourable to photosynthetic activity, presumably for a
diminished light irradiance at the bottom layer. This
limitation might be due to the shading effect of the
floating mussel systems and the continuous release and
bicdeposition of organic matter (faeces and pseudofae-
ces) from the water column to the bottom {ayer. As far as
the incident light intensity reaching the water sediment
interface is concerned, Barranguet {1997) highlighted, in
a recent study on microphytobenthic primary produc-
tion in a musseif culture, that the incident light percent-
ages lower at a mussel station than at a reference station
are a limiting factor for microphytobenthos production,
Besides, enriched sediments by biodeposition are usy-
ally inhabited by a quantitatively rich associated fauna
consisting of both infauna in the sediment and attached
epifauna on the shells {Svane & Setyobudiand:, 1996}

tn addition, direct underwater observations showed
that the soft-bottom under the investigated rmussel cul-
tures was covered by living mussels and shells that had
fallen down from the rafts. This modified substrate was
an optimal support of adhesion for the settling of
epibenthic communities. This cormmunity, known as O-
R-M (Ophiothrix, Reniera and Microcosmus genus)
community (Stachowitsch & Fuchs, 1995), was largely
made of mobile and sessile filter or suspension feeders
that had aggregated in the form of the so-called multi-
species clumps (F. Aleffi, pers. comm.). Therefore, the
diatem community living at the water-sediment interface
below the mussel site might be subject to a major selec-
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Diatom taxon

“ontrol station {st. )

Mussel culture station (st. M}

%! H ] A S o] A ] | A S Q
Amphora coffeaeformis (Agardh) Kittzing 0,2162 - 031691 1,3 1410910923106 13,7
Amphora ostrearia de Brébisson - - 1021 - {29104 - - (470(0, 702107
Amphora ovalis (Kitzing) Kitzing o1l - tot|o3lestiz2llozioaloa]| - [12tl07
Amphiprora afata Kinzing - - - - - - - - 0,2 - - -
Amphiprora paludosa W. Smith ~ - 00| - - - - - 1041 - - -
Bacillarizpaxiflifer3 (O, . Miller) Hendey 1,6 1 52 1164110211201 6,7 07 1861386 192 2,8 14,5
Campylodiscus sp. - 60 { 11,2103 - 2,7 - 0,5 - - - 2,2
Cocconeis placentula Ehrenberg - - - - - - - 1903 - -
Cocooneis sp. - - - - 0,3 | 0,4 ~ “ - - - 1,5
Cyclotelfa sp. - - 0,1 - - . - - - - . -
Cylindrotheca closterium (Ehrenberg) Reimann et Lewin | 590 182,11379143,3| 0,9 - 84,2 1530165 [ 7014 2,4 -

W Cymbelia cfr. cistula (Hemprich) Grunow - - 0,3 - - - - . - - - -
Cymbella sp. -1 -1 - Jos8]t4]09 NEEEE LY 03] -
Diploneis bambus threnberg - {00 - 10,3 - 0.9 - - - - 0,3 | -
Diploneis crabro Threnberg - - - - - - - 0,2 - - -
Dipfoneis ovalis (Hilse) Cleve 03100j09}19 ] 20 . 5106103 - 0,6 | 60
Diploneis srithif (de Brébisson) Cleve 21001021 - 14109 041 - 103119106 -
Diploneis sp. - 0,0 - 0,3 - - - - - - -
Funotia sp. - - - - - 9.8 - - - - - -
Crarmmatophora sp. - 100l - - - - - - 103 - - -
Gyrasigma acuminatun (Katzing) Rabenhorst 1481 33 118216269140 16 (139108 )85 11949/ 3,7
Gyrosigmatasciola (Ehrenberg) Griffith et Henfrey 0,1 - 3,8 - 0.6 - 02146 - - -
Gyrasigma macrum W, Smith - 0,06 0.4 - 064113 - 04| 45|14} 24|15
Gyrosigma obliguum (Grunow) Boyer - - - - - - - - 0,4 - - -
Licmophara gracifis Grunow 0,0 - - - ~ - - -
Licmophora sp. - - - - - 0.4 - - - - 67
Melosira manitiformis (O. F. Maller) Agardh - a1 | 6,3 - 1146 71 1,81 35¢% 1,1 - 21|30
Navicula cancellata Donkin - - - - 0,3 - - - - - - -
Navicufa cfr, directa (W, Smith) Ralfs 1311001231481 89%9153 Q7 25327 14,71 31 -
Navicula simulans Donkin a1 {0108 - 2,6 1 40 - 0,4 16,3 - - -
Navicula sp. 1 2, 151081731231 40 3211,6 403152146293
Navicula sp. 2 20103 0113,5 (11641541213 1,91 1,1 50 112,21355115,7
Navicula sp. 4 - - ~ - - - - - - 0,9 - -
Navicula sp. (iubo) 0,0 . - - - - - “ ~
Nitzschia angularia (A. Schmidt) W. Smith - 4109 - 2,6 - - - 1.1 - 1,2 -
Nitzsehia gracilis Hantzsch - 03108 - - 0,4 - 05104} 0,5 - -
Nitzschia irrasofuta Hustedt 031054302 - 1416093 - - 2011411522
Nitzsehia lanceoia Grunow - 01§03 - - 104 0,1 - - - -
Nitzschia longissima {de Brébisson) Ralfs - 01§02 - 06 109 - 0,3 10,1 - - -
Nitzschia lorenziana Grunow 02109108 03118104 02 (0,24%27 138112 -
Nitzschia ebtusa (A, Schemidt! W. Srith ~ 01§06 - 0,6 - - - - - - -
Nitzschia cfr, palea {(Kiitzing W. Smith - - - - 1.1 - - - - - - -
Nitzschia pandui jorenis Gregory 921 - {01 - - - - lotie2i - - 122
Nitzschia recta Hantzsch 03108100081} 0, 2,7 os | 1812411911822
Nitzschia sfgma {Kitzing) W. Smith 041131861 13151140 - 24125147 11,8 | 4,
Nitzschiasigma var. intercedens Grunow - - - - - - 01§16 - 0,3 -
Nitzschiasigma var. sigmatelfa Grunow - - - - - - - 05 1 14 - - -
Nitzschia sigmoidea (Ehrenberg) W. Smith g1 101705 - 6,6 - - i tA4A 14112 -
Nitzschia trvblionetla Hantzseh 1010870930137 176 05115131 142]7155]82
Nitzschia vermicufaris (Kitzing} Grungw - 07 145 - 4.6 . - t4114§09¢12 -
Pipnularia cfr. leptosoma Grunow 8,2 - - - 0,3 - - 0,3 - ~ - -
Pinnulasia viridis INtzsch) Ehrenberg - tool - . - - - 1031 - 105 -
Pianularia sp. - - 0,3 - - - - - - - - ~
Pleurosigma aestuarii (de Brébisscn) W. Smith - - - - - 1909 - 10343 - - - o7
Plevrosigma angulatum (Queketty W. Smith - - - - 103 - - - - -
Pleurosigma formosum W, Smith ~ 041 - - - - 01105105 - -
Pleurasigma minutum Grunow - - - - - - - - 3,3 - - -

19




ANNALES - Ser. hist. nat. - 9- 1999 - 2(17)

Edisabena SORICOTT o als [MATOM ASSEMBLAGES IN COASTAL SHALLOW WATERS AT THE WATER -. ., 191202

Froboscia alata (Brightwell] Sundstrém - 1o - - - - - - - - - -
Riwopalodia gibba (Ehrenberg) O. Mdiler 0,1 160 - 03113 - G2 - - (,6 -
Surirella sp. B s G,7 - - - 03|01 - - .
Synedra sp. - - - - - 13 - - - - - -
Thatassiosira eccentrica {Ehranberg) Cleve 0,2 ] G0 - - 03109 0,7 - 041091031422
Thalassiosita 5p. 4200103 |24 0] 13 161631051381 3711.5
Triceratiun sp. - - - - 0,3 - - - - - - -
Tropidoneis fepidoptera (Gregory) Cleve - - 0,3 - - - - - - - G2 3.0
Tropidoneis longs Cleve - 9,3 - - - - - . - -
Tropidoners cfr, Jonga Cleve - - - - 2.0 - - - 1,2 - - -
Troptdoneis sp. 0,2 1 00 - 331091¢13 - 31201053106 -

Tab. 1: List of diatom taxa with mean relative abundance value (%),
Tab. 1: Seznam diatomejskih vrst in njihove relativne vrednosti abundance (%).

Site B;
{Date Mean cell densities| Number of [Species richnessiPielou's index (5} Shannon-Weaver |Simpson index (L)
{cells L°T) species evenness index (H)
M 331000 24 1,8 0,4 1.4 0,39
J 1496000 36 2,5 0,2 0,9 0,67
i 334000 36 2,8 0,6 2,1 Q,23
A 62000 18 1,5 0,7 1.9 0,24
S 58340 38 3.4 0,8 3,0 0,07
Q 37500 32 2,9 0,8 2,9 0,08
Site M:
Date Mean cell densities] Number of |Species richnessiPielou's index {J}} Shannon-Weaver |Simpson index (1)
{cells {-1) species eVenness index (-}
% 93670 16 1,3 0,3 a8 0,71
) 509300 36 2,7 0,5 1.9 0,31
} 185200 47 3.3 0,6 2,4 0,24
A 35500 24 2,2 0,8 2,7 0,09
S 54500 29 2.6 0,7 2,4 0,18
O 22230 22 2.1 0,8 2,5 G,13

Tab. 2: Summary tables of statistic indices calculated from relative abundance, using the STADIV program.
Tab. 2: Pregled statisticnih indeksav, izracunanih iz relativne abundance 7 uporabo STADIV programa.

tive pressure by benthic invertebrates (Asmus, 1982;
Admiraal et al,, 1983, De jong et al,, 1994).

The highest 1otal abundances showed by the diatom
assenblage at the water-sediment interface in June were
probably due to the sudden increase in temperature in
the study area. As already demonstrated, changes in
temperature seem to be correlated with the increase of
microphytobenthic density, untit blecoming begins at the
water-sediment interface {De Jong & Admirzal, 1984;
Dellavalle et al, 1993; De long & De jonge, 1995;
Welker & Nichetto, 1996).

The refative minimum in diatems abundance accord-
ing to our results in October might be related to physical
variations, such as light attenuation and vertical insta-
bility of the overlying water due to the active mixing of
the winds, cooling and mechanical stirring, In fact,
water cofumn stratification that was established in May

was not recorded from September on; the overlying
water appeared homeogeneous and remained constantly
unstratified during the ensuing months. in addition, few
days before October sampling, an aggravation of the
meteorclogical conditions {(characterised by fow baro-
metric pressure, increasing precipitation and wind in-
1ensity) was recorded (M. Celio, pers. cormm.). Therefore
ali these physical variations could act as a disturbance
phenomenon in diatom community monitored, as al-
ready seen by Dellavalle et al. (1993) for a fouling
community of the Gulf of Trieste,

Besides, due to some previous stodies {Hudon &
Bourget, 1983; Dellavalle et af, 1993) we also know
that physical disturbance, n diatom assemblage, feads
usually to a fall in highly motile and chain forming spe-
cies in diatom community. This observation would be in
agreement with our results concerning growth of life
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forms. In fact, in fall, the epipelic species reached their
Cminimum frequency favouring the epipsammic growth
" forms development, presumably better adapted 1o exis-
“tence under unfavourable conditions (such as low light
intensity or very fast current) and continual disturbance
C(Miller et al., 1987; Paterson, 1989).

© However, the presence of epipelic species at the
“ water-sediment interface is probably linked to the verti-
" cal active migrations towards the sediment surface that
‘take place whenever the sediment is disturbed, finding a
“way out into the overlying water. Besides, a highly
Cstirnulated photosynthetic activity at the sediment sur-
“face may in itself function as a selective pressure on the
“microalgal community by selectively transporting away
“easily suspendible species (Sundback & Snoeijs, 1991).
“Conversely, when the conditions at the water-sediment
“interface are not yet favourable, owing to chemical and
_physical variations, these motile diatoms are able to take
-over in the sediment. On the other hand, De jonge
1985} highlights how the capacity of epipelic diatoms
o migrate could be interpreted as a survival strategy to
“prevent populations from being resuspended. These
“considerations, which were eventually confirmed by
Cother authors (Paterson, 1986; De jonge & Van Den
“Bergs, 1987; Happey-Wood & jones, 1988; Delgado et
~al, 1991; De jong & De fonge, 1995), would explain
“the decrement in epipelic species frequency, proceeding
rom the summer stability to the fall unfavourable situ-
“ation. Adversely, the epipsammic species, firmly bound
o the substrate with persistent muciiaginous attachment
tructures, would be found at the water-sediment inter-
- face only after stirred up by hydrodynamic forces. This
“would explain their higher abundance at the end of
ummer and early avtumn, periods characterised by an
ncreasing instability at the bottom fayer (M. Celio, pers.
comm.). Besides, the epipsammic percentage values,
~greater at the mussel culture station than at the reference
‘station, might be a result of the changed substrate con-
itions which, for the presence of the mussel shells and
“their harvesting remains, could act as an additional ad-
: hesion support. Similar results were already obtained in
“the recent work by Barranguet {1997}, in which he
highlighted how under the mussel culture area the mi-
“ crophytobenthos is composed mainfy of diatoms, with a
- high abundance of epiphvtic forms.

~ The planktonic species, which can be found at the
water-sediment interface, are usually the consequence
the sinking phenomena involving either the vegeta-
“tive cells at the end of the blooming period or the resting
~cells (non-growing diatom cells) (Smayda, 1971; Smeta-
-cek, 1985). During our investigation, these diatoms ap-
“peared to he slightly more abundant at the reference site
“than at the mussel culture site, suggesting that phyto-
“plankton biomass is probably influenced by the pre-
sence of these filter feeders (Frénchelte et al., 1989;
“Asmus & Asmus, 1991} Large amounts of planktonic
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diatoms were particularly evident in May, at the
reference site, following the spring diatom bloom at the
subsurface layer (5. Cok, pers. comm.).

The temporal increasing pattern of the smallest and
medium-small diatoms could be refated to the corre-
sponding increase in temperature at the bottom layer,
The specific growth rate, p, is a convenient parameter
for characterising the growth potential of a species as a
function of environmental variables and it provides a
means of comparing one species with another. Among
the environmental factors, temperature is the main vari-
able that can affect the growth rate of diatoms, Fach
species show a maximum specific growth rate, prabably
genetically determined, at its temperature optimum.
Changes in temperature affect the specific microalgal
growth rate, inducing slight shift within bath the plank-
tonic and benthic communities. In addition, larger cells
grow at a slower rate than small-celled species of both
pennate and centric diatoms. Therefore, small size dia-
toms respond more quickly to a sudden rise in tempera-
ture with respect to the larger ones. A benthic diatom
community can modify its composition, especially
within 