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EARLY LIFE HISTORY STAGES OF FAMILY SCOMBRIDAE
IN THE EASTERN ADRIATIC

Jakov DULCIC
Ph.D., biol. sci., Institute of Oceanography and Fisheries, HR-21000 Split, P.O.BOX 500
Dr. biol. znan., Institut za oceanografiju i ribarstvo, HR-21000 Split, P.O.BOX 500

ABSTRACT

Use of early life history stages of fish in systematic and ecological studies has increased in recent years. It is now
recognized that eggs and larvae present a wide array of characters that are largely independent of adult characters
and suitable for a systematic analysis. Fisheries recruitment studies focus on the survival of eggs and larvae as the
most important factor influencing variations in population abundance. A requisite to these studies is detailed
information on the appearance of fish eggs and larvae in order to identify them in plankton samples. Family
Scombridae is a of a great interest to the Croatian fishery: This paper reviews all available information on the early
developmental stages of the family Scombridae found in the eastern Adriatic.

Key words: early developmental stages, Scombridae, eastern Adriatic
Klju¢ne besede: zgodnji razvojni stadiji rib, Scombridae (skuse), vzhodni Jadran

INTRODUCTION

The importance of early-life-history studies to fisher-
ies investigations and phylogenetic research has in-
creased dramatically during the last decade. Early-life-
history stages are now routinely used in fisheries studies
to investigate the interannual variation in recruitment
(Wooster, 1983), and in studies of the phylogeny of
fishes (Moser et al.,, 1984). The study of fish eggs and
larvae is a key component in research into the biology,
systematics and even population dynamics of fishes, in
that it provides information on spawning areas and peri-
ods of many species. By combining the location of the
eggs, larvae and adults of a species with information on
the surrounding environment, possible environmental
effects on spawning (egg and larval transport, etc.) can
be inferred. Studies of this type contribute to our under-
standing of the early stages of development of fishes,
which for certain species are still completely unknown.
Consideration of the factors that affect egg and larval
survival is fundamental, since it is the early stages of de-
velopment that will eventually determine the existence
of good or bad year classes. This is one of the main

thrusts of ichthyoplankton studies in those areas in
which the requisite basic information is available (egg
and larval surveys in spawning areas during the spawn-
ing season, etc.) for the species of interest.

Family Scombridae is of great interest to the Croatian
fishery. It forms a significant component of the total
catch. It is not possible to get new data on catch for
every species now, but Grubigic¢ (1982) reported that it is
between 200 and 700 tons per year for Spanish mack-
erel (Scomber japonicus), 20 and 30 tons for plain bo-
nito (Auxis rochei), around 350 tons for tunny (Thunnus
thynnus) and around 5 tons for mackerel (Scomber
scombrus).

The object of this paper is to compile and present all
available information on both the early development
stages of the eggs and larvae of the family Scombridae
found in the eastern Adriatic and possible spawning ar-
eas and seasons of some species from the family.

MATERIAL AND METHODS

The present paper sets out descriptions of the eggs,
yolk-sac larvae and larvae of the family Scombridae
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likely to be collected in plankton samples in the eastern
Adriatic, together with information on the possible
spawning areas and seasons for some species. The egg
and larval descriptions have mostly been taken from the
existing literature. In some cases the descriptions were
done by the author himself based on material collected
during surveys; in other instances the descriptions were
published by other researchers, either for eggs and
larvae actually collected in the eastern Adriatic itself or
for egg and larval material collected in other areas but
for species that also inhabit the waters of the eastern
Adriatic. Notochord (NL) lenght was measured for
preflexion and standard lenght (SL) for flexion larvae.

RESULTS AND DISCUSSION

Scomber scombrus Linnaeus, 1758.

Eggs

Spherical, 1.0-1.38 mm in diameter, yolk unseg-
mented, oil globule 0.28-0.36 mm in diameter (Fig. 1).
These measures were obtained from the material col-
lected during the surveys in March 1990 in the area of
Blitvenica (middle Adriatic) (Dul¢i¢, unpublished data).
The eggs of mackerel were found during winter and
spring cruises; in February in greater quantities on pro-
file island Vis - Palagruza archipelago and in smaller
quantities along the ltalian coast from Cape Gargano to
Brindisi (Gamulin & Hure, 1983). The existence of the
winter spawning ground adjacent to Palagruza archipel-
ago was confirmed for the mackerel (Gamulin & Hure,
1983). It is uncertain whether the small number of eggs
recorded along the ltalian coast indicate a widespread
distribution of the Palagruza spawning ground. Isolated
catches of eggs in mid-spring off the island Vis to Rovinj
indicate the movement of the scomber along the east
coast. The most intensive spawning was also recorded in
Rijeka Bight, Kvarner and northern Kvarneri¢ (Lissner,
1939).

The egg of the mackerel was first fully described by
Cunningham (1889) from artificially fertilized eggs ob-
tained by fishermen off Plymouth. Buchanan-Wollaston
(1911) gave the average diameter of eggs from the
southern North Sea as 1.186 mm, and that of the oil
globule as 0.319 mm. Ehrenbaum (1921) gave the fol-
lowing mean sizes for the egg: southern North Sea - end
of May 1.276 mm; mid-July - 1.1017 mm; north west of
Dogger Bank - end of June - 1.139 mm; northern North
Sea - 1.210 mm. Sella & Ciacchi (1925) found that the
mean diameter of mackerel egg in the Mediterranean
(Ligurian Sea) is 1.139 mm (1.071 mm - 1.193 mm) and
the mean diameter of oil globule is 0.32 mm (0.285 mm
- 0.360 mm).
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Fig. 1: Scomber scombrus L. (A) Egg, 1-2 mm in diame-
ter (original drawn by author); (B) Yolk-sac larva, 2.4
mm (original drawn by author); (C) Larva, 3.7 mm; (D)
Larva, 5.2 mm; (E) Larva, 7.0 mm; (F) Larva, 8.0 mm;
(G) Larva, 14.0 mm (after Russell, 1976).

Sl. 1: Scomber scombrus L. (A) ikra, 1-2 mm v premeru
(originalna risba); (B) licinka z rumenjakovo vreco 2,4
mm (originalna risba); (C) li¢inka, 3,7 mm; (D) licinka,
5,2 mm; (F) licinka, 7,0 mm; (F) licinka, 8,0 mm; (G)
licinka 14,0 mm (po Russelu, 1976).
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Yolk-sac larvae

Dulei¢ (unpublished data) found mackerel yolk-sac
larvae (n=3; range 3.7-4.1 mm length; oil globule is
between 0.21-0.23 mm in diameter) in the area of
Kvarner and Rijeka Bight in April (stations 44° 51'33"N
14° 12'E - depth 46 m and 45° 14'N 14° 25' 30" E -
depth 62.5 m). Cunningham (1892) described the newly
hatched yolk-sac larva and succeeded in keeping some
alive for 4 days until the yolk was almost entirely ab-
sarbed. Subsequently, Holt {1893, 1898) also described
the larva. When newly hatched, yolk-sac larva is 3.3-3.9
mm long. Holt (1893) recorded a preanal length of 1.67
mm in a specimen 3.63 mm long. The pigmentation is
characteristic. There is a group of melanophores on the
head (Fig. 1). Double rows of irregularly distributed
melanophores occur along the dorsal and ventral con-
tours of the posterior half of the body starting a certain
distance behind the anus. The ventral row is the more
regular and continuous. Peritoneal black, pigment oc-
curs on the upper half of the abdomen, and there are a
few small melanophores on the snout and below the
eye. In life there is a patch of yellow pigment behind the
eye, and there are yellow chromatophores as well as
melanophores on the oil globule. The eye is unpig-
mented (Fig. 1).

Larvae

Karlovac (1962) presented data about the food of
mackerel larva. The length of larvae were betwen 4.73
mm and 15.69 mm. [n the eastern Adriatic mackerel lar-
vae occur in the areas of island Dugi otok, Blitvenica,
island Vis and Palagruza archipelago during January,
February, March, April and june (Karlovac, 1962). Kar-
lovac (1967) found mackerel larvae at the stations in the
Brac¢ channel. Regner (1982) found mackerel larvae at
the station Ston¢ica (43° 00' N 160 20'E) in the middle
Adriatic in January and March with frequency 0.26%,
and Dulc¢i¢ (1992) only in january with frequency
0.04%.

Holt (1898) described a specimen 7 days old in
which the yolk was fully absorbed; it can thus be re-
garded as an early larva. This was 4.46 mm long with a
preanal length of 1.73 mm. Later larvae were described
and figured by Holt (1898), Ehrenbaum (1905-09),
1921, 1923) and Allen (1917), among others.

The larval pigmentation is quite distinctive and
shows little change during growth of the larvae until it
reaches a size of 13-14 mm when the young fish may
begin to assume its mackerel-like form. The salient
features of the pigmentation are the contour rows of dor-
sal and ventral melanophores on either side of the body.
These rows start a definite distance behind the anus, re-
sulting in a pigment-free zone dorsally above the abdo-
men and a clear space ventrally. The rows extend prac-

tically to the tail. In the earliest stages there may be fewer
melanophores in the dorsal row than in the ventral row,
but as the larva grows, equal numbers may be developed
in the two rows, up to about 14-15 melanophores in
each. Sometimes the dorsal and sometimes the ventral
row appears to have the larger melanophores. There are
a few melanophores along the urostyle and on the base
of the developing caudal fin. There are never any
melanophores on the sides of the body between the dor-
sal and ventral contour rows.There is a group of melano-
phores on the crown of the head, and there may be one
or two in front of the eyes and sometimes on the snout
and lower jaw (Fig. 1). There is rather heavy peritoneal
pigmentation confined to the upper half of the abdomen.
The bending up of the urostyle is gradual and probably
begins at a length of about 6 mm, when the rudiments of
the caudal fin are beginning to appear. Dorsal and ven-
tral interspinous areas begin to develop at a length of 8-9
mm. The following are characteristic morphological
features: the presence of sharp teeth on upper and lower
jaws, which become apparent already at a length of un-
der 5 mm; the pointed anterior profile of the head when
the mouth is closed; the flask-shaped form of the stom-
ach and rectum. When the larva has reached a length of
about 12-13 mm, dorsolateral melanophores begin to

* appear, and at a length of 16 mm these cover the upper
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half of the body. Myomere counts give 14 preanal ele-
ments and 17 postanal elements for larvae between 5
mm and 13 mm, length (Ehrenbaum, 1924).

Scomber japonicus Houttuyn, 1782

Eggs

The eggs are spherical, on average ranging in diame-
ter from 1.06 to 1.14 mm, with an oil globule 0.26 mm in
diameter (Kramer, 1960) (Fig. 2). The yolk is unsegmented
and under magnification (40x) can be seen to be filed
with a large number of tiny vacuoles. The perivitelline
space is narrow. In advanced stages of development both
the dorsum of the embryo and the oil globule are pig-
mented, the latter on the hemisphere facing the head. The
spawning period of Spanish mackerel in the eastern Adri-
atic is at the end of summer and first half of autumn, and
possible spawning grounds are around the islands of Mljet,
Vis, Dugi otok, Premuda and Jabuka (Miligi¢, 1994).

Larvae

Larvae of this species were caught during previous
surveys in the eastern Adriatic (Karlovac, 1967; Regner,
1980), especially in its middle part (Kastela Bay - 43°
31'N 16° 19'E - depth 42 m). Dul¢i¢ (1991, unpublished
data) found Spanish mackerel larva at the station (43°
55' 30" N 14° 49' E - depth 66.5 m) at the high sea of
island Dugi otok.
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Fig. 2: Scomber japonicus Houttuyn, 1782 (A), (B), (C) Eggs, 1.06-1.14 mm in diameter; (D) Larva, 4.0 mm; (E)
Larva, 5.0 mm; (F) Larva, 7.8 mm; (G) Larva, 10.0 mm; (H) Larva, 16.5 mm (after Kramer, 1960).

Sl 2: Scomber japonicus Houttuyn, 1782 (A), (B), (C) ikre, 1,06-1,14 mm v premeru; (D) licinka, 4,0 mm; (E)
licinka, 5,0 mm; (F) li¢inka, 7,8 mm; (G) licinka, 10,0 mm; (H) li¢inka, 16,5 mm (po Kramerju, 1960).

After yolk absorption the larvae are deep-bodied and
stubby, although body shape is more fusiform in indi-
viduals approaching the juvenile stage. In preflexion (ar-
vae body depth at the cleithrum is 23-24% of NL
(notochord length); body depth increases slightly to 25-
26% of SL (standard length) in flexion larvae and up to
13 mm SL and then falls back in following stages, to 21%
SL at 18 mm. The gut extends to somewhat less than the
midpoint of the body in preflexion larvae, to the mid-
point in flexion and early post-flexion larvae, and up to
around 63% in the late larval stages. Head length also
increases over development, representing 23-25% of SL
in preflexion larvae and 28% of SL in post-flexion larvae
and late larval stages. The principal body regions of the
larvae of this species that display pigmentation are the
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head, peritoneum, and the midventral line of the tail (Fig.
2). Flexion and postflexion larvae also bear pigmentation
on the dorsal contour of the body. Pigmentation on the
midventral line of the tail in first-feeding larvae consists
of two lines of melanophores that fuse into a single line
from 7.5 mm SL. Pigmentation on the head becomes
more abundant and outspread with larval growth, al-
though it never reaches the cleithral symphysis.
Pigmentation spreading outonto the lateral walls of the
gut in postflexion larvae. At about 5 mm NL pigmentation
appears on developing caudal fin, at about 7 mm SL on
the dorsal margin of the body, and at 7.5 mm SL along the
lateral line. The urostyle is turned upwards dorsally at 6
mm SL. Myomere counts give 31 elements for larvae
between 5 mm and 13 mm length (Ehrenbaum, 1936).
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Thunnus thynnus thynnus (Linnaeus, 1758) perivitelline space, the oil globule and embryo are pig-
mented (Sanzo, 1932} (Fig. 3). The spawning period is in
Eggs spring in the coastal waters along the eastern Adriatic,

especially in the northern Adriatic (Hrvatsko Primorje
Spherical, 1.00-1.12 mm in diameter, yolk unseg- and Kvarnen(Milisi¢, 1994) and the middle Adriatic
mented, oil globule 0.25-0.28 mm in diameter, without  (Piccinetti, 1973; Piccinetti et al., 1981).
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Fig. 3: Thunnus thynnus thynnus (Linnaeus, 1758) (A), (B) Eggs, 1.00-1.12 mm in diameter; (after Sanzo, 1932); (C)
Yolk-sac larva, 3.00 mm; (D) Yolk-sac larva, 3.84 mm; (E) Larva, 3.90 mm; (F) Larva, 4.70 mm; (G) Larva, 6.80
mmy; (H) Larva, 9.40 mm (originals drawn by author).

Sl. 3: Thunnus thynnus thynnus (Linnaeus, 1758) (A), (B) ikre, 1,00-1,12 mm v premeru; (po Sanzu, 1932); (C)
licinka z rumenjakovo vreco, 3,00 mm; (D) licinka z rumenjakovo vreco, 3,84 mm; (E) licinka, 3,90 mm; (F)
licinka, 4,70 mm; (G) licinka, 6,80 mm; (H) licinka, 9,40 mm (originalne risbe avtorja).
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Larvae

Larvae of this species were caught during previous
surveys in the eastern Adriatic, at the high sea of the
middle Adriatic (station Stonc¢ica, 43° 00' N 16° 20' E)
in July and September with frequency 0.10% (Regner,
1982). Dul¢i¢ (1990, unpublished data) found tuna lar-
vae in the Kvarner area (station 44° 51' 30" N 14° 12' E -
depth 46 m), Rijeka Bight (45° 14' N 14° 25' 30" E-
depth 62.5 m) and near island Susak (station 44° 30' 30"
N 14° 11' E - depth 47 m) (n=4, range 7.40 - 9.00 mm
length). Larvae were also found in the open middle
Adriatic (Piccinetti, 1973; Piccinetti & Piccinetti-Man-
frin, 1973, 1979; Piccinetti et al.,, 1977, 1981; Scaccini,
1953, 1959, 1961). Standard length of tuna larvae were
between 5.3 and 6.3 mm (n=8) (Piccinetti, 1973). Pic-
cinetti et al. (1981) found larvae in the lonian Sea and
southern Adriatic from mid-june to 20 July, and accord-
ing to that they presumed that spawning grounds in the
middle Adriatic are in connection with ones in the
Mediterranean Sea. When newly hatched, yolk-sac larva
is 3.0 mm long and the yolk-sac is almost entirely ab-
sorbed at 3.8 mm Sanzo, 1932) (Fig. 3). Melanophores
are distributed along the dorsal and ventral contours of
the body at newly hatched yolk-sac larvae and after that
there are only along ventral part. Peritoneal black pig-
ment occurs on its dorsal side. There is a group of
melanophores on the crown of the big head and at up-
per half of peritoneum. One great spine appeared on the
margine of preoperculum at 4.7 mm larval length. There
is rather heavy peritoneal pigmentation at 6.8 mm larval
length (Ehrenbaum, 1924). Eight spines appeared (one
great in centre, four medium and three small) at 9.3 mm
larval length. There are no more visible melanophores
along the body (Fig. 3). Myomere counts give 18
preanal and 21 postanal elements for larvae between 5

and 13 mm length (Ehrenbaum, 1924).
Auxis rochei (Risso, 1810)
Larvae

This species is distributed in the middle Adriatic
(island Jabuka) (Vili¢i¢, 1985) and in the nothern Adriatic
(Miligi¢, 1994). Piccinetti (1973) found 28 larvae (60.9%)
in the wider area of the middle Adriatic during summers
in 1972 and 1973. Standard length was between 2.8 and
49 mm. Five larvae were also found in the southern
Adriatic. According to the numerous findings of larvae in
the middle Adriatic, Piccinetti (1973) supposed that this
species spawn in that area. Miligic (1994) reported that
bullet tuna spawn in spring in the Rijeka Bight, Kvarner
and in the southern Adriatic. Piccinetti & Piccinetti-
Manfrin (1979) recorded a great number of bullet tuna
larvae in the wider area of the middle Adriatic and in the
part of the southern Adriatic, including the Jabuka pit,
during 1972, 1973 and 1975-1977 period. Dul¢i¢
(unpublished data) found larva of bullet tuna at station in
the Rijeka Bight (45° 14' N 14° 25' 30" E - depth 62.5 m)
in July 1990. Standard length was 12.7 mm.

When newly hatched, yolk sac larva is 3.0 mm long
(Sanzo, 1932). Preanal region is about 2/5 of total length
at a length of 5.0 mm. There are 5 spines on the preop-
erculum (Ehrenbaum, 1924) (Fig. 4). Only two or three
melanophores are on the dorsal and six or seven on the
ventral side of body at a short distance from the base of
the caudal fin. When larva reached 5.7 mm, seven
spines appeared on the preoperculum. There is a heavy
pigmentation on the head and on the peritoneum at lar-
val length of 12 mm. Myomere counts give 20 preanal
elements and 19 postanal elements for larvae between 5
and 13 mm length (Ehrenbaum, 1924).

Fig. 4: Auxis rochei (Risso, 1810) (A) Larva, 5.0 mm; (B) Larva, 5.7 mm; (C) Larva, 7.5 mm; (D) Larva, 12.0 mm

(after Sanzo, 1932).

Sl. 4: Auxis rochei (Risso, 1810) (A) licinka 5,0 mm; (B) li¢inka, 5,7 mm; (C) li¢inka, 7,5 mm; (D) licinka, 12,0 mm

(po Sanzu, 1932).
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Genetic species identification of tunas is useful since
morphological identification especially of the larval and
juvenile stages can be difficult. Pigment patterns are
used to distinguish larvae (Matsumoto et al., 1972;

Nishikawa, 1985), but these changes with developmen-
tal stage and can be difficult to apply with confidence
(Nishikawa & Rimmer, 1987; Richards et al., 1990).

POVZETEK

Raziskovanje zgodnjih razvojnih stadijev rib je v zadnjih letih doZivelo precejsen razmah, tako kot tudi siste-
maticne in ekoloske studije o njih. Danes se zavedamo, da je preZivetje iker in mladic najpomembnejsi dejavnik, ki
vpliva na spremembe v Sstevilcnosti populacije neke ribje vrste. Prvi pogoj za taksno preucevanje so podrobni
podatki o pojavljanju iker in mladic v vzorcih planktona. Druzina skus (Scombridae) je izredno pomembna za
ribistvo v drzavah ob Jadranskem morju. V tem ¢lanku so obdelani vsi razpoloZljivi podatki o zgodnjih razvojnih
stadijih druzine skus v vzhodnem delu jadranskega morja.
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IZVLECEK

V obdobju od aprila 1995 do septembra 1996 smo v slovenskem morju s pridneno povlecno mrezo ulovili 8 vrst
glavonoZcev in 56 vrst rib, ki jih navajam v seznamu. Casovno pojavijanje navajam za 8 pridnenih vrst
glavonoZcev, 4 vrste rib hrustancnic in 42 vist rib kostnic. Natancnejse podatke o pojavljanju navajam za lignja
(Loligo vulgaris), moskatno hobotnico (Eledone moschata), navadnega morskega psa (Mustelus mustelus), morskega
goloba (Myliobatis aquila), oslica (Merluccius merluccius), mola (Merlangius merlangus), molica (Trisopterus
minutus), kovaca (Zeus faber), vol¢ica (Serranus hepatus), $pageta (Cepola rubescens), bradaca (Mullus barbatus),
bukvo (Boops boops), $para (Diplodus annularis), ribona (Pagellus erythrinus), menolo (Spicara flexuosa) in morsko
plosco (Platichthys flesus).

Kljuéne besede: Trzaski zaliv, Cephalopoda, Selachii-Chondrichthyes, Osteichthyes, dinamika pojavljanja,
seznam vrst
Key words: Gulf of Trieste, Cephalopoda, Selachii-Chondrichthyes, Osteichthyes, occurrence, species checklist

uvoD iskovalna skupina na Institutu za biologijo v Ljubljani.
Vsakemu slovenskemu morskemu ribic¢u je znano
Slovenski del Trzatkega zaliva je bil na podro¢ju  sezonsko nihanje Stevila lovnih organizmov v nasem
raziskav rib, verjetno zaradi zanimivejsega preostalega  morju, Zal pa je natanc¢nejsih podatkov o tem malo. V
dela Jadrana, vseskozi zapostavljen. Biolosko razisko-  raziskovalni nalogi Stirna & Boljeta (1989) so zbrani
vanje ribistva se je v tem delu Jadrana pricelo sele ob  edini dosedanji podatki o dinamiki pojavljanja prid-
koncu osemdesetih let. Razlog za takratno raziskovanje  nenih lovnih organizmov v nagem morju. Pomanjkljivi
je bil politicne narave. Sporazum z ltalijo o skupnem  so tudi podatki o stevilu vrst glavonozcev in rib v nasem
izkoris¢anju osrednjega dela Trzagkega zaliva je pov-  morju. Edini seznam vrst, ki obravnava tudi to obmogje,
zro¢il nezadovoljstvo med lokalnimi ribi¢i, ¢emur je je delo Matjasica et al. (1975). Dinamika pojavljanja
sledila odlocitev o raziskavi zalog pridnenih rib in dru-  glavonozcev in rib je poleg seznama ulovljenih vrst
gih uzitnih organizmov (Stirn & Bolje, 1989). Zal je osnova za nadaljnje ekolotke raziskave teh skupin v
omenjeno raziskovanje po nekaj letih zamrlo. Pozneje  slovenskem morju.
je osamosvojitev Slovenije botrovala ponovnemu V ¢lanku navajam rezultate o vrstah, ulovljenih s
zagonu na podro¢ju ekologkih raziskav lovnih organiz-  pridneno povle¢no mrezo (PPM), in o dinamiki njiho-
mov. Mlada obmorska drzava se je zavedela, da se bo  vega pojavljanja v ribolovhem morju Republike Slo-
morala po zgledu drugih drzav, ki izkoriicajo morske  venije. Osnovni namen dela je bil ugotoviti, (i) katere
dobrine, lotiti lastnega raziskovanja lovnih virov. Od  vrste glavonozcev in rib se ulovijo s PPM in (ii) kakéna
zacetka leta 1995 v ta namen deluje dvo&lanska raz-  je njihova letna dinamika pojavljanja.
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datum vzorcenja stevilo dolzina potegov trajanje povpre¢na | tip PPM/dolzina zgornje
vzorcev vzoréenja hitrost vrvi ustja PPM
(km) (Nm) (min.) (Nm/h)
28.6. 1995 2 6,50 3,50 60 3,53 MEDITS /28,2 m
25.7.1995 3 13,00 7,00 184 2,00 KOM /36,8 m
3.8.1995 2 11,13 6,00 158 2,25 KOM /36,8 m
22.8.1995 3 13,75 7,43 206 2,16 KOM /36,8 m
18.9.1995 3 21,52 11,62 356 1,96 KOM /30 m
12.10. 1995 3 6,57 3,55 119 1,79 KOM /36,8 m
22.11.1995 3 8,26 4,46 120 2,23 KOM /39 m
20.12.1995 3 9,10 4,91 120 2,46 KOM /39 m
22.1.1996 3 8,54 4,61 125 2,22 KOM /39 m
27.2.1996 3 8,86 4,79 122 2,36 KOM /52 m
10.4.1996 3 8,48 4,58 121 2,29 KOM /39 m
16.6.1996 2 5,63 3,04 60 3,04 MEDITS /28,2 m
16.7.1996 2 6,11 3,30 80 2,48 KOM /36,8 m
21.8.1996 3 7,67 4,14 124 2,01 KOM /39 m
24.9.1996 3 7,80 4,21 120 2,11 KOM /39 m
41 142,92 77,14 2075

Tabela 1: Podatki o potegih s pridneno povlecno mrezo, na katerih temelji raziskava o pojavljanju glavonozcev in
rib v slovenskem morju. Legenda: PPM = pridnena povlecna mreza, MEDITS = PPM, izdelana za raziskovalne
namene (MEDITS, 1995, 1996), KOM = PPM lokalnega ribica.

Table 1: Data on pulls with bottom trawling gear, on which the research into the occurrence of cephalopod and
fish species in the Slovene part of the Adriatic Sea is based.

datum vzorcenja = sampling date, stevilo vzorcev = No. samples, dolzina potegov = length of pulls, trajanje
vzorcenja = sampling duration, povprecna hitrost = average speed, tip PPM/dolzina zgornje vrvi ustja PPM = PPM
type/length of upper rope mouth of PPM. Key: PPM = bottom trawling gear, MEDITS = PPM made for research
purposes (MEDITS, 1995, 1996), KOM = PPM of a local fisherman.

MATERIAL IN METODE lu je dno muljasto-pe3ceno, med oba tipa dna pa se vriva
obmo¢je muljasto-detritnega dna (Stirn & Bolje, 1989).
Material
Vzoréna mesta in ¢asovna razporeditev vzoréenja
V raziskavi sem zajel glavonoZce in ribe, ki so pred-
met ribolova s PPM. V PPM so se ulovili predvsem pred- Vzor¢ili smo v obdobju od 24. 4. 1995 do 24. 9.
stavniki pridnenih vrst. V ulovu je bilo vselej tudi  1996. Za raziskavo dinamike pojavljanja glavonozcev in
manjse Stevilo osebkov nekaterih pelagkih vrst. Pelaske  rib sem uporabil podatke 41 vzorcev iz obdobja od 28.
vrste sem uposteval v seznamu vrst, izpustil pa sem jih 6. 1995 do 24. 9. 1996 (tabela 1). Potege s PPM smo
iz dinamike pojavljanja. Za dolocanje vrst sem uporabil  opravili na treh transektih, ki so bili postavljeni bolj ali
naslednje kljuce: Roper et al. (1984) - za glavonoZce ter  manj pravokotno na obalo. Transekt 1 je bil v vzhodnem
Soljan (1965) in Whitehead et al. (1986a, 1986b, 1989)  delu (severozahodno od Koprskega zaliva od tocke 45°

- za ribe. 35,55' N, 13°40,30"' E proti to¢ki 45°34,37' N, 13°
39,18' E); transekt 2 je bil v osrednjem delu (severno od
Obravnavano obmodje rtica Ronek od to¢ke 45°36,40' N, 13°35,00' E proti

toc¢ki 45°35,00' N, 13°35,65' E) in transekt 3 v zahod-
Vzorcili smo v delu ribolovnega morja Republike  nem delu (severozahodno od Piranskega zaliva od tocke
Slovenije, v katerem je dovoljena uporaba PPM. Ob-  45°32,88' N, 13°30,45' E proti tocki 45°33,90' N, 13°
mocje je proti obali omejeno s ¢rto, ki je od obale od-  28,98' E) (slika 1). V enem vzorcevalnem dnevu smo
daljena eno navti¢no miljo. Proti odprtemu morju je ob-  praviloma opravili tri potege s PPM. Vzor¢ili smo enkrat
modcje omejeno z mejo teritorialnih voda Republike Slo-  na mesec, v¢asih pa je zaradi slabega vremena pri3lo do
venije. Dno na tem obmocju je v glavnem ravno, globina  ve¢jih razmikov med dvema vzorcevalnima dnevoma
morja pa je v ve¢jem delu od 22 do 24 metrov. Za ali do manjSega stevila vzorcev v enem dnevu. Potege s
vzhodni del je znacilno ilovnato-muljasto dno (seve- PPM do do 18. 9. 1996 smo opravili na obmogjih tran-
rovzhodno od strunjanskega polotoka), v zahodnem de-  sektov, vendar pa so bili potegi daljsi (tab. 1).
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Slika 1: Zemljevid obravnavanega obmocja z oznace-
nimi transekti, na katerih smo vzorcili s pridneno po-
vlecno mrezo.
Fig.1: Map of the dealt with area with marked transects
in which sampling was carried out with bottom
trawling gear.

Metode vzoréenja

Vsa vzor¢enja smo opravili v svetlem delu dneva.
Junija smo vzorcili v okviru mednarodnega programa za
raziskovanje pridnenih komercialnih organizmov v Sre-
dozemlju (MEDITS). Pri tem smo uporabili metodiko, ki
jo predpisuje omenjeni program (MEDITS, 1995, 1996).
Za metodologko izhodisce lastnih vzoréenj smo se
drzali protokola programa MEDITS, ki pa smo ga morali
nekoliko prirediti. Obe vzor¢enji sta se razlikovali pred-
vsem po tipu uporabljene PPM, ¢asu trajanja vzorcenja
(MEDITS: 30 minut; nase vzorcenje: 40 minut) in hitrosti
vleke (MEDITS: 3,3 Nm/h; na3e vzorc¢enje: 2,2 Nnvh).
Natancnejsi podatki o vzorc¢enju so v tabeli 1.

Lovili smo z dvema ploviloma in mrezama. V okviru
programa MEDITS smo vzorcili z ribisko ladjo dolzine
32 metrov in moc¢jo motorja 500 kilovatov. Obakrat smo
uporabili PPM (diagonala ocesa saka = 20 mm), izde-
lano v raziskovalne namene (MEDITS, 1995). Lastna
vzoréenja smo opravili z najetim ribiskim ¢olnom dol-
Zine 11,46 metrov in moc¢jo motorja 80 kilovatov, ki
tudi sicer lovi na tem obmo¢ju s PPM. Uporabili smo
srednje tezko mrezo, izdelano za komercialni ribolov
(diagonala o¢esa saka = 37 mm). V ¢asu raziskave je
ribi¢ spreminjal dolzino kril mreze, kar pa sem pri izra-
¢unih vselej uposteval.

Analiza vzorcev ter ocena abundance in biomase

Vrstno sestavo vzorcev sem ugotavljal s pregledo-
vanjem celotnih vzorcev. Ribe in glavonozce sem raz-
vrstil po vrstah. Za vsako vrsto sem prestel osebke in jih
stehtal. Glavonozcem sem meril dolzino plasca (Roper
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et al., 1984), ribam pa celotno telesno dolzino (Sparre &
Vanema, 1992).
Povriino potega s PPM sem izra¢unal po obrazcu:

a=sxhx X, [km?]

kjer je s pot, ki jo je opravilo plovilo, h dolzina
zgornje vrvi ustja koc¢e in X, faktor zmanjsanja ustja
mreze. Po Shindo (1972) sem uporabil faktor zmanjsanja
0,66. Dolzino poti sem odcital z GPS na osnovi treh
tock za vsak vzorec. Prva tocka je bila mesto zacetka
vleke, druga tocka je bila ¢asovno na sredini vleke in
tretja na koncu vleke.

Biomaso za posamezno vrsto sem izrac¢unal po
obrazcu:

b = (Cw/a)/X; [kg km™]

kjer je Cw teza organizmov posamezne vrste v vseh
vzorcih, opravljenih na isti dan, a povriina vseh potegov
s PPM in X, faktor uhajanja rib z obmoc¢ja ustja mreze
(Sparre & Vanema, 1992). Po zgledu Stirn in Bolje
(1989) sem uporabil faktor uhajanja rib 0,4.

Abundanco osebkov posamezne vrste sem izrac¢unal
po obrazcu:

Ab = (Ex/a)/X; [Ex km™2]

kjer je Ex stevilo osebkov posamezne vrste v vseh
vzorcih, opravljenih na isti dan.

REZULTATI IN RAZPRAVA
Seznam ulovljenih vrst

Seznam 64 ulovijenih vrst temelji na 55 vzorcih.
Ulovili smo 8 vrst glavonozcev in 56 vrst rib. Od rib
hrustan¢nic (Selachii - Chondrichthyes) smo ulovili 4
vrste, od rib kostnic (Osteichthyes) pa 52 vrst (tabela 2).
Med glavonozci je bilo 7 pridnenih vrst in 1 pol-
pelagka. Tri vrste rib hrustan¢nic so bile pridnene, ena
pa bentopelagka. Od rib kostnic je bilo 37 pridnenih, 11
pelagkih, 3 bentopelaske in 1 polpelaska vrsta.

Seznam vretencarjev severnega Jadrana (Matjasi¢ et
al., 1975) dopolnjujem z eno vrsto glavonozca (Sepia
orbignyana) in osmimi vrstami rib (Raja asterias, Mullus
surmuletus, Pagellus bogaraveo, Deltentosteus quadri-
maculatus, Parablennius tentacularis, Trigloporus lasto-
viza, Phrynorhombus regius in Monochirus hispidus).

Seznam ugotovljenih vrst se v glavhem ujema s
seznamom, ki ga navaja Bolje (1992). Vecji odmik je bil
pri ribah hrustan¢nicah. V vzorcih, ki jih je obdelal
Bolje, so bili $e Scyliorhinus canicula, Squalus acan-
thias, Raja miraletus, Torpedo marmorata. V mojem
seznamu rib kostnic manjkajo vsi predstavniki druzine
Scorpaenidae, ki jih je ugotovil Bolje. Vsi omenjeni od-
miki so verjetno povezani z raziskovalnim obmo¢jem,
saj je Bolje vzor¢il tudi bolj jugozahodno.
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St,

pogostnost bivalis¢e
Yo)

Taxa osebkov A
CEPHALOPODA

Sepiidae

Sepia elegans Blainville, 1827 3 7 D1
Sepia officinalis Linnaeus, 1758 36 26 D1
Sepia orbignyana Ferussac, 1826 2 5 D
Sepiolidae

Sepiola sp. 9 7 D
Loliginidae

Alloteuthis media (Linnaeus, 1758) 1590 98 D1
Loligo vulgaris Lamarck, 1798 853 95 PPt
QOclopodidae

Octopus vulgaris Cuvier, 1797 1 2 D1
Eledone moschata (Lamarck, 1799) 1641 86 Dt
CHONDRICHTHYES

Triakidae

Mustelus mustelus (Linnaeus, 1758) 214 43 D2
Rajidae

Raja asterias Delaroche, 1809 3 5 D3
Dasyatidae

Dasyatis pastinaca (Linnaeus, 1758) 1 D4
Myliobatidae

Myliobatis aquila (Linnaeus, 1758) 7 14 BP
OSTEICHTHYES

Clupeidae

Alosa fallax (Lacepede, 1803) 1 2 P5
Sardina pilchardus (Walbaum, 1792) 81 17 Ps
Sprattus sprattus (Linnaeus, 1758) 24 14 PS5
Engraulidae

Engraulis encrasicolus (Linnaeus, 1758) 6 12 P6
Congridae

Conger conger ([Artedi, 1738]) Linpaeus, 1758) D7
Syngnathidae

Hippocampus ramulosus Leach, 1814 1 2 D
Syngnathus acus Linnaeus, 1758 D
Merlucciidae

Merluccius merluccius (Linnaeus, 1758) 103 43 PP
Gadidae

Merlangius merlangus (Linnaeus, 1758) 2670 86 DY
Trisopterus minutus (Linnaeus, 1758) 2936 55 D9
Zeidae

Zeus faber Linnaeus, 1758 123 52 Dio
Serranidae

Serranus hepatus (Linnaeus, 1758) 3450 86 D1o
Moronidae

Dicentrarchus labrax (Linnaeus, 1758) 1 2 BP
Cepolidae

Cepola rubescens Linnaeus, 1766 249 52 D12
Carangidae

Trachurus mediterraneus (Steindachner, 1868) 6 10 P13
Trachurus trachurus (Linnaeus, 1758) 51 31 451
Sciaeniclae

Umbrina cirrosa (Linnaeus, 1758) 1 2 D4
Mullidae

Mullus barbatus Linnaeus, 1758 195 50 DIs
Mullus surmiletus Linnaeus, 1758 1 2 D15
Sparidae

Boops boops (Linnaeus, 1758} 41 33 D, PP16
Dentex dentex (Linnaeus, 1758) 1 2 D16
Diplodus annularis {Linnaeus, 1758) 844 69 D6
Lithognathus mormyrus (Linnaeus, 1758) BPi6
Pagellus bogaraveo (Brunnich, 1768) 2 2 D16
Pagellus erythrinus (Linnaeus, 1758) 1984 74 D6
Pagrus pagrus (Linnaeus, 1758) 1 2 Di6
Sparus aurata Linnaeus, 1758 i 2 D16
Centracanthidae

Spicara flexuosa Rafinesque, 1810 3934 95 8P17
Labridae

Symphodus cinereus (Bonnaterre, 1788) 12 7 D
Trachinidae

Trachinus draco Linnaeus, 1758 5 7 pis
Uranoscopidae

Uranoscopus scaber Linnaeus, 1758 1 2 D9
Scombricdae

Scomber japonicus Houttuyn, 1782 2 5 P20
Scomber scombrus Linnaeus, 1758 2 5 p20
Gobiidae

Deltentosteus quadrimaculatus (Valenciennes, 1837) 312 55 D
Gobius niger Linnaeus, 1758 161 48 8]
Callionymidae

Callionymus sp. 1 2 D2
Blenniidae

Blennius ocellaris Linnaeus, 1758 1 2 D
Parablennius gattorugine (Brunnich, 1768) 5 10 D
Parablennius tentacularis (Brunnich, 1768) 1 2 D
Mugilidae

Liza aurata (Risso, 1810) 1 12 p22
Atherinidae

Atherina hepsetus Linnaeus, 1758 15 10 P23
Atherina boyeri Risso, 1810 2 5 P
Triglidae

Trigla lucerna Linnaeus, 1758 D
Trigloporus lastoviza (Brunnich, 1768) 1 2 D
Scophthalimidae

Phrynorhombus regius (Bonnaterre, 1788) 4 5 D
Bothidae

Amoglossus laterna (Walbaum, 1792) 16 12 D24
Pleuronectidae

Platichthys flesus (Linnaeus, 1758) 35 17 D25
Soleidae

Buglossidium luteum (Risso, 1810) 5 7 D26
Monochirus hispidus Rafinescque, 1814 8 7 D26
Solea kleinii [Risso) Bonaparte, 1833 1 2 D26
Solea vulgaris Quensel, 1806 5 7 D26
Lophiidae

Lophius piscatorius Linnaeus, 1758 2 2 D26
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Tabela 2: Seznam vrst, ulovljenih s pridneno povle¢no
mrezo v slovenskem morju. Seznam vrst temelji na 55
vzorcih iz obdobja od 24. 4. 1995 do 24. 9. 1996.
Stevilo ulovijenih osebkov in pogostnost pojavijanja
vrste v vzorcih pa temeljijo na 41 vzorcih (28. 6. 1995
do 24. 9. 1996).

D = pridneno (bentoske ali demerzalne vrste);

P = pelasko; PP = polpelasko; BP = bentopelasko.

Table 2: List of fish species caught with bottom trawling
gear in the Slovene part of the Adriatic Sea. The list is
based on 55 samples taken from April 24th 1995 to
September 24th 1996. Numbers of caught individuals
and frequency of occurrence in samples are based on
41 samples (June 28th 1995 to September 24th 1996).
$t. osebkov = No. individuals

pogostnost (%) = frequency (%)

bivalis¢e = habitat

D = demersal species

P = pelagic, PP = semipelagic, BP = benthopelagic.

TRoper in sod., 1984; 2Branstetter, 1989; 3Stehmann &
Burkel, 1989; 4McEachran & Capape, 1989; SWhitehead,
1989a; SWhitehead, 1989b; 7Bauchot & Saldanha, 1986;
8Svetovidov, 1986a; 9Svetovidov, 1986b; 10Quero, 1986;
VTortonese, 1986a; 12Tortonese, 1986b; 13Smith-Vaniz,
1986; T'4Labbish Ning Chao, 1986; !5Hureau, 1986a;
16Bauchot & Hureau, 1986; "Tortonese, 1986¢; 18Tor-
tonese, 1986d; '"9Hureau, 1986b; 20Collette, 1986; 21Fric-
ke, 1986; 22Ben-Tuvia, 1986; 23Quignard & Pras, 1986;
24Nielsen, 1986a; 25Nielsen, 1986b; 26Quero et al., 1986;
27Caruso, 1986.

Pojavljanje pridnenih vrst
1. Mala sipa (Sepia elegans Blainville, 1827)

Posamezne male sipe so bile v poletnih vzorcih, od
junija do septembra (tabela 3). Tudi v vzorcih Boljeta
(1992) male sipe v zimskem c¢asu ni bilo, iz cesar
sklepam, da se pojavlja le v toplejsem delu leta.

2. Navadna sipa (Sepia officinalis Linnaeus, 1758)

Navadne sipe so bile v spomladanskih, poletnih in
jesenskih vzorcih, in sicer od aprila do junija, od
septembra do oktobra 1995 in od aprila do septembra
1996 (tab. 3). Obc¢asno pojavljanje navadne sipe v
vzorcih si razlagam z uporabo prelahkih PPM. Po na-
vedbah ribi¢ev se stevilo sip poveca v zimskem in spo-
miadanskem ¢asu, kar je verjetno povezano z njihovo
selitvijo proti obalnim obmocjem, kjer naj bi se spo-
mladi in poleti drstile (Bofje,’ 1992). Navadna sipa se na
obravnavanem obmocju verjetho pojavlja vse [eto.
Dolzina plasca: 72 mm (39-117, 5D=26, N=10).
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3. Bodicasta sipa (Sepia orbignyana Ferussac, 1826)

Po eno bodicasto sipo smo ulovili 22. 8. 1995 in 10.
4, 1996 (tab. 3). Avgusta smo bodi¢asto sipo ulovili
severozahodno od Piranskega zaliva, aprila pa severo-
zahodno od Koprskega zaliva.

4. Sipica (Sepiola sp.)

Posamezne sipice so bile v spomladanskih vzorcih
(tab. 3) na obmod¢jih vseh treh transektov. Bolje (1992)
je imel v ulovih vrsto Sepiola rondeleti, ki je bila v vseh
vzorcih redka, v februarskih vzorcih pa je ni bilo.

5. Pritlikavi ligenj (Alloteuthis media (Linnaeus, 1758))
Pritlikavi ligenj se je pojavljal vse leto, najvecje

Stevilo osebkov pa je bilo od zgodnje jeseni do pozne

pomladi (tab. 3). Zaradi majhnosti je bilo stevilo pritli-

kavih lignjev v ulovih vselej podcenjeno. DolZina

plas¢a: 56 mm (15-166, SD=17, N=152).

6. Navadni ligenj (Loligo vulgaris Lamarck, 1798)

Navadni ligenj se je pojavljal vse leto (tab. 3), v ve¢-

jem stevilu pa konec poletja in jeseni (slika 2). Najvecji

delez biomase vzorca so lignji dosegli novembra (35%),
ko je bil najvec¢ji tudi delez osebkov (21%). Zaradi
polpelagkega nacina zivljenja je bilo stevilo lignjev v
vzorcih verjetno podcenjeno. DolZina plaica: 109 mm
(33-405, SD=59, N=425).

7. Navadna hobotnica (Octopus vulgaris Cuvier, 1797)

Eno navadno hobotnico smo ulovili 18. 9. 1995
severozahodno od Koprskega zaliva. Ulov hobotnice s
PPM je prej izjema kot pravilo, saj se hobotnica na-
vadno zadrzuje blizje obali.

8. Moskatna hobotnica (Eledone moschata (Lamarck,
1799))

Mogkatna hobotnica se je pojavljala vse leto (tab. 3).
Njena abundanca in biomasa sta bili najvecji v poletnih
in jesenskih mesecih (slika 3). Najvecji delez biomase v
vzorcih je mogkatna hobotnica dosegla julija (41%) in
septembra 1995 (44%), medtem ko je bil njen delez leta
1996 najvecji avgusta (31%). Dolzina plagca: 80 mm
(35-140, SD=17, N=297).

9. Navadni morski pes (Mustelus mustelus (Linnaeus,
1758))

Navadni morski pes se je pojavljal v toplejsih me-
secih (slika 4, tab. 3). Takrat se je zgodilo, da so ribici z
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enim potegom zajeli tudi do nekaj deset osebkov, med-
tem ko v drugih potegih navadnega morskega psa ni bilo
ali pa so bili le posamezni osebki. Delez biomase na-
vadnega morskega psa je bil najvecji avgusta 1995, ko je
dosegel 41 odstotkov ulova. Naslednje leto je bil najvec;i
delez biomase navadnega morskega psa v juniju, ko je
dosegel 14 odstotkov. Odsotnost navadnega morskega
psa v vzorcih, dobljenih v hladnejsem delu leta, si
razlagam z manjsim stevilom osebkov in premajhnim
stevilom opravljenih vzorcev. Glede na to, da je Bolje
(1992) navadnega morskega psa ulovil tudi pozimi, me-
nim, da se vrsta pri nas pojavlja vse leto. Celotna dol-
Zina: 379 mm (278-805, SD=121, N=25).

10. Zvezdasta raza (Raja asterias Delaroche, 1809)

V obeh letih smo zvezdasto razo ulovili junija (tab.
3) v obmo¢ju severozahodno od Piranskega zaliva.
Obakrat smo uporabili tezjo PPM, kar je verjetno vzrok,
da zvezdaste raze ni bilo v drugih vzorcih. Verjetno se,
podobno kot druge ribe hrustan¢nice, tudi zvezdasta
raza pojavlja v toplejsih mesecih. To potrjujejo tudi
rezultati Boljeta (1992), ki je zvezdasto razo ulovil samo
julija.

11. Morski bi¢ (Dasyatis pastinaca (Linnaeus, 1758))

Enega morskega bi¢a smo ulovili dne 21. 8. 1996. V
takratnem ulovu je bilo tudi ve¢ morskih golobov in
navadnih morskih psov, iz ¢esar sklepam, da se posa-
mezni morski bi¢i pojavljajo skupaj z drugimi vrstami
hrustanénic.

12. Morski golob (Myliobatis aquila (Linnaeus, 1758))

Morskega goloba smo ujeli v drugi polovici poletja
in zgodaj jeseni (slika 5, tab. 3). Njegovo pojavljanje se
je v glavnem ujemalo s pojavljanjem navadnega mor-
skega psa. Najvecji delez biomase v ulovu je morski
golob dosegel avgusta 1995, ko je dosegel 9 odstotkov.

13. Ugor (Conger conger ([Artedi, 1738] Linnaeus,
1758))

Enega ugorja smo ulovili dne 24. 4. 1995 severo-
zahodno od Piranskega zaliva. Po navedbah ribicev
ugorja pred letom 1994 ni bilo v ulovih s PPM, leta
1994 in 1995 pa so pogosto ulovili posamezne osebke.

14. Veliko morsko silo (Syngnathus acus Linnaeus,
1758)

Eno veliko morsko silo smo ulovili dne 21. 8. 1996.
Po navedbah ribicev se posamezni osebki velikega mor-
skega 3ila ob¢asno ulovijo v PPM.
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Slika 2: Abundanca (o) in biomasa (x) lignja (Loligo vul-
garis Lamarck, 1798) na obmocju ribolova s pridneno

povlecno mrezo v slovenskem morju (os
osebkov).

stevilo

Fig. 2: Abundance (o) and biomass (x) of Common
Squid (Loligo vulgaris Lamarck, 1798) caught with bot-
tom trawling gear in the Slovene part of the Adriatic

(os = No. individuals).
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Slika 4: Navadni
naeus, 1758)).
Fig. 4: Smoothhound (Mustelus mustelus (Linnaeus,
1758)).
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Slika 6: Osli¢ (Merluccius merluccius (Linnaeus, 1758)).
Fig. 6: Hake (Merluccius merluccius (Linnaeus, 1758)).
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Slika 8: Moli¢ (Trisopterus minutus (Linnaeus, 1758)).
Fig. 8: Poor-Cod (Trisopterus minutus (Linnaeus, 1758)).
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Slika 3: Moskatna hobotnica
marck, 1799)). Glej podnapis pod sliko 2 za razlago.
Fig. 3: Musky Octopus (Eledone moschata (Lamarck,
1799)) (see fig. 2 for explanation).
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Slika 5: Morski golob (Myliobatis aquila (Linnaeus,

1758)). .
Fig. 5: Common Eagle Ray (Myliobatis aquila (Linnaeus,
1758)).
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Slika 7: Mol (Merlangius merlangus (Linnaeus, 1758)).
Fig. 7: Whiting (Merlangius merlangus (Linnaeus 1758)).
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Slika 9: Kovac (Zeus faber (Linnaeus, 1758)).
Fig. 9: John Dory (Zeus faber (Linnaeus, 1758)).
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Slika 10: Vol¢ic¢ (Serranus hepatus (Linnaeus, 1758)). Slika 11: S‘paget (Cepola rubescens Linnaeus, 1766).
Fig. 10: Brown Comber (Serranus hepatus (Linnaeus, Fig. 11: Red Bandfish (Cepola rubescens Linnaeus,
1758)). 1766).
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Slika 12: Brada¢ (Mullus barbatus Linnaeus, 1758). Slika 13: Bukva (Boops boops (Linnaeus, 1758)).
Fig. 12: Red Mullet (Mullus barbatus Linnaeus, 1758). ' Fig. 13: Bogue (Boops boops (Linnaeus, 1758)).
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Slika 14: Spar (Diplodus annularis (Linnaeus, 1758)). Slika 15: Ribon (Pagellus erythrinus (Linnaeus, 1758)).
Fig. 14: Annular Sea Bream (Diplodus annularis (Linna-  Fig. 15: Common Pandora (Pagellus erythrinus (Linna-
eus, 1758)). eus, 1758)).
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Slika 16: Menola (Spicara flexuosa Rafinesque, 1810). Slika 17: Morska plosc¢a (Platichthys flesus (Linnaeus,
Fig. 16: Menola (Spicara flexuosa Rafinesque, 1810). 1758)).

Fig. 17: Flounder (Plattichthys flesus (Linnaeus, 1758)).
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15. Dolgonosi morski konjicek (Hippocampus ramu-
losus Leach, 1814)

Enega dolgonosega morskega konjicka smo ulovili
24. 4. 1995 severozahodno od Piranskega zaliva, enega
pa 22. 1. 1996 severozahodno od Koprskega zaliva. Po
navedbah ribicev se posamezni osebki dolgonosega
morskega konjicka ob¢asno ulovijo v PPM.

16. Osli¢ (Merluccius merluccius (Linnaeus, 1758))

Abundanca in biomasa osli¢a sta nihali (slika 6, tab.
3). Ceprav v vzorcih treh vzoréevalnih dni osli¢a ni bilo,
menim, da je bil prisoten vse leto. Njegov delez
biomase v vzorcih je bil najve¢ji junija 1995, ko je
dosegel sest odstotkov. Tudi Bolje (1992) je ugotovil, da
se je osli¢ pojavijal vse leto, pri ¢emer je bilo nekaj
posebnega vec¢ja ugotovljena abundanca in biomasa te
vrste leta 1987. Celotna dolzina: 277 mm (143-375,
SD=76, N=8).

17. Mol (Merlangius merlangus (Linnaeus, 1758))

Mol se je pojavljal vse leto (tab. 3). Najve¢ jih je bilo
v toplejsih mesecih leta 1995, po tistem pa sta tako
biomasa kot abundanca priceli upadati (slika 7). Delez
biomase mola v ulovu je bil najve¢ji v jesenskih in zim-
skih mesecih, ko je decembra 1995 dosegel 47 odstot-
kov. Celotna dolzina: 209 mm (78-312, SD=51, N=261).

18. Moli¢ (Trisopterus minutus (Linnaeus, 1758))

Moli¢ev je bilo najvec poleti 1995, nato pa sta bio-
masa in abundanca te ribe naglo upadli (slika 8, tab. 3).
Naslednje poletje moli¢a v ulovih skorajda ni bilo. De-
lez biomase v ulovu je bil najvecji v zacetku avgusta
1995, ko je dosegel 12 odstotkov. Po podatkih Boljeta
(1992) se moli¢ pojavlja vse leto, v zimskih mesecih pa
je ulov moli¢a vegji. Celotna dolzina: 129 mm (55-210,
SD=30, N=85).

19. Kova¢ (Zeus faber Linnaeus, 1758)

Pojavljanje kovaca je doseglo visek v poletnih me-
secih (slika 9, tab. 3). Kljub temu da kova¢a ni bilo v
vzorcih treh vzorcevalnih dni, se na obravnavanem
obmocju verjetno pojavlja vse leto. Novembra 1995 je
bil delez biomase kovaca v vzorcih najve¢ji in je do-
segel sedem odstotkov. Celoletno pojavljanje kovaca
potrjujejo tudi podatki Boljeta (1992). Celotna dolzZina:
182 mm (64-305, SD=65, N=35).

20. Brancin (Dicentrarchus labrax (Linnaeus, 1758))

Enega brancina smo ulovili dne 20. 12. 1995 v ob-
mocju severozahodno od Koprskega zaliva. Po naved-
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bah ribi¢ev brancina redkokdaj ulovijo s PPM, saj se
zadrzuje blizje obali. Celotna dolzina: 435 mm.

21. Voleie (Serranus hepatus (Linnaeus, 1758))

Voleie se je pojavljal vse leto, pogostejsi pa je bil
poleti in jeseni (slika 10, tab. 3). Med posameznimi
vzoréevalnimi dnevi je delez biomase vol¢i¢a mocno
nihal, najve¢jo vrednost pa je dosegel junija 1996, ko je
bil njegov delez 18 odstotkov. Podobno je nihal tudi
delez osebkov v vzorcu, ki je svojo najvecjo vrednost
(46%) dosegel avgusta 1996. Celotna dolZina: 99 mm
(77-123, SD=9, N=160).

22. Spaget (Cepola rubescens Linnaeus, 1766)

Spaget se je pogosteje pojavljal v toplejsih mesecih
(slika 11, tab. 3). Takrat je bil tudi delez njegove bio-
mase v ulovu najvedji, ni pa presegel treh odstotkov. Po
podatkih Boljeta (1992) se $paget v obravnavanem ob-
mocju pojavlja vse leto. Celotna dolzina: 395 mm (270-
515, SD=98, N=6).

23. Korbel (Umbrina cirrosa (Linnaeus, 1758))

Enega korbela samo ulovili 20. 12. 1995 (tab. 3)
severozahodno od Koprskega zaliva. Po navedbah ribi-
¢ev se posamezni korbeli pojavljajo samo v zimskem
¢asu. Celotna dolzina: 404 mm.

24. Brada¢ (Mullus barbatus Linnaeus, 1758)

Za bradace je bilo znacilno, da so se v manjsem
stevilu pojavljali poleti in jeseni 1995, septembra 1996
pa sta njihova abundanca in biomasa naglo narasli (slika
12, tab. 3). Povecanje Stevila bradacev se je zdelo
nenavadno tudi ribicem. Znacilno je bilo, da biomase
bradac¢ev do septembra 1996 niso presegle dveh od-
stotkov vzorca. V drugi polovici septembra je delez bio-
mase bradacev dosegel 17 odstotkov, delez osebkov pa
19 odstotkov. Tudi Bolje (1992) je ugotovil, da se bra-
daci v Trzagkem zalivu v vecjem Stevilu pojavijo jeseni,
medtem ko jih je v drugih obdobjih leta malo. Celotna
dolZina: 143 mm (90-215, SD=21, N=129).

25. Progasti brada¢ (Mullus surmuletus Linnaeus, 1758)

Progastega bradaca smo ulovili 24. 9. 1996 (tab. 3)
severozahodno od Piranskega zaliva. Dva osebka sta
bila v vzorcih, ki so zbujali pozornost zaradi velikega
¢tevila bradac¢a (Mullus barbatus). Njuni celotni dolZini
sta znadali 186 in 231 milimetrov.

26. Bukva (Boops boops (Linnaeus, 1758))

Za bukvo je bilo znacilno precejsnje nihanje abun-
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dance in biomase v poletnih in jesenskih mesecih, med-
tem ko je v hladnem delu leta v vzorcih ni bilo (slika 13,
tab. 3). Tudi ko je bilo bukev najve¢, je delez njihove
biomase komaj presegel en odstotek. Glede na podatke,
ki jih je navedel Bolje (1992), lahko sklepam, da se
bukva kljub odsotnosti v vzorcih iz hladnejsih mesecev
na obravnavanem obmo¢ju pojavlja vse leto. Celotne
dolzine 4 bukev so bile med 207 in 226 milimetri.

27. Zobatec (Dentex dentex (Linnaeus, 1758))

Enega zobatca smo ulovili 24. 9. 1996 (tab. 3) seve-
rozahodno od Piranskega zaliva. Ribi¢i ga s PPM ulovijo
zelo redko, saj se zadrzuje bolj ob obali. Celotna dol-
zina je bila 131 milimetrov.

28. Spar (Diplodus annularis (Linnaeus, 1758))

Spari so se pojavljali vse leto, bolj mnozi¢no pa po-
leti in jeseni (slika 14, tab. 3). Delezi biomase v vzorcih
so se poleti in jeseni gibali med 7 in 8 odstotki, najvecjo
vrednost pa je delez biomase dosegel konec septembra
1996, ko je dosegel 19 odstotkov. Celotna dolzina: 138
mm (72-189, SD=23, N=113).

29. Ovcica (Lithognathus mormyrus (Linnaeus, 1758))

Edini ulov ov¢ice je bil 24. 4. 1995 v obmocju
severozahodno od Piranskega zaliva, ko je bilo v vzorcu
6 osebkov.

30. Okati ribon (Pagellus bogaraveo (Brunnich, 1768))

Dva okata ribona smo ulovili 18. 9. 1995 (tab. 3) v
obmo¢ju severno od rtica Ronek. Celotni dolzini sta
znasali 137 in 145 milimetrov.

31. Ribon (Pagellus erythrinus (Linnaeus, 1758))

Riboni so se v vec¢jem stevilu pojavljali v poletnih
mesecih (slika 15, tab. 3). Takrat je delez biomase v
vzorcih dosegal 30 odstotkov. Glede na podatke Boljeta
(1992) sklepam na celoletno pojavljanje ribona. Celotna
dolzina: 181 mm (82-393, SD=48, N=221).

32. Pagar (Pagrus pagrus (Linnaeus, 1758))

Enega pagra smo ulovili 22. 11. 1995 (tab. 3) v
obmo¢ju severozahodno od Piranskega zaliva. Tega dne
so se posamezni osebki ulovili tudi pri rednem ribolovu
s PPM. Celotna dolzina je bila 171 milimetrov.

33. Orada (Sparus aurata Linnaeus, 1758)

Eno orado smo ulovili 20. 12. 1995 (tab. 3) na ob-
mocju severozahodno od Piranskega zaliva. Orada je
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bila tudi po podatkih Boljeta (1992) redko ulovljena
vista s PPM. Celotna dolzina je bila 220 milimetrov.

34. Menola (Spicara flexuosa Rafinesque, 1810)

Menola se je v obravnavanem obmocju pojavljala
vse leto, vec¢jo abundanco in biomaso pa je dosegla v
toplejsih mesecih (slika 16, tab. 3). Delez njene bio-
mase v ulovu je bil najvedji aprila in junija 1996, ko je
dosegel 27 odstotkov. Aprila je bil najve¢ji tudi delez
osebkov (43%). Celoletno pojavljanje menole v Trzas-
kem zalivu potrjujejo tudi podatki Boljeta {(1992). Celot-
na dolzina: 143 mm (70-230, SD=27, N=671).

35. Rumena ustnaca (Symphodus cinereus (Bonnaterre,
1788))

Tri rumene ustna¢e smo ulovili 18. 9. 1995 seve-
rozahodno od Koprskega zaliva in severno od rti¢a Ro-
nek. 16. 6. 1996 smo severozahodno od Piranskega
zaliva ulovili 9 rumenih ustnac¢ (tab. 3). Glede na po-
datke Boljeta (1992) se rumena ustna¢a na obravnava-
nem obmocju verjetno pojavlja vse leto. Celotna dol-
Zina: 93 mm (61-111, SD=16, N=12).

36. Morski zmaj (Trachinus draco Linnaeus, 1758)

Morskega zmaja smo ulovili v treh vzorcevalnih
dneh med junijem in oktobrom (tab. 3), vselej v ob-
mocju severozahodno od Piranskega zaliva. V vzorcih
so bili vselej le posamezni osebki. Celotne dolZine 3
morskih zmajev so bile med 248 in 285 milimetri.

37. Zvezdogled (Uranoscopus scaber Linnaeus, 1758)

Enega zvezdogleda smo ulovili 25. 7. 1995 (tab. 3)
na obmocju severozahodno od Koprskega zaliva.

38. Pegasti glava¢ (Deltentosteus quadrimaculatus (Va-
lenciennes, 1837))

Pegasti glava¢ se je na obravnavanem obmodju po-
javljal vse leto (tab. 3). Stevilnej3i je bil v toplejsem delu
leta. Najve& osebkov smo ulovili junija 1996, ko jih je
bilo v dveh vzorcih 213. Stevilo pegastega glavaca je
bilo v vseh vzorcih, razen v junijskih, podcenjeno zaradi
uporabe lazje PPM. Celotna dolzina: 75 mm (62-84,
SD=6, N=23),

39. Crni glavac (Gobius niger Linnaeus, 1758)

Crni glavac je bil v mrezi vse leto, ob¢asno pa je v
katerem od vzorcevalnih dni manjkal (tab. 3). Stevilo
¢rnega glavaca je bilo v vseh vzorcih, razen v junijskih,
podcenjeno zaradi uporabe lazje PPM. Celotna dolzina:
104 mm (70-138, SD=18, N=18).
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Tabela 3: Mesec¢no pojavljanje pridnenih, bentopelaskih in polpelaskih vrst glavonoZcev in rib v obmodju ribolova
s pridnenimi povlecnimi mreZzami v slovenskem morju. Analiza abundance vrst temelji na 41 vzorcih iz obdobja od
28. 6. 1995 do 24. 9. 1996. Abundance so prikazane v naslednji lestvici: - (0); 1 (1-9); 2 (10-99); 3 (100-999); 4
(1000-9999) in 5 (10000-99999 osebkov).

Table 3: Monthly occurrence of demersal, benthopelagic and semipelagic cephalopod and fish species caught with
bottom trawling gear in the Slovene part of the Adriatic Sea. Analysis of the species abundance is based on 41
samples taken from june 26th 1995 to September 24th 1996. Abundances are shown on the following scale: - (0);
1(1-9); 2(10-99); 3 (100-999); 4 (1,000-9,999) and 5 (10,000-99,999 individuals).
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Gobius niger (Foto: M. Richter).
Gobius niger (Photo: M. Richter).

40. Zmajcek (Callionymus sp.)

Zmajcka smo ulovili 16. 6. 1996 (tab. 3) v obmo¢ju
severozahodno od Koprskega zaliva. Verjetno bi se

zmajcki pogosteje pojavljali v vzorcih, ko bi bili upo-

rabljali tezjo PPM.
41, Okata babica (Blennius ocellaris Linnaeus, 1758)

Po eno okato babico smo ulovili 24. 4. in 28. 6.
1995 (tab. 3), obakrat v obmocju severozahodno od
Piranskega zaliva. Verjetno bi se okate babice pogosteje
pojavljale v vzorcih, ko bi bili uporabljali tezjo PPM.

42. Rjasta babica (Parablennius gattorugine (Brunnich,
1768))

Posamezne rjaste babice smo ulovili v ¢asu od junija
do julija (tab. 3) na obmo¢jih severozahodno od Ko-
prskega zaliva in severozahodno od Piranskega zaliva.
Verjetno bi se rjasta babica pogosteje pojavljala v
vzorcih, ko bi bili uporabljali tezjo PPM.

43. Rogata babica (Parablennius tentacularis (Brunnich,
1768))

Eno rogato babico smo ulovili 16. 6. 1996 (tab. 3) v
obmogju severozahodno od Piranskega zaliva.

44. Zlati cipelj (Liza aurata (Risso, 1810))

Zlati ciplji so se pojavljali v ulovu v ¢asu od junija
do septembra, ve¢inoma na obmoéju severozahodno od
Koprskega zaliva. V vzorcih so bili vselej le posamezni
osebki. Celotne dolzine sedmih zlatih cipljev so bile
med 275 in 378 milimetri.
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45. Rumeni krulec (Trigla lucerna Linnaeus, 1758)

Enega rumenega krulca smo ulovili pri rednem ribo-
lovu 20. 12. 1995 v obmogju severozahodno od Pirana.
V ulovih Boljeta (1992) je bil rumeni krulec redek,
vendar se je pojavljal vse leto.

46. Progasti krulec (Trigloporus lastoviza (Brunnich,
1768))

Enega progastega krulca smo ulovili 12. 10. 1995
(tab. 3) v obmocju severozahodno od Piranskega zaliva.
Njegova celotna dolzina je bila 153 milimetrov.

47. Kosmati romb (Phrynorhombus regius (Bonnaterre,
1788))

Stiri kosmate rombe smo ulovili 16. 6. 1996 (tab. 3)
v obmogjih severozahodno od Koprskega zaliva in seve-
rozahodno od Piranskega zaliva. Po podatkih Boljeta
(1992) so bhili kosmati rombi redki, vendar pa so se po-
javljali vse leto. Verjetno bi bili kosmate rombe po-
gosteje ulovili s teZjo PPM.

48. Patarac¢a (Arnoglossus laterna (Walbaum, 1792))

Posamezne patarace so bile v vzorcih od aprila do
julija (tab. 3). Po podatkih Boljeta (1992) se je pataraca
pojavljala vse leto. Verjetno bi bili patarato pogosteje
ulovili s tezjo PPM.

49. Morska plosca (Platichthys flesus (Linnaeus, 1758))

Morska plosca se je pojavljala v zimskih mesecih
(slika 17, tab. 3). Delez njene biomase je bil najvecji v
januarskem vzorcu, ko je dosegel devet odstotkov.
Pojav morske plos¢e v Trzaskem zalivu v zimskih me-
secih je ugotovil tudi Bolje (1992). Pozimi prihajajo
morske ploice v Trzaski zaliv zaradi drstitve. Celotna
dolzina: 185 mm (141-276, SD=36, N=35).

50. Pritlikavi morski list (Buglossidium luteum (Risso,
1810))

Posamezne pritlikave morske liste smo ulovili v
junijskih in julijskih vzorcih (tab. 3). Verjetno bi se bili
pritlikavi morski listi pojavljali pogosteje v vzorcih, ko
bi bili uporabljali tezjo PPM. Celotni dolzini dveh oseb-
kov sta bili 90 milimetrov.

51. Hrapavi morski list (Monochirus hispidus Rafi-
nesque, 1814)

Posamezne hrapave morske liste smo ulovili aprila in
junija (tab. 3). V vzorcih Boljeta (1992) je bil hrapavi
morski list redek, vendar se je pojavljal vse leto. Ver-
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jetno bi se bil hrapavi morski list pogosteje pojavljal v
vzorcih, ko bi bili uporabljali tezjo PPM.

52. Crnorobi morski list (Solea kleinii [Risso] Bonaparte,
1833)

Posamezne ¢rnorobe morske liste smo ulovili med
aprilskim in oktobrskim vzor¢enjem (tab. 3). Obakrat je
bil ¢&rnorobi morski list v vzorcih, ujetih v obmo¢ju
severozahodno od Piranskega zaliva. Podatki Boljeta
(1992) kazejo, da se ¢rnorobi morski list v nadem morju
pojavlja vse leto, ve¢ pa jih je v zahodnem delu. Ver-
jetno bi se ¢rnorobi morski list pogosteje pojavljal v
vzorcih, ko bi bili uporabljali tezjo PPM.

53. Morski list (Solea vulgaris Quensel, 1806)

Posamezni morski listi so bili v aprilskih, junijskih in
decembrskih vzorcih (tab. 3). Podatki Boljeta (1992) ka-
Zejo, da se morski list v nasem morju pojavlja vse leto,
ve¢ pa jih je v zahodnem delu. Verjetno bi se morski list
pogosteje pojavljal v vzorcih, ko bi bili uporabljali tezjo
PPM.

54. Morska zaba (Lophius piscatorius Linnaeus, 1758)

Dve morski zabi smo ulovili 25. 7. 1995 (tab. 3) v
obmo¢ju severno od rti¢ca Ronek. Verjetno so v obrav-
navanem obmoc¢ju posamezne morske Zzabe le v top-
lejsih mesecih, na kar kazejo tudi podatki Boljeta
(1992).

Spreminjanje abundance

V slovenskem morju se je abundanca obravnavanih
vrst med letom bolj ali manj spreminjala. Spremembe so
bile po eni strani posledica sezonskih selitev (Pitcher &
Hart, 1994), po drugi strani pa je na zmanjsevanje
abundance verjetno vplival tudi ribolov. Sezonske selit-
ve zivali v obmog¢ju Trzaskega zaliva so verjetno pove-
zane z razmnozevanjem, koli¢ino hrane in nekaterimi
fizikalno kemijskimi dejavniki, kot so temperatura, sla-
nost in koli¢ina raztopljenega kisika, Zal pa selitev in
njihovih vzrokov v tem obmocju 3e niso raziskali.

Pojav morske ploi¢e v nasem morju je nedvomno
povezan z razmnozZevanjem (Bolje, 1992). Tudi neka-
tere druge vrste rib, na primer ribon, se v vecjih koli-
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¢inah pojavijo v ¢asu, ko imajo zrelejse gonade. Abun-
danca pridnenih vrst rib, z izjemo borealne morske
plosé¢e, je bila v hladnejsem obdobju leta nizja. To je
verjetno posledica nizkih temperatur v zimskem ¢asu,
saj pade temperatura vode na dnu v zimskih mesecih
tudi pod 10°C (Vukovi¢ et al., 1995). Vzrok za za¢asno
zmanjsanje abundance osebkov bentoskih vrst (na pri-
mer mogkatna hobotnica) je lahko tudi hipoksija.
Zmanjiane koli¢ine raztopljenega kisika v pridnenem
sloju vode so v tem obmocju znacilne za konec poletja
in jesen (Vukovic et al.,1995).

Viri napak pri oceni abundance in biomase

Struktura vzorcev, vzetih z lazjo in tezjo PPM, se je
nekoliko razlikovala. V vzorcih, vzetih z lazjo PPM, je
bilo bolj podcenjeno stevilo bentoskih organizmov,
predvsem predstavnikov skupin Sepiidae, Sepiolidae,
Octopodidae, Rajidae, Myliobatoidei, Trachinidae,
Uranoscopidae, Gobiidae, Callionymidae, Blenniidae in
Heterosomata (Pleuronectiformes). Zaradi manjsega
oc¢esa mreze v konénem delu (saku) je bilo v ulovu
raziskovalne mreze tudi ve¢ osebkov manjsih vrst ozi-
roma nedoraslih organizmov. Najvecja velikostna selek-
cija je namre¢ ravno v kon¢nem delu mreze (Sparre &
Venema, 1992).

Mullus surmuletus (Foto: M. Richter).
Mullus surmuletus (Photo: M. Richter).
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SUMMARY

Ichthyological research in the Slovene part of the Gulf of Trieste has been somewhat neglected in the past, for the
biological research in this part of the Adriatic began not until the late 80's. The article presents the results of the
research into the dynamics of occurrence of certain cephalopod and fish species and could serve as a basis for a

further ecological research on these groups in our waters

From April 1995 to September 1996, 8 cephalopod and 56 fish species were caught with bottom trawling gear in
the Slovene part of the Adriatic Sea. Details on the occurrence of 8 bathyal cephalopod species, 4 species of
cartilaginous fish and 42 species of bony fish are listed, with more detailed descriptions of the following species:
Common Squid (Loligo vulgaris), Musky Octopus (Eledone moschata), Smoothhound (Mustelus mustelus), Common
Eagle Ray (Myliobatis aquila), Hake (Merluccius merluccius), Whiting (Merlangius merlangus), Poor-Cod (Trisopterus
minutus), John Dory (Zeus faber), Brown Comber (Serranus hepatus), Red Bandfish (Cepola rubescens), Red Mullet
(Mullus barbatus), Bogue (Boops boops), Annular Sea Bream (Diplodus annularis), Common Pandora (Pagellus
erythrinus), Menola (Spicara flexuosa) and Flounder (Platichthys flesus).
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ABSTRACT

The stomach contents of 964 damselfish Chromis chromis collected in the eastern central Adriatic in 1992 and
1993 were examined to assess the diet, as influenced by season and fish size. Damselfish is carnivorous from the
juvenile stage onward, feeding on a narrow range of plankton and benthic prey items. Higher intensity of feeding
activity in spring could be related to temperature and/or gonadal maturation. During all seasons copepods
constituted the most important food resource by weight, number and frequency of occurrence. Appendicularia and
cladocerans were the second most important food category. Dietary overlap was relatively high, indicating that the
feeding spectrum of damselfish changed little across seasons, but for size groups was small, indicating greater
changes in feeding spectrum.

Klju¢ne besede: ¢rnik, Chromis chromis, prehrana, prehranjevalne navade, ceponozci, vzhodni Jadran
Key words: damselfish, Chromis chromis, food, feeding habits, copepods, Eastern Adriatic

INTRODUCTION Despite its abundance, very little is known about the

trophic ecology of damselfish in the Mediterranean Sea.

The damselfish, Chromis chromis (Linnaeus, 1758) is  The present study deals with food and feeding habits of

a small fish found in shoals in mid-water above or near  the damselfish off the Eastern Adriatic. The purpose was

rocky reefs or above sea grass (Posidonia) meadows at  to examine the feeding habits and intraspecific resource

depths ranging from 3 to 35 m. It occurs in the partitioning across seasons and during developmental
Mediterranean and from Portugal southwards to Angola life stages of damselfish in the Eastern Adriatic.

(Quignard & Pras, 1986).

In the Eastern Adriatic, the damselfish is abundant MATERIAL AND METHODS
(Grubisi¢, 1982; Milisi¢, 1994), but it is of no commer-
cial value along the eastern coast (except on the central A total of 964 specimens of damselfish were ob-
Adriatic islands of Solta, Hvar, Korcula and Lastovo, tained during four seasonal beach seine survey cruises,
where it is much appreciated). In coastal fishery of Dal-  from summer 1992 to spring 1993. Samples were taken

matia, damselfish form a small but significant compo-  near the island of Trstenik in the central Adriatic (Fig. 1).
nent of the coastal beach seine and gill net catch thatis  Damselfish were fixed in 4% formalin immediately after
used as delicious food and as bait for lobsters. We have  capture. The fish were processed promptly after
no new data on catch, but Grubi3ic¢ (1982) reported that  collection. Processing included measurements and
it is around 30 tons per year. weighing to nearest 0.1 cm and 0.01 g respectively and

There are some data about the biology and ecology  gut removal prior to which both ends of the stomach
of this species from the eastern Adriatic. Dulci¢ et al.  were tied off. The contents of the dietary material were
(1994a) presented data on the length-weight relationship  identified to the specific level where possible, but most
in damselfish during spawning in the Eastern Adriatic.  items were identifiable only to the generic level. Pres-
Dulcic¢ et al. (1994b) analysed the vertebral number of  ence of inorganic matter and detritus in the stomachs
damselfish. Age, growth and mortality of damselfish was recorded, but excluded from the analysis. After
were presented by Dul¢i¢ & Kraljevic¢ (1995). identification, preys were weighed to the nearest 0.07 g.
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Fig. 1: Location of sampling station in the eastern
central Adriatic, where damselfish (Chromis chromis)
were collected (Trstenik Island).

Slika 1: Zemljevid obravnavanega obmodja z oznac¢eno
vzorcevalno postajo (otok Trstenik), kjer so bili
ulovljeni ¢rniki (Chromis chromis).

The contribution of the prey categories to the diet of
damselfish was calculated as (1) the percentage of wet
weight (C,,) of a prey category (pooled) to the weight of
the total stomach. contents, (2) the percentage abun-
dance (C,) of individuals of a prey category to the total
number of prey individuals in the stomachs, (3) the fre-
quency of occurrence (f} of stomachs in which a prey
category occurred to the total number of stomachs ex-
amined (Hyslop, 1980). George & Hadley (1979) em-
ployed the "relative importance index" (RI) which is
based on the "absolute importance index" (Al) as fol-
lows: Al = % frequency occurrence + % total numbers +
% total weight; Rl = 100 Al / niST Al, where n is the
number of i different food types.

Seasonal variations were analyzed using Fischer's
least significant difference (LSD) test (Zar, 1984). The
analysis of changes in feeding habits in different seasons
and in different length classes was performed by the use
of the fullness index (Hureau, 1970): %Jr = fullness in-
dex: weight of digested food/fish weight x 100.

Proportional food overlap between size classes and
seasons for the species was calculated using the overlap
index of Schoener (1970): Cih = 1 - 0.5 (3}j Pij - Phj),
where Pij and Phj are the proportions of prey j found in
the diets of groups i and h respectively. This index has a
minimum of 0 (no overlap of prey) and a maximum of 1
(all items in equal proportions). Schoener's index values
above 0.60 are usually considered to be "biologically
significant" (Zaret & Rand, 1971; Wallace, 1981), in-
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dicating a high dietary overlap (Langton, 1982).
RESULTS AND DISCUSSION

Fish lengths in the sample ranged from 8 to 134 mm
caught (Fig. 2). Data sampled in 3 areas were aggre-
gated for the analysis since there was no significant dif-
ference between them (ANCOVA). The specimens were
divided into two size groups, to examine feeding habits
of the fish developmental stages. Group 1 comprised
fishes smaller than 65 mm (juvenile stage) and Group 2
fishes longer than 65 mm (adult stage). The proportion
of empty stomachs among fish up to 65 mm long is
6.9%, while this proportion in longer fish is 5.0%.
Feeding intensity expressed by the fullness index (Jr) was
higher in smaller (Jr=6.83) than in larger fish (Jr=3.80).

In Group 1, polychaetes, ostracods, copepods and
mysids constitued the bulk of the diet, while copepods,
appendicularins and cladocerans were dominant in
Group 2 (Table 1). Stomachs of larger individuals con-
tained all mentioned prey taxa ingested by smaller fish,
but in different proportions. Copepods were the do-
minant prey of damselfish in both size-classes, Clauso-
calanus pergens being the dominant species. As fish
grew older there was a difference in the "relative index"
(RIy of polychaetes, copepods, ostracods and mysids.
Polychaetes exhibited a greater presence in the sto-
machs of smaller fish, corroborating the view that small
damselfish select prey of low mobility.

HthﬁmmH

0 20 30 @ 50 60 70 8 90 100 NO 120 130 KO
TOTAL  LENGTH [mm)

Fig. 2: Length frequency distribution of damselfish
(Chromis chromis) collected in the eastern central
Adriatic for dietary studies in 1992 and 1993 (n = 964).
Slika 2: Velikostna porazdelitev dolzine ¢rnikov (Chro-
mis chromis), ulovijenih v vzhodnem srednjem jadranu
v obdobju 1992-1993 (n = 964).
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Size groups 8-65 mm > 65 mm Season Winter Summer
Contribution of the |  C, C, Al RI | f C, C, Al R Contribution of thef f C, C, Al Rl f Cy Cy Al R
prey categories prey categories
Polychaeta 343 7.7 30.572513.03) 24 0.1 05 3025 Polychaeta 141 02 13 156 249
Appendicularia 76.2 27 13.8 117 993 Appendicularia [53.8 22.1 27.5 103.4 19.72]89.6 32.1 16.7 138.4 22.11
Ostracoda 38.9 27.4 19.5 85.815.42/10.8 0.9 3.2 149 1.27 Ostracoda 115 08 3.2 155 248
Copepoda 94.7 55.6 12.7 163 29.30193.1 37.7 25.7 156.5 13.29 Copepoda 100 58.2 338 192 36.61|75.6 34.2 24.6 134.4 21.50
Paracalanus parvus 76.2 7.6 54 89.2 7.57 Cirripedia (nauplii) 3.7 07 2 6.4 1.02
Clausocalanus pergens|36.8 23 5.3 65.111.70[51.7 10.1 6.1 67.9 577 Decapoda (larvae) 252 56 7.4 382 6.10
C. furcatus 21,1 15 3.4 395 7.10|37.1 6.2 43 47.6 4.04 Mysidacea 62 02 21 85 136
C.helgolandicus 1.6 1.1 1.1 13.8 1.17 Cladocera 100 12.7 26.8 139.526.60{84.1 224 12 11851893
C.parapergens 156 52 29 237 201 Gastropocdla 118 09 17 297 474
C.tenuicornis 19 105 2.4 319573133 01 01 3.5 030 (larvae)
Eucalanus elongatus |105 5 1.2 167 3 [23 01 01 25 021 Bivalvia (larvae) 59 09 7.3 141 225
Euterpina acutiformis 4.6 01 01 48 041 Pisces
Centropages typicus 62,5 6.8 5 743 6.31 Eggs 473 64 87 624 11.90{33.6 1.6 4.1 393 6.28
Acartia clausi 74 21 05 10 180|142 0.6 08 156 1.33 Larvae 23.1 0.8 3.2 271 517|616 1.6 4.2 674 1077
Cirripedia (nauplii) 31 06 1.5 52 044 Digested food | 8.8 4.3 10.4 9.8
Decapoda (larvae) 263 6.1 7.1 395 335 Spring Autumn
Mysidacea 253 9.4 37.211.912.92[11.2 0.6 46 16.4 139 Polychacta | 3.1 02 21 54 080
Cladocera 86.1 22.5 12.3 120.910.27 Appendicularia |78.2 26.8 22.8 127.818.87| 78.7 30.5 23.3 132.5 24.85
Penilia avirostris 128 1.8 1 156 132 Ostracoda 345 1.4 3.1 39 576
Podon intermedius 402 127 6.8 59.7 507 Copepoda 95.8 43 33.8 172.6 25.48| 100 44.4 27.8 172.232.30
Evadne spinifera 384 85 46 515 437 Cirripedia (naupli){ 17.2 0.2 2.6 20 2.95
Gastropoda (larvae) 109 0.7 12.2 23.8 2.02f - Decapoda (larvae)| 32.7 2.3 2.3 37.3 5.51
Bivalvia (larvae) 8.8 1.5 122 225 191 Mysidacea 19.2 0.2 2.1 215 3.97
Pisces Cladocera 759 23.3 188 118 17.42]851 21.9 34.2 141.226.48
Eggs 305 1.7 38 36 3.07 Gastropoda  |24.9 0.3 29 281 4.15
Chromis chromis 6.7 02 04 73 0.62 (larvae)
Serranus hepatus 6.6 02 04 72 061 Bivalvia (larvae) |28.7 0.4 3.2 323 477
Cepola rubescens 9.2 04 0.8 104 0.88 Pisces
Engraulis encrasicolus 9.8 0.5 1.1 114 097 Eggs 364 03 23 39 576|479 32 129 64 12
Sardina pilchardus 81 05 1.2 98 0.83 Larvae 307 1.6 41 364 537]213 02 1.8 233 437
Larvae 448 1 34 49.2 418 Digested food |19.6 3.7
Chromis chromis 13.4 0.2 05 141 1.20
Serranus hepatus 12 01 01 21 018\ Taple 2: Contribution of the prey categories for dam-
Cepola rubescens 73 01 04 78 066 selfish stomach contents according to season.
Gobius sp. 1002 07 109 093 Tabela 2: Delez posameznih kategorij plena v *elodcih
Oblada melanura 72 02 08 82 0700 ¢&rpjkov v razlicnih letnih casih.
Diplodus vulgaris 0.3 0.01 0.1 041 0.04
Atherina hepsetus 122 03 1 135 1.15
Digested food 5.2 1.8 5.5 2.4 Seasons Winter Spring Summer Autumn
No of stomachs 102 862 % Jr 1.91 5.67 3.69 2.10
No of empty stomachs 7 43 Group 8 - 65 mm > 65 mm
% of empty stomachs 6.9 5.0 % Jr 6.83 3.80

Table 1: Contribution of the prey categories for dam-
selfish stomach contents according to size groups.

Tabela 1: Delez posameznih kategorij plena v Zelodcih
¢rnika glede na velikost.
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Table 3: Fullness index (Jr) in specimens analyzed by

seasons,

Tabela 3: Hureaujev indeks (Jr) primerkov, raziskanih v
razli¢nih letnih ¢asih.
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Season Winter  Spring Summer  Autumn

Winter 0.70 0.67 0.93

Spring 0.80 0.71

Summer 0.69

Autumn
Size group 8 - 65 mm > 65 mm
8 - 65 mm 0.58
> 65 mm

Table 4: Proportional food overlap coefficients (Scho-
ener index) of damselfish between seasons.

Tabela 4: Kolic¢nik prekrivanja v prehrani (Schoenerjev
indeks) ¢rnika v posameznih letnih casih.

Feeding intensity was lowest in winter, indicated by
the higher frequency of empty stomachs in each group
(14% for Group 1 and 11% for Group 2).

Copepods constited the bulk of diet throughout the
year (Table 2), exhibiting their highest values by number
during spring and summer. Cladocerans and Appendicu-
laria were the second important food categories. They
were eaten regularly during all seasons.

Seasonal changes in Rl were examined to detect
which prey accounted for the differences in the diet.
This analysis indicated a great importance of copepods
in all seasons.

Food quantity in analyzed guts, expressed as the
fullness index (Jr), was highest in spring (Jr = 5.67) and a
significant drop was recorded for winter (Jr 1.91)
(Table 3).

Fischer's LSD test indicated that the mean fullness
index was significantly higher in spring and summer.
The application of ANOVA and multiple range tests to
the seasonal data indicated significantly higher values in
spring (ANOVA: F = 12.424, P < 0.001).

Values of Schoener's (1970) index of dietary overlap
were obtained from a comparison (by weight) between
the different size groups (0.58) and seasons (Table 4).
Almost all the values were > 0.60, indicating high die-
tary overlap. Thus, the feeding spectrum of damselfish
depends little across season of capture. The small vari-
ations of the principal prey items between the different
seasons contributed to the high level of inter-season
proportional overlap.

Damselfish in the eastern Adriatic fed primarily on
crustaceans, mostly copepods (such as Paracalanus
parvus, Clausocalanus pergens and Centropages typicus)
and cladocerans (Podon intermedius), but also con-
sumed Appendicularia, Gastropoda (larvae) and Bivalvia
(larvae), fish eggs and fish larvae, mainly at larger
lengths. Polychaetes, Cirripedia (nauplii), Mysidacea
and Decapoda (larvae) were also occasionally found in
the stomachs. These results are generally in accordance
with the observation of Duka & Shevchenko (1980) off
the Mediterranean coast of island Lampedusa and for
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damselfish from the Black Sea. Same authors mentioned
that copepoda (Calanoida, Cyclopoida - 15 species)
were the most abundant food items, that Appendicularia
(Oikopleura dioica) ranked second in the Mediterra-
nean, and that damselfish eggs and Appendicularia
(Oikopleura dioica) were the most abundant food items
in the Black Sea. Although no quantitative data on prey
consumption of damselfish were given, it is not possible
to compare the data on that basis. Mapstone & Wood
(1975) revealed that damselfish feeds both on plank-
tonic and benthic organisms; eight out of 11 individuals
contained predominantly planktonic and three pre-
dominantly benthic organisms in the Azores.

The stomachs of both size groups were significantly
fuller in spring and summer, while the lowest feeding
intensity coincided with winter. Many factors could re-
sult in the reduction of feeding activity in fish (Nikolsky,
1976). Many of the demersal fishes show a decrease in
the feeding rate as the temperature drops (Tyler, 1971).
In the study area, the lower temperature of the water oc-
curs during winter (February) and beginning of spring
(Zore-Armanda et al.,, 1991). Because of the reduced
abundance of prey and the lowered metabolism of the
fish, predation on plankton and benthos was probably at
a minimum during winter. Regner (1985) presented, for
the central Adriatic, that copepods showed larger num-
ber of annual maxima predominantly during the warmer
part of the year: in spring, summer and autumn. This oc-
currence of a larger number of maxima may be due
either to natural fluctuations or to the enrichment of
coastal area by nutrients (eutrophication) as well as to
the sufficient food available over a larger part of the
year. Favourable environmental conditions during the
warmer months and abundant food supply support the
expanded fish community without competitive interac-
tions. However, the effect of temperature may be con-
founded with the effects on other abiotic factors and/or
in change in food availability (Worobec, 1984). Warren
& Davis (1967) discussed the profound effects of tem-
perature and seasons on food consumption rates. More
food is consumed in summer than in winter, this was
demonstrated (Davis & Warren, 1965) from the experi-
ments with Cottus perplexus.

Reproduction, which takes place at the end of spring
and during summer (Dul¢i¢ & Kraljevic, 1995), seems to
have effect on feeding intensity (gonadal maturation).
Feeding behaviour of most of fish species considerably
oscillates during the year as a consequence of a physi-
ological changes during reproduction. Jardas & Pallaoro
(1991) found that feeding intensity of Scorpaena porcus
expressed by the index of gut fullness showed markedly
lower values during spawning, whereas it was at almost
the same level during the rest of the year, with slight in-
tensity increase in the postspawning period. Similarly to
damselfish, high degrees of stomach fullness were re-
ported for other demersal fish in the same area, such as
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Fig. 3: School of Damselfish (Chromis chromis) (Photo:
M. Richter).

Slika 3: Jata c¢rnikov (Chromis chromis) (Foto: M.
Richter).

Scorpaena porcus {Jardas & Pallaoro, 1991), indicating
an abundance of food in this region even though this
region contributes to oligotrophic area according to

Buljan & Zore-Armanda (1976). The abundance of food ;

in this region is connected with the upwelling in the
area of Palagruza sill which is in vicinity of the studied
area (Regner et al.,, 1987). This occurs certainly more
strongly during years with increased Mediterranean in-
flow at the time of strong advection of the intermediary
water and also during the upwelling periods in spring
and summer (Buljan, 1965). In the open central Adriatic
the zooplankton (dry weight) shows a distinct spring
maximum in March and April (Vuceti¢, 1973). Upwel-
ling may be caused later in the spring-summer period by
dominant coastward wind direction (the maestral). The
spring maximum of the zooplankton is characterized by
the presence of typical deep sea species; the maximal
population densities at the beginning and by the end of

summer are attained by the typical neritic species
(Vueeti¢, 1973). The maximal quantities of zooplankton
occurs firstly in the open sea and then farther towards
the coast.

Dietary overlap is lower between summer and win-
ter, when the metabolic demands are higher than for the
rest of the year. This fact indicates that intraspecific
competition for food between fish of the two groups is
small, probably because of the different bathymetrical
distribution of damselfishes at different size. The study of
the bathymetrical distribution of the two groups revealed
that younger specimens tended to inhabit smaller depths
(Dul¢i¢, unpublished data).

Fig. 4: Male and female damselfish. The male is waiting
for the proper moment to fecundate the eggs (Photo:
M. Richter).
Slika 4: Samec in samica c¢rnika. Samec caka, da se
samica umakne, da lahko oplodi izmetana jaca (Foto:
M. Richter).

POVZETEK

Crnik Chromis chromis (Linnaeus 1758) je majhna riba, ki jo najdemo v plitvih vodah nad ali v blizini ¢eri ali pa
nad travniki morske trave pozejdonke (Posidonia oceanica), in sicer v globini od 3 do 35 metrov. Zivi v Sre-
dozemskem morju in v vodah juzno od Portugalske do Angole (Quignard & Pras 1986). V vzhodnem Jadranu je
¢rnik stevileen (Grubigic, 1982; Milisic 1994), vendar tam komercialno ni zanimiv (razen na otokih Solti, Hvaru,
Kor¢uli in Lastovem v srednjem Jadranu, kjer je zelo cenjen). V dalmatinskem obalnem ribistvu so ¢rniki majhen, a
pomemben sestavni del ulova z mreZzami, uporabni predvsem kot slastna jed in vaba za jastoge.

Da bi ocenili, s ¢im se ¢rniki prehranjujejo glede na razlicne letne ¢ase in velikost, je bila raziskana vsebina
Zelodcev 964 osebkov, ujetih v vzhodnem srednjem Jadranu v letih 1992 in 1993. Crnik je mesojeda riba e od
svojega mladostnega stadija naprej, hrani pa se le z dolocenimi planktonskimi in bentoskimi organizmi. Vecjo
prehranjevalno intenzivnost v spomladanskem casu bi lahko pripisali temperaturnim spremembam in dozorelosti
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spolnih Zlez. Po biomasi, stevilu in pogostosti pojavljanja v celoletnem obdobju so bili ceponozci najpomembnejsi
vir hrane. Drugi najpomembnejsi prehranjevalni vir so bili repati plascarji in morske bolhe. Prehransko prekrivanje
je bilo razmeroma izrazito, kar pomeni, da so razlike v prehranjevalnem spektru ¢rnikov prek vseh stirih letnih
casov majhne, medtem ko je bilo za velikostne skupine neznatno, kar kaze na vecje spremembe v prehranjevalnem

spektru.
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ABSTRACT

The Gulf of Trieste is a shallow bay characterized by high primary production and a wide range of temperature,
salinity and dissolved oxygen at the bottom. In the last decades it was affected by particular events such as red tides,
recurrent phenomena of anoxia, and appearance of mucous aggregates. To evaluate the macrobenthic community
structure of the Gulf of Trieste, an ecological study was carried out from 1990 to 1993, on three stations along a
sedimentary gradient. Statistical analysis was performed using non-parametric methods and fuzzy sets analysis on
abundance data. There is clear evidence of differences among the three zones in terms of species composition and
trophic structure. Throughout the studied area there is a dominance of Corbula gibba, a species well adapted to live

in instable mixed muddy bottoms.

Key words: macrobenthos, community structure, Gulf of Trieste
Klju¢ne besede: makrobentos, struktura zdruzbe, Trzagki zaliv

INTRODUCTION

The species composition in a macrobenthic com-
munity depends on various ecological factors; among
these the most important is the nature of the substratum
(Gray, 1974).

In general, fine sediments, whose grains are highly
packed, prevent the presence of an interstitial fauna,
due to poor water circulation and low oxygen tension;
on the other hand, medium and fine sands have an
abundant fauna with more diversified adaptive strategies
(Gray, 1981).

The aim of this work is to evaluate the macrobenthic
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community structure along a sedimentary gradient in
three stations of the Gulf of Trieste, analyzing data ac-
quired from 1990 to 1993.

MATERIALS AND METHODS
Study site

The Gulf of Trieste is a shallow bay (maximum depth
25 m) characterized by wide range of water tempera-
tures, high sedimentation rate and low transparency of
coastal waters. In the last decade this area was affected
by biological phenomena such as red tides, hypoxia,
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Fig. 1: Map of the studied area showing the sampling
station.

Sl. 1: Zemljevid preucevanega obmodja s postajami za
vzorcanje.

anoxia (Orel et al., 1993a; Stachowitsch, 1984) and mu-
cus aggregates (Orel et al.,, 1993b), which have influ-
enced the macrobenthic community structure more or
less severely (Brizzi et al., 1994).

The stations (fig. 1) are located at depths ranging
from 19 to 21 m, in areas where the above-mentioned
phenomena occurred. In particular st. AAT was affected
by anoxia in September 1990, when the oxygen value
on the bottom fell to 0.37ml/l. During the summer of
1991, considerable amounts of mucus aggregates, more
abundant in st. AAT and less extensive in st. AA2 and
AA3, were observed.

The st. AAT is characterized by sandy pelitic sedi-
ment (Brambati et al., 1983), with 10% of sand, the st.
AA2 by very sandy pelitic sediment (62% of sand) and
the st. AA3 by pelitic sand (92% of sand); moreover, the
last two have a high content of organic detritus.

Sampling procedure

At each station five replicate samples were collected
twice a year (A=03/1990, B=09/1990, C=07/1991,
D=11/1991, E=03/1992, F=10/1992, G=06/1993,
H=12/1993) with a 0.1m” van Veen grab. Faunal sam-
ples were placed on a 1T mm mesh sieve and finer sedi-
ment was washed out. The material remaining on the
sieve was preserved in buffered 5% formalin. Samples
were sorted and major taxa were identified and counted.

Statistical analyses

Species with a total abundance higher than ten indi-
viduals were considered for analyses; moreover, the
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species of the five replicates were combined to form one
sample.

Data were arranged in a 24 samples x 143 species
matrix, which was percentualized per samples and nor-
malized per species. In order to verify the differences in
the faunal composition of the stations, a classification
using the average linkage algorithm (Anderberg, 1973)
was done on the similarity matrix ("similarity ratio")
(Westoff & Van der Maarel, 1978) among the samples.

Using non-parametric variance analysis, the Kruskal-
Wallis test, discriminant species were selected among
stations. They can show a random distribution in the
stations less or equal to 1%. '

The stations were defined as fuzzy sets (Zadeh,
1965) using the method suggested by Feoli & Zuccarello
(1986, 1988, 1992). Each station represents a set in
which the degree of linkage between the objects
(samples or species) and the station is a membership
function varying as a continuum between 0 and 1.
Fuzzy sets were used as an ordination axis to represent
samples and species along a sedimentary gradient.

By means of the explained covariance for each sta-
tion, the species were arranged on the basis of their im-
portance in defining the community structure (Orloci,
1978).

In order to analyze the trophic structure of the bio-
coenoses, a principal component analysis on the abun-
dance data referred to the four main feeding groups
(carnivores, filter-feeders, surface deposit-feeders, sub-
surface deposit-feeders) was carried out.

For the statistical processing, the Matedit (Burba et
al., 1992) and Syntax (Podani, 1988) programmes were
used.

RESULTS AND DISCUSSION

During the studied period, 105 species were identi-
fied for st. AA1, 155 for st. AA2 and 168 for st. AA3. In
all the stations the richest group was represented by
polychaetes, followed by molluscs. These two taxa ex-
ceeded 80% of the total abundance, whereas crus-
taceans and echinoderms showed lower values (fig. 2).
The most abundant groups were polychaetes in st. AA2
and AA3, and molluscs, mainly respresented by the
bivalve Corbula gibba, in st. AA1 (fig. 3).

In marine soft sediments, polychaetes are generally
numerically dominant among macrofaunal taxa, consti-
tuting between 50 and 80% of the total macrofaunal
individuals (Jumars & Fauchald, 1977). They are abun-
dant both in bottoms characterized by fine sedimenta-
tion or affected by stress, and in well-structured ecosys-
tems.

The classification of the samples is shown in fig. 4. [n
the dendrogram, two main groups are identified: the first
one (l) is formed by samples of st. AA1, while the sec-
ond one (ll) includes the sandiest stations. The latter pre-
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Fig. 2: Total number of species (percentage) of poly-
chaetes, molluscs, crustaceans, echinoderms and other
groups sampled in the three stations.

51. 2: Skupno stevilo vrst (v odstotkih) mnogoscetincev,
mehkuzcev, rakov, iglokozcev in drugih skupin, vzor-
cenih na treh postajah.
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Fig. 3: Total number of individuals (percentage) of
polychaetes, molluscs, crustaceans, echinoderms and
other groups sampled in the three stations.

S1. 3: Skupno stevilo osebkov (v odstotkih) mnogo-
$cetincev, mehkuzcev, rakov, iglokozcev in drugih
skupin, vzorcenih na treh postajah.
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Fig. 4: Classification of samples with average linkage
based on the similarity ratio matrix.

Sl. 4: Dendrogram podobnosti v sestavi favne med po-
stajama, izdelan na osnovi matrike podobnostnih in-
deksov.

41

sents two sub-clusters: 1A includes all the samples of st.
AA2 and one of st. AA3, and IIB the remaining samples
of st. AA3.

This classification shows that the benthic communi-
ties in the three stations are different, independent of the
sampling period. The ordination also shows three main
groups: these are located along the sedimentary gradient
and are formed by the samples of each station (fig. 5).

After having obtained the subdivision of the samples
into three groups representing the three stations, the dis-
criminant species for this characterization (tab. 1) were
identified using non-parametric variance analysis. The
discriminant species have been ordered with respect to
the same axes defined by the stations (AAT and AA3) lo-
cated at the extremes of the sedimentary gradient (fig.6).
This ordination is overlapped on the one defined by the
samples. The overlapping shows that the species more
typical of st. AA1 are the mollusc Nucula nucleus, con-
sidered to be a species resistent to oxygen depletion
{(Wilson & Davis, 1984), and the polychaetes Maldane
glebifex and Spiochaetopterus costarum, typical of
sediments characterized by high organic content. More-
over, M. glebifex builds a very thick mud tube that can
stabilize sediments because it increases the compact-

ness (Glémarec et al.,, 1986).

The bivalve Tellina serrata can be found only in st.
AA2; this is a characteristic species of the "detritic muddy
biocoenosis" (Picard, 1965). Other typical species of this
station include the polychaetes Owenia fusiformis,
Glycera rouxii, Lumbrineris latreilli, Drilonereis filum,
which usually inhabit muddy-sandy bottoms.

St. AA3 is characterized by species which are typical
of sandy sediments, such as bivalve Clausinella
brognartii and the polychaetes Nematonereis unicornis,
Jasmineira elegans, Clymenura clypeata and Prionospio
malmgreni.
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Fig. 5: Ordination of samples according to fuzzy sets of
st. AAT and st. AA3.

Sl. 5: Razvrstitev vzorcev glede na "meglene mnozice"
(fuzzy sets) na postajah AAT in AA3.
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St. AAL St. AA2 St.AA3

Al B| C' D| E F[| G| Hl Al Bf C| D E| F| G| H Al Bl C| D| E G| H
Maldane glebifex (Mg) 131] 126 123 222| 24| 126| 97| 56| 88| 74| 100| 119 115 94| 63| 5 3 2 1 2
Nucula nucleus (Nn) 13 4 3 3 3 8 4] 91 2| 1 6 S 31 3| 2| 4 3 3 1l 2 1 1
Spiochaetopterus costarum (Sc) 2 7 2| 10f 8| 11| 24{31] 7| 5 70 15| 10{ 6, 20 4
Serpula vermicularis (Sv) 17 2 3 2] 21 1} 3
Melinna palmata (Mp) 7| 12] 2] 19| 1] 30| 11] 16| 13| 3] 16] 6| 18] 31| 7]/ 34] 2 3| 3] 3
Pitar rudis (Pr) 9 2 3 1 2| 2| 9 13} 13} 11} 17 8| 13| 15 5| 2 3 2 1
Tellina serrata (Ts) 1 13 2 4 4 2| 5] 3 1
Drilonereis filum (Df) 11 3 3 18] 15| 4] 4 2 3 1] 3 4 2 1
Lumbrineris latreilli (LI) 2| 1 1 15| 1| 15) 20| 8| 41| 15| 39] 40| 40| 62| 10| 3] 5| 2| 24| 24| 16| 15
Owenia fusiformis (Of) 47 23] 19 18| 14{ 12| 3{ 10] 1] 13 2] 3 3 4 1
Glycera rouxii (Gr) 1 2 3] 511 8 6 21 41 5|34 5 5 2l 517 1 7
Lumbrineris gracilis (Lg) 2] 1] 1] 10 2 1| 47| 13| 68| 67| 4| 3| 8| 16| 103] 8| 60| 36| 2| 5| 33| 41
Laevicardium oblongum (Lo) 1 1 3 4, 2| 1 7] 1 2 1 1] 3 2
Marphysa bellii (Mb) 2 1 s] 3] 8 S| 3| 4 4] s| 13| 4] 9| 4| 3] 4] 8 14
Aponuphis bilineata (Ab) 1 2 82| 63| 189 128| 174| 88| 48| 65| 297; 85| 155| 67| 53] 33| 160| 139
Piromis eruca (Pe) 2 1 1 1 1 1 3] 17 50 1 1 2
Euclymene lumbricoides (EI) 2l s 1 1] 10 s 12 3 14 7| 10
Arabella geniculata (Ag) 2 1 2| 4/ 3| 3 3 1 4 2 4 3
Chone duneri (Cd) 1 s 1 2] 3] 1] 1| 6| 15 7] 10| 18] 1] 3] 1
Clymenura clypeata (Cc) 1 5 3 1 2 8| 38] 1} 31| 11 1 4
Prionospio malmgreni (Pm) 2 1 6] 23 7 3] 4] 1 14
Goniada maculata (Gm) 8l 3 8 4 2| 2| 3] 8 2] 50 37| 14| 25|21 28] 24
Schistomeringos rudolphii (Sr) 1 1 1] 37 6 s s| 1| 4 s
Ophiothrix quinquemaculata (Oq) 2| 2 2| 2 71 4] S 4
Clausinella brognartii (Cb) 1 3 I 2
Nematonereis unicornis (Nu) 1 1 2 12) 4/ 9| 6| 8 7| 18| 26
Jasmineira elegans (Je) 2 1] 1| 2| 17| 18 5 2| 1| 4 1] 14

Table 1: Discriminant species between the stations.
Tabela 1: Diskriminantne vrste med postajami.

The species that explain more than 85% of covari-
ance of the individual stations are reported in tab. 2; the
percentage of explained covariance for each species
represents its importance in the community structure. In
st. AA1 Corbula gibba accounts for 83% of the relative
importance and the polychaete Maldane glebifex for
10%. Generally C. gibba is abundant in areas character-
ized by environmental instability (Bonvicini-Pagliai &
Serpagli, 1988) and in zones with periodic oxygen de-
pletion, where it becomes numerically dominant (Aleffi
et al., 1993; Zavodnik et al., 1994). In fact, st. AA1 is af-
fected by recurring hypoxia that sometimes reaches val-
ues near zero, as in September 1990 (Brizzi et al.,1994).

St.AAT | SLAA2 |StAA3
Corbula gibba 83.00 59.69 | 60.13
Aponuphis bilineata - - 30.68
Eunice vittata 3.79 11.54 -
Maldane glebifex 10.14 | 14.27 -

Table 2: Relative importance of species on the basis of
the percentage of explained covariance.

Tabela 2: Relativen pomen vrst na osnovi deleza po-
jasnjene kovariance med postajami.

In st. AA2 C. gibba is still dominant, but its impor-
tance is reduced, whereas an increased percentage of
Maldane glabifex and Eunice vittata can be found.

In st. AA3 C. gibba is again the most important spe-
cies, followed by the polychaete Aponuphis bilineata,
the latter is abundant in fine sand (Dauvin & lbanez,
1986), but also in coarse sand (Picard, 1965).

The three stations are well separated, based on the
ordination derived by the analysis of the feeding groups
(fig. 7), in which the samples are placed along the sedi-
mentary gradient. The evident separation of the station
samples in the plane defined through the first two prin-
cipal components, suggests stable community trophic
structure in each station.

The samples of st. AAT tend to aggregate toward high
values of subsurface deposit-feeders and filter-feeders;
the latter generally live on sandy bottoms, so their
abundance on muddy bottoms could be linked with the
high sedimentation rate and with the density of seston in
the Gulf of Trieste (Fedra, 1977). These particular
conditions allow these organisms to have a sufficient
food supply. St. AA2 samples are scattered mainly
toward the surface deposit-feeders, and those of st. AA3
towards the carnivores.
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Fig. 6: Ordination of discriminant species according to
the fuzzy sets of st. AAT and st. AA3.

SI. 6: Razvrstitev diskriminantnih vrst glede na "me-
glene mnozice" na postajah AAT in AA3.

CONCLUSION

Analyzing the macrobenthic community structure of

three areas in the Gulf of Trieste, reveals differences .

among the zones. Some species are only present in st.
AAT or in st. AA3, while st. AA2, characterized by
mixed sediments, has a community which is formed by
an overlap of populations of the two other stations lo-
cated at the extremes of the sedimentary gradient. Evi-
dent differences appear in the abundances related to the
trophic structure: in muddy sediments, the population is
mainly formed by subsurface deposit-feeders, while on
sandy-detritic bottoms carnivores are abundant. Since
the latter occupy a high level in the food chain, their
presence demonstrates that the community has reached
a good level of structuring (Odum, 1961; Hily, 1984).

0.90 11
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Fig. 7: Ordination of samples and feeding groups ac-
cording to the first two principal components (PCA).

Sl. 7: Prostorska razvrstitev vrednosti faktorjev za sle-
herni vzorec in prehranjujocih se skupin na podlagi
metode PCA (principal compenent analysis).

Corbula gibba, abundant in bottoms characterized
by environmental instability (Russo, 1982; Salen-Picard,
1981), is dominant in all of the stations. This is due to
the unstable conditions in the Gulf of Trieste, which is
frequently affected by biological phenomena such as
anoxia and mucus aggregates and by anthropogenic in-

fluences such as very intensive fishing activities
throughout the area.
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POVZETEK

Poglavitne znacilnosti plitvega Trzaskega zaliva so visoka primarna produkcija in precejsnje razlike v tempe-
raturi, slanosti in raztopljenem kisiku na njegovem dnu. V zadnjih desetletjih je bil zaliv pod mo¢nim vplivom rde-
¢ih plim, nenehnega pomanjkanja kisika in pojavljanja sluzastih agregatov. Da bi ocenili sestavo makrobentoske
zdruzbe v Trzaskem zalivu, so avtorji ¢lanka med letoma 1990 in 1993 opravili temeljito ekolosko studijo na treh
postajah vzdol? usedlinskega grebena. Statisticna analiza je bila napravljena ob uporabi neparametri¢nih metod in
analizi "meglenih mnoZic" (fuzzy sets) podatkov stevil¢nosti. Ugotovljene so bile ocitne razlike v sestavi vrst in
trofi¢ni strukturi med tremi predeli. Povsod v preudevanem obmocju je bila ugotovljeno prevladovanje skoljke
Corbula gibba, ki je dobro prilagojena Zivljenjskim razmeram na nestabilnem mesanem blatnem dnu.
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1ZVLECEK

V prispevku obravnavam triletna opazovanja bentoske meiofavne (organizmov morskega dna velikostnega
razreda 0,01 - 1 mm) v osrednjem delu Trzaskega zaliva. Iz dobljenih rezultatov sklepam na vsakoletne sezonske
reprodukcijske cikle meiofavne in na dolgoroc¢nejsa, zelo izrazita nihanja teh ciklov. Sezonska dinamika je v
pozitivni korelaciji s termi¢nimi razmerami, slanostjo in mikrofitobentosko biomaso morskega sedimenta. Obrav-
navam tudi vpliv tipi¢ne pridnene hipoksije na celotno meiofavno z zmernim zmanjsanjem njene gostote in z dokaj
raznolikim vplivom na posamezne taksonomske skupine. .

Klju¢ne besede: sezonska dinamika, variabilnost, meiofavna, Trzagki zaliv
Key words: seasonality, variability, meiofauna, Gulf of Trieste

uvoD METODE

Med morskimi bentoskimi raziskovanji so vecletne, V triletnem obdobju od aprila 1992 do aprila 1995
tj. ve¢ kot eno- ali dveletne (t.im. "longterm") kon- smo vzorcevali meiofavno na izbrani lokaciji v centru
tinuirane $tudije sezonske dinamike meiofavne nadvse  Trzaskega zaliva (slika 1) v globini 25m. Povriinski
redke, kar ugotavljajo $tevilni avtorji (npr. Coull, 1985, sediment z meiofavno smo odvzemali mese¢no z avto-
1986; Eskin & Coull, 1987; Rudnick et al., 1985), saj nomnim potapljanjem s pomocjo cevnega korerja {(pre-
pomenijo veliko ¢asovno in programsko obremenitev.  mer odprtine 3,5 cm) 5 cm globoko, vedno s tremi pa-
Medtem ko je meiofavna severnega Jadrana Ze dokaj ralelkami, posebej pa tudi vzorce fitobentosa. Favno, ki
raziskana, pa vemo le malo o njenih sezonskih ciklih in  smo jo ekstrahirali iz konzerviranih vzorcev (5% nevtra-

¢asovni variabilnosti. Ta problematika je %e posebno za-  lizirani formalin) s sejanjem in dekantacijo po Wieserju
nimiva in aktualna v Trzagkem zalivu, katerega osrednji,  (Wieser, 1960), smo taksonomsko determinirali, sortirali
globlji in hidrodinami¢no stagnantnejsi del podlega, ka-  in presteli. Tako zbrane podatke smo racunalnisko ob-

kor kazejo novejse raziskave (Vriser & Malaci¢, 1992;  delali (program Foxpro, freelance grafi¢ni prikazi). Izra-
Vriger, 1995), pogostim jesenskim pridnenim hipoksijam  ¢unali smo srednje mesecne in srednje eno- in triletne

in anoksijam. abundanéne vrednosti organizmov, standardno devi-
Tako so bili cilji, ki so nas vodili pri nasi triletni  acijo in standardno napako v gostoti pojavljanja posa-
raziskavi, predvsem naslednji: meznih taksonomskih skupin. Statisti¢cno znacilnost raz-
1. Sezonska ciklicnost oz. sezonska dinamika lik med posameznimi leti za taksonomske skupine smo
celotne meiofavne in njenih glavnih skupin. ugotavljali z analizo variance (Statgraf -1 way ANOVA),

2. Vplivnost skupnih in posameznih ekoloskih  odnos med ekoloskimi faktorji in meiofavno pa s Pear-
faktorjev fizi¢nega okolja v normalnih in v obc¢asno  sonovim korelacijskim koeficientom.

stresnih razmerah hipoksij. Fizikalne in kemijske meritve (temperatura, slanost,
3. Ugotoviti morebitne sledove dolgoro¢nejsih, ve¢-  vsebnost kisika) pridnenega vodnega sloja so bile oprav-
letnih nihanj, oz. ciklov. ljene z elektronsko avtomatsko sondo, pa tudi labo-
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Slika 1: Lega raziskovalnega obmocja meiofavne v
Trzaskem zalivu.

Fig. 1: Meiofaunal investigation area in the Gulf of
Trieste.

ratorijsko (slanost titrimetri¢no, kisik po Winklerjevi me-
todi), granulometrija sedimenta pa s sejanjem in areo-
metrijo po Atterbergu (Ogorelec et al., 1991). Klorofil
(Chl a) v sedimentu je bil dolo¢en po Sundbacku
{Sundback, 1986).

REZULTATI
Ekoloske znacilnosti raziskovanega obmocja

Triletno dinamiko fizikalnih in kemijskih parametrov
prikazuje slika 2. Sezonsko nihanje temperatur pridne-
nega vodnega sloja je v c¢asu vzorcevanj segalo od
najnizjih tipi¢nih zimskih vrednosti v februarju in marcu
(7,0-9,5°C) do najvisjih poletnih temperatur (20-25°C) ob
koncu avgusta. Srednja triletna temperatura je znasala
14,7°C. Po analizi variance temperaturne razlike nasih
vzor¢evanj med posameznimi leti niso bile statisti¢no
znacilne (1 way ANOVA, df=2, F=0,38, P=0,95).

Letna dinamika slanosti je pokazala povisane vred-
nosti v suinejdih mesecih poletja (julij - avgust), pred-
vsem pa zime (december - marec), vendar s statisti¢no
znacilnimi razlikami med posameznimi leti, saj so le-te
bile ve¢je kot znotraj posameznih let (T way ANOVA,
df=2, F=4,81, P=0,95). Ob srednji slanosti (37,74%o) je
bil razpon izmerjenih skrajnih vrednosti od 36,5 do
38/6%.

V triletnih gibanjih pridnene vsebnosti (%) kisika je
opaziti stabilnej$e jesensko - spomladansko obdobje
vigjih vrednosti - okoli 90% (december - maj) in zelo
nihajo¢o poletno - jesensko fazo z velikimi razlikami
med posameznimi leti, ko je za rahlo povisanimi po-
letnimi koncentracijami {95% julija ali avgusta) sledila
znacilna jesenska depresija (obi¢ajno pod 70% sep-
tembra - oktobra ali v novembru). jesensko pomanjkanje
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Slika 2: Triletna dinamika fizikalnih in kemijskih para-
metrov v pridnenem vodnem sloju raziskovanega pod-
rocja.

Fig. 2: Three year bottom - water layer dynamics (physi-
cal and chemical parameters) of the investigated area.

kisika (7,2% O, ob vzorcenju meiofavne) se je konec
septembra 1994 stopnjevalo v za makrobentos unicu-
jo¢o termoklinsko hipoksijo. Razpon tipi¢nih skrajnih
vrednosti v "normalnem" letu 1993, ko ni bilo hipoksije,
je segal od 41,05% septembra, do 107,3% v juniju. Raz-
like v kisiku med leti pa kljub temu niso bile statisti¢no
znacilne (Tw. ANOVA, df=2, F=1,72, P=0,95).

Po geoloski sestavi sodi sediment raziskovane loka-
cije med melje (mediana granul. vrednost 5 - 20 pm) na
prehodu med glinastimi melji obalnega pasu in me-
ljastimi peski odprtega dela zaliva. Granulometri¢no ga
sestavlja 55% melja, 25% gline in 20% peska, t.j. grobe
frakcije nad 63 pm (Ogorelec et al., 1991).

Mikrofitobentosko hiomaso (klorofil a) smo sprem-
ljali skupaj z meiofavno le v letu 1992 (razpon vrednosti
od 1,81 mg Chl a v aprilu do 9,23 mg avgusta).
Dveletne meritve (1991-92) na tej lokaciji so pokazale
visjo koli¢ino biomase v poletnem c¢asu.
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TAXA Srednja | Relativna | Abundan¢ni razpon | SD stand. | SE stand
vrednost |abund. %| @t 0s. 10 cm2) | deviacija napaka
(3t. os. min.-max. srednje vr.|srednje vr.
10 cm2)
Vsa meiofavna| 1604,80 | 100,00 386 5483 | 989,81 | 167,31
Nematoda 1440,50 89,76 361 5227 | 497,72 160,19
Harpacticoida 77,23 4,81 3 210 49,86 8,43
Polychaeta 54,43 3,39 18 127 32,43 5,48
Turbellaria 17,66 1,10 0 76 15,38 2,60
Bivalvia 3,97 0,25 0 15 4,27 0,72
Ostracoda 4,00 0,25 0 10 3,12 0,53
Kinorhyncha 3,31 0,21 0 11 3,53 0,60
Acarina 1,14 0,07 0 5 1,31 0,22
Gastropoda 0,83 0,05 0 5 1,18 0,20
Ophiuroidea 0,57 0,04 0 6 1,22 0,21
Amphioda 0,66 0,04 0 6 1,24 0,21
Hydroidea 0,40 0,02 0 4 0,91 0,15
Ascidiacea 0,06 0,00 0 1 0,24 0,04
Cumacea 0,06 0,00 0 1 0,24 0,04

Tabela 1: Pregled triletnih srednjih vrednosti meio-
favne.
Tab. 1: Three year mean meiofauna abundance.

Meiofavna

Sumarni statisti¢ni pregled raziskane meiofavne, t.j.
njeno taksonomsko sestavo - glavne skupine in njih
abundan¢no zastopanost (celokupno srednjo vrednost,
% relativne abundance, standardno deviacijo in stan-
dardno napako) podaja tabela 1. Zdale¢ najitevi¢nejsa
skupina s skoraj 90% relativne gostote so bili Nematoda.
Sledili so harpaktikoidni kopepodi (Harpacticoida),
mnogosc¢etinci (Polychaeta) in vrtinc¢arji (Turbellaria) s
skupno 9,3%, preostalih deset skupin (po zaporedju nji-
hove pojavnosti: Bivalvia, Ostracoda, Kinorhyncha,
Acarina, Gastropoda, Ophiuroidea, Amphipoda, Hydr-
oidea - fragmenti kolonijskih zooidov in juvenilni pri-
merki Ascidiacea, ter Cumacea) pa je skupno doseglo le
blizu 0,9% celotne triletne srednje abundance.

Letno sezonsko dinamiko posameznih skupin meio-
favne ponazarjajo krivulje iz triletnih srednjih mese¢nih
abundanc (npr. srednjih vrednosti treh januarjev, treh
februarjev itd.), ki jih prikazuje slika 3. Pri vecini raz-
iskovanih taksonomskih skupin je nasploh opaziti nizke
zimske in obcutno vigje poletne abundance. Izjema so
le Polychaeta z veliko nepravilno variabilnostjo sezon-
skih nihanj v triletnem obdobju in pa Kinorhyncha ter
Ostracoda z visokimi abundancami tako poleti (julij -
avgust) kot tudi pozimi (januar - februar). Za poletni
abundané¢ni maksimum nematodov sta znacilna dva
vrhova (julija in septembra), zimski minimum pa je bil
vedno decembra in januarja. Poletni vrh harpaktikoidov
je obsegal julij in avgust, sledili so mu znacilna
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Slika 3: Srednje mesecne triletne abundance (+ SE) po-
sameznih skupin meiofavne (t.j. 3 januarjev itd.).

Fig. 3: Monthly mean abundance (+ SE) of some meio-
faunal groups (i.e. all 3 Januaries etc.).
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Slika 4: Srednje letne abundance (+ SE) celotne meiofavne in nekaj vodilnih skupin.
Fig. 4: Yearly mean abundance (+ SE) of total meiofauna and some dominant groups.
jesenska stagnacija (oktober - november) in zimsko -  veéje od razlik med posameznimi meseci oz. sezonami
spomladanska depresija (december - april). Jesensko -  znotraj posameznega leta. To potrjuje tudi statistika: pri

zimsko gostoto meiofavne je leta 1994 moc¢no za- dominantnih nematodih so bile te razlike znacilne (1

znamovala septembrska anoksija, o ¢emer bomo govo- way ANOVA, d.f=2, F=6,58, P=0,95), pri harpa-

rili posebej. ktikoidih pa celo izrazito znacilne (d.f=2, F=8,58,
Vpogled v dolgoro¢ne trende meiofavne nakazujejo  P=0,95).

srednje letne abundance taksonomskih skupin za tri-

letno obdobje 1992 - 1995 (slika 4). Medtem ko je pri =
L . . . S . TAXA Temperatura Slanost Kisik
nematodih in pri celokupni meiofavni (pri slednji pred- .
vsem zaradi 90% deleza prvih) &tevilénost v tem ob- Vsa meiofavna +0,25 + 0,25 - 0,11
dobju drasti¢no upadla (od povpre¢nih 2000 0s,/10 cm2 || Nematoda +0,22 +0,23 - 0,09
leta 1993, na 700 0s/10 cm? leta 1994), pa je pri | Harpacticoida +0,55 +0,27 -0,28
harpaktikoidnih kopepodih in pri mnogoscetincih bilo | Polychaeta +0,20 +0,22 -0.01
najstevilénejse prav leto 1993. Visoki srednji abun- Turbellaria +0,03 -0,01, -0,02
dgnci meiofa.vne jetleta 1992 botroval izjemen, skrajno | Gastropoda +0,23 +0,07 20,32
visok poletni nwgks@um ne'm.atodov.(naq SQOO 95./10 Bivalvia 40,42 £ 0,01 0,35
cm?), kar se tudi kaze v veliki skupni variabilnosti tega Kinorhvneha 020 002 020
leta (varianca 1,75-106, standardna deviacija - SD : Y - 0'05 :
1322,4, standardna napaka - SE 190,2), ki se je v na- ||Acarina + 0,29 +9, - 0,09
slednjih dveh letih postopno zmanjsevala (1993: va- [ Ostracoda - 0,22 +035 + 0,21

rianca 4,3-105, SD 659, SE 190; 1994: varianca 1,4-105,

SD 373,2, SE 107). Tudi pri srednjih letnih gostotah je v Tabela 2: Pearsonovi korelacijski koeficienti meiofavne

nizkem povpre¢ju leta 1994 cutiti zmanjsevalni vpliv s temperaturo, slanostjo in kisikom.

mocne jesenske anoksije. Tab. 2: Pearson's correlation coefficients for meio-
Ze iz dosedanjega podajanja je razvidno, da so bile  faunal taxon correlations with temperature, salinity and

razlike v strukturi favne med posameznimi leti mnogo  oxygen.
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Slika 5: Sezonska dinamika meiofavne in bentoske
mikroflore (april - oktober 1992).
Fig. 5: Seasonal dynamics of meiofauna and micro-
phytobenthos (Apr. - Oct. 1992).

Odnos med meiofavno in posameznimi fizikalno -
kemijskimi ekoloskimi faktorji (temperaturo, slanostjo in
vsebnostjo kisika) smo analizirali s korelacijskimi koefi-
cienti, ki jih podajamo v tabeli 2. Koeficienti kazejo pre-
vladujo¢o pozitivno korelacijo celotne meiofavne in ve-
¢ine njenih taksonomskih skupin s temperaturo in s
slanostjo in pretezno negativno korelacijo z vsebnostjo
kisika.

Primerjavo sezonske dinamike bentogke mikroflore
(mikrofitobentoske biomase - klorofil a) in meiofavne
med aprilom in oktobrom 1992, zal so na voljo vzpo-
redni podatki le za to obdobje, nam omogoca slika 5.
Abundanéna krivulja nematodov povsem sledi gibanju
fitobentoske biomase, vendar s priblizno enomesecno
zamudo. Podobno, a manj izrazito je s sezonsko dina-
miko harpaktikoidov, pri mnogoscetincih pa je ome-
njeni fazni premik ze dokaj zabrisan. Neposredna kore-
lacija mikrofitobentosa in dominant meiofavne potem-
takem kaze na precejinjo povezanost.

Sredi septembra 1994 je raziskovano obmocje zajela
izrazita, priblizno stirinajst dni trajajoc¢a termoklinska
hipoksija, ki je vplivala tudi na meiobentos. Sezonsko
dinamiko posameznih let za izbrane taksonomske sku-
pine prikazujejo diagrami na sliki 6. Medtem ko pri go-
stoti dominantnih nematodov ni bilo opaziti izrazitejsih
posledic hipoksije (ociten je le izpad jesenskega mak-
simuma), pa je jesensko - zimska abundanca harpakti-
koidov, kinorinhov in v manjsi meri tudi $koljk, mnogo-
¢etincev in turbelarijev, moc¢no upadla - pod obicajne
vrednosti, ko ni bilo hipoksije. O zaznavnih posledicah
hipoksije pa bi tezko govorili pri skupinah kot Gastro-
poda, Amphipoda, Ostracoda, kot tudi Hydroidea, Asci-
diacea in Cumacea. Pri prsicah in juvenilnih ka¢jerepih
(Ophiuroidea), je v ¢asu med in po krizi s kisikom
opaziti celo dolo¢en porast stevila osebkov v vzorcih.

Vpliv hipoksije je bil torej na posamemezne takso-
nomske skupine meiofavne zelo razli¢en, a se je zaradi
90% deleza nematodov, le-teh hipoksija ni drasti¢no
prizadela, na celokupni meiofavni le zmerno odrazil.

DISKUSIJA

Po obstojecih starejsih podatkih (Vriger, 1989; 1991)
pripada lokacija nasih sezonskih raziskav vrstno in
abundanc¢no revnejsi biocenozi (povpre¢no 500 oseb-
kov/10 cm? v mesecu avgustu) meljev globljih predelov
(20 - 25 m) Trzaskega zaliva. To zdruzbo sestavljajo
nematodi (90%), harpaktikoidi in mnogo3cetinci (9%) in
do najve¢ 10 malostevilnih preostalih skupin s skupno
le 1% relativne gostote.

Kontinuirana triletna opazovanja v kvantitativnem
smislu izpodbijajo  abundanéni rang omenjene
biocenotske opredelitve, saj je bila srednja vrednost
meiofavne v mesecu avgustu povpre¢no vsaj trikrat vigja
- okoli 1500 0s./10 cm? - a z razponom skrajnih vred-
nosti od 1000 do 3000 o0s./10 cm2. Prav ta razpon po
drugi strani pojasnjuje nizke gostote, ugotovljene leta
1985, saj so bili tedanji vzorci verjetno zajeti na naj-
nizjem, spodnjem koncu razpona. S tem pa smo v

. bistvu Ze posegli k najizrazitejsemu rezultatu triletnih
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opazovanj meiofavne: k njeni izjemni, nepri¢akovano
veliki medletni variabilnosti, ki je bila pri vodilnih sku-
pinah po analizi variance izrazito znacilna. Velika
abundanc¢na nihanja nematodov sta zaostrila (v smeri
navzgor) en sam izjemno velik poletni maksimum, pov-
sem nepojasnljiv z razpolozljivimi ekoloskimi podatki in
(v smeri navzdol) prav tako neobic¢ajno nizek, a raz-
lozljiv minimum zaradi hipoksije. Po primerljivih tujih
virih visoka dolgoletna gostotna variabilnost meiofavne
niti ni presenetljiva, posebno ne v blatnih sedimentih,
saj ponazarja, Ce citiramo Coulla (Coull, 1985) "njeno
veliko naravno, nadvse kompleksno, tezko razlozljivo
posebnost". Vsekakor je triletho obdobje vse prekratko
za iskanje morebitnih vecletnih ciklov, v nasem primeru
s kratko, teoreti¢no zgolj 1,5 letno periodo.

Ve¢ pricakovanih in pravilnih znacilnosti kaze
meiobentos v vsako leto ponavljajoci se sezonski
dinamiki. Visoke poletne in nizke zimske abundance
celotne meiofavne in vecine taksonomskih skupin
sledijo letni temperaturni krivulji in so dokaj skladne z
ugotovitvami nekaterih $tudij (npr. Harris, 1972; Bovee
& Soyer, 1974). Julijski in septembrski maksimum
nematodov se v grobem ujemata s poletnim razmahom
fitoplanktona, medtem ko zimskega porasta nematodov
nismo opazili. Za harpaktikoidne kopepode je znacilen
izrazit julijsko - avgustovski vrh, domnevni jesenski
sunek pa je morda nakazan le v obliki stagnantne "stop-
nice" (oktober - november). Namesto jesenskega ali
zgodnjezimskega porasta, ki praviloma omogoc¢a meio-
favni lazje prebroditi neugodno obdobje najnizjih
temperatur (december - marec), opazimo v nasih vzor-
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Slika 6: Sezonska dinamika posameznih skupin meio-
favne, prizadetih z jesensko hipoksijo septembra 1994.
Fig. 6: Seasonal changes of some meiofaunal groups,
affected by hypoxia in september 1994.
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cih izrazit zimski dvig Stevil¢nosti (januar - februar) ne-
katerih skupin (Kinorhyncha, Ostracoda, Amphipoda), ki
je tezje razlozjiv. Ker je zimsko obdobje tudi cas
mikrofitobentoske in fitoplanktonske stagnacije (vira
hrane za meiofavno), kaze iskati vzroke bolj v smeri
biotskih mehanizmov predacije (makrofavna) ali e ver-
jetneje kompeticije s "poletnimi" vrstami.

Pri iskanju povezav med meiofavno in ekoloskimi
dejavniki abiotskega okolja so korelacijski indeksi poka-
zali pricakovano pozitivno korelacijo s temperaturo in
slanostjo ter nepri¢akovano negativno korelacijo z vseb-
nostjo kisika. Podrobnejsa primerjava meiobentoskih in
kisikovih krivulj pokaze kljub deloma podobnim sezon-
skim trendom velike ¢asovne razmike in obcasno izra-
zito spreminjanje krivulj. Primer poslednjega je zimsko
obdobje po anoksiji, ko se je koncentracija kisika naglo
dvignila, gostota nekaterih skupin meiofavne pa je se
ved mesecev upadala.

Neposredna primerjava favne in bentoske klorofilne
biomase nakazuje odvisnost meiofavne od mikrofito-
bentosa kot njenega pomembnega prehranjevalnega
vira. To razmerje verjetno pojasnjuje priblizno eno-
mesec¢ni odmik abundanc¢ne krivulje meiofavne (zlasti
nematodov in kopepodov) za fitobentosko dinamiko. O
tesni trofi¢ni povezanosti meiofavne in mikrobentoskih
primarnih  producentov govorijo 3tevilne raziskave
(Montagna, 1984; Rudnick et al., 1985; Blanshard,
1990; Pickney & Sandulli, 1990; Montagna et al., 1995),
prav tako pa tudi o podobnem razmerju med raz-
gradnimi produkti mikroalg - bakterije in organski detrit
- in meiofavne (Grant & Schwinghamer, 1987; Fleeger et
al., 1989; Danovaro et al., 1995 itd.).

Na obmo¢ju, kjer smo odvzemali nase vzorce, to je
v najglobljem, osrednjem delu Trzaskega zaliva, so
najnizje vsebnosti kisika obic¢ajno jeseni, v ustreznem
kompleksnem spletu okoliscin (termoklinska, hidrodina-
mi¢na in meteorologka konstelacija) pa se lahko stop-
njujejo v prave hipoksije. V zadnjih dvajsetih letih po-
zornejsih opazovanj smo pojav hipoksij registrirali vsaj
Sestkrat, torej najmanj vsako tretje leto.

V nasprotju s popolnim pomorom makrobentosa so
bile posledice hipoksije septembra 1994 v meiofavni
nekoliko zmernejge. Upad abundance je bil se naj-
manj$i pri nematodih, nekolikanj vecji pri kinorinhih,
polihetih, turbelarijih in juvenilnih primerkih 3koljk,
dale¢ najizrazitejsi pa pri harpaktikoidih. Vse nastete
skupine so za pol leta padle pod obicajne zimske vred-
nosti. Skoraj enake rezultate sta dobila Murell & Fleeger
(1989), zelo podobne pa tudi Austen & Widbom (1991)
na Baltiku, ter Travizi (1992) in Aleffi et al.,, (1992) v
bliznjih zahodnoistrskih vodah in v Trzagkem zalivu.
Precej razhajanj je opaziti, sode¢ po virih, z oceno
hitrosti regeneracije prizadete meiofavne. V primerjavi z
makrobentogkimi zdruzbami, ki potrebujejo za postopen
povratek po hipoksiji vrsto let, je nekajmese¢na obnova
meiofavne seveda zelo hitra. V nasem primeru velja
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poudariti, da jesenska hipoksija (v drugih okoljih se  moznosti regeneracije vse tja do poznopomladanskega
pojavlja tudi poleti) prizadene meiofavno vedno prav  obdobja.
pred zimo in s tem obcutno poslabsa oz. upocasni

SUMMARY

The research into the benthic meiofauna carried out for three successive years (1992 -1995) in the central part of
the Gulf of Trieste showed above all an exceptionally great variability of communities in otherwise expected seasonal
dynamics. Although reproductional cyclic tendencies of their taxonomic groups were clearly manifested in the
seasonal oscillations each year, it has been established that the three-year period was too short to ascertain potential
long-term trends. The leading group of the dealt with meiofauna were the Nematoda (90%), followed by the
Harpacticoida, Polychaeta and Turbellaria (totalling 9%), and some remaining groups totalling 1% of relative
abundance. In the greater part of the meiofauna, low winter and higher summer abundance values were noted.
Particularly distinct in the annual cycle of the nematods - and to a lesser extent of the harpacticoids - are two peaks
(July-August and September). The abundance of meiofauna of the researched area is in positive correlation with
thermic conditions and salinity; its dependence on the microphytobenthic biomass in the sediment was also noted.
The bathyal autumn hypoxia, which affected the area in 1994, was reflected in the entire meiofauna and the dominant
nematods only to a small extent, while in the harpacticoids and the majority of the remaining groups it resulted in a
substantial decrease in their abundance. Regeneration of the meiofauna immediately after the hypoxia was due to
winter conditions rather slow.
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IZVLECEK

V prispevku podajam rezultate raziskav ekologije harpaktikoidnih kopepodnih rakov osrednjega dela TrZaskega
zaliva. Prikazani so vrstna sestava zdruzb, dele? posameznih vrst v njih, sezonske in vecletne dolgoro¢ne spre-
membe $tevilénosti vrst ter vpliv ekoloskih dejavnikov, posebno posledice jesenskega pomanjkanja kisika v tretiem
letu opazovanj. Znacilne so vecletna spremenljivost gostote nekaterih vrst, njihova tesna povezanost s kolicino
fitoplanktona v okolju in raznolika odzivnost na termoklinsko hipoksijo.

Klju¢ne besede: sezonska dinamika, variabilnost, Copepoda, Harpacticoida
Key words: seasonality, variability, Copepoda, Harpacticoida

uvoD smo zlasti sledec¢e vire: Harris, (1972, 1973); Coull &
Vernberg (1975); Nodot, (1976); Gee & Warwick,
V pri¢ujoem prispevku obravnavamo podobno eko-  (1984); Ceccherelli & Mistri, (1991); Ansari & Parulekar,
logko problematiko, kot smo jo kot sestavni del istih  (1993). V tem oziru so nasa triletha opazovanja
triletnih raziskav v okviru celotne meiofavne in njenih  harpaktikoidov, vsaj v nasem morju, korak v 3e
glavnih skupin v tej stevilki ze predstavili v posebnem  neraziskano smer.
¢lanku (Vriger, 1996). Tokrat podrobneje razclenjujemo Tako so bili cilji, s katerimi smo zastavili $tudij
ekologijo harpaktikoidnih kopepodnih rakov. harpaktikoidov, v veliki meri enaki kot pri preostali
V meiobentosu zavzemajo harpaktikoidni kopepodi  meiofavni: ugotavljanje abundanéne in reprodukcijske
po stevilé¢nosti obicajno, tudi v Trzaskem zalivu je tako,  dinamike, odkrivanje morebitne dolgoro¢ne cikli¢nosti
drugo mesto, takoj za vodilnimi nematodi. V nadih vzor-  posameznih vrst, vloga ekologkih dejavnikov pri teh
cih je bila relativna abundanca harpaktikoidov 9%. Zara-  procesih ter vpliv potencialnih hipoksij na posamezne
di izjemne diverzitete, kratke reprodukcijske dobe (ve¢  harpaktikoidne vrste.

generacij letno) in v primerjavi z glistami lazje takso- Ker smo uporabljeno delovno metodiko in oris eko-
nomske determinacije so harpaktikoidi tudi v nasih raz-  logkih razmer raziskovanega obmocja iz¢rpno podali ze
iskavah glavno "okno", ki omogoca vpogled v diverzitet- v prvem prispevku (Vriser, 1996), jih tokrat ne bomo
no in reprodukcijsko dinamiko meiobentosgkih zdruzb. znova ponavljali.

Vecletne raziskave dolgorocnih trendov meiofavne
na ravni glavnih skupin so nasploh redke, na ravni REZULTATI
harpaktikoidnih vrst pa je tovrstne literature e veliko
manj (npr. Coull & Fleeger, 1977; Coull & Dudley, Vrstna struktura harpaktikoidov
1985). Po drugi strani pa je literature o sezonskih ciklih
in prehranjevanju kopepodov prav veliko. Upostevali V vseh vzorcih triletnih raziskav smo nasli skupno 42
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vrst ali povpre¢no po 14,7 vrst na posamezno vzor-
¢evanje. Tri Cetrtine vrst se je pojavljalo bolj ali manj
pretezno prek celotnega triletnega obdobja opazovanj
(skupno 35 mesecnih vzor¢evanj), le slaba ¢etrtina, na-
tan¢neje 10 vrst, je bilo zelo redkih (pod 0,1% relativne
abundance) in smo nasli le posamezne primerke. Stevilo
in sestava vrst sta se torej iz leta v leto spreminjala: 28
vrst, 30 vrst, 32 vrst.

VRSTA rela- |skupnojabund.|srednjal stand. | stand.
tivna | 3t [razponjvredno| devi- | napa-

abund.| oseb- | st.os. [st st.os acija [ka (SE)

(%) | kov |10cmg10cm Y (SD)

Bulbamphiascus inermis 16,27 | 1141 10-103]32,60]32,35] 5,47
Longipedia coronata 10,381 728 |[0-100]20,80]27,64| 4,67
Enhydrosomella staufferi 10,21 716 | 0-49 | 20,46 14,96 2,53
Ectinosoma sp. 1 9,53 | 668 [0-114[19,09]20,57] 3,48
Enhydrosoma longifurcatum | 8,91 | 625 | 0-51 |17,86]11,90| 2,01
Typhlamphiascus confusus 8,66 | 607 | 0-66 |17,3416,40] 2,77
Proameira simplex 7,93 | 556 | 0-84 |15,8918,94| 3,20
Stenhelia (Delavalia) minuta | 4,73 | 332 | 0-53 | 9,49 [12,96] 2,19
S. (D.) adriatica 4,08 | 286 | 0-62 | 8,17 |14,05] 2,37
Heterolaophonte stromi 3,52 | 247 {034} 7,06 |7,85]1,33
Stenhelia (Delavalia) sp. 2 2,28 1 160 | 0-44 | 4,57 1 9,13 | 1,54
Haloschizopera sp. 2 2,04 | 143 | 0-48 | 4,09 110,89 1,84
Mesochra sp. 1 1,75 | 123 | 0-24 | 3,51 | 5,48 | 0,93
Enhydrosoma sordidum 1,74 | 122 | 0-23 | 3,49 | 5,20 | 0,88
Rhizothrix curvata 1,34 94 0-23 | 2,69 | 5,26 | 0,89
Anmphiascus varians 1,18 1 83 [0-13 1237 |4,12]0,70
Canuella furcigera 0,98 69 0-10 | 1,97 | 2,29 ] 0,39
Heteropsyllus sp. 3 0,74 52 | 011|149 | 2,45 | 0,41
Heteropsyllus curticaudatus | 0,50 | 35 0-5 | 1,00 | 1,51 | 0,26
Cletodes pussilus 0,43 30 0-15 | 0,86 | 2,63 | 0,44
Ameira parvula 0,36 | 25 | 0-18 | 0,71 | 3,07 | 0,52
Ameira sp. 1 0,27 19 0-19 1 0,54 | 3,21 | 0,54
Laophonte sp. 4 0,27 | 19 0-6 | 0,54 | 1,46 | 0,25
Stenhelia (Delavalia) normani| 0,21 15 0-8 | 0,43 | 1,58 | 0,27
Haloschizopera pontarchis 0,20 | 14 0-4 | 0,40 | 0,98 | 0,17
Harpacticus sp. 2 0,20 14 0-8 { 0,40 | 1,40 | 0,24
Euterpina acutifrons 0,19 13 06 | 037 11,17 | 0,20
Dactylopodia tisboides 017 | 12 [0-12| 0,34 | 2,03 | 0,34
Amphiascopsis sp. 2 0,14 10 0-3 1029 ]0,75]0,13
Bulbamphiascus sp. 2 0,14 10 | 0-10 | 0,29 | 1,69 | 0,29
Amphiascopsis sp. 1 0,13 9 0-5 | 0,26 | 0,98 | 0,17
Laophonte sp. 3 0,10 7 0-6 | 0,201 1,0210,17

* Preostale vrste so bile udelezene v vzorcih z < 0,1% relativne
abundance: Amphiascopsis sp. 3, Stenhelia (Delavalia) sp. 1, Dio-
saccus sp. 1, Cletocles limicola, Microsetella norvegica, Typhlam-
phiascus sp. 2, Enhydrosoma propinquum, Acrenhydrosoma per-
plexum, Harpacticus sp. 5, Robertsonia knoxi.

Tabela 1: Pregled triletnih srednjih vrednosti posa-
meznih vrst harpaktikoidnih kopepodov.

Table 1: Mean abundance of harpacticoid species col-
lected during the three year sampling.
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Taksonomski seznam vseh harpaktikoidnih vrst in
njih sumari¢ni statisticni pregled podajam v tabeli 1. Iz
nje je razvidno, da je bila dominantna vrsta Bulbam-
phiascus inermis s 16,3% relativne abundance. Le dve
drugi wvrsti (Longipedia coronata in Enhydrosomella
staufferi) sta se presegli 10%, 3tiri vrste (Enhydrosoma
longifurcatum, Typhlamphiascus confusus, Proameira
simplex in Ectinosoma sp. 1) pa vsaka po priblizno 8%
relativne gostote. Nadaljnjih deset vrst se je pojavljalo v
razponu med 1 in 5%, petnajst vrst pa od 0,1-1% re-
lativne abundance. Seznam zakljucuje deset redkih vrst,
vsaka pod 0,1%, ki so se pojavile nekajkrat s posa-
meznimi osebki. Kljub dominanci vrste Bulbamphiascus
inermis za 6% pred drugo in tretjo najpogostejso visto je
upadanje procentualnega deleza vrst v tabeli dokaj
enakomerno. Opazimo tudi, da je prvih osem naj-
pogostejdih vrst, priblizno petina celote, prispevalo
dobrih 80% vseh harpaktikoidnih kopepodov, zbranih v
triletnem obdobju.

Sezonske in veéletne spremembe

Kot smo ugotovili Zze v prvem prispevku (Vriser,
1996), je za srednjo triletho abundanc¢no krivuljo zna-
¢ilen izrazit avgustovski maksimum, septembrski upad,
jesenska stagnacija oktobra - novembra in zimsko -
spomladanski minimum od decembra do maja. Triletne
srednje mese¢ne abundan¢ne krivulje posameznih
harpaktikoidnih vrst pa so pokazale velike medsebojne
razlike, tako da lahko govorimo o nekaj znacilnih
tipskih skupinah sezonske dinamike.

Pretezno vecino kopepodne favne sestavlja skupina
vrst, ki se pojavljajo vse leto, a z izrazitim poletnim
maksimumom. To skupino, ki je najbolj oblikovala se-
zonsko dinamiko celotnih harpaktikoidov, sestavljajo
predvsem sledece vrste: Longipedia coronata, Hetero-
laophonte strémi, Rhizothrix curvata, Bulbamphiascus
inermis, Stenhelia (Delavalia) adriatica. Pri nekaterih
vrstah te skupine je bil poletni vrh manj izrazit (Enhy-
drosoma longifurcatum, E. sordidum, Enhydrosomella
staufferi, Proameira simplex) ali pa kombiniran z manj-
&im jesenskim porastom Stevila osebkov (Cletodes pu-
sillus, Amphiascopsis sp. 2, Heteropsyllus sp. 3, Harpac-
ticus sp. 2).

Drugo skupino sestavljajo vseletne vrste, a z dolo-
¢eno dvojno poletno - zimsko pojavnostjo: z zvisanimi
abundancami poleti (junij - julij) in pozimi (med de-
cembrom in februarjem). Take vrste so Amphiascus vari-
ans, Haloschizopera pontarchis, Heteropsyllus curticau-
datus, Ameira parvula, Stenhelia (Delavalia) sp. 1 in sp.
2, Laophonte sp. 3 in sp. 4, Amphiascopsis sp. 1,
Diosaccus sp. 1.

Tretjo skupino sestavljajo vrste z izrazitim jesenskim
maksimumom od septembra do novembra: Typhlam-
phiascus confusus, Canuella furcigera, Euterpina acu-
tifrons, Stenhelia (Delavalia) normani, S.(D.) minuta,
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Slika 1 a-d: Triletne srednje mesecne abundance (+ SE;  Figure 1 a-d: Three-year monthly mean abundance (=
tj. treh januarjev itd.) Sestnajstih najstevilc¢nejsih vrst  SE; i.e. all three Januaries etc.) of 16 most abundant
harpaktikoidov. harpacticoid species.
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Ectinosoma sp. 1, Haloschizopera sp. 2.

Na obrobju ostajajo vrste, katerih koli¢inski delez je
bil zanemarljiv, saj so se pojavljale le ob&asno - bodisi
poleti (npr. Acrenhydrosoma perplexum, Robertsonia
knoxi, Dactylopodia tisboides, Ameira sp. 1, Typhlam-
phiascus sp. 2, Bulbamphiascus sp. 2, Harpacticus sp. 5)
ali le pozimi (Enhydrosoma propinquum, Cletodes
limicola, Microsetella norvegica), vendar na podlagi
zgolj nekaj primerkov ne moremo sklepati o njihovi
sezonski dinamiki.

Srednje mese¢ne abundance triletnega obdobja est-
najstih najbolj stevileénih vrst prikazujejo slike 1 a, b, ¢,
d.

Izra¢un srednjih letnih abundanc harpaktikoidnih
vrst (slika 2; a, b) je pokazal veliko medletno varia-
bilnost (nihanja letnih povprecij za 50 do 100%), a tudi
velike razlike med posameznimi vrstami. Pri vecini
obravnavanih vrst je bila najvecja abundanca v drugem
letu opazovanj (1993 - 94), pri nekaj vrstah pa je viden
trend narascanja ali tudi upadanja. Da so bile razlike v
abundan¢ni dinamiki harpaktikoidov med posameznimi
leti vecje kot znotraj let, je potrdila tudi analiza variance
(1 way ANOVA, df=2, F=8,58, P=0,95).

Triletna dinamika stevila wvrst, ki smo jih nasli v
vzorcih (slika 3) je dokaj podobna abundan¢ni dinamiki
harpaktikoidov. Opazimo izrazit poletni maksimum
(julij - september), jesensko stagnacijo (november) in
nekoliko nizje stevilo vrst pozimi, vendar z obc¢utnimi
razlikami med posameznimi leti.

Abundanca in ekologki dejavniki okolja

Korelacijska analiza je, enako kot pri celotni meio-
favni in njenih ve¢jih skupinah, pokazala pozitivno
korelacijo harpaktikoidne abundance s temperaturo in
slanostjo in negativho korelacijo z vsebnostjo kisika
pridnenega vodnega sloja. Podoben rezultat je dal tudi
izracun korelacije desetih najbolj mnozi¢nih vrst har-
paktikoidov iz triletnega obdobja raziskav (tabela 2).

Socasno prepletanje nekaterih abiotskih in biotskih
dejavnikov lahko kot vecletne sukcesije 3e najbolje pri-
kazemo na primeru dominantnega harpaktikoida Bul-
bamphiascus inermis. Triletho dinamiko temperature,
kisika, gostote pridnenega fitoplanktona (klorofil a) in
abundanc B. inermis prikazuje slika 4. Pregled krivulj
pokaze, da B. inermis, ki sicer sodi med prave poletne
vrste (maksimum avgusta), po $tevil¢nosti zelo niha iz
leta v leto, obcasno tudi z jesenskim porastom. Opa-
zimo menjavanje krivulj abundanc in koncentracije kisi-
ka (negativna korelacija), predvsem pa, da Stevil¢nost
kopepoda sledi nihanjem gostote fitoplanktona s pri-
blizno enomesec¢no zamudo.

Septembra 1994 je osrednji del Trzaskega zaliva pri-
zadelo pridneno pomanjkanje kisika (termoklinska hipo-
ksija). To se je pokazalo v meiobentosu s takojinjim
znizanjem abundance in zredcenjem Stevila v njem
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Slika 2 a, b: Srednje letne abundance (+ SE) nekaterih
vrst harpaktikoidov v triletnem obdobju 1992 - 95.
Figure 2 a, b: Yearly mean abundance (+ SE) of some
harpacticoids during the 1992 - 95 period.
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Vrsta Temperatura| Slanost | Kisik
Bulbamphiascus inermis 0,40 0,32 -0,18
Longipedia coronata 0,69 0,01 -0,26
Enhydrosomella staufferi 0,43 -0,16 -0,32
Ectinosoma sp. 1 0,26 0,11 -0,23
Enhydrosoma longifurcatum 0,41 -0,09 -0,26
Typhlamphiascus confusus 0,37 -0,08 -0,33
Proameira simplex 0,07 0,24 -0,15
Stenhelia (Delavalia) minuta 0,02 0,26 0,05
Stenhelia (Delavalia) adriatica 0,38 0,04 -0,18
Heterolaophonte stromi 0,59 0,11 -0,29
Stenhelia (Delavalia) sp. 2 -0,04 0,22 -0,02
Harpacticoida 0,55 0,27 -0,28

P<0.05

Tabela 2: Pearsonovi korelacijski koeficienti abundance
vodilnih harpaktikoidov s fizikalnimi in kemijskimi pa-
rametri okolja.

Table 2: Pearson's correlation coefficients for harpacti-
coid species abundance with environmental physical
factors.

—
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Slika 3: Stevilo vrst harpaktikoidov (1992 - 95).
Figure 3: Number of harpacticoid species present dur-
ing 1992 - 95.

Zivecih vrst. Najizrazitejse posledice priblizno dvote-
denske hipoksije so bile med harpaktikoidnimi kope-
podi, katerih abundanca je padla pod obi¢ajne zimske
vrednosti. To velja predvsem za nekatere od desetih
najstevil¢nejsih vrst (slika 5; a, b), zlasti Enhydrosomella
staufferi, Enhydrosoma longifurcatum, Heterolaophonte
strémi in Ectinosoma sp. 1, nekoliko manj pa tudi za Pro-
ameira simplex, Longipedia coronata, in Heteropsyllus
sp. 3. Manj opazno je bilo zmanjsanje stevil¢nosti po
hipoksiji $e pri drugih sedmih vrstah: Typhlamphiascus
confusus, Bulbamphiascus inermis, Canuella furcigera,
Stenhelia (Delavalia) minuta, S.(D.) adriatica, Hetero-
psyllus curticaudatus, Mesochra sp. 1. Pri preostalih
redkejsih vrstah vpliva pomanjkanja kisika zaradi nji-
hove zgolj ob¢asne pojavnosti ni mogoce oceniti.
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Slika 4: Triletna primerjava temperature, vsebnosti ki-
sika in fitoplanktona pridnenega vodnega sloja z abun-
danco harpaktikoida Bulbamphiascus inermis.

Figure 4: Three year comparison of bottom - water
temperature, oxygen and phytoplankton with Bulbam-
phiascus inermis abundance.

DISKUSIJA

Podobno kot pri celotni meiofavni in njenih glavnih
skupinah so triletne raziskave tudi pri harpaktikoidnih
kopepodih postavile obstojec¢o biocenotsko opredelitev
raziskovanega obmoc¢ja (biocenoza meljev, provinca
glinasto - pescenih meljev) v nekoliko drugacno luc.
Razlike so se pokazale pri sestavi vodilnih vrst, kjer so
prisle bolj v ospredje nekatere druge dominante, zlasti
Bulbamphiascus inermis. Ta vrsta se, Cetudi pogosta po
vsem Trzaskem zalivu, nikjer ne pojavlja s tolikino
(16%) relativno abundanco. Vecletna vzorcevanja so
pokazala, da je raziskovano obmocje, zelo verjetno pa
tudi celoten Trzaski zaliv, dejansko vrstno pestrejse kot
smo mislili doslej, saj je posnetek avgusta 1985 (Vriser,
1992) lahko zajel le poletni izsek iz vrstno in sezonsko
nadvse spremenljive sezonske palete meiobentoskih
zdruzb.

Natanc¢nejsi vpogled v sezonsko pojavnost posa-
meznih vrst, raz¢lenjenih v tri glavne sezonske tipske
skupine, razlozi sumari¢no srednjo triletno abundan¢no
krivuljo harpaktikoidov. Poletni maksimum te krivulje
sestavljajo zlasti dominantne vrste iz "skupine poletnega
tipa", ki tudi prispevajo dale¢ najve¢ osebkov, pa tudi
viste s poletnim vrhom iz abundan¢no ze 3ibkejse "po-
letno - zimske skupine". Malostevilna "jesenska skupina
vrst" verjetno najve¢ prispeva k znacilni jesenski sta-
gnaciji abundance v skupni letni krivulji oktobra in
novembra, medtem ko nekaj redkih "zimskih vrst" in pa
nizke zimske abundance preostalih "vseletnih vrst" obli-
kujejo zimski del triletne krivulje.

Triletni razpon srednjih enoletnih gostot harpak-
tikoidov je tudi na ravni posamezne vrste in Stevila vrst
potrdil veliko medletno variabilnost, kot se je nakazala



ANNALES 9/'96

Borut VRISER: SEZONSKA DINAMIKA IN VARIABILNOST HARPAKTIKOIDOV ..., 53-60

" TYPHLAMPHIASCUS CONFUSUS .

AR MALUN UL
LONGIPEDIA CORONATA

AVG

120

100

80

60

40

AR WAL N WL AVG OKT
ENHYDROSOMELLA STAUFFERI .

SEP Nov

60

St. os. 30cm 2

19921950 1993:1954 19941995

SEtpes

S 8 & 8

AR OMAJ N WL AVG SEP OKT  NOV W FEB MAR
HETEROLAQOPHONTE STROMI
199,993 19901994 19941995

DEC

Nov

Slika 5 a, b: Abundanc¢na dinamika harpaktikoidov
(1992 - 95) in vpliv hipoksije septembra 1994.

ze pri celotni meiofavni. Vsekakor so triletna opazo-
vanja prekratka za presojo dolgoro¢nosti sprememb
posameznih ekologko nadvse raznolikih vrst.

Tudi osnovna statisti¢na in neposredna abundan¢na
korelacija vodilnih harpaktikoidnih vrst s fizikalnimi,
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Figure 5 a, b: Three year (1992 - 95) abundance of
Harpacticoida and the impact of hypoxia in September
1994.

kemijskimi in biotskimi dejavniki je pokazala podobno
sorodnost kot celotna meiofavna. Medtem ko tempe-
ratura le priblizno in grobo "krmari" predvsem poletni
reprodukcijski ciklus vecine vrst, je bilo gibanje vseb-
nosti kisika pridnenega vodnega sloja skoraj zrcalno
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abundancam kopepodne favne (negativna korelacija) in 1.) Nekatere vrste z nizko abundanco osebkov so
v ¢asovnem oz. funkcionalnem odmiku za spremem-  ‘izginile" iz vzorcev, kar se je pokazalo v znizanju ste-
bami fitoplanktonskega klorofila. Ujemanje fitoplank-  vila vrst. Te vrste bi tedaj verjetno $e nasli v okolju, a le
tonske in kopepodne abundan¢ne dinamike kaze na s pove&anjem vzorca.

tesno trofi¢no odvisnost harpaktikoidov od pelagke 2.) Abundanca nekaterih stevil¢nejsih vrst je obéutno

primarne produkcije. Priblizno enomese¢na zamuda upadla.

nihanj kopepodnih abundanc za fitoplanktonskimi gre 3.) Abundanca 3tevilnih domnevno odpornejsih vrst

najverjetneje na racun sedimentacije in razgraditve fito-  se ni spremenila.

planktona v bentoski organski detrit. Najvecje znizanje smo opazili pri bolj abundanénih
Jesenska pridnena hipoksija je septembra 1994 zni-  poletnih vrstah, ki so bile v ¢asu hipoksije ze sicer v fazi

zala $tevilenost osebkov nekaterim vrstam harpak-  jesenskega upadanja. Po drugi strani pa so bile po-

tikoidov, posledicno pa tudi vsej skupini kot celoti. sledice hipoksije v razmerah velike vecletne variabil-

Obenem se je naglo znizalo stevilo harpaktikoidnih vrst  nosti harpaktikoidnih vrst dokaj zakrite in tezko opazne.
v vzorcih. Vpliv pomanjkanja kisika je bil torej na Tako je npr. Ze vse leto 1994, torej Ze pred jesenjo,
posamezne vrste izrazito razlicen, selektiven. To po-  zbujalo pozornost po precej nizjih abundancah harpak-
meni vsaj troje: tikoidov kot predhodni dve leti.

SUMMARY

In the meiofauna sampled monthly from 1992 to 1995 in the central part of the Gulf of Trieste, the harpacticoid
copepods (Harpacticoida, Copepoda) were ranked second in terms of their abundance, immediately after the lead-
ing nematods. Prevalent among the 42 species were Bulbamphiascus inermis with 16% and Longipedia coronata
and Enhydrosomella staufferi with 10% each of relative abundance. The seasonal variability of the harpacticoids was
marked particularly by the species with a distinct summer maximum, and less by the species with summer and
autumn-winter peaks, which were not so abundant. A great variability in the abundance oscillations of the harpacti-
coids can be noted in the long run, from year to year, which is indicated by the estimates of mean annual abun-
dance values. The comparison between the number of individuals and some abiotic and biotic ecological factors
showed, in the majority of species, a positive correlation with temperature and salinity, and particularly with density
of the phytoplankton in the water environment. The shortage of oxygen in September 1994 badly affected only some
of the more abundant summer species, while the dominant Bulbamphiascus inermis and many rarer species were
not affected at all.
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ABSTRACT

To test the different filtration and assimilation rate of the clams Tapes decussatus and T. philippinarum, 25
individuals of each species were fed using different algae (Thalassiosira pseudonana, Tetraselmis suecica, Isochrysis
galbana, Skeletonema costatum) at two different concentrations: one of 5 x 107 cells/| used to obtain the filtration
rate and one of 2 x 108 cells used to quantify the assimilation and biodeposition efficiency of clams. Tapes
philippinarum showed a higher filtration rate than T. decussatus, and both clams consumed 1. galbana and Th.
pseudonana more rapidly than the other species. A high biodeposition was observed when the clams were fed with
S. costatum, T. suecica and 1. galbana. T. pseudonana, on the other hand, was better assimilated and thus little
biodeposited matter was collected at the end of the experiment.

Key words: clam, filtration, assimilation, biodeposition
Klju¢ne besede: vongole, hitrost precejanja, asimilacija, biodepozicija

INTRODUCTION

In recent years European mariculture techniques
have improved from the technical and scientific point of
view. Many laboratory studies, in which all the experi-
mental conditions are precisely defined and kept con-
stant as much as possible, have been done to better un-
derstand the effect of the complex interactions of biotic
and abiotic environmental parameters on the growth of
molluscs; this enables a more specific interpretation of
the results obtained in the field (Winter, 1978; Kigrboe
etal., 1980).

A limiting factor for commercial cultivation of bi-
valve mollusc species is the choice of suitable live algal
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food (Laing & Verdugo, 1991). Although promising re-
sults have been obtained with spray-dried microalgae,
dried food still cannot replace live food completely
(Laing & Millican, 1991). In fact, Laing and Verdugo
(1991) noted that the growth rates of animals fed with
artificial diets were slower than those fed with live al-
gae, and that there are to date no satisfactory, complete
algae-replacement diets.

Successful acquaculture requires knowledge of op-
timal growth conditions; this means both sufficient
quantity and quality of food (Winter, 1978), and favour-
able abiotic factors such as salinity and temperature.

This experiment investigates two species of clams,
Tapes decussatus and Tapes philippinarum (Manila
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clam), which are of great commercial interest in the
North Adriatic (Mattei et al., 1990). The first is an auto-
chtonous species, with a distribution from the British
Isles to Senegal, including the entire Mediterranean and
reaching the Red Sea through the Suez Canal. The sec-
ond is native to Japan, with a wide distribution in the
Indian.and Pacific Oceans. It was introduced along the
coasts of the Adriatic Sea, being first recorded in the
Venice lagoon in 1983 (Beninger & Lucas, 1984; Peliz-
zato, 1990).

Four algal species, two diatoms, Skeletonema
costatum and Thalassiosira pseudonana, and two flagel-
lates, Isochrysis galbana and Tetraselmis suecica, were
selected for the study because they are the most fre-
quently used species in clam farms and hatcheries.
These also algae show good growth rates and their
cultivation is simple under experimental conditions.

The rate with which the microalgae were filtered was
measured in T. decussatus and T. philippinarum by the
indirect method monitored by a Coulter Multisizer II.

Both species of Tapes were investigated in two
phases: first, in a short-term study designed to define the
filtration rate and the filtration velocity with all algal
species; second, in a long-term study to determine the
assimilation efficiency and quantity of biodeposited
matter.

MATERIALS AND METHODS

Experiments were performed in May 1994 with
Tapes decussatus and T. philippinarum collected at
about 0.5 m depth in Marano Lagoon (Northern Adriatic
- {taly).

Four glass tanks (20 x 35 x 19 cm) were used for the
experiments. Two different nets were put into these
tanks: the first one (1 cm) rigid, positioned 10 cm under
the water surface, was used to suspend the bivalves and
to allow the faeces and pseudofaeces to drop through,
the second one (200 um), more pliable and placed on
the bottom, was used to collect the biodeposited mate-
rial.

Stock microalgal cultures (Isochrysis galbana, Tha-
lassiosira pseudonana, Skeletonema costatum and Tet-
raselmis suecica) were obtained from the hatchery of
Aquamar Marano Lagunare (Udine-ltaly). Stock cultures
are kept in small containers (500 ml) which were used
to start larger volume cultures needed to produce food
for the bivalves (2000 ml). We added 250 m| of stock
culture into an autoclaved flask with 2000 ml filtered
seawater sealed with cotton wool plugs. Bunsen burners
were used to flame necks of flasks immediately before
and after handling.

Temperature, salinity and illumination were kept
constant (temperature = 20°C, salinity = 35.6 PSU, pho-
toperiod light:dark = 14:10) and flasks were aerated
continuously. To maintain the culture, autoclaved Erd-
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schreiber medium was used as nutrients (Helm, 1990).
Starter cultures were grown for variable periods of time
prior to use, usually two weeks, or until the algal con-
centration reached approximately 3.000.000 cells/ml.
After that, the new inoculation from the old culture was
made. Calorific values were obtained using an adiabatic
calorimeter (IKA C-400) on 200-400 mg of filtered algae.

For each experiment and for each algal species, 25
specimens of T. decussatus and T. philippinarum were
used. The former species had a mean length of 29.4 +
0.074 mm and a total biomass of 192.5 g, the latter
species a mean length of 31.76 £ 0.107 mm and 267.2 g
of total biomass (wet weight with shell).

Before each experiment the molluscs were held 24 h
in filtered water (0.45 um) and then put into tanks with
filtered seawater and phytoplankton until the desired al-
gal concentration was reached. The algae were kept in
suspension by pumping air. Algal cell counts for de-
termination of filtration rate were made by a Coulter
Multisizer Il in 2 ml samples.

Short-term study

The filtration rate (ml/h/g) was determined by an in-
direct method based upon the rate of removal of algal
cells from a known volume of suspension (Coughlan,
1969). Water samples were collected at the beginning of
the experiment and every 30 minutes until no algal cells
were counted. The filtration rate was calculated as

F=0.43x (log Cy - log Cp) x V/wt (1)

where Cg=initial algal concentration of cells/ml,
Ce=final algal concentration after time t (hours),
V=volume of suspension in ml, w=active filtration tissue
weight in g (Holme & Mclintyre, 1984).

Monocultures of four algae were tested in this study.
The initial concentration was about 5 x 107 cells/| as
suggested by Rodde et al. (1976) to be sufficient for
growth, and this value was defined by a first reading of
the Coulter Multisizer II.

Long-term study

This experiment was run for 24 h in order to test as-
similation and biodeposition levels using a concentra-
tion of about 2 x 108 cells/I.

Water samples were collected at the beginning and
after 2, 6, 10 and 24 h for the Coulter Multisizer Il
analysis (cell number).

The assimilation rate for the four algal species by the
two clams was obtained by carbon elemental analysis
using a CHNS/O 2400 Perkin-Elmer Elemental Analyser.

The assimilation rate was calculated as

Ca=(Ci-Cp-Cp(2)
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where C, is the assimilated organic carbon (mg), C; is
initial organic carbon in the water (mg), Cs is final or-
ganic carbon in the water (mg) and C, is biodeposited
carbon.

RESULTS
Short-term study

Tapes philippinarum has a higher filtration rate than
Tapes decussatus with all the algae used (Table 1).

Long-term study

The difference in the quantity of the biodeposited
matter is shown in Table 3.

Isochrysis  Tetraselmis Thalassiosira Skelet
galbana suecica  pseudonana  costatum
T. decussatus 13.64 19.91 1.41 15.03
T. philippinarum 5.29 14.87 6.35 19.03

Isochrysis  Tetraselmis Thalassiosira Skeletonema
galbana suecica pseudonana  costatum
T. decussatus 22.84 26.81 104.27 30.79
T. philippinarum 96.53 31.67 150.82 61.08

Table 1: Filtration rate (mi/h/g) of T. philippinarum and
T. decussatus fed with the four algae used.

Tabela 1: Hitrost precejanja (ml/h/g) navadne (T. de-
cussatus) in filipinske vongole (T. philippinarum) pri
hranjenju z razli¢cnimi vrstami alg

Moreover, Isochrysis galbana and Thalassiosira
pseudonana were filtered completely from the water in a
shorter time (90 min) than Skeletonema costatum and
Tetraselmis suecica (150 min) by both clam species
(Table 2).

Isochrysis Skeletonema  Thalassiosira Tetraselmis
DEC PHI DEC PHI DEC PHI DEC PHI
minutes | % % Yo % % % % Yo
0 0 0 ¢] 0 0 0 0 0
30 40.6 943 51.5 83.8 90.8 96.1 527 615
60 94.2 99.8 93.8 99.5 97.5 99.8 92.6 894
90 99.6 100 99.1 100 99.6 100 97.3  99.1
120 100 100 99.4 100 100 100 97.7 993
150 100 100 100 100 100 100 100 100

Table 2: Tapes decussatus (DEC) and T. philippinarum
(PHI) filtration velocity expressed in percentage. Per-
centages were calculated from Coulter Multisizer 1
counts on samples collected every 30 minutes.

Tabela 2: Hitrost precejanja navadne (Tapes decussatus)
in filipinske vongole (T. philippinarum), izraZena v
odstotkih. Ti so bili izracunani iz polurnih vzorcevanj
iz podatkov, dobljenih s stevcem Coulter Multisizer 11.
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Table 3: Weight of the biodeposited material (mg) pro-
duced by the two species of clams during 24 h.

Tabela 3: Masa biodepozitiranega materiala (v mg)
obeh skoljk v 24 urah.,

The measures of the assimilated algal carbon showed
that T. decussatus assimilated a higher percentage of all
algae except Tetraselmis suecica, which together with
Skeletonema costatum has a lower assimilation percent-
age. From the four algal species, Isocrysis galbana and
Thalassiosira pseudonana, probably due to their smaller
dimensions, showed a higher assimilation percentage for
both clam species (Table 4). The algal characteristics are
shown in Table 5.

Isochrysis  Skelet Thalassiosira  Tetraselmi,

DEC PHI DEC PHI DEC PHI DEC PHI
C; (mg/l) 1.642 2.402 2.032 1.891 2.064 2.347 9.937 8.011
Cs (mg/l) 0.236 0.454 0.475 0.454 0.437 0.439 4.200 3.296
Cp (mg/l) 10.279 0.289 0.669 0.648 0.053 0.296 1.171 0.944
Ca (%) 70.0 69.0 463 417 763 687 459 47.0

Table 4: Assimilation rate after 24 h for T. decussatus
(DEC) and T. philippinarum (PHI). Organic carbon
available to the clams at the beginning (C;); Organic
carbon found in the water at the end of the experiment
(Cp); Organic carbon excreted with biodeposited matter
(Cp); Organic carbon assimilated during 24 h period
expressed in percent (Cj).

Tabela 4: Asimilacija navadne (DEC) in filipinske von-
gole (PHI) po 24 urah. RazpolozZljiva biomasa organ-
skega ogljika na zacetku preizkusa je oznacena s C;, na
koncu preizkusa pa s Cr. S Cp, je oznacen z biode-
pozicijo izloceni organski ogljik, s C; pa v 24 urah
asimilirani organski ogljik (izrazen v odstotkih).
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DIATOMS FLAGELLATES
Skeletonema Thalassiosira | Isochrysis  Tetraselmis
Shape ellipticor  centric cells | solitary cells  egg-shaped
cylindric
Volume (pm?3) 85 45 40 300
Lipids (%) 13 24 20 6
Energy (KI/g) 2,985 1.807 6.869 6.159

Table 5: Algal characteristics. Volume and lipid values
are taken from the literature (Helm, 1990). The energy
values were obtained from 200-400 mg of algae using
an adiabatic calorimeter (IKA C-400).

Tabela 5: Osnovne znacilnosti alg. Prostornina in vseb-
nost mascobe sta povzeta po podatkih iz literature
(Helm, 1990). Energetsko vrednost smo izmerili z adi-
abatskim kalorimetrom (IKA C-400) iz 200 do 400 mg
alg.

DISCUSSION AND CONCLUSIONS
Short-term study

The choice of the two clam species was made based
on their use in commercial bivalve production; in fact,
in the last few years, the allochthonous Tapes philippi-
narum has replaced Tapes decussatus due to its optimal
characteristics such as a good growth, coloured shell
and resistance to parasites.

During the short-term test, T. philippinarum showed
the highest filtration rate with all the algae used; this was
particularly evident in the case of Isochrysis and Tha-
lassiosira. T. decussatus generally showed a lower filtra-
tion rate than T. philippinarum (Table 1). Perhaps the
higher filtration rate of both clams for Thalassiosira
pseudonana and also for Isochrysis galbana was due to
the small dimensions of these algae and to their high
lipid content: among the four algae, these species have
single cells, small dimensions and a higher lipid content
(Table 5). Tenore and Dunstan (1973) also observed
different feeding rates for oysters cultured on Skele-
tonema, Dunaliella or Thalassiosira. The authors found
that the oysters preferred Thalassiosira. This preference
might be due to the size and characteristic form of this
alga, e.g., Thalassiosira is a small (2-3 um) centric dia-
tom which never forms chains, and the size of the pore
openings of the oyster gill might be better suited for fil-
tering this alga.

Filtration velocity showed the same behaviour as the
filtration rate: high filtration velocity of T. philippinarum
especially for Thalassiosira and Isochrysis. For three al-
gae (Isochrysis, Thalassiosira and Skeletonema), T.
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philippinarum reached a 0% algal concentration after
90 minutes. In contrast, T. decussatus, required quite
some time longer to remove all the cells in the suspen-
sion (Table 2).

Long-term study

Experiments to determine assimilation rates con-
firmed the results obtained for filtration rates: the clams
generally assimilated more Thalassiosira and Isochrysis,
with T. decussatus having the higher rate of assimilation.
Despite its lower filtration rate, T. decussatus assimilated
more algae than T. philippinarum. In one case only, T.
decussatus did not show this trend (when fed with
Tetraselmis; Table 4). ‘

The biodeposited material produced by the two
species of clams underline again the clams' preference
for the two algae species Thalassiosira and Isochrysis.
The biodeposition weight is much lower for these algae
than that produced using Tetraselmis and Skeletonema.
While T. philippinarum showed a similar weight for
Thalassiosira and Isochrysis, T. decussatus showed a big
difference between the two algae (Table 3).

The short-term and the long-term study clearly dem-
onstrated that both T. decussatus and T. philippinarum
preferred Thalassiosira. This can be related directly to
the algal volume and to the lipid content. The fact that
Thalassiosira is the most abundant alga among those
used during this experiment in the natural habitat of
Tapes, (Landri P., Martincic B. and Salvi C., unpublished
data) may play a role in this preference. For both clams,
the order of algal preference was: Thalassiosira
>lIsochrysis>Skeletonema>Tetraselmis.

In conclusion the two clam species have an opposite
trend in filtration and assimilation, but the final ener-
getic input is equal. T. decussatus showed a lower filtra-
tion rate and higher assimilation rate, while T. philippi-
narum showed a higher filtration rate and lower assimi-
lation rate. Both species of clams prefer Thalassiosira
pseudonana; this is due to the high lipid content of this
alga in comparison to its small dimensions and to the
abundant presence of Thalassiosira in the natural habitat
of tapes. Therefore, even if these two clam species have
a similar behaviour as far as filtration velocity and
biodeposition are concerned, in recent years the alloch-
thonous one has replaced the autochthonous one due to
its bioecological advantages: high tolerance to salinity
variations and low concentrations of oxygen, resistence
to parasites and a rapid growth, approximately twice as
fast as T. decussatus (Rossi & Paesanti, 1992).
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POVZETEK

Avtorici sta preucevali dve vrsti vongol - navadno (Tapes decussatus) in filipinsko (Tapes philippinarum). Vedenje
skoljk v razli¢nih prehranjevalnih razmerah sta ugotavljali z meritvami hitrosti precejanja, asimilacije in biode-
pozicije in v ta namen napravili dva preizkusa. Med kratkorocnim preucevanjem sta uporabili stiri vrste alg
(Isochrysis galbana, Thalassiosira pseudonana, Skeletonema costatum in Tetraselmis suecica) koncentracije 5 x 107
celic/liter. Hitrost precejanja je bila ocenjena po posredni metodi, ki temelji na hitrosti odstranjevanja celic iz
znanega volumna suspenzije (Coughlan, 1969). Podatki so pokazali, da je bila hitrost precejanja filipinske vongole
pri vseh stirih vistah uporabljenih kultur alg vecja kot pri navadni.

Med dolgoroc¢nim preucevanjem sta avtorici napravili preizkus, ki je potekal 24 ur, z namenom, da bi ob
uporabi istih stirih vrst alg koncentracije 2 x 108 celic/liter ugotovili ravni asimilacije in biodepozicije. Navadna
vongola je na splosno asimilirala vec¢ alg iz kultur Thalassiosira in Isochrysis, in v primerjavi z manj$o hitrostjo
precejanja je ta skoljka asimilirala vec alg kot filipinska vongola. Biodepozicijska u¢inkovitost je bila precej manjsa
za algi iz kultur Thalassiosira in Isochrysis kot za kulturi Tetraselmis in Skeletonema. Rezultati, dobljeni med dvema
eksperimentoma, so pokazali, da se obe skoljki najraje prehranjujeta z algo iz kulture Thalassiosira.
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