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EARLY LIFE HISTORY STAGES OF FAMILY SCOMBRIDAE
IN THE EASTERN ADRIATIC

Jakov DULCIC
PhD., bial. sci., Institute of Oceanography and Fisheries, HR-21000 Split, P.O.8QX 500
Dr. biol. zran., institut za oceanografiju i ribasstva, HR-2TG00 Split, P.O.BOX 500

ABSTRACT

Use of early life history stages of fish ini 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
muost important factor influencing variations in population abundance. A requisilie to these studies is detaited
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
developrnental stages of the family Scombridae found in the eastern Adriatic.

Key words: early developmental stages, Scombridae, eastern Adriatic
Kluéne basede: zgadnji razvoini stadiji rib, Scombridae (skusel, 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 v recruitment
{Woaoster, 1983), and in studies of the phylogeny of
fishos {(Moser ef 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 focation of the
eges, farvae and adults of a species with information on
the surreunding environment, possible environmental
effects on spawning {epg 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 faciors that affect egg and larval
suryival 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 totai
catch. It is not possible to get new data on catch for
every species now, but Grubisic {1982) reported that it is
between 200 and 700 tons per year for Spanish mack-
erel {Scamber japonicus), 20 and 30 tons for plain bo-
nito {Auxis roched), around 350 tons for tuany (Thunnus
thynnus) and around S tons for mackerel {Scomber
scombrus).

The object of this paper is to compile and present all
available information on both the carly development
stages of the eggs and larvae of the family Scombridae
found in the eastern Adriatic and possible spawning ar-
cas 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 informatien on the possibie
spawning areas and seasons for some species. The egg
and larval descriptions have mostly been taken from the
existing lierature. 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 Linnacus, 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 chtained from the material col-
lected during the surveys in March 1990 in the area of
Blitvenica {middle Adriatic) (Dul¢ic, unpublished data).
The cggs of mackerel wete found during winter and
spring cruises; in February in greater quantities on pro-
file island Vis - Palagruza archipelago and in smaller
quantities along the kalian coast from Cape Gargano io
Brindisi (Gamulin & Hure, 1983), The existence of the
winter spawning ground adjacent 1o Palagruza archipel-
ago was confirmed for the mackerel (Gamulin & Hure,
1983). It is uncertain whether the small number of egps
recorded along the Htalian 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 cast
coast, The most intensive spawning was also recorded in
Rijeka Bight, Kvarner and northern Kvarneri¢ (Lissner,
19391,

The egy of the mackeret was first fully described by
Cunningham (1889) from aitificially fertilized eggs ob-
1ained by fishermen off Plymouth. Buchanan-Wollaston
(1911) gave the average diameter of egps from the
southern North Sea as 1.186 mm, and that of the ail
globule as 0.319 mm. Ehrenbaunt {1921) gave the fol-
lowing mean sizes {or the egg: southern North Sea - end
of May 1.276 mm; mid-july - 1.101 mm; north west of
Dogger Bank - end of June - 1.139 mm; northern North
Sea - 1.210 mm. Sella & Clacchi (1925} found that the
mean diameter of mackerel egg in the Mediterranean
(Ligurian Sea} is 1.13% mm (1.671 mm - 1.193 mm) and
the mean diameter of oil globule is 0.32 mm (0.285 mm
- 0.360 mm).

10

Fig. 1: Scomber scombrus L. (A) Egg, 1-2 mm in diame-
ter (original drawn by author); (B) Yoik-sac larva, 2.4
mm (original drawn by author); (C) Larva, 3.7 mm; (D)
Larva, 5.2 mm; (E) Larva, 7.0 mmy; (F) Larva, 8.0 mm;
{(G) tarva, 14.0 mm (after Russell, 1976).

Si. 1: Scomber scombrus L. (A) ikra, 1-2 mm v premeru
{originalna rishaj; (B) licinka z rumenjakovo vreco 2,4
mm (originalna risba); (C) licinka, 3,7 mm; (D) licinka,
5,2 mmy (F) li¢inka, 7.0 mmy; (F) licinka, 8,0 mm; ()
licinka 14,6 mm (po Russelu, 1976).
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Yolk-sac larvae

Duicic (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° 51'32"N
147 [2'L - depth 46 m and 457 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 almaost entirely ab-
sarbed. Subsequently, Holt (1893, 1898) also described
the larva. When newly hatched, yolk-sac {arva s 3.3-3.9
mm long. Holt {1893) recorded a preanal length of 1.67
mm iy 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 oceur alorg the dorsal and ventral con-
tours of the posterior half of the body starting a certain
distance hehind the anus. The ventral row is the more
regedar and contnuous. 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 hehind the
eve, and there are yellow chromatophores as well as
melanophores on the oil giohule. 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 15.63 mm. In the eastern Adriatic mackere! lar-
vae oceur in the areas of sland Dugi otok, Blitvenica,
island Vis and Palagruza archipelago dwing lanuary,
February, March, April and June (Karlovac, 1962). Kar-
fovae (1967) found mackere! larvae at the stations in the
Bra¢ channel. Regner (1982) found mackerel farvae at
the station Stondica (43° 90' N 160 20'F) in the middle
Addatic in January and March with frequency 0.26%,
and Dulgic (1992) only in January with frequency
3.04%.

Holt (1898) described a specimen 7 days old in
which the yolk was fully absorbed; it can thus be re-
garded as an early tarva. This was 4,46 mm long with a
preanal fength of 1.73 mm. Later larvae were described
and figured by Holt (1898), Ehvenbaum (1905-09),
1921, 1922) 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 contaur 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 raws extend prac-
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tically 1o 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 melanophares. There are
a few melanophores along the urostyle and on the base
of the developing caudal fin, There are paver any
melanophares 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 ane
of two in front of the eyes and sometimes on the snout
and lower jaw {Fig. 1). There is rather heavy peritoneal
ptgmentation confined to the upper half of the abdomen.
The bending up of the wrostyle is gradual and probably
begins at a length of about 6 mm, when the rudiments af
the caudal fin are beginning to appear. Dorsal and ven-
tral interspinous areas begin to develop at a length of -9
mm. The following are characteristic morphclogical
features: the presence of sharp teeth on upper and lower
jaws, which become apparent already at a fength of un-
der 5 mmy; 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 tength of 16 mm these cover the upper
half of the hody. Myomere counts give 14 preanal ele-
ments and 17 postanal elements for larvae between 5
mm and 13 mm, length (Ehrenbaum, 1924).

Scomber faponicus Houttuyn, 1782

Egys

The eggs are spherical, on average ranging in diame-
ter from 1.06 to 1.14 mm, with an oif globule 0.26 mm in
diameter (Kramer, 1960 (Fig. 2). The yalk is unsegmented
and under magnification (40x) can be seen ta be filed
with a large number of tiny vacuoles, The perivitetline
space is narrow. In advanced stages of development hoth
the dorsum of the embryo and the oit globule are pig-
mented, the fatter 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 autmn, and
possible spawning grounds are around the islands of Mljet,
Vis, Dugi otok, Prernuda and Jabuka (Milisic, 1294).

Larvae

Larvae of this species were caught during previous
surveys in the eastern Adriatic (Karlovac, 1967; Regner,
19803, especially in its middle part (Kastela Bay - 43°
3TN 16° 19'E - depth 42 m). Duléicd (1991, unpublished
datay found Spanish mackerel larva at the station (43°
55030 N 14° 49' E - depth 66.5 m) at the high sea of
island Dugi otok.
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Fig. 2: Scomber japonicus Hoeuttuyn, 1782 (A), (B), (C) Eggs, 1.06-1.14 mm in diameter; (D} Larva, 8.0 mm; ()
Larva, 5.0 mmy; (F) Larva, 7.8 mm; (G) Larva, 10.0 mmy; (H) Larva, 16.5 mm (after Kramer, 1960).

S 2: Scomber japonicus Houttuyn, 1782 (A), (B), (C) ikre, 1,06-1,74 mm v premery; (D) licinka, 4,0 mm; (E)
ficinka, 5,0 mmy; (F) licinka, 7,8 mm; (G) licinka, 10,0 mm; (H) licinka, 16,5 mm (po Kramerju, 1960).

After yolic absorplion the larvae are deep-bodied and
stubby, although body shape is more fusiform in indi-
viduals approaching the juvenile stage. In preflexion lar-
vae body depth at the cleithrum is 23.24% of NL
{notachord length); hody depth increases slightly to 25-
26% of SU {standard length} in flexion larvae and up to
13 mm SL and then falts back in following stages, to 21%
SL at 18 mim. The gut extends to somewhat fess than the
midpoint of the body in preflexion larvae, 1o 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 devefopment, representing 23-25% of SL
in preflexion farvae and 28% of Sk in post-flexion larvae
and fate larval stages. The principal body regions of the
larvae of this species that display pigmentation are the

12

head, peritoneum, and the midventral line of the tail (Fig.
2). Flexion and postflexion larvae also bear pigmentation
on the dorsal cantgur of the hody. Pigmentation on the
midventral line of the tail in firstfeeding 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 cut onto the lateral walls of the
gut in postiexion Jarvae. At about 5 mm NL pigmentation
appears on developing caudal fin, at about 7 mm SL on
the dorsal margin of the body, and a1 7.5 mm SL. along the
lateral fine. The urestyle is wrned upwards dorsafly at 6
mm SL. Myomere counts give 21 elements for larvae
between 5 mm and 13 mm length (Ehrenbaum, 1936).
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Thunnus thynnus thynnus (Linnaeus, 1758) perivitelline space, the ail globule and embryo are pig-
mented (Sanzo, 1932; (Fig. 3). The spawning period is i
Eggs spring in the coastal waters along the eastern Adriatic,

especially in the notthern Adriatic (Hrvatsko Primotje
Spherical, 1.00-1.12 mm in diameter, yollk unseg-  and KvarnerfMilisic, 1994) and the middle Adriatic
mented, oil globule 0.25-0.28 mm in diameter, without  (Piccinetti, 1973, Piccinetti ef af.,, 1981).
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Fig. 3: Thunnus thyonus thynaus (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; (F) Larva, 3.90 mmy; (F) Larva, 4.70 mm; (G) Larva, 6.80
mmy; (H) Larva, 9.40 mm (originals dravwn by author),

$1, 3: Thunnus thynnus thynnus (Limnacus, 1758} (A), (B) fkre, 1,00-1,12 mm v premeru; (po Sanzu, 1932); (C)
licinka z rumenjakovo vreéo, 3,00 mm; (D} licinka z rumenjakovo vieco, 3,84 mm; () licinka, 3,90 mmy; (F)
licinka, 4,70 mm; (G) licinka, 6,80 mm; (H) licinka, 9,40 mum (originaine risbe avtorfa),

13
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Larvae

Larvae of this species were caught during previous
survevs in the eastern Adriatic, at the high sea of the
middle Adriatic {station Stoncica, 43° 00' N 16° 20' B
in July and September with frequency 0.10% (Regner,
1982}, Dul¢i¢ (1990, unpublished data) found tuna far-
vae in the Kvarner area istation 44° 51’ 36" N 14° 12' F -
depth 46 m), Rijeka Bight 45° 14 N 14° 25' 30" E-
depth 62.5 m) and near isfand 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 (Piccinettt, 1973; Piccinetti & Piccinetti-Man-
frim, 1973, 1979; Piccinetti et al., 1977, 1981; Scaccini,
1953, 1959, 1961} Standard Jength of tuna larvae were
between 5.3 and 6.3 mm (n=8) (Piccinetti, 1973). Pic-
cinetti et al. (1981) found tarvae in the lonian Sea and
southern Adriatic from mid-June to 20 july, and accord-
ing 10 that they presumext that spawning grounds in the
migdle Adriatic are in connection with ones in the
Mediterranean Sea. When newly hatched, yolk-sac larva
is 3.0 mm Jong and the yolk-sac is almast entirely ah-
sorbed at 3.8 o Sanzo, 1932} {Fig. 3). Melanophares
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 en the
margine of preoperculum at 4.7 mm larval length. There
is rather heavy peritoneal pigmentation at 6.8 mm larval
length {Ehrenbaum, 1924} ELight spines appeared {one
great in centre, four medium and three small) at 3.3 mm
larval fength. There are no mare 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 rachei {Risso, 1810)
Larvae

This species is distributed in the middle Adriatic
{isfand Jabuka) (Vilici¢, 1985} and in the nothern Adriatic
{Milisic, 1994). Piccinetti {1973} found 28 larvae (60.9%)
iy 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, Piccingtti {1973} supposed that this
species spawn in that area. Milisic (1994) reported that
bullet tuna spawn in spring in the Rijeka Bight, Kvarner
and in the southemn Adriatic. Piccinetti & Ficcinetti-
Manfrin (1979) recorded a great number of bullet tuna
farvae in the wider area of the middle Adriatic and in the
part of the southern Adriatic, including the Jabuka pit,
duving 1972, 1973 and 1975-1977 pericd. Dul¢ic
(unpublished data) found larva of bullet tuna at station in
the Rijeka Bight (45° 14' N 14° 25 30" £ - depth 62.5 m)
in fuly 1990. Standard length was 12.7 mm,

When newly hatched, yolk sac farva is 3.0 mm leng
{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 preopercutum. There is a heavy
pigmentation on the head and on the peritoneum at far-
val fength of 12 mm. Myomere counts give 20 preanal
elements and 19 postanal elements for larvae between 5
and 13 mm length (Ehrenbaum, 1924).
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Fig. 4: Auxis rochei (Risso, 1818 {A} Larva, 5.0 mm; (B) Larva, 5.7 mmy; (C} Larva, 7.5 mmy; (D) Larva, 12.0 mm

(after Sanzo, 1932).

St 4: Auxis rochei (Risso, 1810) (A) licinka 5,0 mm; (B) licinka, 5,7 mm; (C) licinka, 7,5 mm; (D) licinka, 12,0 mm

{po Sanzu, 1932),

14




ANNALES 9/'96

Jakew ULCIC EARLY LIFE HISTORY STAGES OF FAMILY SCOMEBRIDAE IN TIE EASTERN ADRIATIC, 916

Genetic species identification of tunas is useful since
morphological identification especially of the farval and
suvenile stages can be difficult, Pigment patterns are
used to distinguish larvae (Matsumoto et af, 1972;

Nishikawa, 1985), but these changes with developmen-
tal stage and car be difficult to apply with confidence
{Nishikawa & Rimmer, 1987; Richards ef al,, 1990},

POVZETEK

Raziskovanje zgodnjih razvojaih stadijev vib je v zadnjin letih dozivelo precejsen razmah, tako kot tudr siste-
maticne in ekoloske studije o njih. Danes se zavedamo, da je prezivetie iker in miadic najpomembnefsi dejavnik, ki
vpliva na spremembe v Stevilcnasti populacife neke ribje viste. Prvi pogoj za taksno preucevanje so podrobni
podatlki o pojavljanju iker in mladic v vzorcih planktona. DruZina skus (Scombridae) je izredno pomembna za
ribistvo v drZavah ob jadranskem morju. V tem clanku so obdelani vsi razpoloijivi podatki o zgednjih razvojnih

stadifih druZine skus v vzhodnem delu jadranskega morfa.
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IZVELECEK

V obdobju od aprila 1995 do septembra 1996 smo v slavenskem miorju s pridneno poviecno mreza ulovili 8 vist
glavonozZcev in 56 vrst rib, ki jih navajam v seznamu. Casovno pojaviianje navajam za & pridneail vrst
glavonozcev, 4 wrste rib hrustanénic in 42 vist rib kostoic. NatancnejSe podatke o pojavlianju navajarm za lignja
(Loligo vulgaris), moskatno hobotnico (Eledone moschatal, navadnega morskega psa (Mustelus mustelus), morskega
goloba {Myliobatis aquila), oslica (Merluccius merluccius), mofa iMerlangius merlangust, molica (Trisopterus
minutus), kovada (Zeus faber), voléica (Serranus hepatus), Spageta {Cepola rubescens), bradaca (Muilus barbatus},
bukve (Boops boops), spara (Dipladus annularis), ribona (Pagellus erytiwinus), menofo (Spicara flexuosa) in morsko

pHozco (Platichthys flesus),

Kljugne besede: Trzasks zaliv, Cephalopoda, Selachii-Chondrichthyes, Osteichthyes, dinamika pojavljania,
SEZNAMm vrst
Key words: Guif of Trieste, Cephalopoda, Selachii-Chondrichthyes, Osteichthyes, occurrence, species checklist

UvoD

Slovenski del Trzaskega zaliva je bil na podrodju
raziskav rib, verjetno zaradi zanimivejsega preostalega
dela Jadrana, vseskozi zapostavijen. Biolosko razisko-
vanje ribistva se je v tem delu jadrana pri¢elo sele ob
koncu osemdesetih let, Razlog za takratna raziskovanje
je hil politicne narave. Sporazum z Ralijo o skapnem
izkorisCanju osrednjega dela Trzaskega zaliva je pov-
zrocit nezadovolistva med lokalmimi ribi¢i, cemur je
sledila odlocitev o raziskavi zalog pridnenih vib in dru-
gih uzitnih organizmov (Stirn & Bolje, 1989). Zal je
omenjeno raziskovanje po nekaj letih zamrlo. Pozneje
fe osamosvojitev  Slovenije  betrovala  ponovnemu
zagorii na podrocju ekologkilh raziskav loyaih organiz-
mov. Mlada obmorska drzava se je zavedela, da se bo
morala po zgledu drugih dizav, ki izkoriscajo moiske
dobrine, lotiti lastnega raziskovanja lovnih virov. Od
zacetka leta 1995 v ta namen delujie dvodiansia raz-

)

iskovaina skupina na Institutu za biologijo v Ljubljani.

Vsakemu slovenskemu morskemu ribi¢u je znano
sezansko nihanje $tevila lovnily organizmov v nasem
morju, zal pa je natancnejéih podatkov o tem malo. V
raziskovaini nalogi Stirna & Boljeta {1989} so zbrani
edini dosedaniji podatki o dinamiki pojavijanja prid-
nenih lovnih organizmov v nasem morju. Pomanjkljivi
so tuch podatki o stevilu wist glavonozeev in rib v nasem
merju. Edini seznam vrst, ki obravnava tudi to abmndje,
je delo Matjasica ef al. {19751 Dinamika pojavljanja
glavonozcev in rib je poleg seznama ulovlienih wvist
asnava za nadalinje ekoloske raziskave teh skupin v
slovenskem morju.

V clanku navajam rezultate o vrstah, ulovljenih s
pridnens poviecno mrezo (PPM), in o dinamilki nfibo-
vega pojavljanja v ribolovinem morju Republike Slo-
verije. Qsnovani namen dela je bil ugotoviti, {i) katere
vrste glavonoZceyv in rib se ulovijo s PPM in (i) kaksna
ie njihova tetna dinamika pojaviianja.
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datum vzordéenja stevilo dolZina potegoy trajanie povprecna 1§ tip PPM/dolzina zgornie
VZIOICEV vzorcena hitrast vrvi ustja PPM
tkm) {Nm} (min.} (Nrmh)
28. 61995 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% 3 11,13 6,00 156 2.25 KOM /36,8 m
22.8.1995 3 13,75 7 A3 206 2,16 KOM /36,8 m
18 9. 1995 3 21,52 11,62 356 1,96 KOM /30 m
12,10, 1895 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 mi
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 7.60 4,21 120 2,11 KOM /39 m
41 142 92 77,14 2075

Tabela 1: Podatki o potegih s pridneno poviecno mrezo, na katerih temelji raziskava o pojavifanjo glavonozcev in
rib v slovenskem morju. Legenda: PPM = pridnena poviecna mreZza, 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 hased.

datum vzorcenja = sampling date, stevilo vzorcev = No. samples, dolzina potegov = length of pulls, trajanje
vzorcenja = sampling duration, povprecna hifrost = average speed, tip PPM/dolZina zgornje vrvi ustia 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 I je dno muljasto-pesceno, med oba tipa dna pa se vriva
obmocije muljasto-detritnega dna (Stirn & Bolje, 1989).
Material
Vzoréna mesta in ¢asovna razporeditev vzordenja
V raziskavi sem zajel glavonezee in ribe, ki so pred-
met ribolova s PPM. V PPM s se ulovili predvsem pred- Vzordili smo v obdobju od 24, 4, 1995 do 24. 9.
stavniki pridnenih vist. V ulovu e bilo vselej tudi 1996, Za raziskavo dinamike pojavljanja glavenozceev in
manjde Stevilo osebkov nekaterih pelagkib vist. Pelaske  rib sem uporabil podatke 41 vzorcev iz obdobja od 28.
vste sem upolteval v seznamu vrsl, izpustit pa sem jih - 6. 1995 do 24. 9. 1996 {tabela 1), Potege s PPM smo
iz dinamike pojavijanja. Za dolocanje vrst sem uporabil  opravili na treh transektih, ki 50 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 Whilehead et al (1986a, 1986h, 1889)  delu (severozahodno od Koprskega zaliva od tacke 45°

- zanbe. 35,58 N, 13°40,30" E proti tocki 45°34,37° N, 13°
39,18 E}; transekt 2 je bil v osrednjem delu (severno od
Obravnavane obmocje rtica Ronek od locke 45°36,40' N, 13°35,00' E profi

ok 45935,00° N, 13°35,65" £} in transekt 3 v zahod-
Vzoreili smo v delu ribolovnega morja Republike  nem delu {severozahodno od Piranskega zaliva od tocke
Slovenije, v katerem je dovoljena uporaba PPM. Oh-  45°32,88' N, 13°30,45' £ proti tocki 45°33,90" N, 13°
madje je prot obali omejeno s 2rto, ki je od obale od-  28,98' B} {slika 1). V encm vzorcevalnem dnevu smo
daljena eno navti¢no miljo. Proti odprtemu morju je ob-  praviloma opravili ¢ potege s PPM. Vzor¢ili smo enkrat
macie omejeno z mefo teritorialnih voda Republike Slo-  na mesec, veasih pa je zaradi slabega vremena priglo do
venije. Dno na ten obmodju je v glavnem ravno, globina  vedjih razmikov med dvema vzorcevalnima dnevoma
morja pa je v vecjem delu od 22 do 24 metrov. Za  ali do manjSega stevila vzorcev v enem dnevu. Potege s
vzhodni del je znacilno Hovnato-muljaste dno {seve- PPM do do 18. 9. 1996 smo opravili na obmogjih tran-
rovzhodne od strunjanskega polotoka), v zahodnem de-  sektov, vendar pa so bili potegi daljsi (tab. 1},

18
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Stika 10 Zemljevid obravnavanega obmodja z oznace-
nimi {ransekti, na katerih smo vzorcili s pridneno po-
viecno 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 vzoréenja smo opravilt v svetlem delu dneva.
lunija smo vzorédi v akviry mednarodnega programa za
raziskovanje pridnenih komerciainih organizmov v Sre-
dozemiju (MEDITS}. Pri tem smo uporabili metodiko, ki
jo predpisuje omenjeni program (MEDITS, 1995, 1996).
Za metodolosko izhodisée fastnih vzoréen] smo se
drzali protakola programa MEDITS, ki pa smo ga morali
nekoliko prirediti. Obe vzordeniji sta se razlikovali pred-
vsern po tipu uporabljene PPM, Casu trajanja vzorcenja
{MEDITS: 30 minut; nase vzorcenje: 40 minut) in bitrost
vieke (MEDITS: 3,3 Nawth; nade vzordenje: 2,2 Nm/h).
Natantnejsi podatki o vzordenju so v tabeli 1.

Lovili smo z dvema plovitloma in mrezama. V okviru
programa MEDITS smo vzorcili z vibisko ladjo dolZine
32 metrov in mocjo motorja 500 kilovatov. Obakrat smo
uporabili PPM (diagonala ocesa saka = 20 mm), izde-
fano v raziskovalne namene {(MEDITS, 1995). Lastha
vzoréenja smo opravili z najetim ribiskim colnom dof-
zine 11,46 metrov in modjo motorja 80 kitovatov, ki
wdk sicer tovi na tem obmodiju s PPM. Uporabili smo
srednje 1ezko mreZo, izdelano za komercialni ribofoy
idiagonala ocesa saka = 37 nmm). V casu raziskave je
ribic spreminjal dolzino keil mreze, kar pa sem pei izra-
cunih yselej uposteval,

Analiza vzorcev ter ocena abundance in biomase

Vistno sestavo vzorcev sem ugotavljal s pregledo-
vanjem celotnih vzorcev. Ribe in glavonozce sem raz-
vistil po vrstah. Za vsako visto sem predtel osebke in ib
stehtal. Glavonozeem sem merit dolzino plasca {Roper

19

et al,, 1984}, ribam pa celotno telesno dolZino (Sparre &
Vanema, 19%2).
Povisino potega § PPM sem izracunal po obrazeu:

a=sxhx Xy fkme

kier je s pot, ki jo je apravilo plovilo, h doizina
zgorje vivi ustja koce in X3 fakior zmanjsanja ustja
myeze. Po Shindo {1972) sem uporabil falitor zmanjsanja
0,66. Dolzino poti sem odcital z GPS na osnovi treh
tock za vsak vzorec. Prva tocka je bila mesto zacetka
vieke, druga tocka je bila ¢asovno na sredini vleke in
tretja na koncu vieke,

Biomaso za posamezno vrsto sem izrac¢unal po
obrazcu:

b = (Cw/ayX, [kg km}

kier je Cw teza organizmoy posamezne vrste v vseh
vzorcih, opravijenib na isti dan, a povrsina vseh potegov
s PPM in X, faklor uhajanja rib 2z obmocja ustja nuele
Sparre & Vanema, 1992} Po zgledu Stirn in Bolje
(1989} sem uporabil faktor thaianga vib 0.4,

Abundanco osebkov posamezne viste sem izracunal
po obrazcy:

Ab = (Exfal/X; [Ex km]

kjer je Ex Stevile osebkov posamezne vrste v vseh
vzorcih, opravijenih na isu dan.

REZULTATIE IN RAZPRAVA
Seznam ulovljenth vest

Seznam 64 ulovijenih vist temeljs na 55 vzorcih.
Ulovili smo 8 wvist glavonoZeey in 56 wrst rib. Od rib
hrustanenic (Selachii - Chondrichthyes) smo ulovili 4
vrste, od rih kosinic (Osteichthyves) pa 52 vrst (tabela 2.
Med glavonozci je bilo 7 pridnenth wist in 1 pol-
pelaska. Tri wviste rib hrustanénic so bile pridnens, ena
pa bentopelaska. Od rib kostnic je bilo 37 pridnenih, i1
peladkih, 3 bentopelaske in 1 polpelagka vrsta.

Seznam vretencarjev severnega fadrana (Matjasic ef
afl., 1975) dopolnjujem 7 eno vrsto glavonosca (Sepia
orbignvana) in osmimi vistami riby (Raja asterias, Mullus
surmuletus, Pagellus bogaraveo, Deltentosteus quadii-
macufatus, Parablennius tentacularts, Trigloporus lasto-
viza, Phrynorhombus regius in Monachirus hispidus).

Seznam ugotavhenih vrst se v glaviem ujema s
seznamom, ki ga navaja Bolje {1992). Vedji odmik je bil
pri ribab hrustanénicah. V vzorcih, ki jih je obdelal
Bolje, so bili se¢ Scyliorhinus canicula, Squalus acan-
thias, Raja miraletus, Torpedo marmeorata. V. mojem
seznamu rib kostnic manjkajo vsi pradstavniki druzine
Scorpaenidae, ki jih je ugotovil Bolje. Vsi amenjeni od-
miki so verjetne povezani z raziskovalnim ohmocjem,
saj je Bolje vzorcil tudi bolj jugozahodno.

-
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Tahela 2: Seznam vrst, ulovljenih s pridneno poviecno
mrezo v slovenskem morju. Seznam vrst temelji na 55
vzorcih iz obdohja od 24. 4. 1995 do 24. 9. 1996.
Stevilo ulovijenih osebkov in pogostnost pojavijanja
veste v vzorcih pa temeljijo na 47 vzorcih (28, 6. 1995
do 24, 9. 1956),

D = pridneno (bentoske ali demerzalne vrste);

P = pelasko; PP = polpelasko; BF = 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
Sepfember 24th 1996. Numbers of caught individuals
and frequency of occurrence in samples are based on
41 samples (June 28th 1995 lo September 24th 1996).
$t. osebkov = No. individuals

pogosttost (%) = frequency (%)

bivalisce = habitat

D = demersal species

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

Roper in sod., 1984; 2Branstetter, 1989; IStehmann &
Burkel, 1989; 4McFachran & Capape, 1989; SWhitehead,
1989a; ®Whitehead, 19890, "Bauchot & Saldanha, 1986;
Svetovidov, 1986a; YSvetovidov, 1986h; 19Quero, 1986;
NTotonese, 1986a; HTortonese, 1986h; 13Smith-Vaniz,
1986; '4labbish Ning Chao, 1986; SHureau, 1986a
16Bauchot & Fureau, 1986; "Yoronese, 1986¢; 18T
tonese, 1986d; Mureau, 1986b; 20Colette, 1986; 11fyic-
ke, 1986; 22Ben-Tuvia, 1986, 23Quignard & Pras, 1986;
MNjelsen, 1986a; 2SNielsen, 1986h; 26Quero et al., 1986,
27Carus0, 1986,

Pojavijanje pridnenih vrst
1. Mala sipa (Sepia elegans Blainville, 1827}

Posamezne mate sipe so bile v paletnih vzorcils, od
junija do septembra {tabela 3). Tudi v vzorcih Boljeia
(1992} male sipe v zimskem ¢asu ni bilo, iz desar
sklepam, da se pojavija le v toplejsem dely leta,

2. Navadna sipa (Sepia officinalis Linnaeus, 1758)

Navadne sipe so hile v spomladanskih, poletnih m
jesenskih vzorcih, in sicer od aprila do junija, od
septembra do oktobra 1995 in od aprila do septembra
1996 (tab. 3). Obcasno pojavijanje navadne sipe v
vzorcih st razlagam z uporabo prelabkih PPM. Po na-
vedhah ribic¢ey se stevilo sip poveca v zimsiem in spo-
miaclanskem ¢asu, kar je verjétno, povezano z njihavo
selitvijo proti obalnim ubmué'em, kiev naj bi se spo-
miadi in poleti drstile (Bolie; 1992). Navadna sipa se na
cbravnavanem c'»bm‘oCJ_ et pojavija vse loto.
Dolzina plasm /2 mm{3! SD 26 N1y,
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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 bodicasto sipo ulovili
severozahodno od Piranskega zaliva, aprila pa severo-
zahodno od Koprskega zaliva.

4. Sipica (Sepiofa sp.)

Posamezne sipice so bile v spomladanskih vzorcih
{tab. 3) na obmodjih vseh treh transektov, Bolje {1992)
je tmel v ulovih vrsto Sepiofa rondelet, ki je bila v vseh
vzorcil redka, v februarskih vzorcih pa je ni bilo.

5. Pritikavi ligenj (Alloteuthis media (Linnaeus, 1758))
Pritlikavi tigen se je pojavijal vse leto, najvedje

Stevile osebkov pa je bilo od zgodnje jeseni do pozne

pomiadi {tab. 3). Zaradi majbnosti je bilo $tevilo pritli-

kavih lignjev v ulovibh vsele] podcenjeno. Dolzina

plasca: 56 mm (15-166, SD=17, N=152),

6. Navadni ligenj {Loligo vuigaris Lamarck, 1798)

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

jem Stevilu pa koanec poletja in jeseni (shika 2). Najvecji

deler biomase vzorca so lignji doseghl novembra (35%),
ko je bil najvecii twdi dele? osebkov (21%). Zaradi
pelpelaskega nacina zivijenja je bilo Stevilo lignjev v
vzorcih verjetno podcenjeno. Dolzina plasca: 109 mm
{33-405, $D=59, N=423).

7. Navadna hobotnica {Octopus vudgaris Cuvier, 1797)

Ene navadno hobomico smo ulovili 18, 9. 1995
severozahodne od Koprskega zaliva. Ufov hobotnice
PPM je prej ziema kot pravilo, saj se hobotnica na-
vadno zadrzuje biizie obali,

]
s

8. Modkatna hobotnica (Eledone moschata (Lamarck,
1799

Motkatna hobotnica se je pojavijala vse feto (tab. 3},
Nijena abundanca in biomasa sta bilt najvecji v poletnih
in jesenskih mesecih (slika 3). Najve¢ji dele? biomase v
vzorcih je moskatna hobotnica dosegla julija (41%) in
septembra 1995 (44%), mediem ko je bil njen dele? leta
1996 najvecji avpusta (31%). DolZina plaséa: 80 mm
{35-140, SD=17, N=297}.

9. Navadni morski pes (Mustelus mustefus (Linnaeus,
17580

Navadni morski pes se je pojavijal v toplejsih me-
secth (slika 4, tab. 3} Takrat se je zgadilo, da so ribici z

2

enim potegom zajeh fudi do nekaj deset oseblav, med-
tem ko v drugih potegih navadnega morskega psa ni bilo
ali pa so hili le posamezni osebki. Delez biomase na-
vadnega morskega psa je bil najveci avgusta 1993, ko fe
dosegel 41 odstotkov ulova. Naslednije leto je bl najvedi
delez biomase navadnega morskega psa v juniju, ko je
dosegel 14 odstotkov. Odsotnost navadnega morskega
psa v vzorcih, dobljenih v bladnejiem delu leta, si
razfagam z manjgim $tevilom osehkav in premajheim
stevitom opravijenih vzorcev, Glede na to, da je Bolje
(1992) navadnega marskega psa ulovil tudi pozimi, me-
nim, da se vrsta pri nas pojavija vse leto. Celotna dol-
zthe: 379 mm (278-805, SO=121, N=25).

10. Zvezdasta raza (Raja asterias Delaroche, 1809}

V oheh letit smo zvezdasto vazo ulovili junija (1ab.
31 v abmodju severnzahodno od Piranskega zaliva,
Obakrat smo uporabili tezjo PPM, kar je verjetno vzrok,
da zvezdaste raze ni bito v drugih vzorcih. Verjetna se,
podohno kot druge ribe hrustanénice, tudi zvezdasta
raza pojavlia v toplejsih mesecih, To potrjujejo tudi
rezultati Boljeta (1992), ki je zvezdasto razo ulovil samo
julija.

1. Marski bie (Dasyatis pastinaca {Linnaeus, 1753)

Enega morskega bica smo wowili done 21, 3. 1996, V
takratnem wovi je bilo twdi vec morskih golobov in
navadnib morskib psov, iz ¢esar sklepam, da se posa-
mezni morski bici pojavljajo skupaj z drugimi vrstami
hrustancnic.

12. Morski goloh (Myliobatis aquila (Linnaeus, 1758)}

Marskega goloba sme wjeli v drugi polovici poletia
in zgodaj jeseni (slika 35, tab. 3} Njegovo pojavijanie se
je v glavhem wjemalo s pojavijaniem navadnepa mor-
skega psa. Najvedji delez biomase v ulovu je mosski
golob dosegel avpusta 1995, ko je dosegel 9 odstotkov.

13. Ugor (Conger conger ([Artedi, (738] Linnacus,
1758)

Enega ugorja smo ulovili dne 24, 4. 1995 severo-
zahodno od Piranskega zaliva. Po navedbah ribicev
ugatja pred letom 1294 ni bilo v ulovih s PPM, leta
1994 in 1995 pa so pogosto ulovili posamezne osebke.

14, Veliko morsko silo {Syngnathus acus Linnasus,
1758)

fno vetiko morska silo smo ulovidi dne 21, 8. 1996,
Po navedbah ribiceyv se posamezni osebki velikega mos-
skega sila obcasno ulovijo v PPM.
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Stika 2: Abundanca (o) in biomasa (x) lignja (Loligo vul-
garis Lamarck, 1798) na obmodju ribolova s pridneno
poviecino inrezo v slovenskem morju (os = #evilo
osebkov).

Fig. 2: Abundance (o) and biomass (v} of Common
Squid (Loligo vuigaris 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 morski pes (Mustefus mustelus (Lin-
naeus, 1T758)).

Fig. 4: Smeothhound (Mustefus mustelus (Linmaeus,
1758)).
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Slika 6: Oslic (Merluccius merluccius (Linnaeus, 1758)).
Fig, 6: Hake (Merluccius merlfuccius (Linnaeus, 1758)).

350
160
EaRZUE] ’g
$woi \ -
o> | H 2
X s
T ool 3
£ | 4
£ 50 5
£ 4 -\ . B
0 q
P e 3 N
2RER LE 5% 8 &8 B &8 8
worma mE Foa e w e
A8 ey g N & ° A
dnavi

Slika 8: Moli¢ (Trisopterus minutus (Linnaeus, 1758)).
Fig. 8: Poor-Cod (Trisapterus minutus (Linnaeus, 1758)).
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Slika 3: Moskatna hobotnica (Eledone moschata (La-
marck, 1799)). Glej podnapis pod stiko 2 za razlago.
Fig. 3: Musky Octopus (Eledone moschata (Lamarck,
1799)} (see fig. 2 for explanation).

abundanca {os k')

WL
253,93
3835
22698
:03.95
12,10.35
223195
207285
22486
278 %
1G.4.95
166,98
167,55
21896
24995 )

Gnavi

Slika 5: Morski
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 meriangus (Linnaeus 1758}).
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Slika 9: Kovac (Zeus faber (Linnacus, 1758)).
Fig. 9: John Dory (Zeus faber (Linnacus, 1758)),
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Slika 10: Vol¢ic (Serranus hepatus (Linnaeus, 1758j). Slika 1% §pagef (Cepola rubescens Linnaeus, 1766),
Fig. 10: Browa Comber (Sewvanus hepatus (Linnaews,  Fig. 11: Red Bandfish (Cepola rubescens Unnaeus,
1758}). 1766).
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Slika 12: Brada¢ (Mullus barbatus Linnaeus, 1758). Siika 13: Bukva (Boops boaps (Linnaeus, 1758)).
Fig. 12: Red Mullet (Muflus 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 ervthrinus (Linnaeus, 1758}).
Fig. 14: Annular Sea Bream (Diplodus annularis (Linna-  Fig. 15: Common Pandora (Pagellus erythrinus (Linna-
eys, 1758)). eus, T758)).
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Slika 16: Menola (Spicara flaxuosa Rafinesque, 1810). Shika 17: Morska plos¢a (Platichthys flesus (Linnaeus,
Fig. 16: Menola (Spicara flexuosa Rafinesque, 1810). 1758)).
Fig. 17: Flounder (Piattichthys 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
marskega konjicka obéasno ulovijo v PPM,

16. Oslic (Mertuccius merfuccius {linnaeus, 1758}

Abundanca in biomasa oslica sta nihali {stika 6, tab.
2). Ceprav v vzorcih treh vzorcevainih dni ostica ni bilo,
menim, ¢da je bil prisoten vse leto. Njegov deles
biomase v vzorcih je bil npajvecji junija 1995, ko je
dosege!l sest odstotkov. Tudi Bolje {1992} je ugotovil, da
se je oslic pojavljal vse leto, pri cemer je bilo nekaj
posebnega vedja ugotovijena abundanca in biomasa fe
viste leta 1987. Celotna dolzina: 277 mm (143-375,
SD=76, N=8).

17. Mol (Merfangius merlangus {Linnaeus, 1758))

Mol se je pojavijal vse Jeto (tab. 3). Najvec jih je bilo
v toplejsih mesecih leta 1995, po tistem pa sta tako
biomasa kot abundanca priceli upadati {(slika 7). Delez
biomase mota v ulovu je bil najvec)i v jesenskih in zim-
skify mesecihy, ko je decembra 1995 dosegel 47 odstot-
kov, Celotna dolzina: 209 mm {78-312, SD=51, N=261).

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

Molicev je bilo najvee poleti 1995, nato pa sta bio-
masa in abundanca te ribe saglo upadli (slika 8, tab. 3.
Naslednje poletje molica v ulovih skorajda ni bilo. De-
lez biomase v ulovu je bil najvecii v zac¢etku avgusta
1995, ko je dosegel 12 odstotkov. Po podatkih Boljeta
{1992} se moli< pojavija vse lelo, v zimskih mesecih pa
je ulov molica vecji. Celotna dolzina: 129 mm (55-210,
SO=30, N=85).

19. Kova¢ (Zeus faber Linnacus, 1758}

Pojavijanje kovaca je doseglo visek v poletnih me-
secih {slika 9, tal». 3. Kijub temu da kevaca ni bilo v
vzorcih treh vzorcevalnih dni, se na obravnavanem
obrnodju verjetne pujavlja vse feto. Novembra 1995 je
bil delez biomase kovaca v vzorcih najvedji in je do-
segel sedem odstotkov. Celoletno pojavijanje kovaca
potrjujeio tudi podatki Boljeta (1992). Celotna dolzina:
182 mm (64-205, 5D=65, N=35).

20. Brancin {Dicentrarchus fabrax {Linnaeus, 1758))

Enega brancina smo ulovili dne 20, 12. 1995 v ob-
motiu severozahodno od Koprskega zaliva. Po naved-

bah ribi¢ev brancina redkokdaj ufovijo s PPM, saj se
zadrzuje blizje obali. Celotna dolzina: 435 mm.

21. Voleic Serranus hepatus (Linnaeus, 1758))

Voleic se je pojavijal vse feto, pogostejéi pa e bil
polett in jeseni (slika 10, tab. 3}, Med posameznimi
vzorcevalnimi dnevi je delez biomase vol¢ica modno
nihal, najvecjo vrednost pa je dosegel junija 1996, ko je
bil njegov delez 18 odstotkov. Podobno je nihal tudi
deter osebkov v vzorcy, ki je svojo najvecio vrednost
{46%) dosegel avgusta 1996, Celotra dolzina: 99 mm
(77-123, SD=9, N=160).

22, Spaget fCepola rubescens Linnaeus, 1766)

Spaget se je pogosteje pojavljal v toplejtih mesecih
{(slika 11, tab. 3). Takrat je bil tudi delez njegove bio-
mase v ulovu najvedii, ni pa presegel treh odstotkoy. Po
podatkih Boljeta (1992) se Spaget v obravnavanem ob-
mocju pojavija vse leto, Celotna dolZina: 395 mm (270-
515, §0D=98, N=6).

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

Enega korhela samo wlovili 20. 12, 1995 {tab. 3)
severozahodno od Koprskega zaliva. Po navedbah ribi-
cev se posamezni korbeli pojavijajo samo v zimskem
casu. Celotna dolzina: 404 mm.

24. Bradaé (Mullus barbatus Linnaeus, 1758)

Za bradace je bile znacilno, da so se v manjsem
stevilu pojavljali poleti in jesent 1995, septembra 1996
pa sta njihova abundanca in biomasa naglo narasti (slika
12, tab. 3} Povecanje Stevila bradacev se je zdelo
nenavacino tudi ribicem. Znacilne je bilo, da biomase
bradacev 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 Trzasikem zafivu v vecjem Stevilu pojavijo jeseni,
medtem ko jik je v drugih obdobjib teta malo. Celotna
dotZina; 143 mm {90-215, 5D=21, N=129).

25. Progasti bradad (Mullus surmuletus Linnaeus, 1758)

Progastega bradaca smo ulovilt 24. 9, 1996 (tab. 3)
severozahodno od Piranskega zaliva. Dva osebka sta
bila v vzorcih, ki so zbujali pozomost zaradi velikepa
stevila bradaca tMulfus barbatus). Njuni celotni doizin
sta znagali 186 in 231 milimetrov.

26. Bukva {Boops boops (Linnasus, 1758))

Za bukvo je bilo znacilno precejsnje nihanje abun-
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dance in hiomase 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 najvee, je dele? njihove
biomase komiaj presegel en adstotek. Glede na podatke,
ki jih je navedel Bolje (1992}, lahko sklepam, da se
bukva kljub odsathosti v vzorcih iz Wladnejsih mesecev
na obravnavanem obmodju pojavija vse leto. Celotne
doizine 4 bukev so bile med 207 in 226 milimetrt.

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

Unega zobatca sma ulovili 24. 9. 1996 (tab. 3) seve-
rozahodno od Piranskega zativa. Ribi¢i ga s PPM ulovijo
zelo redko, saj se zadrZuje bel ob obali. Celota dol-
zina je bifa 131 milimetrov.

28. .§pa1‘ (Diplodus annudaris (Linnaeus, 1758

Spart so se pojavijali vse leto, balj mnozi¢no pa po-
leti in jeseni (slika 14, tab. 3} DeleZi biomase v vzorcih
50 se poleti in jeseni gibali med 7 in 8 odstotki, najvecio
vrednost pa je delez biomase dosegel konec septembra
1996, ko je dosegel 19 adstotkov. Celotna dolzina: 138
mm (72-189, $D=23, N=113}.

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

Edini ulov ovcice je bil 24. 4. 1995 v obmodju
severozahodno od Piranskega zaliva, ko fe bilo v vzoreu
& osebkav.

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

Dva okata ribona smo ulovili 18. 9. 1995 (tab. 3y v
abmocju severno od rtica Renei. Celotni dolzing sta
znasait 137 in 145 milimetrov.

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

Riboni so se v vedjem Stevilu pojavijali v poletnih
mesecih {slika 15, tab. 3). Takrat je delez biomase v
vzorcili dosegal 30 odstotkov. Glede na podatke Beoljeta
{1992) sklepam na celoiemo pojavijanje ribona. Celotna
dolzina: 181 mm (82-293, SDI=48, N=221),

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

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

33. Orada (Sparus aurata Linnaeus, 1758)

fno orado smo wlovili 20. 12. 1995 @tab. 3) na ob-
moc¢ju severozahodno od Piranskega zativa. Orada je

bifa tudi po podatkib Boljeta (1992} redke ulovljena
vrsta s PPM. Celotna defzina je bila 220 milimetrov,

34, Menola (Spicara flexuosa Rafinesque, 1810}

Menola se je v obravhavanem obmocju pojavijala
vse leto, vecjo abundanco in biomaso pa je dosegla v
toplejsih mesecih (slika 16, tab. 3} Delez njene hio-
mase v ulovu je bil najvec¢i aprifa in junija 1996, ko je
dosegel 27 odstotkov. Aprila je hil najvedi tudi delez
osebkov (43%;). Celoletno pojavljanje menole v Trzas-
kem zalivu potrjujejo tudi podatki Boljeta (1992). Celot-
na delzina: 143 mm (70-230, SD=27, N=671).

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

Tri rumene ustpace smo ulovili 18, 9. 1395 seve-
rozahodno od Koprskega zaliva in severno od rtica Ro-
nek. 16. 6. 1996 smo severozahedno od Piraonskega
zaliva ulovili 9 rumenih ustna¢ {tab. 33 Glede na po-
datke Bolieta (1992) se rumena ustnaca na obravnava-
nem obmodju verjetno pojavija 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 oktobram (tab. 3}, vselej v ob-
maocju severozahodno ed Piranskega zaliva. V vzorcih
so bili vselej le posamezni osebki. Celotne dolzine 3
marskil zmajev so bile med 248 in 285 milimetri.

37. Zvezdogled (Uranoscopus scaber Linnaeus, 1758)

Enega zvezdogleda smo ulovili 25. 7. 1995 {tab. 3}
na ohmocju severozahodno od Kaprskega zaliva.

38. Pegasti glavae (Deltentosteus quadrimaculatus (Va-
fenciennes, 18373

Pegasti glavad se {e na obravnavanent obmodju po-
javijal vse leto {tab. 3). Stevilnejsi je bil v toplejsem delu
leta. Najved osebkov smo ulovili junija 1996, ko jib 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 glava¢ (Gobius niger Linnaeus, 1758)

Crni glavac je bil v mrezi vse leto, obdasno pa je v
katerem od vzorcevalnih dni manjkal tab. 3). Stevilo
Srnega glavaca je bilo v vseh vzorcih, razen v junijskih,
podcenjeno zaradi uparabe lazje PPM. Celotna dolzina:
104 mm (70-138, SD=18, N=18}.



ANNALES 9/'96

Bafan MARCETA: POJIAVUANE NEKATERIH SRST GLAVONOZCEV I #18 v SLOVENSKEM MOR]L, (7-30

Vit Vi Vi Vil IX X xi X { 1 V \i \ull Vilt iX
Sepia elegans 2 . - 1 . - - - . 7 .

Sepia officmals 3 - - 2 2 2 - - - 2 3 . 2 bt
Senis ortbignyana . 1 - . - - - 2 . - - -
Sepinla sp. - - - - . - - - - 2 3 - - .
Alloteuthis media 4 4 3 3 4 4 3 4 4 4 4 3 3 4
Lobigo vulgaris 3 3 3 3 4 4 3 3 3 3 2 3 3 4
Octopus vilgaris - - . 1 - - . - - . .
Eledone moschata 4 4 4 4 3 3 7 3 2 2 4 3 3
Mustelus mustelus 3 2 3 - 2 - - “ - 2 4 3 2
Raja asterias 2 “ - - - - - 2 - - -
Myliobatis aquila . 2 1 2 . . . _ . 2
Hippoc. rarmulosus - - . - - . - 2 - - . . . .
Meriuc, meriuccius 3 3 2 3 2 . 2 - 2 2 3 . 2 2
Merian, merlangus 4 4 3 4 32 3 4 3 2 3 3 3 2 2
Trisopterus minutus 4 3 4 4 3 N 3 - 1 - 3 2 - 2
Zeus faber k] 2 2 3 2 2 2 2 - - 3 3 2

Serranus hepatus 5 3 3 4 4 3 3 3 - 2 5 4 4 4
Dicentrar. labrax - - - - 2 . . . . .
Cepola rubescens 4 3 3 3 2 2 2 . - 3 3 3 3
Umbyina cirrosa - - 2 . . - - . -
Mudius barlatus 2 2 3 3 2 2 1 2 - 3 4
Mulius surmauletus - - . - . - . - . . - 3
Boops boops 3 2 2 2 2 - - - . 3 2 2
Dentex dentex - - . - . . . - _ . . . 2
Diplodus annularis 4 4 3 3 3 2 2 2 - z 2 3 4 4
Pagellus bogaraveo - - - 2 - - . . . . , . .
Pagellus erythrinus 4 4 4 4 3 2 2 . 2 3 4 3 3
Pagsus pagrus - - 2 - - - " . R
Sparus aurala - - - . . 2 : ; )

Spicara flexuosa 4 ) ) 4 4 4 3 3 2 4 5 4 2 3
Syimgho. cinereus - - 2 - - - 3 . . R
Trachinus dracn - - . . 2 - - - . - 2 . 2 .
Uiranosco. scaber - 1 - - - - . - . - .
0. quadrimaculatus 3 1 2 2 2 2 3 2 - 3 4 3 3 2
Gobius niger 4 2 1 3 - 2 - 2 - 2 3 2 3 2
Callionymus sp. - - - . - - - 2 - . B
Blennius ocellans 2 - . - - - - . .

Parab. gattorugine 2 - - - . - - - - 2 2 . §
Parab. tentacularis - - - - . - - - - - 2 . . .
Liza aurata 2 2 B . . - - R - - . - 2 3
Triglop. lastoviza - - 2 - - . - - - _ -

Phrynorhom. regius - - - . . - - - - - 2 . B .
Amoglassus laterna a - - . - - B - 3 . . .
Platichthys flesus - - - - - - 2 3 2 - - - - ;
Buglos. Juteum 2 2 - - - - - . 2 - . -
Monoch. hispidus 2 - N - ) . - . 3 - - .
Solea kleini - . . . 3 . _ . . _ . . _ .
Snlea vidgaris 2 - - - : - 2 - . - - - - -
Lophius piscatorius - 2 - - - - - - - - - - . .

Tabrela 3: Mesecno pojavijanje pridnenih, bentopelaskih in polpelaskih vrst glavoneZcev in rib v obmocju ribefova
s pridnenimi povilecnimi mrezami v slovenskem merju. Analiza abundance vrst temelji na 41 vzorcih iz ohdohja 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 (10060-99999 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 471
samples faken 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 (Fata: M. Richter),
Gobius niger (Phota: M. Richtet).

4¢. Zmajcek (Callionymus sp.)

Zmajcka smo ulovili 16, 6. 1996 {tab. 3) v obmogju
severozahodno od Koprskega zaliva, Verjetno bi se
zmajcki pogosteje pojavljali v vzorcih, ko bi bili upo-
rabijaii tezjo PPM.

41. Okata babica (Blennius ocelfaris Linnaeus, 1758)

Po eno okalo babico smo ulovili 24, 4, in 28, 6.
1995 {tab. 3), ohakrat v obmodju severozahodno od
Piranskega zaliva. Verjetno bi se akate babice pogosteje
pojavljale v vzorcih, ko bi bifi uporabljali tezjo PPM.

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

Posamezne rjaste babice smo ulovili v ¢asu od junija
do juliia (tab. 3) na obmaocdjib severozahoadno od Ko-
prskega zaliva in severozahodno od Piranskega zaliva,
Verietno bi se rjasta babica pogosteje pojavijaia v
vzorcih, ke bi bili uporabliali tezjo PPM.

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

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

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

Zlati ciplji so se pojavijali v ulovu v ¢asu od junija
do septembra, ve¢inoma na obmogju severozahodne od
Koprskega zativa. V vzorcih so bili vselef le posamezni
osebki. Celotne dolzine sedmih zlatih cipljev so bile
med 275 in 378 milimelri.

|39]

1y

45, Rument krulec (Trigla lucerna Linnaeus, 1758)

Enega rumenega kenlca smo wovili pri rednem ribo-
fovie 20. 12, 1995 v obmodju severozahodno od Pirana.
vV ulovih Boljeta (19221 je bil rumeni krulec redek,
vendar se je pojavijal vse leto.

46. Progasti krulec (Triglopotus lastoviza (Brunnich,
17683

Enega progastega krulca smo dlovili 12, 10, 1995
{tab. 3} v obmocju severazahodno od Piranskega zaliva.
Njegova celatna dolZina je bila 153 milimetrov.

47. Kosmati romh (Phrynorhombus regius (Bonnaterre,
1788

Stiri kosmate rombe smo dlovili 16, 6. 1996 (ab. 3)
v obmadjil severozahodno ad Koprskega zaliva in seve-
rozahodno od Piranskega zaliva, Po podatkih Boljeta
(1992) so bili kesmati rombi redki, vendar pa so s2 po-
javliali vse leto. Verjetno bi biti kosmate rombe po-
sosteje ulavili s tezjo PPM.

48. Pataraca iArnoglossus laterna (Walbaum, 1792))

Posamezne patarace so bile v vzorcih od aprila do
julifa ftab. 3). Po podatkih Boljeta (1992) se je pataraca
pojavijala vse leto. Verjetna bi bili pataraco pogosteje
ulavili s teZjo PPM.

49, Maorska plosca (Platichthys flesus (Linnaeus, 1758))

Morska pioica se je pojavifala v zimskih mesecih
slika 17, tab. 3). Delez njene biomase je bit najvecii v
januarsikem vzorcu, ko je dosege! devet odstotkov.
Pojav morske plosce v Trzaskem zalive v zimskih me-
secih je ugotovil tudi Bolje {1992). Pozimi prihajajo
morske plodce v Trzaski zaliv zaradi drstitve. Celotna
dolzina: 185 mm (141-276, SD=36, N=35).

50. Pritlikavi morski list (Buglossidium futeum {Risso,
1810)

Fosamezne pritlikave morske lisie smo ulovili v
junijskihy in julijskih vzorcih (tab. 3). Verjetno bi se bili
pritlikavi morski listi pojavijali pogosteje v vzorcih, ko
bi bili uporabljali tezjo FPM. Celomi dolzini dveh oseb-
kov sta bili 90 milimetrov.

51. Hrapavi maorski list (Monochirus  hispidus Rafi.
nesgue, 1814)

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

52. Crnorobi morski list (Solea kieinii {Risso] Bonaparte,
1833)

Posamezne ¢rnorobe morske liste smo ulovili med
aprilskim in oktobiskim vzorcenjem (tab. 3). Obakrat je
bil ¢rnorobi morski list v vzorcih, ujetih v obmodju
severozahodne od FPiranskega zaliva. Podatki Boljeta
(1992) kazejo, da se ¢rnorchi morski list v nasem morju
pojavhja vse leto, ve¢ pa jih je v zahodnem delu. Ver-
jetho bi se ¢morobi morski list pogosteje pojavlfal v
vzorcih, ko bi bili uporabliali tezjo PPM.

53, Morski Jist {Sofea 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 pojavija vse eto,
ved pa jih je v zahodnem delu. Verjetno bi se morski list
pogosteje pojavhal v vzorcih, ko bi bili uporabljali te2jo
PPM.

54. Morska zaba (Lophius piscatorius Linnacus, 1758)

Dve morski 2abi smo ulevili 25. 7. 1995 {tab. 3) v
obmociu severno od nica Ronek. Verjetno so v obrav-
navanem obmodiu posamezne morske zabe te v top-
lejsih mesecih, na kar kazejo tudi podatki Boljela
{1992).

Spreminjanje abundance

V slovenskem morju se je abundanca obravnavanih
vist med fetom bolj ali manj spreminjata. Spremembe so
bile po eni strani posledica sezonskih selitev {Pitcher &
Hart, 1994), po drugi strani pa je na zmanjdevanje
abundance verjetno vplival wdi ribolov. Sezonske seli-
ve zivali v obmocju Trzaskega zaliva so verjetno pove-
zane z razmnoZevanjem, kolicino hrane in nekaterimi
fizikatno kemijskimi dejavniki, kot so temperatura, sla-
nost in koli¢ina raztopljenega kisika, zal pa selitev in
njthevih vzrokov v tem obmocdju Se niso raziskali.

Pojav marske ploice v nasem morju je nedvornno
povezan z razmnozevanjem (Bolje, 1992} Tudi neka-
tere druge wiste rib, na primer ribon, se v vecjih koli-

28

¢inah pojavijo v €asu, ko imajo zrelejse gonade. Abun-
danca pridnenili vist rib, z izjemo borealne morske
pioice, ie bila v hladnejsem obdobju leta nizja. To je
verjetno posledica nizkib temperatur v zimskem casy,
saj pade temperatura vode na dnu v zimskih mesecih
tudi pod 10°C (Vukovic et al,, 1995). Vzrok za zacasno
zmanjSanje abundance osebkov bentoskih vist (ha pri-
mer mogkatna hobotnica) je lahko tudi hipoksija.
Zmanjane kolicine razioplienega kisika v pridnenem
sloju vode 30 v tem obmogju znadilng za konec poletja
it jesen (Vukovic et 2/.,1995),

Viri napak pri oceni abundance in biomase

Strultura vzorcev, vzetih z 1aZjo in tezic PPM, se je
nekoliko razlikovala. V vzorcih, vzetih z lazjo PPM, je
bilo bolj podcenjeno stevile bentoskih organizmov,
predvsem predstavinikov skupin Sepiidae, Sepiolidae,
Octopodidae, Rajidae, Mvliobatoidei, Trachinidae,
Uranescopidae, Gobiidae, Callionymidae, Blenniidae in
Heterosomata  (Pleuronectiformes).  Zaradi  manjsega
ofesa mreze v koncnem defu (saku) je bilo v ulovu
raziskovalne mreze tudi vec osebkov manjsih vrst ozi-
roma nedorasiih organizmov. Najvedja velikostna selek-
cija je namred ravno v koncnem delu mreZe (Sparre &
Venema, 1992},

Mullus surmuletus (Fate: M. Richter).
Mullus surmuletus (Photo: M, Richter),




ANNALES 9/'96

Boian MARCETA: POIAVLIANIE NEKAFERIM VRST GLAVONOQZCEY IN Ri3 Y SLOVENSKEM MORRJ, 17-30

SUMMARY

chthyological research in the Slovene part of the Gulf of Trieste has heen samewhat neglected in the past, for the
biological research ip this parl of the Adriatic began not until the late 80's. The article presents the results of the
rescarch into the dynamics of occurrence of certain cephalopod and fish species and could serve as a hasis 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 bottorn trawling gear in
the Slovene part of the Adriatic Sea. Details on the occwrence of 8 bathyal cephalopad 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 Octapus {Eledone moschata), Smoothhound (Mustelus mustelus), Common
Eagle Ray {(Myliobatis aquila), Hake (Merluccius merlucciush, Whiting (Merlangius merlangus), Poor-Cod (Trisopterus
minutus), fokn Dory (Zeus faber), 8rown Comber (Serranus hepatus), Red Bandfish (Cepola rubescens), Red Mullet
(Mullus barbatus), Bogue (Boops boops), Annular Sea Bream (Diplodus annularisy, Common Pandora (Pagellus
erythrinus), Menola (Spicara flexuosa) and Flounder (Platichthys flesus).
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FOOD AND FEEDING HABITS OF THE DAMSELFISH CHROMIS CHROMIS
(TELEOSTEL: POMACENTRIDAE) IN THE EASTERN ADRIATIC
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ABSTRACT

The stomach comntents of 964 damselfish Chromis chromis coflected 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 velated to temperature andior 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 muost important {ood 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.

Kijutne besede: émik, Chromis chromis, prebrana, prehranjevaine navade, ceponozel, vzhodni fadran
Key words: damselfish, Chromis chromis, food, feeding habits, copepods, Eastern Adriatic

INTRODUCTION Despite its abundance, very listle is known about the

trophic ecology of damselfish in the Mediterranean Sea.

The damselfish, Chrornis 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 o examine the feeding habits and intraspecific resousce

depths ranging from 3 o 35 m. it occurs in the partiioning across seasons and during developmental
Mediterranean and from Portugal southwards to Angola  fife stages of damselfish in the Eastern Adriatic.

{Quignard & Pras, 1986).

in the Eastern Adriatic, the damselfish is abundant MATERIAL AND MFTHODS
{Grubisic, 1982; Miligid, 1994), but it is of no commer-
cial value alang the eastern coast {except on the central A total of 964 specimens of damselfish were ob-

Adviatic islands of Solta, Hvar, Korcula and Lastove, 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 istand of Trstenik in the central Adriatic (Fig. 1}.
nent of the coastal beach seine and gill net catch that is  Damselfish were fixed in 4% formalin immediately after
used as delictous food and as bait for lobsters. We have  capture. The fish were processed prompily after
no new data on catch, but Grubisic (1982) reported that  collection. Processing included measurements  and
it is around 30 tons per year. weighing to nearest 3.1 cm and 0.07 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 eastem Adriatic, Dulcic et al.  were tied off. The contents of the dietary material were
11994a) 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 fevel. Pres-
Duleic 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 Dulcic & Kraljevic (1995), identification, preys were weighed to the nearest 0.01 g.

31
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Fig. 1: Location of sampling station in the eastesn
central Adriatic. where damselfish (Chromis chromis)
were collected (Trstenik Island),

Slika 1: Zemijevid obravnavanega obmadfa z eznaceno
vzorcevalno postajo {otok Trstenik), kjer so bili
wlovijeni crniki (Chromis chromiis).

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 (Cp} of individuals of a prey category 1o the total
number of prey individuals in the stomachs, (3) the fre-
quency of occurence (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” {Rl) which is
based on the "absolute importance index" {Al} as fol-
lows: At = 9% frequency occurrence + % total numbers +
% total weight; RI = 100 Al / nii Al where n is the
number of | 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): Wjr = fullness in-
dex: weight of digested food/ffish weight x 100.

Proportional food overlap between size classes and
seasons for the species was calculated using the overlap
index of Schoener (39701 Cikh = 1 - 0.5 (¥} Pij - Phj),
where Pij and Phj are the proportions of prev 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 "biclogically
significant” (Zaret & Rand, 1971; Wallace, 1981}, in-

dicating a high dietary overlap (Langton, 1982).
RESULTS AND DISCUSSION

Fish fengths 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 {uvenile stage) and Group 2
fishes longer than 65 mm (adult stage). The proportion
of empty stomachs among fish up to 65 mm fong is
6.9%, while this proportion in longer fish is 5.0%.
Feeding intensity expressed by the fullness index () was
higher in smaller Jr=6.83) than in larger fish {Jr=3.80).

In Group 1, polychaetes, ostracods, copepods and
miysids constitued the hulk of the diet, while copepods,
appendicularins and cladocerans were dominant in
Group 2 {Table 1}. Stomachs of ltarger individuals con-
tained atl 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”
(Rl of polychaetes, copepods, ostracods and mysids.
Polychaetes exhibited a greater presence in the sto-
machs of smaller fish, corroborating the view that smalil
damselfish select prey of fow mobility.
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Fig. 2: Length frequency distribution of damselfish
(Chromis chromis) collected in the castern central
Adriatic for dietary studies in 1992 and 1993 (n = 954).
Slika 2: Velikostna porazdelitev dolzine ¢crnikov (Chro-
mis chromis}, ulovijenih v vzhodnem srednjern fadranu
v obdobju 1992-1993 (n = 964).
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Size grolgs 255 nun » 65 mm Sedstnt Winher Sunwnet
Comtributionofthe § f O, Cy Al RI{ T C, O, Al R Contribdtion ot thel { Cp, C,, Ab R € Oy Cp MR
prey calegories prey Calepories
Palvchaeta 43 P M5 rrSi3osizae wiog3 3 (.25 Pealychaetiv 4.1 02 13 154 249
Apperdicuianis 76207 138 N7 O9Mm Appendicularia {558 220 275 1044 190.02] 89.6 328 1067 38,4 22,73
Ostracodta 389 274 105 358 15421108 89 3.1 M9 127 Oslracada 105 98 32 155 244
Cope;:-oda 947 3.6 1E7 16X Z900%3.0 37.7 357 1365 13.29 Copepada 10G S8.2 336 (97 36.61{75.6 347 Z46 ti4.421.50
Paracalanus panaus ?62 YA OS54 832 PA7 Cirripedia {nauplii) 3.7 7 2 &4 1.1
Clausovalanus pergenst 368 23 $3 65111201587 100 AT 679 577 ecapock (arvae) 252 856 T4 382 6.4
C. furcatus 213 15 3.4 383 200{37.0 6.2 4.3 476 404 Mysiclacea h.2  0F L1 83 10
C.helgolandicus %6 1.y L1 138 317 Cladocera 100 F2.7 6.8 1395 20600 841 224 12 31e5 1898
Cpirapergens 156 52 2.9 23.7 2401 Gastropada LI 09 17 297 474
Clenuicomis 0TS 24 209 5739033 01 01 35 03n darvasgt
Lucalanus efongatus {105 5 1.2 167 3 123 03 041 25 0.2} Givithia darvag) 59 % 3 1 218
Luterpina acutiformis 4.6 01 01 43 G4 Piscas
Centropages typicus 525 68 3 7243 631 Ezgs 473 G4 G7 424 1690(334 1.6 40 193 628
Acartia clatsi 74 20 035 16 180pI42 006 08 136 133 Latvae 231 NG 31 2R SO7{6ts 16 4.2 h7.4 ELTT
Cirripedia (naupliiy 31 06 15 52 (44 Digested food | 8.8 4.3 10.4 9.4
Decapoda ffarvas) .3 &1 7Y 3935 335 Spring Auturan
Mysidacea 353 94 3721191292112 06 46 6.4 1.39 Palychasta 5002 20 54 080
Cladocera 860 225 12,3 1209 10.27 Appendicularia [78.2 26.0 22.8 127818870 747 306 233 1325 24.85
Fenilia avirostris 2@ b8 1 1506 3 A2 Ostracacly 345 14 31 M 576
Fodon intermedius 402127 6.8 597 507 Caopepoda 958 43 3381726 2548F OO a44 274 172.232.39
Evadne spinifera A 85 46 5.5 4.2 Cirigedia auptil| 172 0.2 26 20 295
Castopoda (farvae) 109 8.7 122 38 L0 Decapoda lanvae)| 37 2.3 2.3 373 651
Bivalvia {farvasl a8 1.5 102 225 19 Mysidacea 142 02 21 JEE 197
Pisces Cladascera 759 133 B OFIB 17420850 210 342 14122648
Lygs 305 1.7 38 36 307 Gastrapada  [26% 0% 29 281 415
Chronvis chromis 6.7 0.2 04 73 062 ilarvaes
Serramis hepatus 6.6 0.2 04 7.0 063 Bivalvia tarvawy 1287 04 32 223 477
Capola rubescens 92 04 08 104 058 Fiseas
Engroulis encrasicolus w805 13 114 097 Egus /A O3 23319 F7601479 12 123 64 12
Sardina plichardus 41 85 13 48 083 Latvaz 307 16 41 Mad S37E21Y 0 1M 233 437
Larvae 468 1 34 490 4t Digestedt food | 10.6 37
Chromis chremis 134 0.7 05 141 10
Sestanus hepdus TPogi 01 21 0T8N Yable 2: Contribution of the prey categories for dam-
Cepolu rubescens 7303 04 78 066H  seffish stomach contents according to season.
Gobis sp. 1002 07 109 0934 Tabela 2: Delez posameznih kategarij plena v zelodcifs
Obiada melanira 7202 08 &2 070E ~mikgv v razlicnih letnih casih,
Diplods vdgacss 0.3 001 01 641 004
Athetina hepsetus 122 03 1 135 133
Digested tood] 51 1.8 5.5 24 Seasons Wister Spring Summer Autumn
Mo of siomachs 102 462 %o Ir 1.91 5.67 3.69 210
N af empty siomachs 7 43 Group 8 - 65 mm > 65 min
% of emply stomachs 6.9 5.0 Yty 6.83 3.8Q

Table 1: Contribution of the prey categories for dam-  Taple 3: Fullness index (J¢} in specimens analyzed by

selfish stomach contents according to size groups. seasons.
Tabela 7: Delez posameznih kategorif plena v zelodcih  Tabela 3: Hureaujev indeks (fr) primerkov, raziskanik v
¢rnika glede na velikost. razlicnih letnih ¢asih,
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Season Winter  Spring Summer  Autumn

Winter 0.70 0.67 (.93

Spring 0.60 .71

Summer .69

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

Table 4: Proportional food overlap coefficients {5cho-
ener index} of damselfish between seasons.

Tabela 4: Koli¢nik prekrivanja v prehrani (Schoenerjev
indeks) ¢rnika v posamezaih 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.

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

Food guantity in analyzed guts, expressed as the
fullness index (1), was highest in spring (fr = 5.67) and a
significant drop was recorded for winter {Jr 1.91}
(Tahle 3),

Fischer's LSD test indicated that the mean fullpess
index was significantly higher in spring and summer.
The application of ANOVA and multiple range tests to
the seasonal data indicated sighificantly higher values in
spring (ANOVA: F = 12,424, P < 0.001),

Values of Schoener's {1370) index of dietary overlap
were obtained from a comparison (by weight) between
the different size groups (0.58) and seasons {Table 4},
Almost alt the values were » 0.60, indicating high die-
tary overfap. Thus, the feeding spectrum of damselfish
depends little across season of capture, The small vari-
ations of the principal pray items between the different
seasons contributed o the high level of inter-season
proportional overfap.

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 (farvae) and Bivalvia
(larvae), fish eggs and fish larvae, maioly at larger
lengths. Polychaetes, Cirripedia (haupli), Mysidacea
and Decapoda ilarvae) were also accasionally found in
the stormachs. These results are generally in accordance
with the observation of Duka & Shevchenke (1980) off
the Mediterranean coast of island Lampedusa and for

damselfish from the Black Sea. Same authors mentioned
that copepoda {(Calancida, Cyclopoida - 15 species)
were the mast abundant food items, that Appendicularia
(Oikopleura dioica) ranked second in the Mediterra-
nean, and that damselfish eggs and Appendicularia
(Oikopleura dicica) 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
te compare the data on that basis. Mapstone & Waod
(1975) revealed that damselfish feeds both on plank-
tonic andl benthic organisms; eight out of 11 individuals
contained predominantly plankionic 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 fower temperature of the water oc-
curs during winter (February} and beginning of spring
(Zore-Armanda ef 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 {(1385) presented, for
the central Adriatic, that copepods showed larger num-
ber of annual maxima predominanly 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 foad available over a larger part of the
year. Favourahle envirornmental 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 andfor
in change in food availability (Worobec, 1984). Warren
& Davis (1967) discussed the profound effects of tem-
perature and seasons on foed consumption rates, More
food is consumed in summer than in winter, this was
demonstrated (Davis & Warren, 1965) from the experi-
ments with Coltus perplexus.

Reproduction, which takes place at the end of spring
and during summer (Duleic & Kraljevid, 1995), seems 1o
have effect on feeding intensity (gonadal maturation).
Feeding behaviour of most of fish species considerably
oscillates during the year as a conseguence of a physi-
ological changes during reproduction. Jardas & Pallaoie
(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
damseifish, high degrees of stomach fullness were re-
ported for other demersal fish in the same area, such as
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summer are attained by the typical neritic species
{(Vuceti¢, 1973}). The maximal guantities 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 f{ish 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¢ic, unpublished data).

Fig. 3: Schaol of Damselfish (Chromis chromis) (Phato:
M. Richter).

Stika 3: Jata &rnikov (Chromis chromis) (Foto: M.
Richter).

Scorpaena porcus {Jardas & Pallacro, 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 silt which s 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 petiods in spring
and summer (Buljan, 1965). o the open central Adriatic
the zooplankton (dry weight) shows a distinct spring

maximum i March and Aprit (Vucetic, 1973}, Upwel-
ling may be caused fater in the spring-summer period by
dominant coastward wind direction (the maestral). The
spring maximum of the zooplankton is characterized by
the presence of iypical deep sea species; the maximal

Fig. 4: Male and female damsclfish. The male is waiting
for the proper moment to fecundate the eggs (Photo:
M, Richter).

Stika 4: Samec in samica ¢rnika. Samec caka, da se
samica umakne, da lahkoe oplodi izmetana jaca (Foto:

popudation densities at the beginning and by the end of M. Richter).

POVZETEK

Crnik Chromis chromis (Linnaeus 1758) je majhna riba, ki jo najdemo v plitvih vodah nad ali v blizini ¢ert ali pa
nad travniki morske trave pozejdonke {Posidonia oceanica), in sicer v globini od 3 do 35 metrov. Zivi v Sre-
tozemskem morju in v vodah juZno od Portugalske do Angole (Quignard & Pras 1986). V' vzhodnem fadranu je
craik stevilcen (Grubisic, 1982; Milisic 1994), vendar tam komercialno ni zanimiv (razen na otokih Solti, Hvaru,
Korculi in Lastovem v srednjem fadranu, kfer je zelo cenjen). V dalmatinskem obafnem ribistvu so ciniki majhen, a
pomemben sestavni del ulova z mrezami, sporabni predvsem kot slastna jed in vaba za jastoge.

Ba bi ocenili, s ¢im se crniki prehranjujejo glede na razili¢ne letne case in velikost, je bila raziskana vsebina
Zelodcev 964 osebkov, ujetih v vzhodnem srednjem Jadranu v fetih 1992 in 1993. Crnik je mesojeda riba ze od
svojega miadostnega stadija naprej, hrani pa se le z dofocenimi planktonskimi in bentoskimi organizmi, Vecjo
prehranjevaino intenzivnast v spomladanskem casu bi lahko pripisali temperaturnim spremembam in dozorclosti

w
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spolnih Zlez. Po biomasi, dtevilu in pogostost! pojavijanja v celoletaent obdobju so bili ceponoXci najpormembnejsi
vir hrane. [rugi najpomembnejsi prehranjevaini vir so biii repati plaséarfi in morske bothe. Prehransko prekrivanje
fe bilo razmeroma izrazito, kar pomeni, da so razlike v prehranjevalnem spektru Crnikov prek vseh stirih letnih
casov majhne, medtem ko je bifo za velikosine skupine neznatno, kar kaZe na vecje spremembe v prehranjevalnem

spektry.
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ABSTRACT

The Gulf of Trieste is a shallow bay characterized by high primary praduction and a wide range of temperature,
salinity and dissolved oxygen at the bottarn. In the fast decades it was aftected 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 anafysis was periormed using non-parametric methods and fuzzy sets analvsis on
abundance data. There is clear evidence of differences among the three zones in lerms of species compasition anid
trophic structure, Throughout the studied area there is a dominance of Corbuta gibba, a species well adapted to live

in instable mixed muddy battoms.

Key words: macrobenthos, community structure, Gulf of Trieste
Kljuéne besede: makrobentos, struktura zdruzbe, Trzaski zaliv

INTRODHUCTION

The speciss compasition in a macrobenthic com-
munity depends on various ecological factors; among
these the most important is the nature of the substratum
{Cray, 19743,

fn 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

39

community structure along a sedimentary gradient in
three stations of the Gulf of Trieste, analyzing data ac-
quived 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 fow 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.

St 1: Zemlijevid preucevanega ebmecja 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
fess 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 Septermber 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 obsarved.

The st. AAT is characterized by sandy pelitic sedi-
ment {Brambati et al., 1983), with 10% of sand, the st.
AAZ by very sandy pelitic sediment (62% of sand} and
the st. AA3 by pelitic sand (92% of sand); moreover, the
last twao 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, (=07/1991,
D=11/1991, ©£=03/1992, F=10/1992, (C=06/1993,
H=12/1993} with a 0.1m" van Veen grab. Faunal sam-
ples were placed on a T mm mesh sieve and {iner sedi-
ment was washed out. The material remaining on the
steve 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 simnilarity ratio")
{Westoff & Van der Maarel, 1978} among the samples.

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

The stations were defined as fuzzy sets (Zadeh,
1965} using the method suggested by Feoli & Zuccarello
(1986, 1988, 1992). Fach 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 stracture {Orloci,
1978).

In order to analyze the trophic structure of the bic-
coenoses, a principal component analysis on the abun-
dance data referred to the four main feeding groups
{carnivores, filter-feeders, surface deposit-feedars, 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 pertod, 105 species were identi-
fied for st. AAT, 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 B0O% of the total abundance, whereas crus-
taceans and echinoderms showed lower values (fig. 2).
The most abundant groups were polychaetes in st, AAZ
and AA3, and molluscs, mainly respresented by the
bivalve Corbula gibba, in st. AAT {fig. 3).

In marine soft sedirments, polychaetes are generally
numerically dominant among macrofaunal taxa, consti-
tuting between 50 and B0% of the total macrofaunal
individuals (umars & Fauchald, 1977}, They are abun-
dant both in bottoms characterized by fine sedimenta-
tion or affected by stress, and tn well-structured ecosys-
tems.

The classification of the samples is shown in fig. 4. In
the dendrogram, two main groups are identified: the first
one {1} is formed by samples of st. AAT, while the sec-
ond one (I} includes the sandiest stations. The latter pre-
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Fig. 2: Tofal numbee of species (percentage) of poly-
chaetes, molluscs, crustaceans, echinoderms and other
groups sampled in the three stations,

81, 2: Skupno $tevilo vrst (v odstothih) mnogoscetincev,
mehlwuzcev, rakov, iglokoZcev in drugih skupin, vzor-
cenih na treh postajah,

ebuadsiee (R

Fig. 3: Total number of individuals (percentage) of
polychaetes, molluscs, crustaceans, echinodermns and
other groups sampled in the three stations.

SL 32: Skupno stevilo osebkov (v odstotkih) mnogo-
$cetincev, mehkuzcey, 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.

$1. 4: Dendrogram podobnosti v sestavi fayne med po-
stajaima, izdelan na osnovi matrike podobnostnih in-
deksov.
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sents two sub-clusters: HIA includes all the samples of st.
AAZ 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 ifig. 5).

After having obtained the subdivision of the samples
into three groups representing the three statians, the dis-
criminant species for this characterization (aly. 1) were
identified using non-parametric variance analysis. The
discrimipant 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 mare
typical of st. AAT are the molluse Nucula nucleus, con-
sidered to be a species resistent to oxygen depletion
{Wilson & Davis, 1984), and the polychaetes Maldane
glebifex and Spiochactopterus costarum, typical of
sediments characterized by bigh organic content. More-
over, M. glebifex builds a very thick mud tube that can
stahilize sediments because it increases the compact-
ness (Glémarec et al,, 1986},

The bivalve Teflina serrata can be found only in st
AA2; this is a characteristic species af the "detritic mucldy
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 polvchaetes Nematonereis unicormnis,
fasmineira elegans, Clymenura clypeata and Prionospic
malmgrent.
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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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§t. AAL 1 isaa2 | i SLAA3 | :

‘‘‘‘‘‘ e Al B Ci D| E| F G| Bf Al B ¢ DI Ef F[ G Hi A ¢ D]k P G| H
[Maidane globifex (Mg) 131] 126} 1231 222] 24| 126} 97| S6] 8| 74] 100] 119} 115| 94] 63: 3 37T 2
Nuculs nuclous (Nn} 13 a3 3 3t s al 9] 2| 1 e I 3| 3 a2l 4 3 |3 i 2] 3]
Spiochaetopterus costanun {(Sc¢) 2 7 2l 187 8 M 24| 31 71 S 7t 18; 10| 620 4 I -
Serpula vermicularis (Sv) 17 20 3] 2| 2| 1| 3 i
Melinna palmata (Mp) 7012 2l 30] 1] 6] 31 3 s 6| 18| 33| 7| 34 2 i 7 303 3
Pitar rudis (F) of 2| 31 il 2 2f o[t 3] 11} 170 8| i3] 13 s{2 A 1 2|
| Tellina serrata (Ts) ] 03 7 4 4| 2| 35| 3 : 1
Drilonereis Glue (DO ] il 33 3 i8] 18] 4 4 3 4l 3 4 2 t
Lumbrinceis latretllilh 28y 1 Tist 1| 184 201 8] 41] 15| 397 40| 40y 62f 10| 3| sP 2] 24i 24| sl 13
Onwenia fosiformis (Of) 471 23] to] 8| 18| 14 12; 3] 100 1] 3] 2f 3T al T4l
Giycera rouxi (Or) [ 2 34 5| 4] 8] 6] 2] 4 s34 S si 2 sl T
Lumbrineris grastiis (g 2 T 1e 2 (a7 730 76s] 6] el 9T T8l 16] 103] 8| 60| 3] 2 5 33t 4
Laevicardium vblonguem (Lo) i 1 [ 4 201 7] i 7 t o3 3 2
Marphysa bellii (Mb) i 2 | S| 3l & 5| 3i a| 4 si i3] 4] 9] 4| 348 14
| Apanuphis bilincals (Ab) i 2 82| 63} 189; 128] 174] 88| 48[ 65] 257| 83| 155! 67| 531 33; 160| 139
Pirotmis eruca (Pe) 2 i i LR R 51 1 1|2
Euclymene lumbricoides (E) | | ] 2 s 1| io ] T I I L I U
A - T 3 4 4 a3 3 i af 2 2] 4 3
: - 1 ST TR TION at 6] 8| 7 dor 1d 10 3] ¢
Clymenura clypeata (Cs) T 1 18] 3 ([ 2 O DT 4oa 4
Prionospio malmgreni (Pm) - v - 2 1 6t 3 703 4 1|18
| Gonisda maculata (Gm) ) : Bl 3 5t 4 2] 2| 3] 8 2[ 5[ 37 4] 23121 28] 24
Schistomeringos rudolphii (85 | T Tl 1 o1 37 LS I T
Ophiothrix quinguemaculats {Og) 2{ 2 2 Z 7 4% 5 4
Clausineils brognartii (Cb) T i i 1 3 1 32
Nemntonereis unicornis {Ny) )] ] : 1 21 13 12] 4 4 6f | 7| 18] 26
Jasmineira elegans (Je) T ] U2 i1 2f w7/ 1sf sl 2l & & 1 14

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

The species that explain more than 85% of covaii-
ance of the individual stations are reported in tab. 2; the
percentage of explained covartance for sach species
represents its timportance in the community structure. In
st. AAT Corbula gibba accounts for 83% of the relative
importance and the polychaste Maldane glebifex for
10%. Generally C. gibba is abundant in areas character-
ized by envircnmental instability (Bonvicini-Pagliai &
Serpagli, 1988) and in zones with periodic oxygen de-
pletion, where it becomes numerically dominant (Aleffi
et al., 1993; Zavodnik et af., 1994), in fact, st. AAT is al-
fected by recurring hypoxia that sometimes reaches val-
ues near zero, as in September 1980 (Brizzi et af.,1994).

StAAT | SLAAZ [SLAAS
Corbula gibba 83.00 5969 { 60.13
Aponuphis bilineata - - 30.68
Eunice vittata 3.79 11.54 -
Maldane glebifex 1014 | 1427 -

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

Tabela 2: Relativen pomen vrst na esnovi delefa po-
jasnfene 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 Funice vittata can be found.

in st. AA3 C. gibba is again the most important spe-
cies, followed by the polvchaete Aponuphis bilineata;
the latter is abundant in fine sand (Dauvin & ibanez,
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 compenents, 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 fatter generally live on sandy bottoms, so their
abundance on muddy bottoms could he tinked 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.

81, 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 ovetlap of populations of the two other stations lo-
cated at the extremes of the sedimentary gradient. Evi-
dent differences appear in the abundances vefated o the
trophic structure: in muddy sediments, the popuiation 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 levef of structuring (Odum, 1961; Hily, 1984).

0,50 1C

-0.87

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

8i. 7: Prostorska razvestitev virednosti faktorjev za sle-
herni vzorec in prehranjujocih se skupin na podiagi
metode PCA (principal component analysis).

Corbula gibba, abundant in boltoms characterized
by eavironmental 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
anoxta and mucus aggregates and by anthropogenic in-
fluences such as very intensive fishing activities
throughout the area.
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POVZETEK

Poglavitne znacilnosti plilvega Trzaskege zaliva so visoka primarna produkcija in precejénje razlike v tempe-
raturi, slanosti in raztopfjenem kisiku na njegovem dnu. V zadnjih desetletjih je bil zaliv pod mocnim vplivom rde-
¢il plim, nenehnega pomanjkanfa kisika in pojavijanja stuzastih agregatov. Da bi ocenili sestavo makrobentoske
zdruzbe v Trzaskem zalivu, so aviorji ¢lanka med letorma 1990 in 1993 opravili temeljito ekolosko Studijo na treh
postajah vzdolz usedlinskega grebena. Statisticna analiza je bila napravljena oly uporabi neparametricnih metod in
analizi “meglenih mnoZic” (fuzzy sets) podatkov stevilcnosti, Ugotovijene so bife oditne razlike v sestavi vrst in
trofieni strukturi med tremi predeli. Povsod v preucevanem obmodju je bila ugotovijeno previadovanfe skolike
Corbula gibba, ki je dobro prilagojena zivijenjskim razmeram na nestabilnem mesanem blatnem dnu.
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IZVLECFK

V prispevku obravnavam triletna opazovanja bentoske meicfavne (organizmov marskega dna velikostnega
razreda (0,07 -« 1 mm) v asrednjem delu Trzaskega zaliva. Iz dobljenth rexultatov sklepam na vsakoletne sezonske
reprodukcijske cikle meiofavne in na dolgorocnejsa, zelo izrazita nihanja teh ciklov. Sezanska dinamika je v
pozitivnl korefaciji s termicnimi razmerami, slanostjo in mikrafitobentosko biomaso morskega sedimenta. Obrav-
navam tudi vpliv tipicne pridnene hipoksije na celotno meiotavno z zmernim zmanjianfem njene gostote in z dokaj
raznokikim vplivom na posamezne taksonomske skupine.

Kljucne besede: sezonska dinamika, variabiinost, metofavna, Trzaski zaliv
Key words: seasonality, variability, meiofauna, Culf of Trieste

UVOD

Med morskini bentoskimi raziskovanii so vedletne,
ti ved kot eno- ali dveleme {(tim. "longterm®} kon-
tinuirane studije sezonske dinamike meiofavne nadvse
redke, kar ugotavijajo stevilni avtorji (npr. Coull, 1985,
1986; Eskin & Coull, 1987; Rudnick et al,, 1985), saj
pomenijo veliko ¢asovno in programsko obremenitev.
Mediem ko je meiofavna severnega jadrana Ze dokaj
raziskana, pa vemo le malo o njenih sezonskih ciklih in
casovni variabilnosti. Ta problematika je Se posebno za-
nimiva in aktaalna v Trzatkem zalivu, katerega osrednji,
globlji in hidrodinamicno stagnantnejsi del podlega, ka-
kor kazejo novejse raziskave {Vrider & Malac¢ic, 1992;
Vriser, 1995}, pagastim jesenskim pridnenim hipoksijam
in anoksijam.

Tako so bili cilji, ki so nas vodili pri nasi triletni
raziskavi, predvsem naslednji:

1. Sezonska ciklicnost o©z. sezonska
celotne meiofavne in njenih glavnib skupin.

2. Vplivnost skupnih in posameznib  ekoloskih
faktorjev fizicnega okolja v normalnih in v obeasno
stresnih razmerah hipoksij,

3. Ugotovitt morebitne stedove dolgorocnejsih, vec-
letnih nibanj, oz. cikiov.

dinamika

METODE

V triletnem obdobju ad aprita 1992 da aprila 1995
smio vzoréevali meiofavno na izbrani lfokaciji v centru
Trzatkega zaliva (slika 1) v globini 25m. Povriinski
seciment z meialavno smo odvzemali mesecno z avto-
nomnim potaplianjem s pomodjo cevnega korerja (pre-
mer odprtine 3,5 cmi} 5 em globoko, vedno s tremi pa-
ralelkami, posebej pa tudi vzorce fitobentosa. Favno, ki
smo ja ekstrahirali iz konzerviranih vzorcev (5% nevtra~
lizirani formalin) s sejanjem in dekantacijo po Wieserju
(Wieser, 1960), smo taksounomsko determinivali, sortirali
in presteli. Tako zbrane podatke smo racunalaisko ob-
delali {program Foxpro, freelance grafieni prikazi), fzra-
cunali smo srednje mesedne in srednje eno- in triletne
abundanéne vrednosti organizmov, standardno devi-
acijo in standardno napako v gostoti pojavlianja posa-
meznih taksonomskih skupin. Statisticno znacitnost raz-
lik med posameznimi leti za taksonomske skupine smo
ugotavijali z analizo variance (Statgraf -1 way ANOVA),
odnes med ekolfoskimi faktorfi in meiofavno pa s Pear-
sonovim korelacijskim keeficientom.

Fizikalne in kemijske maritve {temperatura, slanost,
vsebnost kisika) pridnenega vodnega sloja so bile oprav-
ljene z elektronsko avtomatsko sondo, pa tudi labo-
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Slika 1: Lega raziskovalnega obmaocja meiofavne v
Tr2askem zalivu.

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

ratorijsko (slanost tittimetriéno, kisik po Winklerjevi me-
todi}, granulometrija sedimenta pa s sejanjem in areo-
metrijo po Atterbergu (Ogorelec et al, 1991). Klovofil
(Chl 2) v sedimentu je bil dolocen po Sundbacku
{(Sundback, 1986).

REZULTATI
Ekoloske znatilnosti raziskovanega chmocja

Triletno dinamiko fizikalnih in kemijskibh parametrov
prikazuje slika 2. Sezonske nihanje temperatur pridne-
nega vodnega sloja je v Casu vzorcevanj segalo od
najnizjih tipicnih zimskih vrednosti v februarju in marcu
{7,0-9,5%C) do najvidjih poletnih temperatur {20-25°C) ob
koncu avgusta. Srednja triletna temperatura je znasala
14,7°C. Po analizi variance temperaturne razlike nasih
vzoréevan] med posameznimi leti niso bhile statistiéno
znacilne (1 way ANOVA, df=2, F=0,38, P=0,95).

Letna dinamika slanosti je pokazala povisane vred-
nosti v susnejsih mesecih poletja (julij - avgust), pred-
vsem pa zime {december - marec), vendar s statistiéno
znacilnimi razlikami med posameznimi leti, saj so le-te
bile vecje kot znotraj posarveznih let (T way ANOVA,
df=2, F=4,81, P=0,95). Ob srednji stanosti {(37,74% je
bil razpon izmerjenih skrajnih vrednosti od 36,5 do
38 6%

V tritetnih gibanjih pridnene vsebnaosti (%) kisika je
opaziti stabilneite jesensko - spomladanska obdobje
vidgjih vrednosti - okoli 90% {december - maj) in zelo
nihajoco poletno - jesensko fazo z velikimi razlikami
med posameznimi leti, ko je za rahio povisanimi po-
letnimi koncentracijami (95% julija ali avgusta) sledila
znacilna jesenska depresija (obicajno pod 70% sep-
tembra - oktobra ali v novembru). Jesensko pomanijkanje
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Slika 2: Triletna dinamika fizikalnih in kemijskih para-
metrav v pridnenem vodnem sloju raziskovanega pod-
rocja.

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

lisika (7,2% Oy ob vzercenju meiofavne} se je konec
septembra 1994 stopnjevale v za makrobentos unicu-
joco termoklinsko hipoksijo. Razpon tipicnih skrajnih
vrednosti v "normalnem! leta 1993, ko ni bilo hipoksije,
ie segal od 41,05% septembra, do 107,3% v juniju. Raz-
like v kisiku med leti pa kljub temu niso hile statistiéne
znacilne (1w, ANOVA, df=2, F=1,72, P=0,95).

Fo geoloski sestavi sodi sediment raziskovane loka-
cite med melje (mediana granul. vrednost 5 - 20 pm) na
prebodu med glinastimi melji obalnega pasu in me-
Hastimi peski odprtega dela zaliva. Granulometricéno ga
sestavija 55% melja, 25% gline in 20% peska, t.j. grobe
frakcije nad 63 pm (Ogorelec et al., 1991).

Mikrofitobentotke biomaso (klorofil 2} smo sprem-
ljali skupaj z meiofavno le v fetu 1992 {razpon viednost
od 1,81 mg Chi 2 v aprilu do 9,23 mg avgusta).
Dveletne meritve (1991-92) na tej lokaciji so pokazale
vigjo koli¢ino biomase v poletnem &asu.
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TANXA Srednja | Relathma § Abundandnd razpon §S{3 stand § SE stand
wrednost {abundd. % (st os 10 cm 2] | deviaci 7§ napaka
{38 as. Foin.-roay. srechnje vr fsradnie vo
10 em)
Vea meinfavnad 16G4,80 1 100,00 3&6 54831 98981 167,31
Nemaiada 1440,50 8976 363 52274 49772} 160,12
Harpucticoidda 7723 4,61 3 230 49,26 8,43
folychaeta 54,43 3,39 15:) 127 32,43 5,48
Tirhiedlzrin 17,66 1,0 0 7% 15,38 2.60
Bivalvia 3,37 .25 £ 15 4,27 Q2,72
Cstracnda 4,00 .25 o] t0 3,12 0,53
S byacha 3,31 0,213 1] 11 3,53 0,60
Acaring 1,14 0,07 o} 5 1,33 0,22
Castropacla 3,43 05 0 5 .18 @,20
Qpsivroidea Q0,57 0,04 Q 6 1,22 1,23
Ampliodz 0,66 G.04 0 5 .24 0,21
Hvdroidea 0,40 0,02 ¢] 4 0,91 3,15
Aseibidees 0,06 C,00 Q 0,24 004
Cuimacea 0,06 0,00 4] 1 0,24 eRel

Yahefa 1: Pregled triletnih srednjib vrednosti meio-

favne.
Tab. 1: Three year mean meiofauna abundance.

Meiofavna

Sumarni statisti¢éni pregled raziskane meiofavne, ().
nieno taksonomsko sestavo - glavne skupine in njih
abundan¢no zastopanost (celokupno srednjo vrednost,
% relativne abundance, standardno deviacijo in stan-
dardne napaka) podaja tabela 1. Zdale¢ najstevi¢nejsa
skupina s skoraj 30% relativne gostote so bili Nematoda.
Stedili so harpaktikoidni kopepodi (Marpacticoida),
mnogoitetinci (Polychaeta) in vrtincarji (Turbellaria) s
skupne 9,3%, preostalih deset skupin {po zaporedju nji-
hove pojavnesti: Bivalvia, Ostracoda, Kinorhyncha,
Acarina, Gastropoda, Ophiurcidea, Amphipoda, Hydr-
cidea - fragmenti kolonijskih zooidov in juvenilni pri-
merki Ascidiacea, ter Cumacea) pa je skupno doseglo le
IHizu 0,9% celotne triletne srednje abundance.

Letno sezonsko dinamiko posameznih skupin meio-
tavne ponazarjajo krivulje (z triletnib srednjih mesecnih
abundanc (npr. srednjih vrednosti treh januarjev, treh
tebruarjev itd.), ki jih prikazuje slika 3. Pri vecini raz-
iskovanih taksonomskih skupin je nasploh opaziti nizke
zimske in shéumo visje poletne abundance. izjema so
le Polychasta z veliko nepravilno variabilnostjc sezon-
skih nihanj v triletnem obdabju in pa Kinorhyncha ter
Ostracoda z visokimi abundancami take poleti (julij -
avgust) kot tudi pozimi {anuar - februar). Za poletni
abundangni maksimum nematodov sta znacilna dva
vrhova (julija in septembra), zimski minimum pa je bil
vedno decembra in januarja. Poletni vrh harpaktikoidov
je chbsegal julij in avgust, sledili so mu znacilna
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Slika 3: Srednje mesecne triletne abundance {x SE} po-
sameznih skupin meiofavne (). 3 januarjev itd.).

Fig. 3: Monthly mean abundance (+ SE} of some meio-
faunal groups (i.e. afl 3 Januaries efc.).
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Slika 4: Srednje letne abundance {+ SE} celotne meiofavne in nekaj vodiinih skupin.
Fig. 4: Yearly mean abundance (+ SE) of tatal meiofauna and some dominant groups.

jesenska stagnacija (oktober - november) in zimsko -
spomladanska depresija {december - april). Jesensko -
simsko gostoto mejofavne je leta 1994 modno za-
znamovala septembrska anoksija, o ¢emer bomo govo-
rili posebej.

Vpogled v dolgoroene trende meiofavne nakazujejo
srednje letne abundance taksonomskih skupin za fri-
letho ohdobje 1992 - 1995 (slika 4). Medtem ko je pri
sematadih in pri celokupni meiofavni ipri slednji pred-
vsem zaradi 90% deleza prvih) Stevilenost v tem ob-
dobju drast:éno upadla (od povprecnih 2000 0s./10 cm?
feta 1993, na 700 0s/10 cm? leta 1994), pa je pri
harpaktikoidnib kopepodih in pri mnogoscetineih bilo
najSteviltnejse prav felo 1993, Visoki strednji abun-
danci meiofavne je leta 1992 botroval izjemen, skraino
visok poletni maksimum nematodov {nad 5000 o0s/10
con?y, kar se tudi kaze v veliki skupni variabiinosti tega
feta (varianca 1,75-106, standardna deviacija - SD
1322.4, standardna napaka - SE 190,2), ki se je v na-
slednjih dveh letih postopno 2zmanjfevala (1993: va-
rianca 4,3-105, SD 659, SE 190; 1994 varianca 1,4-105,
SID 373,2, SE 1073 Tudi pri srednijih letnih gostotah je v
nizkem povprecju feta 1994 Cutiti zmanjievalini vpliv
mocne jesenske anoksije.

Ze iz dosedanjega podajanja je razvidno, da so bile
razlike v strukluri favne med posameznimi feti mnogo

48

vedje od razlik med posameznimi mesect 0z. sezonami
znotraj posameznega leta. To potrjuje tudi statistika: pri
dominantnih nematodih so bile te razlike znacitne (1
way ANOVA, d.f=2, F=6,58, P=0,95), pri hapa-
ktikoidih pa celo izrazito znadilne (df=2, F=8,38,
P=0,95}).

TAXA Temperatura Shannst Kisik
Vsa meiofavna + 0,25 ¥ 0,25 -0,
Nematoda + (3,22 + 0,23 - 0,09
Harpacticoida + (1,55 + 0,27 ~0,28
Eolychaeta + 0,20 + 0,22 - 0.0
Turbellaria + 0,03 - 0,01 - 0,02
Gastropocta + 0,23 + .07 -0,32
Bivalvia + (0,42 + 0,03 - 0,35
Kinarhyncha + 0,20 + 0,62 - (0,26
Acaripa + 0,29 + {105 - {04
Ostracoda - 0,22 + 0,35 + 0,21

Tabela 2: Pearsonovi korelacijski koeficienti meiofavne
s temperaturo, slanostje in kisikom.

Tab. 2: Pearson's correlation coefficients for meio-
faunal taxon correlations with temperature, salinity and
oxygen.
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Slika 5: Sezonska dinamika mciofavae in bentoske
wmikroflore (april - oktober 1992).
Fig. 5: Seasonal dynmamics of meiofauna and micro-
phytobenthos (Apr. - Oct. 1992).

QOdnos med meiofavno in posameznimi fizikalno -
kemijskinmi ekoloskimi faktorji (temperaturo, slanostjc in
vsebnostjo kisika) smo anaiizirali s korelacijskimi koefi-
cienti, ki jih podajamo v tabeli 2. Koeficienti kazejo pre-
vladujoto pozitivno korelacijo celotne meiofavne in ve-
cine njenih taksonomskih skupin s temperaturo in s
slanostjo in preteZno negativao korelacijo z vsebnostjo
kisika.

Primerjavo sezonske dinamike bentotke mikroflore
(mikrofitobentoske biomase - klorofil a) in meiolavne
med aprilom in oktobrom 1992, Zal so na voljo vzpo-
rednt podatki te za to obdobje, nam omogoéa slika 5.
Abundanéna krivulja nematodov povsem stedi gibanju
fitahentoske biomase, vendar s priblizno enomesecno
zamudo, Podobno, a manj izrazito je s sezonsko dina-
miko harpaktikoidov, pri mnogoscetincih pa je ome-
njeni fazni premile 2e dokaj zabrisan. Neposredna kore-
lacija mikrofitehentosa in dominant meiofavoe potem-
takem kaze na precejinjo povezanost.

Sredi septembra 1994 je raziskovano ohmodje zajela
izrazita, priblizno Stirinajst dni trajajoca termoklinska
hipoksija, ki je wvplivala tudi na meiobentos. Sezonsko
dinamiko posameznib et za izbrane taksonomske sku-
pine prikazujejo diagrami na sliki 6. Medtem ko pri go-
st dominantnih nematodov ni bilo opaziti izrazitejsih
posledic hipoksije {oc¢iten je le izpad jesenskega mak-
simumal, pa je jesensko - zimska abundanca harpakti-
kaidov, kinorinhov in v manjsi meri tudi skofjk, mnogo-
detincev in turbelarijev, moéno upadia - pod obicajne
vredinosti, ko ni bilo hipoksije. O zaznavnih posledicab
hipoksije pa bi tezko govorili pri skupinah kot Gastro-
poda, Amphipoda, Ostracoda, kot tadi Hydroidea, Asci-
diacea in Cumacea. Pri priicah in juvenilnih kacjerepih
{Ophivroidea), je v casu med in po  krizi s kisikom
apaziti celo dolocen porast stevila osebkov v vzorcib,

(U]

Vpliv hipoksije je bil torej na posamemezne takso-
nomske skupine meiofavne zelo razlicen, a se je zaradi
90% deleza nematoday, leteh hipoksija ni drasticno
prizadela, na celokupni meiofavni le zmerno odrazil.

DISKUSHA

Po obstojecih starejsih podatkih {Vriser, 1989; 1991}
pripada lokacija nasih sezonskihy saziskav vistno o
abundancno revnejsi biocenozi (povpredno 500 oseb-
kov/10 cm? v mesecu avgustu) meljev globijib predelov
(20 - 25 m) Trzaskega zaliva. Yo zidruzho sestavljajo
nematodi (90%), harpaktikoidi in mnogodcetinci (2%} in
do najved 10 malogteviinih preostalih skapin s skupne
te 1% relativne gostote.

Konfinurana tritetna opazovanja v kvantitativeem
smisle  izpodbijajo abundancni  rang  omeniene
hiocenotske opredelitve, sap fe bila srednja vrednos!
meiofavite v mesacu avgusty povpredno viaj trikrat vija
- okoli 1500 0s./10 cm? - a z razponom skrajnil vred-
nosti ad 1000 de 3000 os./10 cm?. Prav 1 razpon po
drugi strani pojasnjuje nizke gostote, ugotovljene leta
1985, saj so hili tedanji vzorct verjetno zajeli na naj-
niziem, spodnjem koncu razpoaa. S tem pa smo v
histva 2e posegli ¢ najizrazitejSemu rezubatu triletnifs
opazovanj meiofavine: k ajerd izienni, aepricakovana
veliki mediemi variabilnosti, ki je bifa pri vodilnih sk
ptnah po analizi variance izrazito znacilna. Velika
abundanéna nihanja nematodov sta zaostrila (v smeri
navzgor) en sam izjemno velik poletni maksimum, pov-
sem nepojasnijiv z razpolezljivimi ckoloskimi podatki in
tv smeri navzdoly prav take neobicajne nizek, a raz-
loztjiiv minimum zaradt hipoksije. Po primerljivih tujibh
virih visoka dolgoletna gostotna variabilnost meiofavie
niti i presenetljiva, posebno ne v blatnih sedimentih,
saj ponazarja, ¢e citiramo Coulla (Couli, 19851 "'njene
veliko naravao, nadvse kompleksna, teziko raziozljive
posebnost". Vsekakor je triletno ohdobje vse prekratko
za iskanje mosebitnih vectetnib ciklov, v nasem primeru
s kratko, teareticno zgolj 1,5 letno periodo.

Vee pricakovanih in pravilnib  znacilnosti kaze
meicbentos v vsako leto pouavljajodi se sezonski
dinamiki. Visoke poletne in nizke zimske abundance
celotne meiofavne in vecdine taksonomskih  skupin
stedijo letnd temperaturnt keivalii in s0 dokaj skladne z
gpotovitvami nekaterih Sudij (npr. MHarvis, 1972; Bovee
& Sover, 19743, Julijski in septembrski maksimum
nematadoy se v grobem ujemata s poletaim razmahom
fitoplanktona, medtem ko zimskega porasta pematodoy
nismo opazifi. Za harpakiikaidne kopepode je znaciten
izrazit julijsko - avgustovski vrh, domnevni jesensk
sunek pa je morda nakazan le v obiiki stagnantne "stop-
nice" {oktober - november). Namesto jesenskega ali
zgodnjezimskega porasta, ki praviloma omogola meio-
favni tazje prebroditi peugodno  obdobje najnizjth
temperatur (december - marec), opazimo v nadih 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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ciby izrazit zimski dvig stevilénosti (januar - februar) ne-
katerih skupin (Kinerhyncha, Ostracoda, Amphipodal, ki
je tezje razloZjiv. Ker e zimsko obdobje tudi cas
mikrofitobentoske in fitoplanktonske stagnacije (vira
hrane za meiofavnol, kaze iskati vzroke holj v smeri
biotskih mehanizmov predacije {makrofavna) ali ge ver-
fetneje kompeticije s "poletnimi” vrstami,

Priiskanju povezav med meiofavno in ekofoskimi
dejavniki abiotskega okolja so korelacijski indeksi poka-
zali pricakavano pozitiviro korelacijo s temperaturo in
slanostjo ter nepri¢akovano negativine korelacijo z vseb-
nostjo kisika. Podrobnejga primerjava meiobentoskih in
kisikovih krivil} pokaze kljub deloma podobnim sezon-
skim trendom velike Casoviie razmike in obc¢asno izra-
zite spreminjanje krivulj. Primer poslednjega je zimsko
obdobje po anoksiji, ko se je koncentracija kisika naglo
dvignila, gostota nekaterih skupin meiofavne pa je e
ved mesecey upadata,

Neposredna primerfava favae in bentoske klorofilne
riomase nakazuje odvishost meiofavne od mikrofita-
bentosa kot njenega pomembnega prehranjevalnega
vira. To razmerje verjetno pojasnjuje priblizno eno-
mesedni odmik abundancne krivulje meiofavne {zlast
nematodov in kopepodov) za fitobentosko dinamiko. O
tesni trofiéni povezanosti meiofavne in mikrobentoskih
primarnih  producentov  govorijo  Stevilne  raziskave
Montagna, 1984; Rudnick et al, 1985; Blanshard,
1990; Pickney & Sandubii, 1990; Montagna et al., 19935),
pray fake pa tudi o podobnem razmerju med raz-
gradnimi produkti mikroalg - bakterije in organski detrit
- in meiofavne (Grant & Schwinghamer, 1987, Fleeger ¢t
al., 1989; Danovare el af., 1395 itd.}.

Na obmodju, kjer smo odvzemalt nade vzorce, to je
v najglobliem, osrednjem delu Trzaskega zaliva, so
najnizjie vsebnosti kisika obicajno jeseni, v ustreznem
kompleksnem spletu okoliscin {rermoklinska, hidrodina-
mi¢na in meteorolotka konstelacija) pa se lahko stop-
njujejo v prave hipoksije. V zadnjih dvajsctih letih po-
zornejsih opazovani smo pojav hipoksij registrirali vsaj
sestirat, torej najmanj vsako tretje feto.

V naspratju s popolnim pomorom makrobentosa so
bile posledice hipoksije septembra 1994 v meiofavni
nekoliko zmerpejse. Upad abundance je bil ge naj-
manjéi pri nematodih, nekolikan) vecii pri kinoriphih,
polihetih, turbelarijih in juvenilnih primerich skoljk,
dale¢ najizrazitejsi pa pri harpaktikoidih. Vse nagiete
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 ef al, {1992} v
bliznjih zahodnoistrskibh vodah in v Trzagkem zalivu.
Precej razhajan) je opaziti, sode¢ po virth, 2z oceno
hitrosti regeneracije prizadete meiofavne. V primerjavi z
makrobentoskimi zdrazhami, ki potrebujejo za postopen
povratek po hipoksiji vrsto let, je nekajmesecna obnova
meiofavne seveda zelo hitra. V' pagem primeru velja
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poudariti, da jesenska hipoksija (v drugih okoliih se  moznosti regeneracije vse tja do poznopomladanskega
pojavija tudi poleti) prizadene meiofavno vedno prav  ohdobia.
pred zimo in s tem obcutno poslabsa oz. upocasai

SUMMARY

The research inta the benthic meiofauna carried out for three successive years (1892 -1995) in the central part of
the Gulf of Trieste showed above alf 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 toa short to ascettain polential
long-term trends. The leading group of the dealt with meiofauna were the Nematoda {90%), fallowed 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 nematads - and to a lesser extent of the harpacticoids - are two peaks
(fuly-August and September). The abundance of meiofauna of the researched area is in positive correlation wilh
thermic conditions and salinity; its dependence on the miciophytobenthic biomass in the sediment was also nafed,
The bathyal autumn hypoxia, which affected the area in 1924, was reflected in the entire meiofauna and the dominant
nematods only (o a small extent, while in the harpacticeids and the majority of the remaining groups it resulted in a
substantial decrease in thefr abundance. Regeneration of the meiofauna immediately after the hypoxia was due to
wirtter conditions rather sfow.
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IZVLECEK

V prispeviu podajam rezultate raziskav ekologije harpaktikoidnih kopepodnih rakov osrednjega dela Trzaskega
zaliva. Prikazani so vistna sestava zdruzh, dele? posameznih vrst v njih, sezonske in vecletne dolgoroéne spre-
membe $tevil¢nosti vist ter vpliy ekoloskih dejavnikov, posebno posiedice jesenskega pomanjkanja kisika v tretiem
letu apazavanj. Znacdilne so vedlelna spremenlfivost gostote nekaterih vist, njihova tesna povezanost s kolicing
fitoplanktana v okolju in raznolika adzivaost na termaklinsko hipoksijo.

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

uvoD smo zlasti sledece vire: Harris, (1972, 1973); Coull &
Vernbarg (1975); Nodot, (1976); Cee & Warwick,
V pri¢ujocem prispevka obravnavamo podobne eko-  (1984); Ceccherelli & Mistr, (1991); Ansari & Parulekar,
lotko problematiko, kot smo jo kot sestavai del istih  (1993). V tem oziru so nada triletna opazovanja
triletnih raziskav v okviru cefotne meiofavne in njenih harpakiikoidov, vsaj v nadem morju, korak v e
glavnil skupin v tej stevilki ze predstavili v posebnem  neraziskano smer,
Elanku (Wrider, 1996}, Tokrat podrobneje razélenjujermo Tako so bili cilji, s katerimi smo zastaviii studi]
ekologijo harpaktikoidnih kepepodnih rakov. harpaktikeidov, v velili meri enaki kot pri preestall
V meiobentosu zavzemajo harpaktikoidni kopepodi  meiofavni: ugotavljanje abundancne in reprodukcijske
po Stevilenasti obicajno, tudi v Trzagkem zalivu je tako,  dinamike, odkrivanje morebitne dolgorocne cildicnost]
drugo mesto, takoj za voditnimi nematodi, V nasih vzor-  posameznih wist, viega ekoloskibh dejavnikov pri teh
cih je bifa refativna abundanca harpaktikoidoy 9%. Zara-  procesih ter vpliv potenciainily hipoksii na posamezne
di izjemne diverzitete, kratke reprodukcijske dobe (ve¢  harpaktikoidne vrste,
seneraciy letno) in v primeriavi z glistami lazje takso- Ker smo uporabljeno delovno metodike in oris eko-
nomske determinacije so harpaktikoidi wdi v nasih raz-  loskih razmer raziskovanega obmodja iz¢rpno podali Ze
iskavah glavno fokno®, ki omogoca vpogled v diverzitet- v prvem prispevku (Vriser, 1996}, jih tokrat ne homo
no in reprodukeijsko dinamiko meicbentoskih zdruzia, znova ponavljali.
Vecletne raziskave dolgoroénih trendoy meiofavne
na ravni glavnih skupin so nasploh redke, na rawni REZULTATI
harpaktikoidnih vrst pa je tovrsine literature se veliko
manj {npr. Coull & Fleeger, 1977; Coull & Dudley, Vrstna strukiura harpaktikoidov
1985}, Po drugi strani pa je literature o sezonskih ciklih
in prehranjevanju kopepodov prav velike. Upostevali V vseh vzorcih triletnih razislav smo nasli skupno 42
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vist ali povpredno po 14,7 vist ha posamezno vzor-
cevanje. Tri Cetriine vrst se je pojavljalo bolj ali manj
pretezno prek celotnega triletnega obdobja opazovanj
{skupno 35 mesecnih vzoréevanj), le slaba ¢etrtina, na-
andneje 10 vrst, je bilo zelo redkih (ped 0,1% relativae
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- skopnojasusnd fseednia stand. {stasd.
Gvna | 8t [razpenjredno] devi- | napa-

abund | oseh- | 8 o¢ st 8 os] acija [ka (5F)

) b okov fQomedlilen (SDy

Rugbamplissons mcens 16,27 81141 PO-I03{ AT A0 F 32,25 S 47
Longinedia cntonata NG 728 [0-100020,80 27,64 | 4,67
Enhvrlsenonella staffect 10,20 296 | 09 [ 2046 14,96 253
LOUnosama sp. ? 453 { GEB - tApionu syl 4
Enhvdrosoma lengifuecatum | 2851 | 625 | 0-5) [17.86[11,80[ 2,00
Typhlamrmascus conlusus 8,66 | 607 | G50 {17 34116407 2.7
Mroamers simples T3 | 556 | 0-84 |15.80118,040 320
Slenbicity (Dolavakial minwia | 4,73 | 322 1053 1 039 {12 4n] 219
5400 adrialica 4,08 1 288 | G621 BT {14,050 237
Heteralaophonts stam; 3R a7 P G34) S 06| 285132
Senfiedia (Deksvalhal sp, 2 2,28 1 M § 044 |57 1 13 ) 164
Haluschizopera sp. 2 209 [ 143 £ 048 | 400 110,89 1,84
Mesochna g, 1 TS 123 L0249 ) A5 [ 548 002
Lnhydrosoma sordidum 174 132 FO-22 8 249 | 520 | 088
Rhizotheis cupvata 1.34 94 f0-22 | 2,69 ] 526 | 0,89
Amphiascus vartans 1,18 &3 0131 237 | 932 | 70
Canueila furcigeea ana ] 60 G0 1A ] 2.29 | 0,39
Hrteropsyihus sp. 3 0,74 52 0-1) § 149 { 245 { 04|
Hatetopsytus corticaudalus | 050 | 35 G5 1100 BSY {26
Cletodes prssiiog (.42 30 {0151 086 12,63]044
Ameira parvyla 036 1 25 1038 ] 071 ] 2.07 ] ns2
Ameira sp. 1 .27 13 10 D508 320 1 154
Lanphonte sp, 4 27 19 06§ 0540 Tah | 1,25
Senbelia elevalisz nomaa| 1,21 13 O-% {03 81,58 ) 027
Hadoschizopera pontarchis 020 | 14 0-9 040 | 98 | D17
Harpacticus sp, 2 0,20 f4 0-8 | 0,40 } 1,40 § 0,24
Hineping aculiions i 13 Qb P37 [ 117 1 020
{2aciytopodia usboices 02,37 12 P 012 034 | 2,03 {034
Anphiascopsis s 2 0,14 10 0-3 P 0325 1 075 1 6,13
Buibamphiiscus s, 2 0,14 10 FOT0 029 [ 6% {029
Ansghiascopsis sp. ) 2,13 9 0-5 [ 026 | 098 {1 07
Laophonte 5. 3 .10 7 O-h | 0,201 1.02 | 017

* Preosiale vrste 5o bile udeleZene v vzorcih z < 0,1% refativie
abundance: Amphiascopsis sp. 3, Stenhelia (Delavalial sp. 1, Dio-
saccus sp. 1, Cletodes fimicola, Microsetella norvegica, Typhlant-
phiascus sp. 2, Enfydrosomsa proginguum, Acrenhydrosomia per-
pexam, Marpacticus sp. 5, Robottsonia knoxi,

Tabela 1: Pregled triletnitr srednjih vrednosti posa-
meznil vest harpaktikoidnib 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
njilt sumarieni statistient pregled podatam v tabeli 1. iz
nje je razvidno, da je bita dominardna vesta Bulham-
phiascus inermis s 16,3% relativne abundance. Le dve
drugt vrsti (Longipedia coronata it Enhydrosomella
staufferi) sta Se presegli 10%, stirt vrste (Enhiydrosorna
longifurcatum, Typhlamphiascus confusus, Proameira
simplex in Ectinosoma sp. 1) pa vsaka po priblizno 8%
relativire gostote. Nadaljniith deset vrst se je pojavijalo v
razponu med 1 in 5%, petnaist vrst pa od 0,1-1% re-
fativne abundance. Seznam zakljucuje deset redkih vrst,
vsaka pod 0,1%, ki so se pojavile nekajkrat s posa-
meznimi osebki. Kljub dominanci viste Bulbamphiascus
inermis za 6% pred drugo in tietjo najpogesiej3o wisto je
vpadanje procentuainega delezz wvist v tabeli dokaj
enakomerno. Opazimo tudi, da je prvih osem naj-
pogusteisih vrst, priblizno petina celote, prispevalo
dobrity 80% vseh harpaktikeidnih kopepodov, zbranih v
triletnern obdobju.

Sezonske in vedletne spremembe

Kot smo ugotovili Ze v prvem prispevku (ViiSer,
1996), je za srednjo tiletno abundancno krivulje zna-
cilen izrazit avgustovski maksimum, septembrski upad,
jesenska stagnacija oktobra - novembra in zimsko -
spomiacdanski minimum od decembra do maja. Trilethe
srednje mesecne  abundanéne  krivulje  posameznih
harpaktikoidnih vest pa so pokazale velike medsebojne
raziike, tako da fabko govorimo o nekaj znacilnih
tipskih skupinah sezonske dinamike,

Fretezno vecino kopepadne favne sestavlja skupina
vist, ki se pojavijajo vse leto, & z izrazitim poletnim
maksimumom. To skuping, ki je najbolf oblikovala se-
zonsko dinamiko celotnih harpaktikoidov, sestavijajo
mrechsem sledede vrste: Longipedia coronata, Hetero-
laophonte stromi, Khizothrix curvata, Bulbarmphiascus
inermis, Stenhelfa (Delavalia) adriatica. Pri nekaterih
vistah te skupine je hil poletni vily manj izvazit (Enhy-
drosoma longifurcatum, E. sordidum, Enhydrosomella
staufferi, Proameira simplex) ali pa kombiniran 2 manj-
3im jesenskim porastom Stevila osebkov (Cletodes pu-
sillus, Amphiascopsis sp. 2, Heteropsyfius sp. 3, Harpac-
ticus sp. 2).

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

Tretjo skupino sestavijajo vrste z izrazitim jesenskim
maksimumom od septembra do novemiya: Tvphlam-
phiascus coptusus, Canuella furcigera, futerpina acu-
tifrons, Stenhelia (Delavalial normani, 5.(0.} minuta,
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Ectinosoma sp. 1, Haloschizopera sp. 2.

Na obrobju ostalajo vrste, katerih kolicinski delez je
bil zanemarljiv, saj so se pojavljale le ob¢asho - bodisi
poleti {npt. Acrenhydrosoma perplexum, Robertsonia
knoxi, Dactylopodia tishoides, Ameira sp. 1, Typhlam-
phiascus sp. 2, Bulbamphiascus sp, 2, Harpacticus sp. 5)
ali le pozimi (Enhvdrosoma propinguum, Cletodes
limicafa, Microsetella norvegica), vendar na podlagi
zgol] nekaj primerkov ne moremo skiepati o njihovi
sezonski dinamiki.

Srednje mesecne abundance triletnega obdobja test-
najstih najbolj stevilenil vrst prikazujejo slike 1 a, b, ¢,
o

zracun srednith fetnih abundanc harpaktikeidnih
vrst (slika 2; a, b} je pokazal veliko medietno varia-
bilnost {nithanja letnih povprecij za 50 do 100%), a tudi
velike raziitke med posarneznimi vestami, Pri vedin
obravnavanih vrst je bila najve¢ia abundanca v drugem
lety opazovanj (1993 - 34), pri nekaj vrstah pa je viden
trend naradcanja ali tudi upadanja. Da so bile razlike v
abundancni dinamiki harpaktikoidov med posameznimi
feti vecie kot znotraf let, je potrdila tudi analiza variance
{1 way ANOVA, df=2, F=8,58, P=(,95).

Tritetna dinamika $tevila wist, ki smo jih nadhi v
vzorcih (slika 2) fe dakaj podobna abundaneni dinamiki
harpaktikoidov., Opazimo izrazit poletni maksimum
(julij ~ september}, jesensko stagnacijo (november) in
nekoliko nizje Stevilo vrst pozimi, vendar z obcutnimi
razlikami med posameznimi leti,

Abundanca in ekolotki dejavniki okolja

Korelacijska analiza je, enako ket pri celotni meio-
favni in njenih vedjih skupinah, pokazala pozitivho
korelacijo harpaktikoidne abundance s temperatwro in
slanostjo in negativno korelacijo z vsebnostjo kisika
pridnenega vodnega sloja. Padoben rezultat je dal tudi
izracun korelacije desetih najbolj mnezicnih vist har-
paktikoicdlov iz triletnega obdobja raziskay {tabela 2).

Socasne prepletanje nekaterib abiotskib in biotskih
dejavnikov lahko kot vectetne sukeesije $e najbolie pri-
kazemo na primeru dominantnega harpaktikoida Bul-
bamphiascus inermis. Trileto dinamiko temperature,
kisika, gostote pridnenega fitoplanktona (dorofil a} in
ahundanc 8. inermis prikazuje slika 4. Pregled krivalj
pokaze, da 8. inevmis, ki sicer sodi med prave polethe
vrste tmaksimum avgusta), po Stevilcnosti zelo niha iz
leta v leto, obcasno tudi z jesenskim porastom. Opa-
zimo menjavanje krivulj abundanc in koncentracije kisi-
ka {negativha korelacija), predvsem pa, da $tevil¢nost
kopepoda sledi nihanjem gostote fitoplanktona s pri-
blizno enomesecno zamudo.

Septemibra 1994 fe osrednji del Trzaskega zaliva pri-
zadelo pridneno pomanjkanje kisika (termoklinska hipo-
kstja). To se je pokazalo v meichentosu s takojsnjim
znizanjem abundance in zredéenjem Stevila v njem
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slika 2 a, b: Srednje letne abundance (+ 5F) nekaterih
vest harpaktikoidov v triletnem obdobju 1992 - 95,
Figure 2 a, b: Yearly mean abundance (x SF) of some
harpacticoids during the 1992 - 95 period.




ANNALES 9/'96

Borut VRISER: SEZONSKA EANAMIKA IN VARIARILNOST HARPAKTIKOILDOV . | 5360

Vista Temperatura | Slanost | Kisik
Bulbamphiascus inermis 0,40 4,32 0,18
Longipedia coronata (.69 (.01 -0.26
Fobydrosomelia staulier 0,43 0,16 -0,32
Ectinosama sp | 0,25 0,11 0,23
Enhydrosoma lorgiturcatim Q0,41 -(,09 -0,26
Typamphiascus confusus 0.37 -0,08 0,33
Proameira sitmplex 0,67 0,24 0,15
Sterhelia {Delavalia) minuta Q.02 0,26 0,05
Sterhelia {Delavalia) adriatica 0,38 0,04 0,18
Heterolaophonte strdmi 0,59 .11 (1,29
Stenhetia (Delavalia) sp. 2 -, €t .22 -0,02
iHarpacticoida 0,55 0,27 0,28

=g 05

Yabela 2: Pearsonovi korelacijski koeficienti abundance
vodilnif harpaktikoidov s fizikalnimi in kemijskimi pa-
rametri okolfa.

Yable 2: Pearson's correlation coefficients for harpacti-
coid species abundance with envirenmertal 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. Nafizrazitejse posledice priblizno dvote-
denske hipoksije se bile med harpaktikoidnimi kope-
podi, katerih abundanca je padia pod obicajne zimske
vrednosti. To velja predvsem za nekatere od desetih
najétevilenefdih vrst (slika 5; a, b), zlasti Enhydrosomelfa
staufteri, Enhydrasoma longifurcatum, Heterolaophonte
strémi in Ectinosoma sp. 1, nekofikao manj pa tudi za Pro-
ameira simplex, Longipedia coronata, in Heteropsyllus
sp. 30 Manj opazno je bile zmanjSanje Stevilcnosti po
hipoksiji se pri drugih sedmih vrstah: Typhlamphiascus
confusus, Bulbamphiascus inermis, Canuella furcigera,
Stenhelia (Delavalia) minuta, 5.(D.) adriatica, Hetero-
psyllus curticaudatus, Mesochra sp. 1. Pri preostalih
redkejsin vrstab vpliva pomanjkanja kisika zaradi nji-
hove 7golj ob¢asne pojavnaosti ni mogoce oceniti.
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Slika 4: Triletna primerfava temperature, vsebnostr ki-
sika in fitoplanktona pridnenega vodnega sloja z abun-
dance harpaktikoida Bulbamphiascus inermis.

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

DISKUSHA

Podobno kot pri celotni meiofavni in njenih glavnih
skupinah so trifetne raziskave tudi pri harpaktikoidnih
kopepadih postavile obstojeco hiacenotsko opredelitev
raziskovanega obmocia (biocencza meljev, provinca
glinasto - pescenih meljevy v nekoliko drugacne luc.
Razlike so se pokazale pri sestavi vodilnih vrst, kjer so
pridle bolj v ospredje nekatere druge dominante, ziasti
Bufbamphiascus inermis. Ta vrsta se, ¢etudi pogosta po
vsem Trzaskern zalivu, nikjer ne pojavija s tolikino
(16%) relativng abundanco. Vegletna vzorcevanja so
pokazala, da je raziskovano obmagcje, zelo verjetno pa
tudi celoten Trzaski zaliv, dejansko vrstno pestrejse kot
smo mishidi dosle, saj je posnetek avgusta 1985 (Vrider,
1992) lahko zajel ie poletni izsek iz vrstno in sezonsko
nadvse spremenljive sezonske palete meiobentoskih
zdruzh.

Natanénejsi vpogled v sezonsko pojavnost posa-
meznih vrst, razélenjenih v ui glavne sezonske tipske
skupine, razio?i sumari¢na srednjo triletno abundancho
krivuljo harpaktikoidov, Poletni maksimum te krivuije
sestavijajo zlasti dominantne vrste iz “skupire poletnega
tipa", ki tudi prispevajo dale¢ najvec¢ osebkov, pa tudi
vrste s poletnim vrhom iz abundancno Ze sibkejse "po-
letno - zimske skupine". Malostevilna "jesenska skupina
vist" vetrjetno najved prispeva k znacilni jesenski sta-
ghaciji abundance v skupni letni krivalji oktobra in
novembra, medtem ko nekaj redkih "zimskily vrst" in pa
nizke zimske abundance preostalih “vseletnib vrst" obli-
kujejo zimski del triletne krivulje.

Triletni razpon stednjih enoletnih gostot harpalk-
tikoidov je tudi na ravni posarmezne viste in tevila vest
petrdil veliko medietno variabilnost, kot se je nakazala
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TEPHLANPHIASCHS CONPUSUS A 