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LONG-TERM CHANGES IN THE BENTHOS
OF THE NORTHERN ADRIATIC SEA

Michael STACHOWITSCH

PhD, marine biologist, Institute of Zoology, University of Vienna, A-1090 Vienna, Althanstrasse 14,
E mail: @ mischkas zoo.univie. ac. at, Austria
dr., morski biolog, Institute of Zoology, University of Vienna, A-1090 Vienna, Althanstrasse 14,
E mail: @ mischkas zoo.univie. ac. at, Austria

Alexander FUCHS

BSc., marine biologist, Institute of Zoology, University of Vienna, A-1090 Vienna, Althanstrasse 14, Austria
dipl. biolog, Institute of Zoology, University of Vienna, A-1090 Vienna, Althanstrasse 14, Austria

ABSTRACT

The Northern Adriatic Sea, like many shallow coastal waters, is subject to a wide range of stresses and threats.
These include oxygen deficiencies, marine snow events, and fishing pressure. A mass mortality event in 1983 led to
the collapse of a wide-ranging benthic community. A long-term sampling series between 1984 and 1994 showed
that the benthos has not recovered even after a decade. The investigated macroepibenthic community, which con-
sists largely of filter and suspension feeders, plays an important role in stabilizing the entire ecosystem. Due to re-
peated disturbances the function of this community has been impaired. The reaction of the benthos to these distur-
bances shows that such communities serve not only to accurately interpret current conditions, but also serve as a
memory of past events. More effort should be made to decipher the rich information that the benthos provides.

Keywords: benthos, macrofauna, North Adriatic Sea, Gulf of Trieste, disturbance, mortality,
recolonization, anoxia, marine snow, long-term
Klju¢ne besede: bentos, makrofavna, Severni Jadran, Trzaski zaliv, motnje, smrtnost, rekolonizacija,
anoksija, morski sneg, dolgoro¢ne spremembe

INTRODUCTION

The Northern Adriatic Sea can be classified as a sen-
sitive ecosystem. As the northernmost part of the Medi-
terranean, it is subject to high annual fluctuations of phy-
sical parameters such as temperature and salinity. lts
shallow depth (< 30 m), strong stratification, high rive-
rine input, along with pressure from tourism and com-
mercial fishing contribute to making it a classical ex-
ample of an endangered marine ecosystem. In addition
to the above features, the Northern Adriatic is also sus-
ceptible to other phenomena such as oxygen deficien-
cies and marine snow production, which have taken on
dramatic proportions in recent years (Brambati, 1988;
Stachowitsch et al., 1990; Vollenweider & Rinaldi, 1995).

Despite the above sources of instability, the sublitto-

ral soft bottoms of the Northern Adriatic are character-
ized by well-developed benthic communities. The ben-
thic communities in this area have been studied for al-
most a century and have been summarized in regular
intervals (Vatova, 1949; Pérés, 1967; Gamulin-Brida,
1974; Ott, 1991). These communities consist not only of
a well-developed infauna, but also of a characteristic
macroepifauna (Orel & Mennea, 1969). One of the most
widespread epibenthic communities is the O-R-M
community, named after three dominant genera, the
brittle star Ophiothrix, the sponge Reniera, and the as-
cidian Microcosmus (Fedra et al., 1976). This commu-
nity consists largely of mobile and sessile filter or sus-
pension feeders which are aggregated in the form of so-
called multi-species clumps.

During the course of ecological investigations in the
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1970s, this community was found to maintain a stable
biomass and structure. The community plays an impor-
tant role in stabilizing the entire ecosystem by removing
suspended material from the water column and storing it
in the form of benthic biomass (Ott & Fedra, 1977; Ott,
1981). However, a series of recent disturbances includ-
ing oxygen deficiencies and massive marine snow de-
velopment have overwhelmed this stabilizing function
and led to the collapse of the benthos (Stachowitsch,
1984). These developments have been increasingly re-
lated to eutrophication (Rosenberg, 1985; UNESCO,
1988). While such perturbations may be visible in the
pelagic system in the form of reduced transparency, dis-
coloration of the water, surface layers of mucus, and
other short-term clues, the impact on the benthos is
much more long-lived. Long-term studies are necessary
to accurately detect the impact of such disturbances on
the benthos and to determine how various short-term
perturbations influence the overall system.

MATERIAL AND METHODS

In 1974 and 1975 the benthic communities in the
Gulf of Trieste / Northern Adriatic Sea were investigated
by means of an underwater TV-camera sled consisting of
a 1" Vidicon black and white videocamera, a Hasselblad
500-el camera and a series of lamps (for a detailed de-
scription of the system, see Machan & Fedra, 1975).
Twelve profiles with a total length of 80 km and cover-
ing an area of about 200 km? were examined in order to
define the borders of the O-R-M community (Fedra et
al., 1976). Additional profiles were also made in the
ltalian sector of the gulf to define adjoining communities
(Fedra, 1978). This, coupled with a series of samples
taken between 1973 and 1977 at a central position in
the O-R-M community (station 1, Fig.1 in Stachowitsch,
1984) provided information on the undisturbed
{premortality) condition of the benthic community.

In 1983 a mass mortality event was observed at
twelve stations ‘in the Gulf of Trieste from 12 - 26 Sep-
tember. One station (station 1) was revisited on six sepa-
rate days in order to document the course of mass mor-
tality. Photographs were taken with a NIKONOS Il and
NIKONOS IV-A camera equipped with a specially de-
signed electronic flash and a NIKON SB-101 flash, re-
spectively. [LFORD PAN F and KODACHROME 64 film
was used. Samples for species identification were col-
lected by hand.

The recolonization process after the 1983 mass
mortality event was investigated by taking 4 to 10 1 m2
macroepifaunal samples each year using SCUBA. All or-
ganisms or biogenic structures on or projecting from the
sediment were collected by hand and placed into 1 mm?
mesh bags. An effort was also made to collect the fauna
lying immediately beneath the sediment surface. The
samples were fixed in a 4% formaldehyde:seawater so-

lution. The recolonization process described in this
contribution is based on a single, randomly chosen 1m?
sample for each year between 1984 and 1994. Wet
weights of the macrofauna (> 1Tmm) were determined
with a Sartorius H 120 electronic balance (+/- 0.001 g ).
Wet weight measurements include mollusc shells but
omit serpulid tube weights.

RESULTS
The O-R-M community:

The large-scale underwater TV-camera sled survey
showed that the O-R-M community covered a large area
of the Gulf of Trieste. Based on the observations of Czi-
hak (1959) and Riedl (1961), who reported high densi-
ties of the brittle star Ophiothrix quinquemaculata off
Rovinj, Croatia, this community is thought to extend far
down into the Northern Adriatic. The evaluation of the
videofilms showed that the designating genera Ophio-
thrix, Reniera, and Microcosmus were not only biomass
dominants, but also visually characterized the commu-
nity. These genera, along with a wide range of other
sponges and ascidians, were clearly aggregated in the
form of multi-species clumps (Fedra et al., 1976), with
the intervening sediment surface containing scattered
deposit feeders and carnivores. These multi-species
clumps intitially grow on a biogenic base or "nucleus"
consisting of gastropod shells (Murex brandaris, Truncu-
lariopsis trunculus, Aporrhais pes-pelecani), bivalve
shells (Arca noae, Chlamys spp.), or sea urchin tests
(Schizaster canaliferus, Psammechinus microtubercula-
tus). The aggregated biomass in the O-R-M community
shows that fixo-sessile, hemi-sessile, and mobile species
require such substrates. In the intact community, the
former include sponges and ascidians and constitute the
underlying structure of the multi-species clumps. Typical
hemi-sessile species are Cucumaria planci and Chlamys
varia, while the latter group includes the most visible
mobile species, O. quinquemaculata (Fig. 1).

SCUBA-diver-samples taken before, during, and after
the TV-sled profiles showed the O-R-M community to be
characterized by a high macroepifauna biomass of 370
g wet weight/m2, with maxima of more than 1000 g wet
weight/m2. The designating group, Ophiothrix- Reniera-
Microcosmus, comprised 64% of the total biomass, with
O. quinquemaculata alone contributing 28%. In con-
trast, the mean biomass outside the community borders
(the "peripheral areas" of Fedra et al., 1976) was evalu-
ated at 166 g wet weight/m2, with O. quinquemaculata
contributing only 6% to the total biomass. The benthos
outside the O-R-M community borders was character-
ized by a distinctly lower biomass, different species
composition, smaller multi-species clumps, and a pre-
dominance of mobile deposit feeders (hermit crabs,
holothurians, and sea urchins). For a more detailed de-
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scription of other communities in the shallower parts of
the Gulf of Trieste, see Fedra (1978).

Mass mortalities

A series of mass mortalities was observed in the
course of our investigations on the benthos of the
Northern Adriatic Sea over the past 20 years. The first
mortality was documented in September 1974 during
the TV-camera sled profile work. This area of decaying
organisms was termed the "graveyard phenomenon" and
affected the central region of the Gulf of Trieste
(Positions 28 and 36, Fig. 1 in Fedra et al., 1976). The
exact boundaries of the affected area could not be de-
termined at that time because they extended beyond the
territorial waters of former Yugoslavia. However, the
composition of the decaying organisms clearly showed
that this area was occupied by the O-R-M community.

In 1983 a renewed mass mortality event was ob-
served at the central station in the gulf (station 1 = posi-
tion 39 in Fedra et al., 1976). At this location, the entire
course of ecosystem collapse, from behavioral modifi-
cations to the sequence of mortality was documented
and described in detail by Stachowitsch (1984). The af

Fig. 1: Large, intact multi-species clump consisting of
horny sponge, colonial ascidian and Cucumaria planci
(top, middle), serpulid tubeworms and hydrozoans (top,
right), and hermit crab in Trunculariopsis trunculus
shell (center). Sponge serves as a substrate for a dense
aggregation of the brittle star Ophiothrix quinquemacu-
lata. Gulf of Trieste, 25 m.

Slika 1: Velika, v naravnih razmerah Ziveca vecvrstna
skupina, ki jo sestavljajo roZicasta spuzva, kolonijski
kozolnjak, brizgaca Cucumaria planci (zgoraj, v sredi-
ni), serpulidni mnogoscetinci in trdoZivnjaki (zgoraj,
desno) ter rak samotar v hisici cokatega voleka Truncu-
lariopsis trunculus (v sredini). Spuzva deluje kot pod-
laga za cvrsto spojitev pegastega kacjerepa vrste Op-
hiothrix quinquemaculata. Trzaski zaliv, 25 m.

Fig. 2: Moribund Squilla mantis on sediment surface in
Sept. 1983. In background, decaying, mucus-covered
multi-species clump.

Slika 2: Morska bogomoljka Squilla mantis na povrsju
morskega dna septembra 1983. V ozadju s sluzom
prekrita razpadajoca vecvrstna skupina.

fected area was estimated to measure 250 km?2 and cov-
ered most of the bottom below 18 m in the gulf.

Both the infauna and epifauna were affected by the
1983 mortality event. All organisms showed modified be-
havior before death occurred. Among the infauna, the
most common visible reaction was emergence from the
sediment. At a later stage, most of these species were ob-
served motionless, in a moribund state, on the sediment
(Fig. 2), although some left short tracks on the surface
(the heart urchin Schizaster canaliferus, the gastropod
Aporrhais pes-pelecani) or were recorded swimming in
the water column (Squilla mantis). Other reactions inclu-
ded evisceration (Thyone fuscus), aggregating on mounds
(Amphiura chiajei), as well as gaping valves and ex-
tended syphons in bivalves. Furthermore there was a di-
stinct sequence of emergence and death in the in-fauna,
with burrowing crustaceans (Upogebia tipica, Jaxea
nocturna) and echinoderms (S. canaliferus) emerging
first, followed by polychaetes, sipunculans (Golfingia
elongata, Sipunculus nudus), gastropods, and bivalves.

The initial behavioral modifications of most of the
mobile epifauna involved aggregating on elevated sedi-
ment structures (mounds of burrowing crustaceans).
Specific, characteristic behaviors of individual species
included eviscerated holothurians (Holothuria tubulosa),
the humped posture of the brittle star Ophiura texturata,
overturning sea stars (Astropecten sp.) and, in the case of
hermit crabs, the abandonment of the occupied shells
by the crabs along with the detachment of symbiotic
anemones (Calliactis parasitica).

A key development was the destruction of the char-
acteristic structure of the O-R-M community. Specifi-
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Fig. 3: Close-up of decaying multi-species clump in
Sept.1983. Adult O. quinquemaculata have left the
clump, while dead, juvenile brittle stars are still at-
tached to decomposing sponge substrate (top, left). As-
sociated fauna includes the bivalve Chlamys varia cov-
ered with decaying, encrusting sponge (center) and tu-
beworm (left).

Slika 3: Bliznji posnetek razpadajoce vecvrsine skupine
septembra 1983. Odrasli pegasti kacjerepi vrste O.
quinquemaculata so Ze zapustili skupino, medtem ko so
poginuli mladostni osebki $e vedno pritrjeni k raz-
padajoci spuzvi (zgoraj, levo). ZdruZena favno sestav-
ljata pokrovaca vrste Chlamys varia, prekrita z razpa-
dajoco spuzvo (v sredini), in mnogoscetinec (levo).

cally, the multi-species clumps were very susceptible to
the mortality phenomenon. Sponges, for example,
which were a major component in many multi-species
clumps, were among the first species to die and become
discoloured (Fig. 3). This had an immediate effect on the
other species in the clumps, especially those species
that use sponges as a substrate or habitat. Thus, motile
species such as the designating species Ophiothrix
quinquemaculata left the multi-species clumps on which
they were normally aggregated and lay overturned on
the sediment. This mortality event was coupled with
large amounts of marine snow in the water column. As
relatively large structures projecting from the sediment,
the sponges in multi-species clumps snagged this drifting
mucus material. The decaying sponges and marine snow
caused the small fauna (e.g., nestlers and sponge dwell-
ers) to emerge. For example, a wide range of dead crus-
taceans such as Pisidia longicornis, Pilumnus spinifer,
small shrimp, and amphipods were observed entangled
in mucus-covered sponges.

After the onset of the oxygen deficiency-induced be-
havioral modifications, the collapse of the community
proceeded very rapidly. Thus, the time interval between
first unusual behavior and the onset of mortalities in the

10

individual species was very rapid. Within 4 days over
90% of the macroepifaunal biomass was destroyed and
most of the emerged infauna species began to die.
Fourteen days later, at the end of the investigation pe-
riod (26 Sept. 1983), only few living organisms were re-
corded and the sediment was covered with a dark layer
of decaying organic material.

Recolonization

Compared with the rapidity of the collapse of the O-
R-M community in 1983, recolonization is a long-term
process. Our investigations over a period of more than
10 years show that the community still has not recov-
ered from this initial disturbance. This conclusion is
based on total macroepibenthic biomass and the percent
contribution of the former designating species (Fig. 4).

A key to the reestablishment of community structure
is the growth of the formerly characteristic multi-species
clumps. A prerequisite for this is the availability of
biogenic structures on which the larvae of sessile and
motile epifauna species can settle. Not all substrates are
suitable for epigrowth, and many factors can render po-
tentially suitable ones unsuitable. The most conspicuous
structures on the sediment surface after the 1983 and
1988 mortality events were bivalve shells and sea urchin
tests. New epigrowth on such structures is heavily influ-
enced by sedimentation. Sedimenting particles can
rapidly cover smaller substrates (Fig. 5) and the top sur-
face of even larger substrates such as the shells of the
scallop Pecten jacobaeus can be covered by settling
particles. In such cases, the renewed growth of sessile
organisms typically begins along the edges or from the
underside.

The first species registered after the 1983 mass mor-
tality event differed from the structurally dominant forms
previously recorded in the intact O-R-M community.
The initial settlers on dead bivalve shells or sea urchin
tests were encrusting bryozoans (e.g., Schizoporella sp.,
Schizomavella sp.) and serpulid tubeworms such as Po-
matoceros triqueter and Serpula vermicularis. The tubes
of the serpulids eventually extended away from the sub-
strates in an upright position, enlarging the "clumps" and
giving them a more three-dimensional structure. These
erect tubes favored the settlement of other epigrowth.
Many juvenile bivalves (e.g., Hiatella arctica), as well as
rapidly growing ascidians (Ciona intestinalis) and hydro-
zoans were found between the serpulid tubes. In later
successional stages, slower-growing ascidians (Micro-
cosmus spp.) successfully settled. This led to a corres-
ponding increase in the species associated with the
thick tunic of these more long-lived ascidians (e.g., the
bivalve Musculus subpictus). These developing multi-
species clumps consisted not only of epifauna, but also
of many mobile and nestling species like polychaetes,
crustaceans, sipunculans and nemertines. These stages of
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Fig. 4: Recolonization of benthic community between 1984 and 1994, based on 1 m?-sample taken in September of
each year. Total macroepifaunal biomass and contribution of designating genera (stippled: Ophiothrix, Reniera,
Microcosmus). The community has been subject to repeated disturbance and has not recovered even after 10 years.
- Slika 4: Rekolonizacija bentoske zdruzbe med letoma 1984 in 1994 na osnovi vzorca (s povrsino 1 m?) v sep-
tembru vsakega leta. Skupna biomasa makroepifavne in prispevek posameznih rodov (pikcasto: Ophiothrix, Re-
niera, Microcosmus). Zdruzba je bila izpostavljena nenehnemu vznemirjanju in si ni opomogla celo po desetih letih.

Fig. 5: Layer of sediment partially covering fresh Laevi-
cardium oblongum shell. The sea urchin Psammechinus
microtuberculatus grazing on right valve. New epig-
rowth typically begins on underside or edges of such
fresh substrates.

Slika 5: Plast usedlin delno prekriva se sveZo lupino
srcanke vrste Laevicardum oblongum. Mali morski je-
Zek Psammechinus microtuberculatus na pasi. Nova
obrast se znacilno zacenja na spodnji strani ali robovih
$e svezih podlag te vrste.

1

community recolonization clearly represent a succe-
ssion. A detailed distinction and description of the indi-
vidual stages of succession is the focus of ongoing
research.

Renewed disturbances

The normal succession process was hampered sev-
eral times in the course of the decade. The first distur-
bance of the recolonization of the O-R-M community is
related to the scallop Pecten jacobaeus which, along
with the pen shell Pinna sp., established themselves in
greater numbers on the sediment surface. Both species
may represent distinct stages in the recolonization of the
bottom. Pinna, for example, was rarely recorded in the
samples of the premortality community. By 1987, the
scallop population reached a size large enough to sup-
port commercial fishing operations. The subsequent use
of bottom trawls scarred the sediment and even crushed
the scallops themselves (Fig. 6). More important with re-
gard to the reestablishment of the O-R-M community,
these operations overturned or broke apart many of the
newly established multi-species clumps. We consider
this activity to have played a role in the biomass de-
crease to 61 g wet weight/m? in 1987 (Fig. 4). One of
the most visible effects of bottom trawling was on the
Pinna population. The opening of younger Pinna lies
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Fig. 6: Pecten jacobaeus shell broken apart and dis-
lodged by bottom trawling gear. Initial growth of ser-
pulids on top valve, arms of Ophiothrix quinquemacu-
lata projecting from underside of lower valve. Two
anemones (Calliactis parasitica) between the valves are
probably associated with a hermit crab.

Slika 6: Lupina velike pokrovace Pecten jacobaeus, ki jo
je iz dna iztrgala in razbila globinska vle¢na mreza,
Zacetna rast serpulidnih mnogoscetincev na gornji lu-
pini, kraki kacjerepa vrste Ophiothrix qiuquemaculata
strlijo s spodnje strani spodnje lupine. Dve strazni
vetrnici med (Calliactis parasitica) lupinama sta najbrz v
zdruzbi z rakom samotarjem,

flush with the sediment surface and the bivalves are in-
conspicuous. Later, the valves project above the sedi-
ment, with the outer surfaces serving as a further sub-
strate for epigrowth. The fishing gear broke off the pro-
jecting part of the shells, killing the bivalves (Fig. 7).
These empty shells subsequently served as a substrate
for a dense epigrowth consisting largely of serpulid tu-
beworms (both on the inner and outer valve surfaces).
The effect of ongoing, regular trawling activity was
clearly evident: the gear continued to shear off the ends
of the valves and often snagged on the tubeworms ex-
tending from the apertures. The force is sufficient to pull
the deeply buried bivalves from the sediment (Fig. 8).

A renewed, small-scale mortality was recorded at the
long-term station in September 1988. Based on diver-
taken notes, underwater photography, and samples
taken at adjoining stations, the area of this mortality was
estimated to be 4 km2. The seafloor was characterized
by "black spots" indicating the position of small multi-
species clumps and decaying organisms (Fig. 9). The
bottom was also littered with fresh sea urchin tests
(Psammechinus microtuberculatus, S. canaliferus) and
numerous fresh bivalve shells (Laevicardium oblongum,
Cardium sp.). The biomass in the September sample was
reduced to 2 g wet weight/m? and consisted of 3 Epi-
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Fig. 7: Freshly killed Pinna sp. with decaying soft parts
still within the shell. Top part of valves sheared off by
bottom trawl (Sept. 1987).

Slika 7: Pred kratkim unicen les¢ur Pinna sp., z razpa-
dajocimi mehkimi deli se vedno v lupini. Gornji del lu-
pine je ocitno odrezala globinska vle¢na mreza (sept.
1987).

zoanthus arenaceus polyps, 1 sipunculan and 10 poly-
chaetes. This small-scale event, which occurred within
the area affected in 1983, most likely did not impede the
overall recolonization process in the North Adriatic, but
did directly affect our long-term sampling station in the
Gulf of Trieste.

In 1988, 1989, and 1991, marine snow ("mare spor-
co") events were registered in the Adriatic. The 1989
event had a major impact on the entire Northern
Adriatic Sea. Marine snow settled on the bottom in the
form of macroflocs, stringers, and clouds (Stachowitsch
et al., 1990) as early as June 14. The amount of sinking
material was sufficient to cover multi-species clumps
(Fig. 7 in Stachowitsch et al., 1990) and to interrupt the
suspension-feeding posture of entangled O. quin-
quemaculata, for example. Interestingly, no severe an-
oxia or widespread mortality occurred at the sampling
station itself. It should be noted, however, that the
benthos in 1989 was already highly reduced (18 g wet
weight/m?) due to the mortality of the previous year. At
the same time, the wide-ranging creamy and gelatinous
surface layers (Stachowitsch et al., 1990) that covered
large parts of the Northern Adriatic in summer 1989 ap-
parently settled to the bottom further to the south, where
they were associated with extensive mass mortalities
over an area of 3000 to 4000 km?2 in winter 1989/90
(Fig. 13 in Ott, 1991).

Between 1990 and 1994 no major disturbances other
than the ongoing bottom trawling operations were re-
corded. Nonetheless, the recolonization process did not
lead to the re-establishment of the O-R-M community.
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Fig. 8: Pinna sp. dislodged from the sediment by ben-
thic trawl fishing equipment snags on projecting part of
shell along with its epigrowth. Crushed serpulid tube-
worms and Chlamys varia lying on the sediment sur-
face. Note presence of predators Trunculariopsis trun-
culus and Psammechinus microtuberculatus, right)
feeding on detached epigrowth. Note also C. varia
attached to freshly exposed part of Pinna sp.

Slika 8: LeScur Pinna sp., ki ga je iz podlage za strleci
del skupaj z obrastjo izvlekla globinska vlecna mreza.
Na povrsju morskega dna lezijo uniceni serpulidni
mnogoscetinci in mala pokrovaca Chlamys varia. Z lo-
¢eno obrastjo se hranita plenilca - ¢okati volek Truncu-
lariopsis trunculus in mali morski jezek Psammechinus
microtuberculatus (desno). K sveZe odtrganemu delu
lescurja je pricvrscena mala pokrovaca.

Specifically, neither the biomass nor the designating
species reached former levels (Fig. 4). The overall low
biomass reflects the smaller size of multi-species clumps
vs. pre-mortality values.The maximum biomass of indi-
vidual clumps measured between 1990 and 1994, for
example, was 9.5 g, with average values below 1g.
Multi-species clumps can reach large dimensions. Wur-
zian (1977) classified these aggregations into weight
classes of 0 to 80 g, 80 to 240g, 240 to 560g, and >
560g. No multi-species-clump of the larger weight clas-
ses were found in the ten years following the 1983 mor-
tality. In fact, no T m? sample even approached the wei-
ght of a single, former medium- to large-sized clump.
Although the percent contribution of the former
designating group of species increased (for example
from 0 t0 39% between 1984 and 1987), the composi-
tion within the group remained atypical. While Micro-
cosmus began to reestablish itself, the sponge Reniera
was virtually absent (present for example in the 1993
sample: 6.8 g) and only isolated specimens of Ophio-
thrix quinquemaculata (mostly juveniles) were collected
in the samples. Not one adult O. quinquemaculata,
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Fig. 9: The sea star Astropecten aurantiacus surrounded
by several "black-spots" representing decaying organ-
isms in Sept. 1988. Fresh test of the sea urchin Psam-
mechinus microtuberculatus (top, middle) and emerged
gastropods (Aporrhais pes-pelecani, center).

Slika 9: Oranzno morsko zvezdo Astropecten auranti-
acus obkrozajo stevilni razpadajoci organizmi v obliki
¢rnih pik (sept. 1988). Sveze testiranje malega mor-
skega jezka Psammechinus microtuberculatus (zgoraj, v
sredini) in pojavljajocih se polZev pelikanovih stopalc
(Apporrhais pes-pelecani, v sredini).

which was formerly present in numbers of up to 500
individuals/m?, was found in the samples evaluated
between 1991 and 1994.

DISCUSSION

Due to the narrower range of fluctuations of physical
parameters in marine versus terrestrial ecosystems,
large-scale natural disturbances in the marine environ-
ment are relatively uncommon and poorly documented.
This is particularly true in sublittoral soft bottoms. When
disturbances do occur, they tend to be most overtly
manifested in the pelagic subsystem (e.g., discoloration
due to plankton blooms). In cases where disturbances in
the pelagic subsystem are coupled with or trigger per-
turbations in the benthic subsystem, the discrepancy
between the duration of the phenomena in the two
realms can be very large: the transient nature of pelagic
disturbances stands in contrast with the long-term dis-
turbances in benthic communities, especially in the case
of a well-developed macrofauna. This makes benthic
communities ideally suited to detect the actual effect of
perturbations on the overall ecosystem.

In the investigated O-R-M community, for example,
the perturbations that triggered mass mortality, i.e., ma-
rine snow.events and anoxias in the water column, were
short-term events on the scale of days, weeks, and
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months. The recolonization process (notwithstanding the
renewed disturbances), on the other hand, clearly in-
volves periods of years or even decades (Fig. 4). This
period is on the longer end of the range reported for
other sublittoral bottoms. Total recovery in the New
York Bight after anoxia was expected to take several
years due to the extensive area affected (Steimle & Ra-
dosh, 1979). Recolonization in the Bornholm Basin in
the Baltic after a 1968 mortality led, even after several
years, to a community showing very little resemblance
to the original Macoma baltica community (Leppikoski,
1971). Repeated disturbances complicate the process,
leading to steady impoverishment (German Bight; Ra-
chor, 1980) or the annual reestablishment of transitory
successional stages (Chesapeake Bay; Officer et al.,
1984).

Compared with the communities mentioned above,
which are dominated by infauna species, recovery in the
O-R-M community is no doubt compounded by the
complex structure and associations of the macro-
epibenthic invertebrates (e.g., multi-species clumps).
Fully developed multi-species clumps are perennial
structures. A wide range of physical and biological
conditions are necessary for mature aggregations to
develop. Clearly, this proceeds via a number of succes-
sional stages. Different types of multi-species clumps
(e.g., sponge- versus ascidian-dominated) can arise de-
pending on larval settlement factors, space competition,
predation, etc. Their final appearance can further be
modified by ecological interactions. For example, the
distribution of O. quinquemaculata can be interrupted
or modified when the sponges are occupied by the crab
Pilumnus spinifer; in this case, crab number and clump
size determine the small-scale distribution pattern of the
brittle star (Wurzian, 1977).

A second path of multi-species-clump formation, in-
volving hermit-crab occupied gastropod shells, is also
known. Virtually all gastropod shells go through the
hermit crab population. Because they are transported
over long distances by the crabs (Stachowitsch, 1979),
these structures are sediment-and predator-free, main-
tained in a stable orientation, and elevated above the
bottom. These shells are therefore optimal substrates
with manifold advantages for the epifauna. They serve
as a substrate for a diverse community consisting of
more than 120 species and a wide range of functional
groups and are essentially mobile multi-species clumps
(Fig. 10). When these shells are eventually deposited by
the crab - after they have been modified by a complex
interplay of "constructive" epibionts and "destructive"
endolithic forms - the complex community of "sym-
bionts" can survive to form typical multi-species clumps
(Stachowitsch, 1980).

Fully developed multi-species clumps in the intact
community are important functional units. 87.5% of the
biomass consists of filter- and suspension-feeding organi-

Fig. 10: "Mobile multi-species clump" consisting of
large epigrowth carried by the hermit crab Paguristes
eremita (eyes and antenna of crab visible, bottom cen-
ter). Epigrowth consists of two ascidians (Microcosmus
vulgaris) and the bivalve Arca noae, the latter bearing
several small ascidians (Distomus variolosus). Ascidians
serve as substrate for brittle stars.

Slika 10: "Gibljiva" vecvrstna skupina, sestojeca iz veli-
ke obrasti, ki jo nosi rak samotar Paguristes eremita
(lepo vidne so njegove oci in tipalnice, spodaj v sre-
dini). Obrast sestoji iz dveh kozolnjakov (Microcosmus
vulgaris) in noetove barcice Arca noae, na kateri je ve¢
majhnih kozolnjakov vrste Distomus variolosus. Ko-
zolnjaki dajejo podlago kacjerepom.

sms. In such shallow environments, the benthos is not
merely a receiving compartment. Rather, complex feed-
back processes, with the benthos controlling the pela-
gos, are in effect (Figs 11, 12 in Ott, 1991). Ott & Fedra
(1977) estimated that the suspension feeders in the Gulf
of Trieste can remove all the suspended material in the
water column every 20 days. This is on the same order
of magnitude as calculated for the Oosterschelde
(Herman & Scholten, 1990), Swedish waters (Loo & Ro-
senberg, 1989), the USA (Cloern, 1982), and France
(Hily, 1991). Such communities have therefore been
termed a "natural eutrophication control" (Officer et al.,
1982). They play a key role in the stability of the entire
ecosystem, and their loss makes the system more sensi-
tive to perturbations. The current status of the O-R-M
community, with its low biomass, atypical species com-
position, and altered structure, makes it unlikely that it
fulfills its premortality regulatory capacity. '
This stabilizing function is hampered by the above-
mentioned marine snow and oxygen deficiency events.

‘This is compounded by the continuous threat to com-
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munity structure due to bottom trawling. Such fishing
operations are known to have a negative impact on
benthic communities (de Groot, 1984; Langton &
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Robinson, 1990). This activity is particularly destructive
in the Gulf of Trieste, where fishermen can use land-
marks to very efficiently space their trawls. The effect is
clearly visible on the bottom due to furrow-like mark-
ings, destroyed fauna (Figs 6, 7), as well as the repeated
demolition of underwater experiments. It is also respon-
sible for unnatural features such as uprooted Pinna
shells. Only such fishing gear, which snags on the ser-
pulid tubeworms extending from the bivalve’s aperture,
is capable of extracting these deeply buried bivalves
from the sediment (Fig. 8).

Clearly, detailed knowledge of benthic communities,
preferably including direct observations, can provide
valuable information on the status of the overall system.
Three criteria or levels can be called upon to deliver
such information: 1) behavior, 2) mortalities, and 3)
recolonization.

1.) On the first level, behavioral criteria provide in-
formation on an ongoing disturbance. The time scale in-
volves hours, days or weeks. Here, the severity and du-
ration of oxygen deficiency can be gauged by the spec-
trum of species exhibiting unusual behavior and by the
type of behavior exhibited by these species.

2.) On the second level the course of mortalities or
the more immediate post-disturbance community com-
position of surviving species serve as a criteria to gauge
anoxias. The time scale is weeks, months, or up to a
year or more. The post-mortality absence of only sensi-
tive species or age classes would indicate less severe
oxygen depletions, while mortalities of more resistant
forms would indicate more severe conditions.

3.) On a third, more long-term level, recolonization
processes can provide information on earlier, perhaps
undocumented oxygen crisis. The time scale here may
involve years, and as in the case of the Northern
Adriatic, even decades. A prerequisite for optimal re-

constructions is knowledge of former community com-
position, of opportunistic species, and of successional
and possible climax stages. Ideally, knowledge of these
processes would allow the time of ecosystem collapses
to be pinpointed with accuracy even years after the
event. Thus, benthic communities can serve as the
memory of recent disturbances (Stachowitsch, 1992).
Ultimately, benthic communities also provide informa-
tion on a fourth level, i.e., the paleontological/
geological record as well.

Many shallow-water marine ecosystems have com-
mon physical features and are subject to a similar range
of threats and stresses; the reactions of macrobenthos
also show parallel features worldwide (Pearson & Ro-
senberg, 1978; Stachowitsch & Avc¢in, 1988). This is im-
portant in recognizing and gauging such threats and
suggesting solutions. The events in the Northern Adriatic
Sea are therefore of high predictive value for endan-
gered coastal waters worldwide. More effort should be
made to decipher and utilize the information that ben-
thic communities provide.
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POVZETEK

Severni del Jadranskega morja je tako kot mnoge plitve obreZne vode izpostavijen stevilnim obremenitvam in
nevarnostim, med katere sodijo pomanjkanje kisika, morski sneg in ribistvo. Zaradi mnoZi¢nega umiranja
organizmov leta 1983 v tem delu Jadrana je propadla bentoska zdruzba z mocno razsirjenim arealom.

Dolgorocno zbiranje vzor¢nih primerkov med letoma 1984 in 1994 je pokazalo, da si tamkajsnji bentos ni
opomogel celo v obdobju desetih let. Raziskovana makroepibentoska zdruzba, sestojeca predvsem iz organizmov,
ki se hranijo s filtratom, igra pomembno vlogo v stabilizaciji celotnega ekosistema. Nenehne obremenitve v
severnem Jadranu so mocno oslabile delovanje te zdruzbe. Reakcije bentosa na motnje kaZejo, da taksne zdruzbe
niso le natancen kazalec obstojecih razmer, marvec¢ tudi nekaksno skladisce informacij o preteklih dogajanjih.
-Avtorja menita, da bi se bilo zatorej treba bolj potruditi pri razvozlavanju informacij, ki nam jih daje

severnojadranski bentos.
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ABSTRACT

Mussel farms cover a large coastal area of the Gulf of Trieste (North Adriatic Sea), a shallow bay characterized by
a high primary production and a wide variability of temperature, salinity and dissolved oxygen at the bottom. To test
the effects of this mariculture on benthos, two stations were located under an old (>10 years) and a new set (2 years)
of mussel cultures, while a third was placed in an area free of cultures. In each station, five grab samples were col-
lected. Statistical analyses were performed by non-parametric multivariate methods on both abundance and biomass
data. Results show a moderate effect on benthos, mainly in the station located under the oldest farm. The total
biomass decreased under the cultures and the lowest value was recorded under the 10-year-old culture.

Key words: benthos, mussel cultures, modificataion, Gulf of Trieste
Kljuéne besede: bentos, gojisca klapavic, spremembe, Trzagki zaliv

INTRODUCTION

Several authors have dealt in the past with the effects
of mussel cultures on the seabed, either with regard to
the geochemical characteristics of the sediment
(Dahlback & Gunnarsson, 1981; Baudinet et al., 1990)
or from the point of view of the benthic communities
(Tenore & Gonzales, 1976; Mattsson & Linden, 1983;
Kautsky & Evans; 1987). The benthos is reported to de-
crease its diversity, especially in poor hydrodynamic
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environments, and to show an increase of opportunistic
species under these conditions (Tsuchiya, 1980; Lopez-
Jamar, 1982; Mattsson & Linden, 1983).

The Gulf of Trieste (North Adriatic Sea) is a shallow
bay with an average depth of 17 m. Mollusc farming is
the main mariculture activity and annualy produces
8000-10000 tons of Mytilus galloprovincialis in hanging
long-lines cultures (Ceschia et al., 1991). In the Italian
part of the Gulf, farms are situated along the coast from
the promontory of Miramare to Monfalcone and cover
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an area of approximately 10x0.5 km2, corresponding to
about the 60% of the bathymetric band between 10 and
17m. In this area, bottom currents of 3-5 cm/s were re-
corded (Mosetti & Purga, 1990); they prevent a massive
biodeposition from mussels on the seabed (Larsson,
1985). The Gulf is characterized by a wide variability of
environmental parameters such as salinity, temperature
and dissolved oxygen at the bottom. In recent years, the
occurrence of anoxia, mainly in the deepest part of the
Gulf, has lead to a decrease in macrobenthos diversity
(Aleffi et al., 1993; Brizzi et al., 1994). Therefore the an-
oxic episodes, as well as the hydrodynamic features of
the Gulf, can hide the effects of cultures on benthic
communities (Landri et al., 1993).

The aim of the present paper is to detect whether the
mussel-cultivations have caused any modification in the
soft-bottom macrobenthos below the farms in the Gulf of
Trieste.

MATERIALS AND METHODS

In order to describe the modifications in benthic
communities under mussel cultures, three stations were
investigated. The studied area was at 10 m depth, about
500 m from the coastal line and characterized by a
sandy-pelitic sediment (Brambati et al., 1983). The first

[
13°30!

Monfalcone ussel cultures

45945

45°30! -

-.~.— maritime boundary
between Italy and Slovenia

Fig. 1: The Gulf of Trieste and position of the stations.
Slika 1: Trzaski zaliv in poloZaj posameznih postaj.
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station (st.10) was situated under an old (more than 10
years) hanging long-line mussel culture. The second sta-
tion (st. 2) was located under a new culture (2 years
old). The third station, considered as a control (st. C),
was placed in a nearby area unaffected by cultures (fig.
1).

On Sept. 16 1993 at each station, five grab samples
were collected by 0.1 m2 van Veen grab and the sedi-
ment was sieved through a 1-mm-mesh sieve; the organ-
isms retained were preserved in 4% formalin solution
and biomass was measured as wet weight (shells in-
cluded).

Quantitative data were analysed by different meth-
ods, excluding the abundance and biomass of Mytilus
galloprovincialis which had dropped down from the
overlying cultures. The structure of the community was
described by the Shannon diversity index (H) on logy
basis and by the Pielou index (J), both calculated on the
species abundances of each grab sample. A one-way
ANOVA was performed on the (H) indices to test the
existence of significant differences among the three sta-
tions. Multivariate methods were also applied on both
abundance and biomass data, after transformation by a
single square-root and a double square-root, respec-
tively. All similarity computations were based on the
Bray-Curtis similarity index because of its independence
from "joint-absences" (Clarke & Green, 1988). Non-met-
ric Multi-Dimensional Scaling (MDS) was performed to
display the relative position of grab samples. To test the
significance of difference among groups of samples, a
randomization-permutation test was used (One-Way
ANOSIM Test, Clarke & Green, 1988). The consistent
species, within those mainly responsible for the group-
ing of samples (e.g. contributing 70% to the average
similarity) suggested by MDS ordinations, were deter-
mined by calculating the ratio between their contribu-
tion to the average group similarity and the correspond-
ing standard deviation. The good discriminator species
for separation of groups (within those accounting for
70% of average dissimilarity) were determined using the
ratio between their contribution to the average group
dissimilarity and their standard deviation (Clarke, 1993).
The statistical analyses were performed using the
PRIMER software package developed by Plymouth Ma-
rine Laboratory, England.

RESULTS
Abundance data

The average Shannon and Pielou indices, calculated
for each station, were very close and indicate commu-
nities partially dominated by few species. The ANOVA
did not show any significant differences between the
Shannon indices of the five grab samples of each station
(tab. 1).
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st. 10 st. 2 st.C One-Way Anova
H J H J H J F P
sample
1 2.49 0.86 3.02 0.90 2.58 0.84 st. 10 vs st.2 0.34 0.57
2 2.79 0.87 2.60 0.82 2.73 0.82 st. 10 vs st.C 0.05 0.83
3 2.22 0.89 2.59 0.90 2.02 0.76 st. 2 vs st.C 1.66 0.23
4 2.36 0.83 2.40 0.89 2.49 0.83
5 2.70 0.79 2.40 0.77 2.54 0.82
average 2.51 0.85 2.60 0.86 2.47 0.81
S.D. 0.21 0.03 0.23 0.05 0.24 0.03

Tab. 1: Shannon (H) and Pielou (J) indices for each sample and analysis of variance on H between stations.three

stations.

Tabela 1: Shannonov (H) in Pieloujev (J) indeks za vsak posamezni vzorec in analiza variance na H med postajami.
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Fig. 2: Multi Dimensional Scaling (MDS) on grab
samples - A: abundance data (stress=0.12). - B: biomass
data (stress=0.10).

Slika 2: MDS poskusnih vzorcev - A: podatki o ste-
vilénosti vrst (Poudarek = 0.12), B: MDS poskusnih
vzorcev - podatki o biomasi (poudarek = 0.10).
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‘The multi-dimensional scaling applied to the abun-
dance data of grab samples showed two separate groups
(fig. 2), the first corresponding to samples of st. C and st.
2, the second of st. 10. In this latter group, one grab
sample is separated from the others because of its scar-
city of organisms (tab. 2).

The ANOSIM global test gave an R=0.447 at
p=0.001, indicating a significant non-randomness of the
grab samples’ distribution. The pairwise test between the
three stations’ groups of samples clearly separated st. 10
from the others (tab. 3), but failed to distinguish between
st. C and 2.

The first group displayed by ordination (st. 2+C) is
chararcterized by the consistent abundance of Nucula
nucleus, Telepsavus costarum, Maldane glebifex, Me-
linna palmata, Eunice viitata and Phylo foetida, while in
the group of samples corresponding to st. 10, the only
important species are Lumbrineris latreilli, Telepsavus
costarum and Nassarius reticulatus (tab. 4). All these
species are commonly found ‘on muddy bottoms of the
Gulf of Trieste (Vatova, 1949; Orel & Mennea, 1969;
Aleffi et al.,, 1993; Brizzi et al.,, 1994) and some are
reported as opportunistic species (Pearson & Rosenberg,
1978). .

The dissimilarity between the two groups is mainly
due to Maldane glebifex, which is only present in group
st. 2+C, and Scolopols armiger, Lumbrineris gracilis,
Nassarius reticulatus and FErichthonius brasiliensis, pre-
sent in the st. 10 (tab. 5).

Biomass data

The MDS plotted on the basis of the biomass data (fig. 2)
showed three groups of grab samples related to three
stations with significant differences between them (tab.
6). St. C is characterized by a consistent biomass of
Nucula nucleus, Maldane glebifex, Telepsavus
costarum, Amphiura chiajei, Melinna palmata, Eunice
vittata and Phylo foetida; st. 2 by Nucula nucleus,
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date: 16. 10. 1993
Station St.10 St.2 St.C
Grab 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Sargatia elegants
Calliactis parasitica 1 2

Edwarsia claparedii 2 2

Calyptraea chinensis 1

Hexaplex trunculus 1

Nassarius reticulatus 2 1 1 1 1 1 1

Philine aperta 1

Euspira guillemini 2 2
Nucula nucleus 4 5 6 21 14 ] 18 21 10| 29 13 ( 19 3] 21 4

Nuculana pella

Chlamys varia . 1

Chlamys glabra 1

Chlamys flexuosa 2

Limea loscombi 1
Andontia fragilis 1 1 3 1
Thyasira flexuosa 1

Diplodonta rotundata 1 1

Tellimya ferruginosa 3

Acanthocardia paucicostata 1
Tellina distorta 2 2 1 1 1
Gastrana fragilis 1 1
Abra alba 1 1 1 2 1 2 3
Abra prismatica 5 3

Azorinus chamasolen

Gouldia minima

Paphia aurea 2 2 1
Corbula gibba 4 4 1 3
Dentalium inaequicostatum 2

)
Ut
-
N
=

[CI ENCI AN R B
&
&

Harmothoe sp. 1 1

Anaitides lineata 1

Syllis sp. : 2 1

Ceratonereis costae 1

Nereis lamellosa 1 1 2

Perinereis sp. 1

Glycera rouxii 1 1

Glycera unicornius 1 1 1
Eunice vittata 1 2 1 5 7 2 1 5 1 3 4 3 2 6
Marphysa sanguniea 2 2 1 3 2 1 2 1 2 2 1

Hyalinoecia bilineata 1

Lumbrinereis gracilis 1 1
Lumbrinereis latreilli 3 2 6 41 10 3 2 1 4 4 6 | 11 5 2
Drilonereis filum 1
Phylo foedita 2 1 5 3 3 2 2 6 1 1 2 1 2
Scoloplos armiger 1 1 1

Laonice cirrata 1

Spiophanes kroyeri 1

Pseudopolydora atennata 1

Polydora ciliata 1

Polydora flava 2
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Prionospio cirrifera 1 1 1

Poecilochetus serpens : 1 4 1 1

Aricidea sp. 1

Chaetopterus variopedatus 1 1

Telepsavus costarum 2 3 1 4 1 8 | 12 9 81 18 7 4 8 4

Pherusa plumosa 1

Notomastus latericeus 1 1

Capitellidae indet. 1

Maldane glebifex 10 | 13 2 4 51 13 14 | 24 5

Lagis koreni 1 2 1 1 1

Amphictene auricoma 1

Ampharete acutifrons 1

Melinna palmata 3 2 3 3 11 8 7 3] 14| 16 4 3 3

Amphitrite affinis

Terbellides stroemi 1 1 2 1 3 1 2 2 5 2

Serpula concharum 1

Serpula vermicularis 2 1 1 1 6

Hydroides elegans 2

Hydroides pseud. pseud.

Pomatoceros triqueter 15 2 10 | 35 16 | 10 9 5 16 4

Protula sp. 1 1 1

Pandalina brevirostris 2

Processa edulis 1

Processa sp. 2 4

Clinbanarius erythoropus 6

Brachynotus sexdentatus 91| 10 2 5 1 2

Pisidia longicornis 3| 15 13 | 26 9 4 1 2 1 40 2

Pisidia sp. 2 8

Galathea intermedia 1

Dynamene bidentata 1

Ericthonius brasiliensis 1 1 1 2

Elasmopus rapax 1

Caprillidae indet. 1

Ophiothrix quinquemaculata 4 4 18

Opbhiothrix sp. 2

Amphiura chiajei 2 1 6 2 2

Psammechinus microtuberculatus 1 1 3

Phallusia mammilata 1

Microcosmus sulcatus 4

Ascidiacea indent. 1

Tab. 2: Abundance of species in the grab samples of the three stations.
Tabela 2: Stevilcnost vrst v poskusnih vzorcih, zbranih na treh postajah.

Global Test Pairwise Test
Sample Statistical Prob. Groups Statistical Prob.
used value (R) compared value (R)
15 0.447 0.001 st. 10-2 0.548 >0.01
st.-10-C 0.648 >0.01
st. 2-C 0.108 19.0

Tab. 3: One-Way ANOISM global and pairwise test on abundance data.
Tabela 3: Enostranska analiza po metodi ANOSIM Global and Pairwise za podatke o stevilcnosti.
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Groups 2+ C 10
Avg.Si  S.D. Avg.Si. S.D.

Nucula nucleus *6.9 2.4 3.0 3.0

Telepsavus costarum *6.9 2.0 *3.8 1.2

Maldane glebifex *6.4 1.9

Melinna palmata *5.1 1.8 2.6 2.4

Eunice vittata *3.8 1.2

Phylo foetida *3.3 1.0

Lumberineris latreilli *3.2 1.9 *5.8 2.1

Pisidia longicornis 4.4 4.3

Pomatoceros triqueter 4.0 4.2

Nassarius reticulatus *3.3 1.0

Brachynotus sexdentatus 3.2 3.1

Average similarity within

groups of stations 52.4 46.3

Tab 4: Contribution of each species to the average
Bray-Curtis V- transformed similarity Si (abundance
data) within groups of stations. Important species (with
high ratio Avg./5.D.) are higlihted (*). Cutoff 70% of
total similarity. ‘

Tabela 4: Prispevek posameznih vrst k povprecni
Bray-Curtisovi trasformirani podobnosti Si (podatki o
Stevilcnosti) v skupinah postaj. Poudarjene (*) so po-
membne vrste (z visokim razmerjem Avg/S.D.). Pre-
sek podobnosti je 70%.

Telepsavus costarum, Maldane glebifex, Phylo foetida,
Melinna palmata and Lumbrineres latreilli; station 10 by
Nassarius reticulatus, Lumbrineres latreilli and Telep-
savus costarum (tab. 7). The dissimilarities among the
three stations are due to about one-third of the total
number of species, while only some of them are good
disciminators: Amphiura chiajei and Phylo foetida be-
tween st. C and st. 2; Maldane glebifex, Chaetopterus
variopedatus, Brachynotus sexdentatus and Lumbrineris
latreilli between st. 10 and st. 2; Maldane glebifex, Nas-
sarius reticulatus and Amphiura chiajei between st. 10
and st. C (tab. 8).

Avg. Di S.D.
Maldane glebifex *4.5 2.1
Pomatoceros triquter 33 2.5
Pisidia longicornis 33 2.0
Nucula nucleus 3.4 3.0
Brachynotus sexdentatus 2.5 1.5
Telepsavus costarum 2.2 1.3
Melinna palmata 2.0 1.9
Terebellides stroemi 1.6 1.1
Paphia aurea 1.5 1.2
Phylo foetida 1.3 1.0
Eunice vittata 1.3 1.1
Corbula gibba 1.3 1.4
Nassarius reticulatus 1.3 0.8
Scoloplos armiger *1.3 0.7
Lumbrineres latreilli 1.3 1.2
Lumbrineres gracilis *1.3 0.7
Ophiothrix quniquemaculata 1.2 1.7
Ampbhiura chiajei 1.2 1.1
Erichtonius brasiliensis *1.2 0.7
Clinbanarius erythropus 1.1 1.4
Serpula vermicularis 1.0 0.9
Pisidia sp. 1.0 1.3
Marphysa sanguinea 1.0 0.9
Arba alba 1.0 1.0
Lagis koreni 0.9 0.9
Processa sp. 0.8 1.0
Average dissimilarity betwen
groups of stations 46.3

Tab. 5: Contribution of each species to the average
Bray-Curtis V- transformed dissimilarity Di between
groups of stations (2+C) and 10 (abundance data).
Important species (with high ratio Avg./S.D.) are
higlihted (*). Cutoff 70% of total disimilarity.

Tabela 5: Prispevek posameznih vrst k povprecni Bray-
Curtisovi trasformirani razlicnosti Di med skupinami
postaj (2+C) in 10 (podatki o stevilcnosti). Poudarjene
(*) so pomembne vrste (z visokim razmerjem Avg/S.D.).
Presek razli¢nosti je 70%.

Global Test
Sample Statistical Prob.
used value (R)
15 0.535 0

Pairwise Test

Groups Statistical Prob.
compared value (R)

st. 10-2 0.600 >0.01

st.-10-C 0.748 >0.01

st. 2-C 0.280 >0.02

Tab. 6: One-Way ANOSIM global and pairwise test on biomass data.
Tabela 6: Enostranska analiza po metodi ANOSIM Global and Pairwise za podatke o biomasi.

22




ANNALES 7/'95

G. BRIZZI et al.: MODIFICATIONS IN BENTHOS UNDER MUSSEL CULTURES IN THE GULF OF TRIESTE (NORTH ADRIATIC SEA), 17-26

Stations 10
Avg. Si

Nassarius reticulatus *9 6

Lumbrineres latreilli *6.5

Marphysa sanguinea 5.9

Nucula nucleus 4.6

Telepsavus costrarum *3.2

Brachynotus sexdentatus 3.1

Paphia aurea 2.6

Maldane glebifex

Phylo foetida

Melinna palmata

Psammechinus microtuberculatus

Amphiura chiajei

Eunice vittata

Avarage similarity within

stations 50.7

2 C
S.D. Avg. Si. S.D. Avg. Si S.D.
1.7
1.3 *3.2 0.5
5.6 3.8 3.3
4.1 *7.6 1.3 *6.8 1.3
0.8 *5.7 0.7 *5.1 1.7
2.7
2.5
*4.8 0.4 *5.9 1.1
*4.6 0.7 *2.8 1.2
*3.9 0.5 *3.3 0.8
3.0 4.8
*4.7 0.9
*2.9 0.4
56.4 45.2

Tab 7: Contribution of each species to the average Bray-Curtis VV- transformed similarity Si within stations
(biomass data). Important species (with high ratio Avg./5.D.) are higlihted (*). Cutoff 70% of total disimilarity.
Tabela 7: Prispevek posameznih vrst k povprecni Bray-Curtisovi trasformirani podobnosti Si (podatki o biomasi)
znotraj postaj. Poudarjene (*) so pomembne vrste (z visokim razmerjem Avg/S.D.). Presek podobnosti je 70%.

The total biomass decreased from st. C to st. 2 and
reached the lowest value at st. 10 (fig. 3).
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Fig. 3: Total biomass of the three stations.
Slika 3: Skupna biomasa treh postaj.

DISCUSSION

The mariculture techniques of fish-farming based on
suspended cages commonly lead to an accumulation of
organic matter on the underlying seabed; this can be
particularly severe due to the large amount of energetic
input (e.g. food pellets) required to fishes grow to com-
mercial size. Not-ingested food pellets and faeces ac-
cumulate under the cages, which may result in a decline
of benthos (Ritz et al., 1989; Weston, 1990).

Mussels actively filter phytoplankton and convert it
to biomass, thus allow extracting a considerable amount
of organic matter from the pelagic system (Officer et al.,
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1982; Loo & Rosenberg, 1989). A secondary part of this
matter is transferred to the bottom over a limited area,
while the main one is exported from the system when
the mussels are harvested.

A larger number of Mytilus galloprovincialis was ob-
served in the samples of st. 10 than in those of st. 2.
They fall down from the overlying ropes, particularly in
the first stages of growing or in summer, before their
collection, when the adult byssus threads break. The
mussels commonly survive on the seabed for several
months, although three-year-old specimens have occa-
sionally been collected. In this way the mussel cultures
result in a transfer to the benthic system of a large
amount of organic matter available for predators and
scavengers, as well as in a settlement of faeces and
pseudofaeces utilizable by detritus feeders (Frankenberg
& Smith, 1967; Tenore et al., 1973; Stuart et al., 1982;
Rosenberg & Loo, 1983). The decay of such matter can
also lead to local hypoxic or anoxic conditions, espe-
cially in summer (Dahlback & Gunnarsson, 1981;
Kaspar et al., 1985).

The substitution or the variation in biomass or abun-
dance of some species cannot be directly related to the
lack of oxygen at the bottom caused by decaying or-
ganic matter; in fact, certain species generally unaf-
fected by anoxia, such as Maldane glebifex (Aleffi et al.,
1993; Brizzi et al.,, 1994), are absent in st. 10. This is
probably due to the mussel biodeposition, which alters
the compactness of the sediment, disturbing the building
of its tube (Glemarec et al., 1986).

Using univariate methods the community structure
seems to be unaffected by mussel cultures; in fact, the
mean values of the Shannon index under the cultures
are similar to st. C, which represents the undisturbed
area.
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10:2
Avg. Si
3.7
*3.0
2.9
2.8
2.1

1

*1

1

Stations

Psammechinus microtuberculatos
Maldane glebifex
Nassarius reticulatus
Maraphysa sanguinea
Nucula nucleus

Corbula gibba
Chaetopterus variopedatus
Paphia aurea

Tellina distorta
Brachynotus sexdentatus
Clinbanarius erythoropus
Abra alba

Hexaplex trunculus

Phylo foetida

Gastrana fragilis

Euspira guillemini

Pisidia longicornis
Lumbrineres latreilli
Anodontia fragilis
Pomatoceros triqueter
Terebellides stroemi
Melinna palmata

Serpula vermicularis
Amphiura chiajei
Ophiothrix quinquemaculata
Microcosmus sulcatus
Caliactis parasitica
Scoloplos armiger
Dentalium inaequicostatum
Telepsavos costarum
Glycera unicornis

Sagartia elegans
Edwardsia claparedii
Lumbrineres gracilis
Avarage similarity within
stations

—_

= I N N N N N P T = == - NN NI

58.4

10:C 2:C
S.D. Avg. Si. S.D. Avg. Si S.D.
3.2 3.6 3.1
0.5 *3.3 1.0
2.2 *5.0 1.0 2.0 2.5
2.0 3.7 3.2 2.1 1.8
2.0 1.8 1.9 1.4 1.1
1.5 1.3 1.5 1.7 1.4
0.7 1.4 2.1 1.3 1.8
1.4 2.0 1.6 1.7 1.5
1.5 1.6 1.2
0.8 2.3 1.3 1.0 0.9
2.0 1.7 2.2
1.2 1.0 1.1 1.7 1.2
3.2 1.5 3.1
1.3 1.2 0.7 *1.2 0.4
2.3 1.3 2.8
1.7 1.3 1.7
0.9 1.5 1.0 1.0 0.7
0.5 1.8 1.5
0.9 1.2 0.8
1.1 1.6 1.3 1.4 1.1
0.9 1.3 1.1
1.0
0.9 1.2 1.0
*2.8 0.6 *2.1 1.0
1.7 1.9 1.6 1.8
1.6 3.3 1.5 3.0
1.3 2.7 1.5 2.3
1.1 0.7
1.1 1.4 1.1 1.2
1.0 0.7
1.0 1.3 1.0 1.1
0.9 1.9 0.8 1.7
1.0 1.4
1.0 0.6 0.8 0.8
67.8 53.6

Tab 8: Contribution of each species to the average Bray-Curtis VV~ transformed disimilarity Si within stations
(biomass data). Important species (with high ratio Avg./S.D.) are higlihted (*). Cutoff 70% of total disimilarity.

Tabela 8: Prispevek posameznih vrst k povprecni Bray-Curtisovi trasformirani razlicnosti Di med skupinami postaj
(2+C) in 10 (podatki o biomasi). Poudarjene (*) so pomembne vrste (z visokim razmerjem Avg/S.D.). Presek

razlic¢nosti je 70%.

The number of taxa is also very close in the three
stations (47/0.5 m2 in st. 10, 44/0.5 m2 in st. 2 and
52/0.5 m2 in st. C). In contrast, the total biomass is simi-
larin st. 2 and C (74 and 75 g/0.5 m2 respectively), but
in st. 10 decreases down to 58 g/0.5 m2 in accordance
with the contribution of the typical species (e.g. those
not in common) of each station (fig. 3).

In the two stations under mussel cultures, biomass
due to the common tolerant or opportunistic species in-
creases. Here, an increased organic input presumably
increases food quantity and quality for those species that
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are able to exploit enriched areas based on their physi-
ological, behavioral and life history adaptations
(Weston, 1990). One species that confirms this condi-
tion is the polychaete Marphysa sanguinea: its mean
biomass in st. 10 is more than three times the values of
the other two stations. Moreover, this species represents
about 40% of the total biomass at st.10.

CONCLUSION

The benthos in the three stations shows certain dif-
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ferences. These differences are most evident in st. 10,
under the oldest culture. Mussel farms modify the sea-
bed by the accumulation of shells and organic matter on
the sediment under the cultures: the effect of this distur-
bance on the benthos is the decrease of some infaunal
species and a variation of the total biomass. However,
the low dissimilarity between stations indicates that the
majority of the species are not involved in such changes
and thus that the mussels do not lead to a severe impact
in the investigated area. This is due, above all, to the
large number of tolerant or opportunistic species in the

community of muddy bottoms of the Gulf of Trieste.
They can survive large variations of ecological factors
and in some cases increase their biomass due to the re-
duction of competitors.
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POVZETEK

Gojis¢a uzZitnih klapavic zavzemajo precejsen obreZni del TrZaskega zaliva, katerega znacilnosti so visoka
primarna produkcija in velika nihanja v temperaturi, slanosti in raztopljenemu kisiku na dnu. Z namenom, da bi
ugotovili, kako gojenje klapavic vpliva na tamkajsnji bentos, so bile v njem namescene tri postaje: ena pod starim
(desetletnim) gojiscem, druga pod novejsim (dveletnim) gojiscem, tretja pa v obmocju, kjer gojis¢ ni. Na vsaki
postaji je bilo zbranih po pet poskusnih vzorcev. Statisticne analize tako glede stevilcnosti kot biomase so bile
opravljene z neparametri¢nimi multivariatnimi metodami. Rezultati so pokazali zmeren vpliv gojenja skoljk na

vrednost je bila ugotovljena pod desetletnim gojis¢em.
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Kacjerep Ophiotrix quinquemaculata in spuzva iz rodu Reniera v Trzaskem zalivu. (Foto: M.

Stachowitsch). Gl. ¢lanek Stachowitsch & Fuchs.
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ABSTRACT

Generally the microbial ecology studies do not stress the strains taxonomic characterization, and this is the
reason why microbial diversity in marine waters is poorly understood. In this paper, the results of a preliminary
study on microbial diversity in the Gulf of Trieste is presented. The 61% of the isolated strains are Gram negative
and, from a taxonomic point of view, are very heterogeneus. The Gram positive strains belong to Bacillus,
Staphilococcus, Micrococcus, Rhodococcus, Streptomyces and Sporasarcina. Furthermore, isolation methods, with
particular reference to substrata and incubation periods, are considered.

Key words: Gulf of Trieste, microbial diversity, marine microbiology
Klju¢ne besede: Trzagki zaliv, mikrobna diverziteta, mikrobiologija morja

INTRODUCTION the autochthonous microbial flora, not only in terms of

biomass and potential activity, but also of community

Bacteria often dominate plankton biomass and are structure and species composition, is needed. The most

recognized as important agents of biogeochemical frequent types of organisms must be isolated and exam-

changes in marine ecosystems, but bacterial diversity is  ined for their metabolic activities and their ecological

poorly understood yet because conventional isolation  significance.

methods neglect about 90% of the micro-organisms Since marine microbiologists are seldom interested

(Pickup, 1991; Fuhrman et al., 1992). in taxonomy and identification of new bacterial isolates,

To understand the role that heterotrophic bacteria the compositions of bacterial communities are little
play in a certain marine environment the knowledge on  known (Austin, 1988).
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Microbiological researches in the Gulf of Trieste
studied the influence of river outflows and sewage efflu-
ents on bacterial density and bacteriological contami-
nation (Del Negro et al., 1993). Some researches exam-
ined the dynamics in the pelagic microbial food web
and the dependence of bacterial abundance on different
ecological factors (temperature, depth, availability of
nutrients and oxygen, etc.) (Herndl et al., 1989).

The species composition of the bacterial population
in the Adriatic Sea is little known (Turk, 1991): to our
knowledge, the only taxonomic research in heterotro-
phic bacteria was related to the Central Adriatic (Sobot,
1981) and proved the presence of representatives of the
genus Pseudomonas, Vibrio, Acinetobacter, Flavobac-
terium and Micrococcus. These results partly corre-
spond with those from other parts of the world (e.g.
Austin, 1979).

The concern of the present study was the identifica-
tion and characterization of bacterial cultures isolated
from the Gulf of Trieste that could contribute to the
elucidation of the diversity of the predominant heterot-
rophic bacterial populations in this area.

MATERIALS AND METHODS
The study area

The Gulf of Trieste, the farthest north-eastern part of
the Adriatic Sea, is a shallow water area characterized
by a limited water exchange (Stravisi, 1983). The hy-
drodynamism of the whole Gulf is primarily linked to
the ascending eastern current coming from the Istrian
coast and carrying higher salinity waters from the Mid-
dle Adriatic into the northern basin. This current leads to
anti-clockwise circulatory movements, which are also
enhanced by the winds blowing from the NNE and SE
(Mosetti, 1968). The seawater temperatures range from 7
to 27°C and the salinity between 12 to 36 psu, subject
to the rainfall in the area (Fonda Umani, 1991).

Sampling

A superficial sea water sample was collected asepti-
cally in May 1993 in a station 300 m off shore located
near the National Marine Park "Riserva Parco Marino di
Miramare" in the Gulf of Trieste (fig. 1). It was stored
with ice and processed within few hours.

Enumeration of bacteria

As an indicator of water quality, coliforms were de-
tected with Brilliant green bile (2%) broth (5 dilutions in
3 replicates), incubated at 35°C for 48 hours.

The enumeration of bacterial population was per-
formed by:

1. direct counting with epifluorescence microscopy:
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5 ml of the collected sample were filtered on 0,22
pm polycarbonate black membrane (Nucleopore)
stained with DAPI, and the bacteria were counted under
fluorescent microscope (Porter & Feig, 1980)

2. plate counts of viable heterotrophic bacteria:

Serial dilutions with artificial sea water (ASW - g/l:
CaCl, 2; KBr 0,15; KCl 0,75; MgCl, 5,71; MgSO,4:7H,0
5,8; NaCl 23,8; NaHCO; 0,3; Na,SOy 3,6; SrCl,6H,0
0,05) from 1071 to 107® were inoculated in 6 replicates
by spreading on 90 mm Petri dishes with 10 different
media:

- MAR: marine agar 2216, Difco

- PCA plate count agar, Difco

- PCA prepared with sea water

- PCA prepared with ASW

- PYA: peptone vyeast extract agar (Schneider &
Rheinheimer, 1988)

- PYA prepared with ASW

- PYS (g/l: peptone 1; yeast extract 1; KCI 0,75;
MgSO,-7H,0 6,98; NaCl 23,8; agar 20)

- CEL: cellulose agar (Schneider & Rheinheimer,
1988)

- CHI 1: chitin agar (Schneider & Rheinheimer,
1988)

- CHI 2: modified chitin agar - two layer plates with
basal medium ((NH,4),SO,4 2 g; Agar 15 g; ASW 1000
ml) and 3 g/l of crude chitine added to the upper layer.

The counts of CFU (colony forming units) were made
after incubation at 25°C for 48 hours.

Isolation and preservation of bacterial strains

From the enumeration plates that were incubated at
25°C for 3-4 further days, 100 colonies were picked on
the bases of colony morphology and streaked onto MAR
plates, with serial restreaking of each culture being done
until the purity of the strains was ensured. Heat-fixed
smears of the cultures were Gram stained and the prepa-
rations examined under the microscope. After the purifi-
cation, the cultures were inoculated onto MAR slants,
incubated at 25°C and subcultured every 4-6 weeks.

For the isolation of Actinomycetes the membrane
method (Hirsch & Christensen, 1983) on 3 special
media (Okazaki & Okami, 1976) was used (filtered
sample: 500 ml):

-MYS (maltose yeast extract agar),

-GG (glycerol glycine agar)

-SC (soluble starch casein agar).

After all the isolation and purification steps had been
followed, the isolates were examined for the phenotypic
characters. Those unable to grow on MAR were not
considered typical marine bacteria and were eliminated
from further study.

For the preservation, all the strains were freeze dried
and are now preserved at the National Cultures Bank in
Gorizia.
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Monfalcone

Fig. 1: Study area with the sampling station (near Mira-
mare).

Slika 1: Obravnavano obmocdje z vzorcevalno postajo
(Miramare).

Characterization of the bacterial strains

Each strain was examined for at least 28 phenotypic
characters. All test media were inoculated using cultures
that had been grown on MAR for a week at 25°C.
Whenever possible, ASW or MAR were used for the
preparation of the media, and the incubation tempera-
ture was 25°C.

The characters observed were:

1. Colonial morphology and staining reactions:

- presence of pigment on MAR (after 7 days);

- motility and cell shape were determined micro-
scopically from wet mounts of 24 hours cultures;

- Gram-staining reaction (Difco staining solutions);

- the presence of spores was examined on wet
preparations under a phase contrast microscope and on
Schaeffer-Fulton stained smears (Doetsch, 1981);

2. Biochemical tests:

- oxidase reaction was determined with the applica-
tion of 3-day cultures and Oxoid oxidase sticks;

- catalase activity was tested with transferring growth
from MAR to a drop of 3% H,0, (Kaneko et al., 1979)

- fermentative or oxidative metabolism of glucose
and 5 other carbohydrates (lactose, maltose, mannitol,
mannose and sucrose) was determined following the
modified Leifson's method (Smibert & Krieg, 1981);

- indole production was detected with the standard
procedure (3 days at 25°C) (Smibert & Krieg, 1981);

- nitrate and nitrite reduction was recorded after 7
days (Smibert & Krieg, 1981);

- Voges-Proskauer and methy! red tests were carried
out in MR-VP Difco broth at 30°C in 48 hours and in 5
days (Smibert & Krieg, 1981).
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3. Degradative capabilities:

- Casein and chitin degradations were tested with a
modified Smibert and Krieg (1981) method; the tests
were carried out with two layer plates (the bottom one
of MAR and the upper one of casein or chitine agar) and
the results were recorded after 2 weeks of incubation;

- The degradation of agar, Tween 20 and DNA were
tested with MAR, MAR supplemented with 0,1 g CaCl,
and 10 ml Tween 20 (autoclaved separately) and
DNAse test agar DIFCO prepared with ASW; the results
were registered after 1 week of incubation (Kaneko et
al., 1979);

- after 4 days the degradation of urea (Oxoid broth
base, prepared with half strength ASW) was detected.

4. Physiology tests:

- growth at 37°C (MAR, 5 days);
- growth on 0% and 4% of NaCl (7 days) (Kaneko et
al., 1979).

5. Resistance to:

Penicillin (10 U.1.) and to O-129 was determined on
MAR plates after 24 hours by the agar diffusion tech-
nique using commercial discs

The isolated Streptomycetes were identified with
numerical techniques (Langham et al., 1989) comprising
characterization by 50 different tests.

RESULTS
Enumeration

The Brilliant green bile (2%) broth test for the detec-
tion of the coli-aerogenes group showed no presence of
this kind of bacteria.

Using epifluorescence technique 5,5 x 10 cells/ml
were detected.

The average counts obtained on the 10 media em-
ployed are presented in Table 1:

media [MAR| PCA PCA |PCA| PYA | PYA |PYS|CEL [CHI|CHI
(0% NaCl)] (sea [ASW)| (sea [(ASW) 112

water) water)
CFU/ml| 200 300 25 50 10 20 | 20 | 10 11000/100

Tab. 1: Bacteria enumeration on 10 different media.
Tabela 1: Stevilo bakterij, zraslih na 10 razli¢nih me-
dijih. ’

Isolation

Among the cultures isolated many were not able to
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grow on MAR and some lost viability, so a total of 84
pure cultures were obtained. The quantity of strains
isolated from every media is presented in the table 2:

Isolation media No. of strains
MAR 24
PCA (0% NaCl) 13
PCA (sea water) 13
PCA (ASW) 4
PYA (sea water) 12
A (ASW) 3
PYS 6
CEL 5
CHI'1 2
CHI 2 2

Tab. 2: Number of strains isolated from each medium.
Tabela 2: Stevilo sojev bakterijskih vrst, izoliranih iz
vsakega medija.

The special media and the technique used for the
isolation of Actinomycetes proved to be inefficient,
since no bacterial colony, with a myceliar type of
growth could be found. But 4 Streptomyces and 2 Rho-
dococcus strains were isolated by the less selective
method on 4 media: MAR, CHI 1, CHI 2 and PCA.

Description of the isolates

The isolates showed to be very diverse, belonging to
many different bacterial groups. Some of them were
identified to the genus level.

51 isolates (61%) were Gram negative and 33 (39%)
Gram positive. More than half of the cultures were col-
ourless (46) and motility was observed only by 27. Most
of the isolates are able to grow also without salt (76%)
or with 4% of NaCl (85%). The majority was also able
to grow at 37°C (85%) and was sensitive to penicillin
(82%) and O-129 (70%).

Among Gram positive strains, on the basis of typical
colonies forming substrate and aerial mycelium, 4 were
recognized as Streptomyces and 2 as nocardiforms,
probably Rhodococcus, showing elementary branching
and a marked rod-coccus growth cycle. The Streptomy-
cetes were identified as Streptomyces anulatus (2
strains) and S. exfoliatus (1 strain); due to the high value
of the standard error of taxonomic distance, the fourth
Streptomyces strain is tentatively assigned to S. anulatus.

Among 22 Gram positive rods, 12 were spore form-
ing, catalase positive with fermentative metabolism of
glucose and were identified as Bacillus.

Only 5 Gram positive cocci were isolated and only 1
was oxidative, probably a Micrococcus. 1 formed spe-
cific cubical packets of 8 cells, producing endospores,
and was by some specific additional tests (Holt et al.,
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1994) confirmed as Sporosarcina ureae. 3 of Gram
positive, catalase positive, oxidase negative strains, with
fermentative metabolism of glucose, were able to grow
on 10% NaCl agar and were identified as Staphylococ-
cus (Baird-Parker, 1963).

Among Gram negative isolates, 3 had a helical form
and were fermentative, MR-VP, indole and urease nega-
tive. The 5 Gram negative vibrios, 15 cocci and 28 rods
were very heterogeneous and a lot of additional work
should be done in order to identify them.

DISCUSSION

The results of many numerical taxonomy studies
show the predominant presence of Gram negative rods
along the water column with higher proportion of Gram
positive organisms occurring in the sediments (Kaneko
et al., 1979; Austin, 1982). In our study more than half
of the isolates (61%) were Gram negative, although not
predominant, probably due to the limited depth of the
monitored station.

The highest counts were obtained using the standard
media for the enumeration of heterotrophic aerobic
bacteria (PCA and MAR) and, exceptionally, with two
chitin agar media, which gave rise to thousands of Act-
inomycetes colonies belonging to the genus Streptomy-
ces. Anyway, the high number of streptomycetes colo-
nies developed is not indicative of the effective domi-
nance of this kind of bacteria (as demonstrated by the
lacking of results in the specific tests); the fortuitous in-
clusion of few spore chains in the inoculated sample
could explain the observed situation: the substantial
taxonomic homogeneity of the strains seems to confirm
this hypothesis.

Although the discrepancy between viable and direct
counts may reflect the known presence of unculturable
micro-organisms, the difference observed in this study is
greater than previously reported for the area considered
(Dolzani et al.,, 1989). However, a longer incubation
period (5-6 days) allowed the development of several
colonies on the higher dilution plates, belonging mainly
to the genus Rhodococcus and to an unidentified spiril-
lum. This indicates the importance to prolong the incu-
bation time for determining the total viable counts. As
general observation, the isolation methods allowing
long incubation periods (high dilution and/or poor
and/or difficult media) brought a higher bacteria recov-
ery.

As many authors report, the majority of the bacteria
in marine environment are free living or loosely at-
tached to particles, that is why mostly motile bacteria
often dominate the isolated strains. In our study motility
was observed only by 34% of the isolates. This may be
due to the method used (wet mounts from solid media
grown cultures), or of the shallow Gulf of Trieste typical
bacterial population, where sediment bacteria are
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mixed with the free living ones.

Not all of the bacteria characterized in this study re-
quired NaCl for their growth. A higher number of colo-
nies developed in standard PCA without NaCl and more
than half of them were unable to grow on MAR.
Macleod (1986) suggested that the Na-dependency of
the transport process permits faster growth and gives or-
ganisms possessing it a competitive advantage in a sa-
line environment. It is possible that the Na,-indipendent

bacteria in the marine environment grow best when nu-
trients are not limiting, as in the considered period. The
presence of bacteria not affected by NaCl might also be
due to a terrigen input but the absence of coliforms does
not support this hypothesis.

This study has shown that the aerobic bacteria with
and without dependency are part of the plankton com-
munity of the Gulf of Trieste, characterized by low di-
versity and high biomass (Fonda Umani et al., 1990).

POVZETEK

Mikrobna diverziteta morskih voda je slabo raziskana, saj se mikrobne ekoloske raziskave ne ozirajo na takso-
nomsko pripadnost bakterijskih sojev. V tem ¢lanku podajamo preliminarne rezultate raziskave mikrobne diverzitete
v Trzaskem zalivu. 61% izoliranih bakterijskih sojev je bilo Gram negativnih in iz taksonomskega vidika zelo hete-
rogenih. Gram pozitivni soji so pripadali rodovom Bacillus, Staphilococcus, Micrococcus, Rhodococcus, Strepto-
myces in Sporosarcina. Poleg tega smo obravnavali Se izolacijske tehnike s posebnim ozirom na substrat in cas in-

kubacije.
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ABSTRACT

The Gulf of Trieste, a semi-enclosed shallow (depths <30 m) area situated in the north of the Adriatic Sea, is one
of those coastal regions that show varying degrees of seasonal (late summer-autumn) oxygen impoverishment in its
deeper waters (>20 m). Severely hypoxic/anoxic bottom waters of different spatial extent leading to localized
benthic mortalities have been observed in 1974, 1983, 1987, 1989, 1990. Our contribution describes the
characteristic seasonal changes of the water column stratification and bottom layer oxygen conditions. Benthic
respiration rates, deep water oxygen consumption and oxygen production (estimated from primary production
measurements) above the bottom were also determined. Our estimates of oxygen sources and sinks within the
bottom water column layer and surface sediment in 1988 indicate that even during summers when critically low
bottom oxygen levels have not been observed (1988), the oxygen demands were large enough to exceed the supply
available from in situ production. We may conclude that during June-October the central part the Gulf of Trieste has
exceeded its capacity to assimilate and deposit the present load of organic matter.

Key words: oxygen depletion, stratification, benthic respiration, Gulf of Trieste
Kjuéne besede: pomanjkanje kisika, stratifikacija, bentogka respiracija, Trzaski zaliv

INTRODUCTION the Adriatic Sea. The areal extent of oxygen-deficient
bottom waters and benthic mortalities was the largest in
The northern Adriatic Sea is one of a number of September 1983 affecting nearly 1/3 of the Gulf's bot-
those marine coastal areas that show varying degrees of  tom waters (Stachowitsch, 1984; Faganeli et al., 1985,
seasonal (late summer-autumn) oxygen impoverishment  Orel et al. 1986). The deep waters (>20 m) of the Gulf
in their bottom waters (Justi¢, 1991). Anoxic bottom  of Trieste were anoxic in the bottom layer of thickness <
waters leading to benthic mortalities have been 1 m for about two weeks. The 1974, 1987, 1990
observed several times during the last three decades anoxias were of shorter duration and impaired only
(Piccinetti & Manfrin 1969; Stefanon & Boldrin, 1981; restricted areas (Fedra et al., 1976; Malej et al., 1989,
Montanari et al., 1984) and most recently in November  Malej et al., 1991). Localized benthic mortalities were
1989 (Degobbis et al., 1993). reported by fishermen and divers in other instances
Severly hypoxic (< 2.0 ml ') and anoxic (below de-  (Vukovi¢ et al., 1984, Aleffi et al., 1992), but on most
tection limit of Winkler titration) zones have been do-  occassions the causes have not been determined.
cumented in 1974, 1983, 1987, 1989, 1990 in the Gulf Some lively discussions took place on whether the
of Trieste, the northernmost and the shallowest part of  hipoxia/anoxia problem has been exacerbated by
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nutrients and organic matter
ere. were other causes for such
. ;developments ‘This dilemma is especially. important

‘with regard to’ future Adriatic management strategies

~ and the sea protection programs. .
This paper presents an analysis of the distribution of

dissolved oxygen (DO) and its seasonal decline in the
bottom waters of the Gulf of Trieste. Physical profile
data (temperature, salinity) were used to characterise the
vertical water column structure and to analyse the
relationship of stratification to DO conditions. Finaly,
we explore physical and biological mechanisms which
create and maintain seasonal hypoxia/anoxia in the Gulf
of Trieste.

STUDY AREA

The Gulf of Trieste is approximately bounded by the
line connecting Savudrija and Grado (Fig. 1). The Gulf's
average depth is less than 20 m and ~ 20% of its area
has a depth of less than 10 m. lts overall surface is ~
600 km? and volume ~ 9.5 km3. The freshwater inputs
are larger along the northern (approx. annual rate of
flow of 90 - 130 m3/s) than the southern coast (approx.
5-10 m3/s). The structure of the water column and water

, V. MALACIC: FACTORS AFFECTING BOTTOM LAYER OXYGEN DEPLETION...,
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movements  vary greatly with dominant seasonal
influence. In winter, the waters of the Gulf are
characterized by considerable homogeneity. In spring,
heating of the surface layer and freshwater inflows begin
to establish a pycnocline which intensifies during the
summer. Seasonal dynamics of thermal stratification is
governed by the seasonal cycle of solar irradiance
(Malaci¢, 1991). Autumnal cooling and wind mixing
reestablish vertical water column homogeneity; stormy
winds may cause destratification also during summer.
Due to its shallowness, the Gulf is responsive to the
local atmospheric forcing and it is difficult to make
generalizations about its circulation. Measurements,
mostly done on the Italian side (Mosetti, 1972; Michelato
1973), revealed that tidal currents (mean velocities of ~
3 c¢m/s) and density gradient currents (mean velocity ~ 2
cm/s) contribute little to the renewal of the water mass
in the Gulf of Trieste. Stravisi (1983) indicates that a
bottom layer below about 10 m rotates counter-
clockwise with a mean velocity of 2 - 5 cm/s. The
surface layer is mainly driven by the local wind field
and rotates clockwise with westerly winds. The bora (NE
wind) driven circulation is counterclockwise from the
surface to the bottom (Stravisi, 1977) and is most
efficient for water mass exchange. On the basis of
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%
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Fig. 1: The map of the study area with sampling points.
Slika 1: Obmodije raziskav z vzoréevanimi mesti.
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1

salinity data and the average freshwater inflow to the
Gulf, and more recently on the basis of current
measurements, Mosetti (1973) has estimated that the
rate of exchange of water in the Gulf of Trieste ranged
from a few days (with strong NE winds) to a few weeks.
Whether or not this renewal time has decreased
recently, as observed by Degobbis (1989) for the
northern Adriatic basin, it is not known.

Olivotti et al. (1986 a, b) summarized anthro-
pogenic loading to the Gulf from the ltalian and Slo-
venian sides. Types of inputs include mainly municipal (
~2.2 m3/s) and industrial (food and chemical industry)
waste waters, atmospheric input, runoff; Table 1 gives
an estimate of the yearly inorganic input from various
sources. . )

Besides nutrient inputs, the organic matter loading is
of primary concern with respect to oxygen depletion
events. Faganeli et al. (1988) tried to evaluate the
organic matter sources to the Gulf by using stable
isotopic composition and C: N: P ratios as indicators of
their origin. Their conclusion was that the particulate
organic matter of the Gulf of Trieste was prevalently
autochtonous marine in origin. On the other hand,
Malej et al. (1995) have shown that the phytoplankton
standing crop, community structure and primary
production were profoundly influenced by freshwater
inputs and water column stratification.

Source 2Nip PO3-, Si
Sewage 44 (24) 9.5 (86) 10
Rivers 114 (62) 1(11) 3*
Precipitation 25 (14) 0.5 (3)
Total 184 11

Table 1: Approximate estimation (x 10° mol/year) of
inorganic nutrient inputs into the Gulf of Trieste (the
percentage of the total input is given in parentheses;
*estimate only for Slovenian part); after Olivotti et al.
1986, Tusnik et al. 1989

Tabela 1: Ocena vnosov neorganskih hranil (x 100
mol/leto) v Trzaski zaliv (v oklepaju % celotnega
vnosa); *ocena samo za slovensko stran; po Olivotti et
al. 1986, Tusnik et al. 1989

No systematic study of the oxygen conditions has
been carried out in the deeper waters (> 20 m) of the
central part of the Gulf, neither on Italian nor Slovenian
side until 1990, when common field programme within
the framework of Alps-Adria activities (The Observatory
of the northern Adriatic) have started. The majority of
existing data therefore refers to the narow coastal belts
where bottom layer hypoxia seems to have been an
exception. Scarse earlier data from deeper part of the
Gulf indicated typical seasonal variations with lower
values during late summer-autumn but values < 3 ml/l
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(saturation ~ 70%) were recorded rarely. Nevertheless,
reports of limited benthic mortalities indicate that
seasonal hypoxia/anoxia problem did occur in the Gulf
of Trieste at least since late 60’s.

MATERIALS AND METHODS

This report brings together the results from extensive
sampling carried out from April 1986 to August 1989 in
the southeastern part of the Gulf of Trieste which
included physical structure of the water column,
sediment and oxygen consumption below the pycno-
cline and oxygen production in near the bottom as well.
The largest set of data was collected at the station F
located approx. 1.5 mile from the southeastern shore at
a depth of 22 m. A series of diel measurements (12
daily) of oxygen conditions and hydrographic structure
during the period of stratified water column (April -
September of 1987 and 1988) was made at same
station. From 1989 on samples were collected also at
other sites (Fig. 1) at depths > 20 m. Simultaneous
measurements of oxygen consumption and production
rates were performed in summer 1988 at station F;
consumption was determined also in 1986 and 1989 at
the same location. We also include oxygen data
collected during 1991 within the programme of the
Observatory of the northern Adriatic and Marine Station
data collected in the central part of the Gulf during
1990-94.

Temperature measurements were made with
reversing thermometers attached to water bottles and
with a KAHLSICO bathythermograph. From 1991 on,
the vertical water column characteristics were obtained
by CTD fine-scale probe (University of Western
Australia) and a Sea-Tech Inc. fluorometer. Water
samples were collected with 5 | plastic Niskin bottles.
Analyses were carried out using standard methodology
(Grasshoff, 1976).

Stratification data, developed from temperature and
salinity measurements, were obtained by subtracting
surface values of o, from o, values in the bottom layer,
normalized with the density of pure water (103 kg m)
and expressed as |o¢] (m™).

Primary production was measured by addition of 10
pCi of carrier-free Nal'4CO; to water samples which
were incubated in situ at different depths (Steeman Niel-
sen, 1952) and oxygen estimated applying a photo-
synthetic quotient of 1.66 (Tijssen & Eygenraam, 1982).

Oxygen consumption of near bottom water was
determined in 500-ml flasks in the darkness at ambient
temperature. For determination of sediment oxygen
consumption samples were collected by SCUBA-diving,
samples were incubated at in situ temperature in dark-
ness and continuos recording of oxygen content
achieved by respiration set equipped with polarographic
oxygen sensors (Tugnik, unpublished).
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SEASONAL DEVELOPMENT OF WATER COLUMN
STRATIFICATION AND OXYGEN CONDITIONS

The water column density structure was
characterized by weak vertical gradients during late
autumn - early spring (l6¢] < 0.05 m!) which increased
with surface warming and larger freshwater runoff in
spring (logl= 0.03 - 0.15 m™!), to become the strongest
during late summer - early autumn with the average |6y
of 0.17 m™1 (0.08 - 0.29 m™"), see also Tab. 2.

Month logl (m™1) Bottom DO
(mlI'h

Mean Max Mean Min n
June 1983 0,12 0,14 5,42 4,76 6
June 1986 0,14 0,15 4,87 4,56 16
June 1987 0,26 0,28 4,49 4,27 14
June 1988 0,14 0,15 4,56 4,55 3
June 1989 0,14 0,15 4,96 4,95 5
July 1983 0,19 0,29 5,51 4,41 4
July 1986 0,21 0,23 4,95 4,90 14
July 1987 0,17 0,19 3,32 3,28 14
July 1988 0,21 0,29 4,25 4,21 4
July 1989 0,11 0,12 3,52 3,50 10
August 1983 0,20 0,21 4,23 3,17 6
August 1986 0,22 0,25 5,33 4,75 16
August 1987 0,16 0,17 2,79 2,27 16
August 1988 0,16 0,17 4,33 3,36 3
August 1989 0,13 0,14 2,96 2,86 6
September1983 0,03 0,09 3,04 0,00* 12
September1986 0,08 0,12 4,74 4,11 14
September1987 | 0,12 0,13 2,01 1,52 15
September1988 3,92 3,34 2
September1989 0,06 0,11 3,69 3,58 9

Table 2: Vertical gradient of normalized density |G
(monthly averages and monthly maxima) and bottom
dissolved oxygen (monthly means and minima) for
1986-89 as compared to 1983 at the station F (*H,S
detected)

Tabela 2: Vertikalni gradienti normalizirane gostote |G|
(mesecna povpredja in viski) ter pridnene koncentracije
kisika na postaji F (mesecna povpredja in najnizje vred-
nosti za obdobje 1986-89 v primerjavi z letom 1983.

The annual cycle of dissolved oxygen (DO) level (ml
I1) and saturation (%) in the surface and bottom layers
for the station F are shown in Figs. 2 and 3. Clearly, the
DO concentrations followed similar pattern throughout
the water column. Warming of the surface layer during
spring and summer decreased the solubility and con-
centrations declined, but the upper 10 - 15 m layer was
over saturated during the warmer part of the year (Fig. 3
top). On the contrary, the bottom layer was generally
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Fig. 2: The annual cycle of dissolved oxygen (ml/l) in
surface and bottom layer (22 m) for the station F
during 1986-89.

Slika 2: Letni potek koncentracije kisika (ml/l) v povr-
ginskem in pridnenem sloju (22 m) na postaji F v
obdobju 1986-89.

under saturated from May through October (Fig. 3 bot-
tom) with strong oxygen gradient in the 15 - 20 m layer.
However, there were large year to year variations in the
bottom layer oxygen conditions and Table 2 shows the
vertical gradients of density and the bottom layer
oxygen concentrations in different years for the station
F. Although no clear relationship is evident between the
degree of stratification and the bottom - layer oxygen,
the lowest concentrations were associated with a thick
pycnocline or stepwise stratification with layers of
thickness 2 1 m.

The diel changes in oxygen levels measured at
station F were significant in the whole water column but
did not conform to the expected sinusoidal curve with
maxima around noon and minima near midnight. In
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Fig. 3: The annual cycle of oxygen saturation (%) in
surface and bottom layer (22 m) for the station F
during 1986-89.

Slika 3: Letni potek nasicenosti s kisikom v povrsinskem
in pridnenem sloju (22 m) na postaji F v obdobju 1986-
89.

Year ag ag ag SD
1987 2,63.10% | -8,01.10°2 8,74 0,77
1988 1,11.10% | -3,27.1072 6,53 0,42

Table 3: Parameter values for the equation (c =a,t?+
a;t + ag) describing the progression of oxygen deple-
tion in the bottom layer at the station F during 1987,
where t is time starting with March 31 (c and ag in
ml/l; ag in mi/l/d; ag in ml/l/d?).

Tabela 3: Vrednosti parametrov za enacho (c =a,t?+
a;t + ag) ki opisuje zmanjsanje kisika v pridnenem
sloju postaje F v letu 1987 (zacetni cas je 1. marec; c in
ag vml/l; a; v mi/l/d; az v mi/l/d2).

general, we observed the lowest oxygen values between
7 and 10 PM, however, the night variability was usually
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significantly higher that the daily one. The oxygen in the
upper part of water column varied around saturation va-
lues, while oxygen values in the bottom layer (22 m) de-
creased from April to September (Fig. 4, data for 1987).

For 1987 and 1988, the rates of changes in the
bottom layer oxygen concentration (c) from early spring
to late summer for the station F were described by the
linear time dependence dc/dt=2a,t + a;, where t = 0
was taken as March 31 (Table 3). Parameter a;
represents dc/dt at that time and a, represents the linear
deviation of dc/dt with time from the constant a;. So the
oxygen concentration development in the same period
was described with ¢ =a,t?+ ajt + ag, where the
parameter ag represents ¢ at t = 0. The average rate of
oxygen depletion in the bottom layer from winter
maximum to early autumn minimum (time interval
Julian day 70 - 250) during 1986-1989 was 5.8 * 1073
ml/l/d and maximal rate of oxygen decay (Julian day
120 - 180) during the same period was 2.4 * 1072 ml/l/d.

More recently, oxygen concentrations have been
monitored also in the central part of the Gulf of Trieste
(station CZ) and significantly lower values than at
station F have been found in the bottom layer during
late summer/autumn (Fig. 5). Data collected within the
framework of the Alps Adria programme concurrently
for the whole Gulf of Trieste indicate that low oxygen
area is typically situated in its central part (Fig. 6).

OXYGEN SOURCES AND SINKS IN THE BOTTOM
LAYER

Simultaneous estimates of the production of oxygen
on the basis of 14C uptake measurements (Turk, 1992)
and respiration in the sub-pycnocline water column
have only been done at the station F during July, August
and September 1988. Fig. 7 shows DO concentrations
in the layer above the bottom together with benthic and
sub-pycnocline respiration rates.

The measured deep water column respiration rate
was on average -1.02, -0.19 and -0.41 g Oy m2 d! in
July, August and September, respectively; these values
are similar to those experimentally determined for
phytoplankton detritus (Bauerfeind, 1985).

The contribution of the sediment to the total oxygen
consumption (the below pycnocline water column plus
bottom) was about 20% in July, while in August
sediment oxygen demand was much higher (25.5 and
34.6 ml/m%/h) than sub-pycnocline respiration (5.5
ml/m2/h). In September, water column and bottom
respiration were lower and ranged between 8.3 and
15.3 ml/m2/h. Benthic respiration rates determined in
the summers of 1986 (July) and 1989 (August) at the
same station were in the same range as for 1988.

The oxygen equivalent of the measured carbon
fixation rate for the water layer below the pycnocline
during the same period averaged + 0.12 g O, m2din
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Fig. 4: Seasonal and diel changes in oxygen saturation from April to September 1987 at the station F: bottom layer
(22 m) and 10 m layer. Means and 95% CL for day (n = 12) and night measurements (n = 12).

Slika 4: Sezonske in dnevne spremembe nasicenosti s kisikom od aprila do septembra 1987 na postaji F: pridneni
sloj (22 m) in globina 10 m. Podane so srednje vrednosti in 95 % CL za dnevne (n=12) in no¢ne (n=12) meritve.
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Fig. 5: The annual cycle of dissolved oxygen (ml/l) in
surface and bottom layer (24 m) in the central part of
the Gulf of Trieste (station CZ) during 1990-94.

Slika 5: Letni potek kisika (ml/l) v povrsinskem in prid-
nenem sloju (22 m) na postaji CZ v obdobju 1990-94.
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July and + 0.52 g O, m2 d! in September. These levels
are comparable to summer values reported by Faganeli
et al. (1981) for the same area.

Bottom water oxygen demand is usually considered
to be strongly related to temperature, while our data
indicate that benthic respiration may vary 6-fold for a
very small temperature range (20.0 = 1.0 °C). The ele-
vated rates of benthic oxygen demand measured in Au-
gust may have been caused by a large input of oxi-
dizable organic carbon due to sedimentation of macro
aggregates (previously observed within the water
column, Malej & Faganeli, 1988; Fanuko & Turk, 1990)
following a stormy event after a period of stable we-
ather. This observation is consistent with an expe-
rimental microcosm study (Kelly & Nixon, 1984) where
a sharp increase of benthic metabolism was observed
after addition of organic matter ("large pulse").

The oxygen demand of deep water column and
sediment could not be covered by in situ oxygen
production during summer even if oxygen production
by the benthic micro flora was similar to deep water
column photosynthesis. The estimates of oxygen
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Fig. 6: Bottom layer dissolved oxygen (ml/l) in the Gulf of Trieste during August 1991.
Slika 6: Koncentracije kisika (ml/l) v pridnenem sloju Trzaskega zaliva v avgustu 1991.
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51 M 7% and wind velocity, r2 = 0.54, p = 0.054, DF = 26), while
45 the effect of tidal mixing seems to be of lesser im-
\/\/_\ % portance (2 = 0.26, p > 0.05, DF = 28).

¢ Nevertheless, data from deep 40-m core serving as
85 % an indicator of paleoenvironmental changes showed
' that the past biogeochemical processes were not
12 markedly different from those of the present day (Faga-
‘neli et al., 1991); moreover, sedimentary organic C, to-
1% tal N and P profiles did not reveal an accelerated rate of

organic matter deposition recently. These data indicate
10 that anoxic events may not be of recent origin in the

Gulf of Trieste. However, reduced vertical mixing, a
5 possible detrimental modification of current patterns as

indicated for the northern Adriatic (Degobbis, 1989) and
0 Lo ' : ' -—+0  human activities such as the discharge of additional
* 148, 6.7. 277, 29.7, 19.8. 26.8. 238, 8.9. 249, 20.10. Oxygen'demanding Substances, may aggravate the

{220y conc (mif) C Berth. resp. (mim2h) B Subp. rosp. (miimh)| situation and further modify the ecology of the Gulf of
Trieste.
Fig. 7: Benthic and sub-pycnocline respiration rates
(ml/m?/h; right scale) and bottom layer dissolved CONCLUSIONS
oxygen (ml/l; left scale) at station F from July to '
October 1988. Our estimates indicate that even during summers not

Slika 7: Bentoska in pridnena poraba kisika (ml/m?/h;  characterized by critically low oxygen concentrations in
desno merilo) ter pridnena koncentracija kisika (ml/l;  the bottom layer (like 1986 and 1988) the oxygen
levo merilo) na postaji F od julija do oktobra 1988. demand of sub-pycnocline water column and sediment
: were large enough to exceed the supply available from
production and demands within bottom layer water jn situ pelagic (below pycnocline water column layer)
column and sediment would suggest considerably more  and bottom (benthic micro algae) photosynthesis. The-
rapid progression of oxygen depletion in the bottom  refore, severe hypoxia patches can be expected almost
layer (DO decline to critical levels in < 10 days) than  jn any summer-autumn with unfavorable meteorological
actually observed. Therefore physical mechanism affect-  conditions and we may conclude that the Gulf of Trieste
ing oxygen resupply were contributing to slower deep  in its deeper parts (> 20 m) has exceeded its capacity to
water oxygen depletion. Wind driven vertical mixing  assimilate and deposit the present load of organic matter
(acting probably also through enhancement of water  from june to October.
renewal) seemed to be an important mechanism for
reoxygenation (linear regression between bottom DO

POVZETEK

V prispevku predstavijamo kisikove razmere v Trzaskem zalivu in dejavnike, ki vplivajo na sezonsko (pozno
poleti-jeseni) pomanjkanje kisika v pridenem sloju, globljem od 18-20 m. Trzaski zaliv je polzaprt plitev zaliv, v
katerem belezimo sezonsko zniZanje kisika (hipoksija) v pridnenem sloju; v najhujsih primerih pride celo do
popolnega pomanjkanja kisika (anoksija). Zelo hipoksi¢ne (koncentracije pod 2,0 ml/l) in anoksi¢ne razmere so bile
v Trzaskem zalivu ugotovljene v letih 1974, 1983, 1987, 1990, vendar je bila razseznost anoksi¢nega dna najvecija
1. 1983, ko je zajela priblizno tretjino zaliva, huda hipoksija/anoksija pa je trajala dva tedna. Posledica pomanjkanja
kisika je bil obsezen pogin bentoskih organizmov. V ostalih primerih so bila prizadeta manjsa obmocja v osrednjem
delu zaliva.

V nasem prispevku podajamo meritve koncentracij kisika v Trzaskem zalivu v obdobju 1986-89 na postaji v
jugovzhodnem delu. Kasnejse meritve (1990-94), ki so redno vklju¢evale tudi osrednji del zaliva so pokazale, da so
kisikove razmere v jugovzhodnem delu praviloma boljse ter da se v centralnem delu zaliva skoraj vsakoletno kisik v
obdobju avgust-oktober pribliZa kriti¢ni meji (2,0 ml/l).
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Meritve virov in ponorov kisika smo opravili le na postaji v jugovzhodnem delu zaliva in sicer v obdobju 1986-
88. Celo na tem obmocju meritve kaZejo, da so ponori kisika v poletnem casu bistveno visji kot viri. Na osnovi teh
meritev bi lahko predvidevali, da naj bi koncentracije kisika v pridnenem sloju hitreje padale kot pa dejanske
meritve koncentracij kaZejo. Predvidevamo, da so fizikalni mehanizmi (zmanjsanje stratifikacije oz. destratifikacija
vodnega stolpa, dotok bolj oksigenirane vode) tisti, ki prepre¢ujejo padec pod kriticno mejo. To potrjujejo tudi
primerjave koncentracij kisika v pridnenem sloju in hitrosti vetra ter plimskih nihanj. Vendar lahko zaklju¢imo, da je
Trzaski zaliv v svojem osrednjem delu presegel asimilacijske zmoZnosti za sedanjo organsko obremenitev ter da
lahko v primeru stabilnega, nevetrovnega vremena in zmanjsane advekcije pridnene vode pri¢akujemo hude

hipoksije oz. anoksije vsako leto.
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IZVLECEK

V ¢lanku podajamo splosne znacilnosti rodu Codium Stackhouse (1797) in nahajalisca vrst tega rodu v Sloveniji.
Podrobneje obravnavamo takson Codium fragile (Sur.) Hariot subsp. tomentosoides (Van Goor) Silva, ki je v
slovenskem obalnem morju prvi¢ omenjen. Navajamo tudi seznam vrst iz rodu Codium, ki Zivijo v slovenskem

obalnem morju.

Kljuéne besede: rod Codium, Chlorophyta, razsirjenost, Slovenija
Key words: genus Codium, Chlorophyta, distribution, Slovenia
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V Sredozemskem morju je bilo ugotovljeno devet
vrst iz rodu Codium Stackhouse (1797), od katerih jih
osem Zivi v Jadranskem morju (Gallardo et al., 1993). V
reviziji iz leta 1978 (Giaccone, 1978) so za Trzaski zaliv
navedene naslednje vrste:

Codium bursa (L.) Agardh, C. decorticatum (Wo-
odw.) Howe, C. effusum (Rafinesque) Delle Chiaje, C.
tomentosum Stackh. in C. vermilara (Olivi) Delle Chiaje.

V slovenskem obalnem morju so bile doslej ome-
njene samo prve 3tiri vrste (Matjagi¢ & Stirn, 1975;
Vukovi¢, 1980 in 1984; Turk, 1991). Ze leta 1991 smo
opazili vrsto C. fragile, zato smo se odlocili, da najdbo
registriramo in ob tej priloznosti rod Codium nekoliko
podrobneje opisemo.

SPLOSNO O RODU CODIUM IN NAHAJALISCA VRST
V SLOVENIJI

Rod Codium predstavlja edini rod druzine Codia-
ceae Feldman 1954 in vklju¢uje priblizno 60 vrst. Je
razsirjen po vsem svetu, predvsem v tropskih in subtrop-
skih morjih kot tudi v hladnejsih predelih (Boedijn,

43

1978).

Steljka je zelo raznolika in je lahko kroglasta, bla-
zinasta, na podlagi razprostrta ali pokonc¢na v obliki
grmicka, bolj ali manj vilicasto razvejena. Po otipu je
spuZvasta in elasti¢na. Barva je navadno temno zelena.
Na podlago se pritrjuje z rizoidi ali z bazalno pritrje-
valno plo3¢ico spuzvaste trdnosti.

Sestavljajo jo $tevilne nitke s sifonalno organizacijo.
Nitke se tesno med seboj povezejo v gost psevdo-
parenhimatski preplet, tako da je steljka v bistvu ena
sama velika vecjedrna celica ali cenocit. Pre¢ne stene
nastopajo samo pri nastanku razmnozevalnih organov.

V prerezu je steljka dvoplastna, |z zunanje skorje in
notranje sredice. Sredica je sestavljena iz tankih raz-
vejenih nitk, ki so mo¢no prepletene med seboj. Konéni
deli nitk, ki so na zunanjem robu sredice, se razsirijo v
mehurjaste tvorbe ali mesicke (lat. utriculus, dimin. iz
uter = meh). Ti mesicki predstavljajo skorjo (slika 1);
navadno so hruskaste ali kijaste oblike, vsebujejo veliko
majhnih plos¢icastih kloroplastov, ki so brez pirenoidov.
Iz mesickov izrastejo laski, ki obi¢ajno odpadejo; na
mestu, kjer so bili pritrjeni, ostane brazgotina. Za algo-
loge so laski pomembni, ker njihova lega predstavlja
sistematski znak za dolo¢evanje vrst.
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Slika 1: Codium fragile subsp. tomentosoides. Skica
prereza steljke (sr = sredica, sk = skorja).
Figure 1: Codium fragile subsp. tomentosoides. Section
of the thallus (sr = medulla, sk = cortex).

100/‘m

Slika 2: Codium fragile subsp. tomentosoides (Is = laski,
G = gametangij, n = mucron (konicasti izrastek), br =
brazgotina).

Figure 2: Codium fragile subsp. tomentosoides (Is
hairs, G = gametangia, n = mucron, br = hairscar).
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Vrste iz rodu Codium se razmnoZujejo vegetativno s
propaguli in spolno s heterogametami (Boedijn, 1978).
Gamete nastanejo v gametangijih, ki se razvijejo na
mesickih kot bo¢ni izrastki. Gametangiji so loceni od
mesickov s pre¢no steno in so jajc¢asto podolgovate
oblike.

Nekatere vrste so dvodomne, druge enodomne
(Burrows, 1991). Redukcijska delitev poteka pri nastan-
ku spolnih celic (gametogenezi). Gamete kopulirajo in
po oploditvi nastane zigota, ki se razvija v novo rastlino.
Spolne celice se lahko razvijejo tudi partenogenetsko.
Bioloski krog je diplontski, kar pomeni, da je vege-
tativno telo diploidno (2n). Edine haploidne celice (n) v
razvojnem krogu so spolne celice (Burrows, 1991).

Nahajalig¢a vrst rodu Codium v slovenskem obal-
nem morju so naslednja:

Codium bursa - najden v zgornjem infralitoralu v
Piranu pod cerkvijo sv. Jurija in na obmocju rta Kane.

Codium decorticatum - najden. v zgornjem infra-
litoralu v Bernardinu (skladis¢e soli), pod cerkvijo v Pira-
nu in na obmogju rta Strunjan in rta Kane.

Codium effusum - najden pogosto v Piranskem za-
livu.

Codium tomentosum - najden v infralitoralu v Piranu
pod cerkvijo (slika 4).

VRSTA CODIUM FRAGILE (SUR.) HARIOT 1890 V
SLOVENSKEM OBALNEM MORJU

Alga je temno zelene barve, pokon¢na, grmicasto
razrasla, bolj ali manj vilicasto razvejena, visoka pri-
blizno 20 cm. Poganjki so valjasti, v preseku okrogli,
priblizno 5 mm debeli, na vrhu tanjsi (3 mm); mesto,
kjer se dva poganjka razvejita, je rahlo splo3¢eno in
raziirjeno. Po otipu je steljka elasti¢na in spuzvaste
trdnosti. Na podlago se pritrdi s spuzvasto pritrjevalno
plos¢ico, iz katere izraica ena ali vec steljk.

Mesicki, ki sestavljajo skorjo steljke, so 3-5-krat
daljsi kot giroki; njihova oblika je nepravilno valjasta,
hrugkasta ali kijasta z zaobljenim vrhom. Mesicki imajo
na vrhu zna¢ilen izrastek (lat. mucro, ost; od tod tudi
stari vrstni pridevek mucronatum), dolg priblizno 10-15
pm. Mesicki nosijo sublateralno 1 ali 2 laska.

Codium fragile se razmnozuje spolno. Gametangiji
so podolgovati, jajcaste oblike in izrastejo iz izbokline
pod vrhom mesickov po 1 ali 2. Pogosto se razmno-
Zujejo s partenogenezo makrogamet. Alga je dvodomna
(Burrows, 1991).

Codium fragile se najbolj opazno lo¢i od drugih vrst
rodu Codium, ki imajo grmicasto pokon¢no steljko, po
izrastku na vrhu mesi¢kov; pri drugih vrstah tega iz-
ratska ni (slika 2).

Vrsta je zelo razsirjena po svetu in Zivi pritrjena na
skalah, kamnih spodnjega mediolitorala in v infralitoralu
Jadranskega in Sredozemskega morja (Bressan & Godini,
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Slika 3: Steljka alge Codium fragile subsp. tomentosoides (Algarij: Claudio Battelli).
Figure 3: Thallus of Codium fragile subsp. tomentosoides (Algarium: Claudio Battelli).

1990), v Atlantskem oceanu, na Japonskem, v Avstraliji,
Novi Zelandiji in v Indijskem oceanu (Burrows, 1991).
Prvi podatki o njenem pojavljanju v Trzaskem zalivu so
bili objavljeni leta 1988 (Godini & Avanzini, 1988).

Znani sta dve podvrsti: Codium fragile subsp. atlan-
ticum in Codium fragile subsp. tomentosoides. Podvrsta
atlanticum se lo¢i od podvrste tomentosoides po
manjsih, bolj okroglih izrastkih (Burrows, 1991).

V nagem primeru gre za takson Codium fragile (Sur.,
1889) Hariot 1890 subsp. tomentosoides (Van Goor)
Silva, 1955 (slika 3), kot sta ga v Trzaskem zalivu do-
lo¢ila Godini & Avanzini (1988).

Steljka je temno zelena, spuzvasta in elasti¢na po
otipu, visoka 15-20 cm, poganjki so okrogli v prerezu in
priblizno 0,5 cm debeli, na mestu razvejitve so lahko
splosceni in rahlo razsirjeni {1-1,5 cm), proti vrhu se
zozijo. Mesicki so bolj ali manj kijasti in rahlo zozeni v
sredini tako, da dobijo hruskasto obliko; nekateri so
pravilno valjasti. Mesicki so visoki 700 - 900 pm, Siroki
150-250 pm, vrh je zaobljen z zelo povdarjenim
konicastim izrastkom, visokim od 10-15 pm. Subapi-
kalno nosijo po 1 ali 2 laska dolga 300-400 pym in
pritrjena 150-200 pm pod samim vrhom.

Razmnozuje se partenogenetsko z makrogametami,
ki nastanejo v gametangijih; ti se razvijejo po 1 ali 2
bo¢no v sredini mesi¢kov (Burrows, 1991).
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TRZASKI ZALIV

-+ Nahsjaliséa

Slika 4: Nahajalis¢a vrste Codium fragile subsp. tomen-
tosoides (+) v slovenskem obalnem morju.

Figure 4: Localities, where Codium fragile subsp.
tomentosoides (+) has been found in the Slovenian
coastal waters.
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NAHAJALISCA V SLOVENI]I

Kot je bilo omenjeno ze na zacetku, alga Codium
fragile subsp. tomentosoides dosedaj v Sloveniji $e ni
bila najdena. Nasli smo jo predvsem na zavarovanih
mestih v spodnjem mediolitoralu in v zgornjem infra-

litoralu na zunanji strani pomola v pristanis¢u v Piranu,
pod piransko cerkvijo sv. Jurija, v Bernardinu na zunanji
strani pomola pred hotelom Bernardin, pred skladis¢em
soli v PortoroZu, na zunanji strani glavnega pomola v
Izoli in vzdolz ceste med lzolo in Koprom med
valolomnim kamenjem (slika 4).

RIASSUNTO

Larticolo tratta le caratteristiche generali del genere Codium Stackhouse (1797) e la distribuzione delle diverse
specie di tale genere in Slovenia. Viene descritta in particolare la specie Codium fragile (Sur.) Hariot subsp.
tomentosoides (Van Goor) Silva quale nuova specie nel mare costiero sloveno. Viene presentato pure un elenco
delle specie del genere Codium che vivono nel mare costiero sloveno.
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IZVLECEK

Edino rastis¢e morske trave pozejdonke Posidonia oceanica (L.) Delile v Trzaskem zalivu je v neposredni bliZini
mesta Koper in glavne prometnice. Zaradi moZnosti unicenja rastis¢a smo jo poskusno presadili v Piranski zaliv. Vse
presajene sadike so po obdobju mirovanja pognale nove liste.

Kljucne besede: Posidonia oceanica, presajanje, slovensko obalno morje
Key words: Posidonia oceanica, transplantation, Slovene coastal waters
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Eno redkih rastis¢ morske trave pozejdonke Posi-
donia oceanica (L.) Del., morda celo edino severno od
Pule, je v neposredni blizini Kopra (Vukovi¢, 1982; Vu-
kovi¢ & Semroud, 1984). Pozejdonka je po starejsih
zapisih (Benacchio, 1938) naseljevala ve¢ obmocij v
Trzaskem zalivu. Rastis¢e v blizini Kopra je le ostanek
njenih nekdanjih podvodnih travnikov. Tu raste v obliki
manjsih ali ve¢jih otokov, vkles¢enih med skalnato dno
ali travnik vrste Cymodocea nodosa (Vukovi¢, 1982,
Vukovi¢ & Turk, 1995). Naseljuje predel od samega pre-
hoda skalnate obale v mehko dno v globini 2-2,5 m pa
do 4 m. O vzrokih za zmanjsanje rastis¢a lahko samo
ugibamo. Nekateri omenjajo vplive onesnazevanja, ven-
dar rastis¢e v neposredni blizini iztoka koprske kana-
lizacije tako domnevo skoraj izklju¢i. Zaradi posegov v
okolje, predvsem pa zaradi moznosti graditve obalne
ceste, ki bi lahko unic¢ila rastis¢e, smo poskusno pre-
sadili pozejdonko v Piranski zaliv in ugotavljali njen
razvoj.
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Poskusi sajenja morskih trav zaradi obnavljanja habi-
tatov so pokazali, da je najuspe$neja metoda presajanje
vegetativnih delov rastlin (Phillips, 1990). Za prezivetje
in adaptacijo presajenih rastlin je kriticno prvo leto po
presaditvi, pri tem pa sta zelo pomembna tudi globina in
letni ¢as presajanja (Meinesz et al., 1992a, 1992b).
Pozejdonka se razmnozuje vegetativno z odtrganimi
deli rastline (korenika z listi), ki jih raznasajo tokovi, in
spolno s semeni. Cveti lahko med avgustom in sep-
tembrom, $e pogosteje pa med oktobrom in novemb-
rom.

Cvetovi so dvospolni, brez listov cvetnega odevala,
4-8 jih raste v socvetju na vrhu stebla. Zaradi poznega
cvetenja ta pojav le redko opazimo.

Sadike pozejdonke smo avgusta 1994 presadili na
razli¢ne globine na novo izbranega rastis¢a pred Morsko
biolosko postajo v Piranu, kjer ne pricakujemo vegjih
sprememb v okolju, in opazovali spremembe do junija
1995.
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Slika 1: Prikaz naravnega rastis¢a (O) in mesta pre-
saditve ((0) pozejdonke Posidonia oceanica

Fig. 1: Study area with the plant’s natural habitat (Q)
and the site of its transplantation (C1).

MATERIAL IN METODE

Avgusta 1994 smo izkopali posamezne $ope pozej-
donke na rastis¢u v Koprskem zalivu in $e isti dan
posadili petnajst rastlin na prej izbrano obmo¢je v
Piranskem zalivu (slika 1). Dolo¢ili smo tri na obalo
pravokotne in med seboj vzporedne linije in jih oznacili
s ¢rkami A, B in C. Na vsako smo na razli¢nih globinah
od 2 do 4 m posadili pet sadik tako, da smo jih postavili
v prej izkopano luknjo v sedimentu, jih zakopali in
pritrdili z zelezno kljuko, da bi jih zavarovali pred
delovanjem valov (slika 2). Sadike v posamezni liniji
smo oznacili s stevilkami 1-5. Podvodna opazovanja so
potekala eno leto in sicer na 2-4 tedne v aktivni sezoni
rasti in 6-8 tednov v obdobju mirovanja.

- REZULTATI

Stirinajst dni po presaditvi ni bilo opaziti vegjih
sprememb. Sele po enem mesecu je imela rastlina B1
manjse §tevilo listnih Sopov (2) kot na zacetku (6). V
naslednjh mesecih se stanje ni bistveno spreminjalo,
odmirali in odpadali so le posamezni listi. Opaziti je
bilo tudi objedanje listov, ki je bilo najve&je pri rastlinah
v liniji C. Oktobra je bilo na rastlinah naseljeno ze
precej zivali, prevladovali so razli¢ni polzi (Gastro-
poda). Do novembra je pognalo veliko novih listov, od
novembra do maja pa se je rast ustavila. Pri rastlinah
A4, B1 in C5 se je v tem obdobju zmanjsalo stevilo
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listnih Sopov. Maja je zacelo 3tevilo listnih $opov na-
rascati, listi so postali svetlo zeleni. Junija so zaceli v
vecjem Stevilu poganjati novi listi, kar je bil dokaz, da
so se rastline prijele. Prijelo se je vseh 15 rastlin.
Spremembe stevila listnih Sopov so prikazane na sliki 3.

Sprememba $tevila listov

Na sliki 4 vidimo, da se je 3tevilo listov v prvem
mesecu zmanj3alo samo pri petih rastlinah, povecalo pri
treh, enako pa ostalo pri sedmih. Od septembra do julija
se je Stevilo listov povecalo pri devetih rastlinah,
zmanjsalo pri dveh, enako pa je ostalo pri treh. 1z pove-
¢anja §tevila listov pri vecini rastlin lahko sklepamo, da
so se rastline prijele in da so razmere za rast ugodne.

Povecanje stevila listov se ne ujema s povecanjem
stevila listnih $opov. Stevilo listov se je namre¢ pove-
¢alo pri vecini rastlin, ki so bile posajene v travnik vrste
Cymodocea nodosa, medtem ko se je stevilo listnih
gopov povecalo predvsem pri rastlinah izven njega.

Poganjanje mladih listov

Najve¢ mladih listov je pognalo oktobra in no-
vembra, nato pa spet pozno spomladi oziroma zgodaj
poleti (maj in junij). Od novembra do maja listi prak-
ticno niso poganjali, kar kaze na dobo mirovanja po-
zejdonke v tem delu Jadranskega morja.

DISKUSIJA IN ZAKLJUCEK

Ceprav je skromno 3tevilo sadik (15) pri poskusu
presajanja za statisti¢no obdelavo nezadostno, je 100%
uspeinost po enoletnem opazovanju rezultat, ki ne po-
trebuje statisticne obdelave. Meinesz in sodelavci
(1992a, 1992b) porocajo o bistveno vijem odstotku
prezivetja (53-97%) v naravnih razmerah v primerjavi z
laboratorijskimi (okoli 50%), vendar pa preZivetje nikoli

OBALA PRED MBP

MULJASTO DNO

Slika 2: Skica nacina presaditve
Fig. 2: Sketch of the manner of the plant’s transplan-
tation.
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Slika 3: Spremembe stevila listnih sopov na posameznih sadikah tekom enega leta.
Figure 3: Changes in the numbers of leaf clusters on separate cuttings in a single year.
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Slika 4: Sprememba stevila listov posamezne sadike
vrste Posidonia oceanica.

Figure 4: Change in the numbers of leaves on separate
cuttings.

ne doseze 100%. Razlogov za razli¢no stopnjo pre-
zivetja je lahko ve¢; od letnega ¢asa presajanja in spre-
membe globine, do homogenosti materiala ter verjetno
tudi ¢asa, kar pa v nasem primeru ni bilo vprasljivo.
Rastline smo posadili v skoraj enako globino, kot smo
jih nabrali, material je bil dokaj homogen in tudi letni

¢as je bil za presajanje ugoden, saj je bilo morje dovolj
dolgo zadosti hladno, da so se nastale rane lahko
zarasle. Tudi ekoloske razmere obeh obmotij so si do-
kaj podobne. Pomembna pa je bila tudi pritrditev posa-
meznih rastlin z Zelezno Zico, saj jih je to zavarovalo
pred ucinki ve¢jih valov.

Edino rastii¢e v slovenskem obalnem morju v nepo-
sredni blizini iztoka koprskih odpadnih voda je dovolj
zgovoren dokaz, da pozejdonka ni ob¢utljiva na one-
snazevanje s komunalnimi odpadnimi vodami. O po-
dobnih primerih poroc¢ajo tudi v Franciji (Pergent et al.,
1991). Zato je treba iskati vzroke za zmanjsevanje
rasti$¢ oziroma njihovo stagnacijo, kljub potencialno
ugodnim lokalitetam, iskati drugje. Eden moznih vzro-
kov je naravna cikli¢nost v naseljevanju, poleg tega pa
tudi redko cvetenje in slabe razmere za pritrditev mladih
poganjkov. Po enoletnem opazovanju bo zanimivo
spremljati nadaljnjo usodo petnajstih sadik, saj so pri-
loznosti za opazovanje nastanka morskega travnika v
slovenskem obalnem morju redke.

RIASSUNTO

Nel Golfo di Trieste la posidonia (Posidonia oceanica (L.) Delile) vegeta in un' unica zona situata nelle
immediate vicinanze della citta di Capodistria e della principale via di comunicazione. Considerate le potenziali
possibilita di distruzione della zona in questione abbiamo deciso di trapiantare la posidonia a scopi sperimentali nel
Golfo di Pirano. Trascorso il periodo di riposo, tutte le piantine trapiantate hanno generato nuove foglie.
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ABSTRACT

The main spawning area of the Adriatic anchovy (Engraulis encrasicolus) is the shallow Northern Adriatic. In
1989, an unusually low anchovy egg production, a considerable mortality of larvae, and an unusual location of
spawning centers in the limited areas were recorded in the Northern Adriatic. Since the major part of the Northern
Adriatic was covered by the phytoplankton and benthic diatoms blooms, gelatinous aggregates and "marine snow"
during the peak of the spawning season, it is speculated that they caused the observed anomalies in the reproduc-

tion of this fish.

Key words: anchovy, spawning, Northern Adriatic, blooms
Klju¢ne besede: incun, drstenje, Severni Jadran, cvetenje

INTRODUCTION

Long-term estimates of the anchovy, Engraulis en-
crasicolus, biomass in the Adriatic showed a continuous
decrease since 1978 (Regner et al., 1985; Dul¢ic, 1993;
Dul¢i¢ & Cetini¢, 1993). The anchovy stock almost
collapsed during the years 1986-1989. Since the sardine
stock increased in the same period (Vuceti¢ & Alegria-
Hernandez, 1987), this phenomenon could not be at-
tributed.to overfishing. During the same period, exce-
sive summer blooms of phytoplankton and benthic dia-
toms became regular events in the Adriatic Sea. The
surface affected by the blooms (Marchetti et al., 1988;
Todini & Bizzari, 1988; Filipi¢, 1990; Deggobis et al.,
1991), large quantities of gelatinous (mucilaginous)
material (Deggobis et al, 1991; Rinaldi et al., 1990;
Cabrini et al., 1992; Deggobis et al., 1995) and "marine
snow" (including flocks, strings and small clouds)
(Fonda-Umani et al., 1989; Fanuko & Turk, 1990; Deg-
gobis et al., 1991; Deggobis et al., 1995) was increasing
from year to year, particularly in the shallow Northern
Adriatic and along the Italian coast up to the peninsula
of Gargano, corresponding precisely to the spawning
season and the main reproductive areas of the anchovy.
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The severe bloom events began to decrease in 1990.
Since these two phenomena coincided both spatially
and temporally, the spawning of the anchovy in the
Northern Adriatic during the 1989 spawning season was
analyzed in order to determine whether a connection
between the blooms and anchovy reproduction exists.

MATERIAL AND METHODS

Plankton material was collected at 14 stations in the
Northern Adriatic during R/V three cruises carried out in
June 13-14, July 6-7 and July 24-25 (R/V "Vila Velebita",
Nansen plankton net, diameter 80 cm, vertical tow 0.5
m/s), and at 20 stations in August 15-18 (R/V "Vila
Velebita" and "Bios", Nansen net and Bongo-20 plank-
ton net, two cylindres of 20 cm diameter, oblique tow,
1.5 to 2 knots). Both nets were of 250 um meshes. At
each station, data on temperature and salinity from the
surface to the bottom were collected by CTD probe at 1
m intervals.

The anchovy planktonic stages were separated from
the samples, eggs were classified into five developmen-
tal stages, yolk-sac larvae into three length groups, and
larvae into length groups of 2 mm. Instantaneous mor-
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~ tality rates of eggs, yolk-sac larvae and larvae were es-
timated, and the quantity of anchovy eggs was ex-
pressed as the number of eggs produced per 1Tm ?/day.
For details on egg production estimates see Regner
(1985), Regner et al. (1985), as well as Piccinetti et al.
(1982); Regner & Dulc¢i¢ (1990) provide estimates for
mortality of larval stages.

RESULTS

Intensive algal blooms, gelatinous aggregates and
"marine snow" were recorded in Northern Adriatic in
June-August 1989. In june the blooms were limited to
the coastal waters along the Italian coast, while in July
and August they spread over all the Northern Adriatic,
with the exception of a 10-15 mile wide zone along the
west Istrian coast. This zone was under the influence of
the geostrophic current which brings the Mediterranean
water of lower temperatures and higher salinity through
the Central and Southern Adriatic. The surface of all the
other areas of Northern Adriatic was covered with dense
patches of mucous matter released by pelagic diatoms;
echo sounders showed that these patches were dense
and randomly distributed from the bottom to the sea
surface.

The estimates of mean daily production of anchovy
eggs over the surveyed area was considerably low in all
the surveys (Table 1).

Month No. eggs/m2/day 95% confidence limit
lower upper
June 2.5 1.79 3.21
July (early) 1.5 1.09 1.91
July (late) 5.5 3.73 19.3
August 47.6 3291 99.91

Table 1: The estimates of mean daily production of an-
chovy eggs in the Northern Adriatic (1989).

Tabela 1: Ocenjene srednje vrednosti dnevne produk-
cije incunovih iker v severnem Jadranu (1989).

As far as the spatial distribution is concerned, in
June, when the blooming was not yet widespread, two
centers of spawning, although of very low intensity of
only 3 eggs/m’/day, were observed. One was situated in
the northwestern part of the surveyed area, in the waters
influenced by the river Po inflow, while the other one
was found about 6 miles off the Istrian coast (Fig. 1). In
July, during the heavy blooms, spawning areas of the
same intensity were found along the Istrian coast (Fig.
2). In August, one center of relative intensive spawning
(100 or more eggs/m’/day) was found in an area 10 to
20 miles off the Istrian coast (Fig. 3). This center was
situated at the edge of the frontal zone where Northern
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Adriatic waters and the geostrophic current collide.

This indicates that anchovy could not spawn in eu-
trophic waters of central and western parts of Northern
Adriatic, which are their traditional spawning areas,
probably because these parts were under the strong in-
fluence of blooms. They were apparently forced to
spawn either in the narrow and relatively oligotrophic
zone along the coast of Istrian peninsula, or in the fron-
tal zone where the water was still relatively "clean".

The instantaneous mortality rates of anchovy plank-
tonic stages were estimated (Table 2).

Mortality Standard
Stage rate error F P<
Eggs and yolk-sac
larvae -0.4849 0.0228  452.16 0.001
Larvae -0.5181  0.1393 13.83 0.1

Table 2. The instantaneous mortality rates of anchovy
planktonic stages in Northern Adriatic (1989).

Tabela 2: Hipne stopnje mortalitete planktonskih stadi-
jev incuna v severnem Jadranu (71989).

It should be emphasized that for the first time since
mortality of anchovy planktonic stages has been studied
(20 years), the mortality rate of larvae was higher than
that of eggs and yolk-sac larvae. At the same time, the
fact that no larvae older than 12 days (7 days after the
complete yolk-sac resorption) have been found (Fig. 4)
indicates that conditions for their survival were unusu-
ally unfavourable in the Northern Adriatic during the
1989 spawning season.
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Fig. 1: Anchovy egg distribution (N/m /day) on June 13-
14, 1989.

Slika 1: Razsirjenost incunovih jajc (N/m/dan) 13. in
14. junija 1989.
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Fig. 2: Anchovy egg distribution (N/m /day) on July 24-
25, 1989.
Slika 2: Razsirjenost incunovih jajc (N/m/dan) 24. in 25.
junija 1989.

DISCUSSION

The anchovy egg production during the investigated
period from June to August 1989 was the lowest ever re-
corded in the Northern Adriatic (Varangolo, 1967; Stirn,
1969; Piccinetti et al., 1982; Regner et al., 1985). The
spatial distribution of the spawning centers, particularly
during the months (second part of June, july) of the most
intensive bloom (Deggobis, 1989; Deggobis et al., 1995),
indicates that the anchovy could not spawn in its main
spawning area which, according to the above mentio-
ned authors, is normally situated in the eutrophic waters
of the central and western part of the Northern Adriatic.
Rather, the fish’ were apparently forced to spawn in the
limited areas of relatively "clean" waters, where the
environmental conditions for its reproduction were less
suitable. At the same time, the mortality rate of anchovy
larvae was found to be considerably higher than the
previously estimated rate in the same area and with the
same methods applied (Piccinetti et al., 1982). This
event, together with the lack of older larvae in all the
samples collected, indicates that not only the conditions
for spawning, but also the conditions affecting larval
survival were unfavourable during the period of blooms.

Since there is no direct evidence on the interrela-
tionship between anchovy spawning and the blooms, no
clear explanation can currently be given on how the
blooms might affect anchovy reproduction. One hypo-
thesis is that they change the chemical properties of the
water as well as the quantitative composition of the
plankton, which would in turn affect the trophic status
of both adult fish and larvae. The blooms may perhaps
even physically irritate the adult fish, while the patches
of mucous matter can act as a trap for yolk-sac larvae and
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Fig. 3: Anchovy egg distribution (N/m day) in August
15-18, 1989.

Slika 3: Razsirjenost inc¢unovih jajc (N/m/dan) od 15.
do 18. avgusta 1989.

larvae. As a matter of fact, several yolk-sac larvae and
larvae collected with the plankton nets had obviously
died prior to capture: they were clearly decomposed
and enveloped in the mucous matter. Most probably all
these factors act simultaneously.

Since the regions covered by excessive blooms
gradually spread during a long period of years, particu-
larly over the principal spawning areas of the anchovy,
it can be supposed that anchovy reproduction was seri

&
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2ee9e Fggs and larvae \
-2 — asass Postlarvae \\
- - 95 %, confidence limits N
3 \
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Fig. 4: Estimated mortality rates of anchovy planktonic
stages. ‘

Slika 4: Ocenjena mortaliteta planktonskih stadijev in-
Cuna.
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ously disturbed during this period due to gradual reduc-
tion of their reproduction areas. Finally, when the
blooms reached their maximum, the fish were forced to
reproduce in the limited areas of relatively clean waters

where they usually do not spawn intensively. Therefore,
blooms, gelatinous aggregates and "marine snow" are
potentially one of the main factors responsible for the
decrease of the anchovy stock in the Adriatic.

POVZETEK

Glavno drstis¢e jadranskega inc¢una Engraulis encrasicolus je plitvi severni del Jadranskega morja. Leta 1989 tu
ni bila ugotovijena le nenavadno nizka produkcija incunovih iker, pa¢ pa tudi precejsnja mortaliteta larv in
nenavadna lokacija drstitvenih sredis¢ v omejenih obmodijih tega dela Jadrana. Upostevaje dejstvo, da je bil severni
Jadran na vrhuncu drstitvenega obdobja poln cvetocega fitoplankiona in bentonskih diatomej (kremenastih alg),
Zelatinastih agregatov in "morskega snega”, bi lahko sklepali, da so prav ti dejavniki povzrocili opaZene anomalije v

reprodukciji jadranskega in¢una.
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ABSTRACT

Sardine larvae were collected from October 1990 to April 1991. Growth rates were estimated from daily
increments on sagitta otoliths. Otolith growth in relation to standard length and increment counts was also
estimated. Growth differences were significant between Istrian and Dalmatian coasts at the same month, with growth
being lower in the former. Variations among certain months in the Split area were also observed. These results are

discussed in relation to temperature.

Key words: sardine, larvae, growth, Istria, Dalmatia
Klju¢ne besede: sardela, licinke, rast, Istra, Dalmacija

INTRODUCTION

The fate of various early fish stages is, according to
recent theory, essential for the recruitment of adult
populations. At the same time, knowledge on the growth
rates of larval fish is indispensable for ecological studies
of this important phase of fish life cycles, since they
provide the basis for further studies of mortality, popula-
tion dynamics, stock assessment, etc.

Up to the 1970s, the only way to estimate growth
parameters of larval fish stages was to measure the
length increase as a function of time under the con-
trolled experimental conditions. In the early 1970s, Pan-
nella (1971, 1974) first described the existence of daily
growth structures in the otoliths of Osteichthyes, and
Brothers et al. (1976) demonstrated that these structures
were present in the otoliths of larvae and were laid
down on a daily basis.

Sardina (Sardina pilchardus) is the traditional target
of a important purse seine fishery along the eastern
Adriatic coast. The Adriatic sardine has two preferred
spawning areas, the northern one in a wider area be-
tween the island Dugi otok and Ancona and the south-
ern one in the broader surroundings of Palagruza lsland
(Piccinetti et al., 1981; Regner et al., 1983; Gamulin &
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Hure, 1983).

During recent years, otolith microstructure investiga-
tions have made it possible to study the age in days as
well as the daily growth rate of fish larvae and juveniles.
For sardine, Ré (1984) has validated the daily nature of
these microincrements in sagitta otoliths, and Dul¢ic¢
(1993) found that visible rings are laid down beginning
at the day of hatching. Thus, in sardine larvae, the
number of increments provides a direct estimation of
actual age under optimal conditions. On the other hand,
Ré (1983a) found that growth rates and thickness of
daily units varied in relation to the time of the year in
Portuguese waters.

The purpose of this study was to compare growth
rates of sardine larvae between different areas of North-
ern and Central Adriatic and its possible seasonal vari-
ations. This would provide the basis for future studies on
sardine growth parameters and on the conditions that
affect the renewal of the sardine population in the
Adriatic.

MATERIAL AND METHODS

The two cross-shelf transects were sampled from
October 1990 to April 1991. (Fig. 1, Table 1). A Bongo
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net with a 0.2 m diameter and 250 microns mesh size
was used. Double oblique tows were performed accord-
ing to standard techniques (Smith & Richardson, 1977).
Tow depth ranged from 10 to 150 m. Sea Surface
Temperature (SST) at each station was measured.
Plankton samples were fixed in 2% neutralized formol
solution in seawater, with a formol pH of 7.8-8.6.

¥ L TN TN L SN Y | O TR | S SO |- e 8 DS0 2000

Fig. 1: Sampling area and location of stations.
Slika 1: Zemljevid obravnavanega obmodja z vzorceval-
nimi postajami.

Sardine larvae (n=346) were sorted. Standard lengths
were measured to the nearest 0.1 mm. The size range
was 3.0 to 22.8 mm. Size was not corrected, bearing in
mind shrinkage due to capture and fixation technique.
Sagitta otoliths were removed by fine steel needles and
rinsed in distilled water, dried and placed in a drop of
immersion oil. The counts of daily increment rings were
made, depending on otolith size, at magnifications of
450x, 600x or 1000x, under a transmission light micro-
scope. The otolith maximum radius was measured.

The number of increments were determined accor-
ding to Methot (1981).

Least squares regressions between standard length vs
increment counts (sl vs in), otolith radius vs standard
length (or vs sl) and, otolith radius vs increment counts
(or vs in) were fitted for each sample using the simple
regression procedure Statgraphics. F-tests for homoge-
neity of variances, comparison of slopes and elevations
were applied according to Snedecor & Cochran (1989)
in order to determine the statistical significance of
differences among samples at each region.

RESULTS
Standard length vs increment counts
There was linear relationship between standard
length and increment counts over the size range col-

lected at each month and in each sampled region. A
simple linear growth model was fitted to each sample

individually. Monthly estimates of growth off Rovinj
varied between 0.590 and 0.628 mm/day, whereas off
Split they varied between 0.595 and 0.762 mm/day. Re-
gression parameters are shown in Table 2 and graphi-
cally displayed in Fig. 2 (A-F).

Region  Sampling date n Size range (mm) ToC
Rovinj 15 October 26 5.5-19.0 17.9
25 January 59 3.0-14.8 10.2
6 April 32 4.0-18.0 12.8
Split 27 October 55 6.7-17.3 19.1
12 January 44 5.5-22.8 13.5
18 April 23 4.7-13.2 14.8

Table 1: Sampling schedule. Temperature is the average
SST along transects (n and fish size range data cor-
respond to larvae whose otoliths were analysed).

Tabela 1: Seznam vzorcenja. Temperatura je povprecna
SST vzdolz transektov (podatki o stevilu in velikostnih
razredih za larve z analiziranimi otoliti).

Slope Intercept
Region  Month  mm/day SE mm SE r2
Split October 0.595 0.016 5.16 0.13 0.97
January 0.762 0.029 396 030 094
April 0.726 0.086  3.51 0.66 0.77
Rovinj  October 0.590 0.027 491 0.28 0.95
January 0.628 0.025 332 0.23 0.92
April 0.600 0.026 3.59 0.25 0.95

Table 2: Parameter estimates from linear regression of
larval standard length (y) against increment counts (x).
Estimates of slopes, standard error on slope, intercept
and r-square for each region and month.

Tabela 2: Ocena parametrov linearne regresije stan-
dardnih dolzin larv (y) glede na stevilo prirastkov (x).
Ocena padcev, standardne napake (SE) v padcu, pre-
strezne vrednosti in r-kvadrat za posamezno obmocje
in mesec.

Otolith radius vs increment counts

An exponential model (y=e2+b%) provided the best fit

“to the data in all cases. Results are shown in Table 3 and
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Fig. 3 (A-F).
Otolith radius vs standard length

The same exponential model also provided the best
fit to these data as might have been expected taking into
account the linear relationship between standard length
and increment counts. Results are summarized in Table
4 and Fig. 4 (A-F).
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Fig. 2: (A-F) Relationships between standard length and
increments counts (Rovinj, A-October, C-January, D-
April; Split, B-October, D-January, F-April).

Slika 2: (A-F) Odnos med standardno dolzino in ste-
vilom prirastkov (Rovinj, A- oktober, C-januar, D-april;
split, B-oktober, D-januar, F-april)

Fig. 3: (A-F) Relationships between otolith radius and
increment counts (Rovinj, A-October, C-January, D-
April; Split, B-October, D-January, F-April).

Slika 3: (A-F) Odnos med premerom otolitov in
stevilom prirastkov (Rovinj, A-oktober, C-januar, D-
april; Split, B-oktober, D-januar, F-april).

Intercept
Region Month b SE a SE  (um) r?
Rovinj  October 0.078 0.002 192 0.03 6.83 0.98
January 0.084 0.003 1.87 0.03 6.53 0.93
April 0.073 0.003 1.94 0.03 695 0.96
Split October 0.084 0.002 1.97 0.02 7.29 0.96
January 0.084 0.002 196 0.03 7.09 0.97
April 0.066 0.006 2.03 0.05 7.61 0.85

Region  Month b SE a SE 12

Rovinj  October  0.128 0.005 1.31 0.05 0.97
January 0.128 0.005 149 0.05 0.92
April 0.118 0.004 1.53 0.05 0.96

Split October 0.137 0.005 1.30 0.05 095
January ~ 0.106  0.003 1.56 0.03 0.96
April 0.080 0.008 1.81 0.07 0.84

Table 3: Parameter estimates from exponential regres-
sion (y=ea*bX) of otolith radius (y) against increment
counts (x). Intercept values correspond to the otolith
radius at hatching.

Tabela 3: Ocena parametrov eksponentne regresije (y =
e) premera otolitov (y) glede na stevilo prirastkov (x).
Prestrezne vrednosti so v skladu s premerom otolitov
pri izvalitvi.

57

Table 4: Parameter estimates from exponential regres-
sions (y=e*bX) of otolith radius (y) against standard
length (x).

Tabela 4: Ocena parametrov eksponentnih regresij (y =
e) premera otolitov (y) glede na standardne dolzne (x).



ANNALES 7/'95

Jakov DULCIC: REGIONAL GROWTH DIFFERENCES IN SARDINE (SARDINA PILCHARDUS WALB.) LARVAE FROM ISTRIAN AND DALMATIAN COASTS, 55-60

70 1
60 A

pm}
w
(=4

.

&=~
=1
L

OT.RADIUS |

pm)

OT. RADIUS {

to those obtained for standard length vs increment
counts regressions. There was no difference between
January and April, whereas the October sample differed
from these in both elevations and slopes.

Larval growth rates were higher in Split than in
Rovinj. Both larval standard length and otolith radius at
hatching were higher in Split as well.

F-tests were applied in the same way as with indi-
vidual samples to compare slopes and elevations be-
tween regions (Table 8). Slopes of standard length vs in-
crement counts were significantly different, in spite of
heterogeneity of variances. Slopes of In otolith radius vs
standard length also differed significantly, whereas
slopes of In otolith radius vs incremnts counts did not
differ. In this case, however, intercepts were significantly
different.

60 4 ' ' ' I . I l ' ' Region Months Hom. Variances Slopes Elevations
7% ] Rovinj Oct/lan F=1.00(24.57) F=1.07(1.81) F=42.21(1.81)
=10 ] P>0.5 P>0.25 P<0.005
;‘, 30 : Rovinj Oct/Apr F=1.22(24.30)  F=0.07(1.54)  F=34.59(1.55)
ey ’ go P>0.5 P>0.25 P<0.005

0 i - Rovinj Jan/Apr F=1.18(57.30) F=0.58(1.87) F=0.08(1.88)

0 5 1'0 1'5 2'0 Z.S 0 5 1Io 1'5 z'o 2'5 P>0.5 P>0.25 P>0.25
STD. LENGTH {mm) STD. LENGTH (imm) Split  Otc/Jan F=3.75(42.53)  F=26.6(1.95) :
Fig. 4: (A-F) Relationships bet tolith radius and reoot Pe0.008 '
stlf;zd,;rc(i Ie ::gthe(?\' ::/’i';j,’ﬁs-oft:l/;i? CO_;; ,:uar‘;' L’)": ;;'”; Split  Oct/AprF=3.92(21.53)  F=4.40(1.74)  F=12.9(1.75)
Split, B-October, D-]anuary, F-April). P<0.01 0.005<P<0.025 P<0.005
Slika 4: (A-F) Odnos med premerom otolitov in stan- |Split jan/Apr F=1.03(21.42) F=0.15(1.63) F=6.06(1.64)
dadno dolzino (Rovinj, A-oktober, C-januar, D-april; P>0.5 P>0.25 0.005<P<0.025

Split, B-oktober, D-januar, F-april).
F-test

To apply the F-test, log transformations of exponen-
tial regressions have been made (Tables 5, 6, 7).

Rovinj samples (sl vs in) showed no significant dif-
ferences in slopes. Only the intercept with the y-axis in
the April sample was different. However, this result
could be an effect of an underestimation of actual age in
that month. Variances were homogeneous in all cases.
There was no difference between January and April
samples off Split, whereas the October sample showed
differences compared with the other months. However,
these differences are doubtful because the variances
were heterogeneous. No differences were found among
the three regressions fitted for the Rovinj samples (In or
vs in). The slopes also did not differ between the three
months off Split. These elevations were similar in Janu-
ary and April, but October elevations differed signifi-
cantly from these. The slopes did not differ among
Rovinj samples (In or vs sl), whereas elevations showed
significant differences. In Split, the results were similar
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Table 5: Results of F-tests from comparisons of standard
length vs increment counts regressions within each re-
gion.

Tabela 5: Rezultat F testov iz primerjav standardne
dolzine in regresij stevila prirastkov znotraj posamez-
nega obmodja.

DISCUSSION

Reading the increments in sagitta otoliths of sardine
larvae provides a good estimation of actual age because
increments are laid down daily from the day of hatching
(Dul¢i¢, 1993). Ré (1983a) suggested that daily rings oc-
curred in sardine sagittae not earlier than after the yolk-
sac absorption (3-5 days after hatching). The deposition
of the first increment in fish otoliths seems to be related
to the duration of embryonic development, and otolith
increments formed at different developmental stages
were characteristics of the species being studied. Some
species hatch with increments already formed, while
others do not form increments until yolk-sac absorption.

Our results from estimating body growth rates indi
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Region Months Hom. Variances Slopes Elevations Region Months Hom. Variances Slopes Elevations

Rovinj Oct/Jan F=1.72(57.24) F=2.54(1.81) F=0.10(1.82) Rovinj Oct/lan F=1.11(57.24) F=0.00(1.81) F=66.03(1.82)
0.05<P<0.2 0.1<P<0.25 0.1<P<0.25 P>0.5 P>0.25 P<0.005

Rovinj Oct/Apr F=1.14(30.24) F=1.57(1.54) F=1.22(1.55) Rovinj Oct/Apr F=1.45(24.30) F=2.00(1.54) F=30.39(1.55)
P>0.5 0.1<P<0.25 P>0.25 0.2<P<0.5 0.1<P<0.25 P<0.005

Rovinj Jan/Apr F=1.51(57.30) F=6.72(1.87) F=1.77(1.88) Rovinj Jan/Apr F=1.61(57.30)  F=1.94(1.87) F=16.97(1.88)
0.2<P<0.5 P>0.25 P<0.005 0.05<P<0.2 0.1<P<0.25 P=0.005

Split  Oct/)an F=1.27(42.53) F=0.00(1.95) F=71.32(1.96) Split  Oct/Jan F=1.04(53.42) F=29.44(1.95) -
P>0.5 0.005<P<0.025 P<0.005 P>0.5 P<0.005 -

Split  Oct/Apr F;] .05(53.21) F=6.51(1.74) F=60.36(1.75) Split  Oct/Apr F=1.47(53.21) F=32.55(1.74) -
P>0.5 0.005<P<0.025 P<0.005 0.2<P<0.5 P<0.005 -

Split  Jan/Apr F=1.32(42.21) F=5.61(1.63) F=5.71(1.64) Split  Jan/Apr F=1.41(42.21) F=8.02(1.63) F=0.16(1.64)
P>0.5 0.005<P<0.0025 0.005<P<0.025 0.2<P<0.5 0.005<P<0.025 P>0.25

Table 6: Results of F-tests from comparisons of In oto-
lith radius vs increment counts regressions within each
region.

Tabela 6: Rezultati F testov iz primerjav In radija
otolitov in regresij stevila prirastkov znotraj posamez-
nega obmodja.

cated regional growth differences of Adriatic sardine lar-
vae. The sampling sites were divided into two regions -
the Istrian and Dalmatian coasts - based on the distribu-
tion of sardine eggs and larvae (Regner et al., 1987). The
growth rate was the same (0.59mm/day) in both regions
in October and January. Growth was significantly higher
in Split (0.76mm/day) than in Rovinj (0.61 mm/day) in
January and April. The dominant factors influencing
growth of fish larvae are temperature and food avail-
ability. The possible factor which produced the different
growth rates observed here is the temperature difference
recorded between the two regions. Houde (1989) re-
ported that a 1°C increase in temperature will cause on
average a 1% increase in specific growth rate. A com-
parison of the positions of sardine spawning centers and
productive zones showed spawning centers to be lo-
cated for the most part in the zone were production is
lowest (oligotrophic area) (that zone includes stations in
the Central Adriatic) (Regner et al., 1987). That tempera-
ture distribution during winter is apparently the main
reason. Based on long - term investigations, sardine
spawns at temperature range from 11 to 22°C, with a
maximum between 11 and 12.9°C (Karlovac, 1967).
Since the temperature drops below 10°C in the northern
Adriatic in winter (Buljan & Zore-Armanda, 1976),
sardine cannot spawn in this productive zone for the
major part of ‘their spawning season. Dulci¢ (1993)
found the greatest body length increment on the nineth
day (0.92 mmy in the central Adriatic, but in this case all
values for growth rates were obtained by Gompertz
function. In January 1982, Ré (1983b) found a growth
rate of sardine larvae in Portuguese waters lower (0.41
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Table 7: Results of F-tests from comparisons of In oto-
lith radius vs standard length regressions within each
region.

Tabela 7: Rezultati F testov iz primerjav In radija oto-
litov z regresijami standardne dolzine iz primerjav po-
sameznega obmocja.

mm/day) than the value registered in December 1982 in
the same area (0.49mm/day) (Ré 1984).

An exponential model best fit the relationship be-
tween otolith radius and increment counts and between
otolith radius and standard length. Uncoupling between
growth larval length and otolith radius was found, but
no uncoupling was observed in the relations between
otolith radius and increment counts. This is due to the
variation of otolith growth rate in relation to larval
growth rate. Despite the direct relationship between
otolith growth rate and larval growth, otoliths from lar-
vae with high growth rates grow relatively slower than
those from larvae with lower growth rates. In recent
years there have been several reports indicating that
somatic and otolith growth are not coupled, so that
slow-growing fish produce larger otoliths than fast-
growing fish (Secor & Dean, 1989; Reznick et al., 1989;
Wright et al., 1990).

Variables Hom.Variances Slopes Intercepts

S.L/In.C. F=2.03(65.89) F=21.8(1.154) -
P<0.01 P<0.005 -

Ln Ot.R/In.C. F=1.08(89.65) F=0.97(1.154) F=110.5(1.155)
P>0.5 P>0.25 P<0.005

Ln. Ot.R./S.L F=1.05(89.65) F=20.0(1.154) -
P>0.5 P<0.005 -

Table 8: Results of F-tests from comparisons between
Split and Rovinj regressions (January and April).

Tabela 8: Rezultati F testov iz primerjav med splitskimi
in rovinjskimi regresijami.
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The intercepts of standard length vs increment
counts linear regressions with the y-axis represent the
theoretical standard lengths and otolith radius of the lar-
vae at hatching, respectively. Most of these values are
very similar to those obtained from newly hatched lar-
vae, about 3.5 mm for standard length and 6-7 pm for
otolith radius (Miranda et al., 1990). Intercept estimates
from linear regressions in October (Split) and January

(Rovinj) - the months with the lower growth rates - were
clearly higher than actual values. This fact could be due
to a slight underestimation of real age, and this underes-
timation could be explained by the deposition of very
faint increments in the first days after yolk-sac depletion;
such faint increments would not be visible with this
technique (Campana et al., 1987).

POVZETEK

Zbiranje larv mediteranske sardele je potekalo od oktobra 1990 do aprila 1991. Stopnje rasti so bile ocenjene na
osnovi dnevnih prirastkov na sagitnih otolitih. Izracunana je bila tudi rast otolitov glede na standardne dolZine in
stevilo prirastkov. Pomembne razlike v rasti larv med istrskimi in dalmatinskimi obreznimi vodami so bile
zabelezene v istem mesecu. Tedaj je bila rast larv manjsa v istrskih vodah. Razlike med dolocenimi meseci so bile
ugotovljene tudi v splitskem obmociju. Rezultati so obravnavani glede na temperaturo.
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ABSTRACT

In the course of a long-term study focusing on bottlenose dolphin social ecology and behaviour, conducted in the
Kvarneric since 1987, bottlenose dolphins (Tursiops truncatus) and common dolphins (Delphinus delphis) were the
only cetacean species observed. A total of 879 bottlenose dolphin groups were encountered, compared to three
sightings of common dolphins. The sighting frequency for bottlenose dolphins was about 87 times higher than for
common dolphins. The first of the common dolphin sightings, in August 1991, involved four adults, while the
following two (August 1994 and July 1995) were of a single specimen, found both times in association with
bottlenose dolphins. Photoidentification data showed that the same individual common dolphin was present in all
three encounters. These observations reflect the almost complete disappearance of common dolphins from the
Northern Adriatic Sea, a region in which both dolphin species were historically abundant.

Key words: common dolphin, Delphinus delphis, bottlenose dolphin, Tursiops truncatus, Mediterranean Sea,
Adriatic Sea, sighting frequency, occurrence, interspecies association
Kljuéne besede: navadni delfin, Delphinus delphis, velika pliskavka, Tursiops truncatus, Sredozemsko morije,
Jadransko morje, frekvenca opazovanj, pojavljanje, medvrstna zdruzevanja

INTRODUCTION predators at the top of the marine food chain, represent

excellent biological indicators of the status of the envi-

The degradation of any ecosystem is first indicated ronment they inhabit. Their long lifespan (30 years or
by the disappearing of the most vulnerable, less adapt- more) make them important bioaccumulators of man-
able species, and by a progressive impoverishment of its  made polluting substances such as organochlorine com-
biological diversity. The general lack of attention given  pounds and heavy metals, whose toxic potential is well
to the marine environment often makes such processes  known. Therefore, the decrease of a dolphin population
difficult to detect, and the scarce availability of circum-  represents a signal that should be carefully evaluated,
stantial historical information in the scientific literature  and the assessment of the status of the dolphin popula-
may prevent the understanding of the ongoing trends.  tions is of foremost importance to determine trends and
Consequently, the feeling that something is wrong in a  to suggest measures to prevent a possible decline. In the
given marine environment often rests upon fishermen's  shallow and largely degraded Northern Adriatic Sea, lit-
stories and memories of the "good old times", value tle methodical effort has been made in the past to
whose cannot be objectively assessed. Dolphins, as  document the density and distribution of free-ranging

61
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cetaceans, with most of the information deriving from
stranded specimens, second-hand reports, or occasional
sightings. Only since the late 1980s have Adriatic ceta-
ceans attracted some scientific interest, and preliminary
data were collected through surveys at sea (Notarbartolo
di Sciara et al, 1993). This study represents a further
contribution to the understanding of the present occur-
rence of two cetacean species in the Kvarneri¢, a small
but representative portion of the Northern Adriatic Sea.

MATERIALS AND METHODS

The study area, measuring roughly 900 km2, is situ-
ated in the southern portion of the Croatian Kvarneri¢
(Fig. 1). Its sheltered and clear coastal waters, east of the
islands of Loginj and Cres, encompass a variety of differ-
ent marine habitats, including rocky coastline and bot-
tom, submerged reefs, seagrass flats, and a mud sea bed
with a mean depth of about 70 m. The maximum depth
is 96 m.

)

14°35'E

N AT

44° 30' N

s *)
Adriatic

-

o

Figure 1: The study area.
Slika 1: Obmodje raziskave.

Data presented here are part of a larger effort focus-
ing on the social ecology and behaviour of the bot-
tlenose dolphin community frequenting the area (Bearzi
et al. 1992, 1994, in press). Observations were carried
out from September 1987 to july 1995, with a total of 41
months spent in the field (September 1987; April 1988;
July - October 1988; July - September 1990; July - Sep-
tember 1991; without interruption from March 1992 -
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October 1993; April - September 1994; April - july
1995). A total of 453 days were spent at sea during the
study: 14 in 1987-88, and 439 from 1990 to 1995, to-
talling more than 2,000 h.

Surveys were conducted from inflatable boats with
fiberglass keels, equipped with 25 to 50 HP outboard
engines. Over 18,700 photographs were taken with a
reflex camera Minolta 8000i AF equipped with a zoom
Minolta AF 80-200 APO f 2.8 lens, using Ektachrome
EPR 64 ISO color transparency film. A chronological
catalogue for the identification of individual dolphins
was built using 14,300 of these slides.

Sighting frequencies were computed based on
searching bouts. Each bout consisted of the sum of all
periods spent searching for dolphins at a mean speed of
30 km/h under "adequate" sighting conditions, from the
beginning of a survey to the time of sighting. A bout
could include survey fragments on consecutive days.
Sighting conditions were considered “adequate" only
when: 1) at least one experienced observer continuously
scanned the sea surface, searching for dolphins; 2) the
sea state was 0 or 1 (flat, with capillary waves, or with
wavelets prior to breaking). The time spent with either
dolphin species and the time spent at sea following the
first sighting of the day were not considered as searching
time and were therefore excluded from the calculation
of the sighting frequencies. Due to the unequal survey
procedure in 1987-88, only data from 1990-95 were
considered in the computation.

RESULTS
Bottienose dolphins

A total of 843 h 50 min were spent observing and
photographing 879 dolphin schools of different size and
composition, averaging 6.6 individuals (SD=5.78,
SE=0.195, range=1-65, mode=2). Bottlenose dolphins
were the only species consistently sighted throughout
this study, and the only one found in 1987-88. The
mean time spent searching for bottlenose dolphins from
the beginning of a survey with "adequate" conditions
was 145 minutes (SD=152.35, SE=9.45, N=260, range
1-1139 min). The shortest seasonal mean search time
occurred in spring 1994 (76 min), the longest in fall
1993 (313 min); however, despite such wide variation,
the difference in search time among years was insignifi-
cant (F=1.66, df=5, p<0.14), indicating that the bot-
tlenose dolphin density in the area shows little temporal
patterns. Until the end of 1994 a total of 106 individuals
were photoidentified by means of permanent natural
marks on their dorsal fin (Wirsig & Wiursig 1977,
Wiirsig & Jefferson 1990). The rate at which individual
dolphins were identified during the study is presented in
Fig. 2. Individual frequency of re-sighting ranged from 1
to 59 different days (mean=13.2, SD=11.48, SE=1.11,
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Figure 2: Cumulative rate of identification of new individual bottlenose dolphins over time (“rate of discovery").
Slika 2: Kumulativno stevilo identificiranih osebkov velike pliskavke z metodo fotoidentifikacije v terenskih pre-

gledih od 1987 do 1994.

mode=6); only four identified individuals (3.8%) were
sighted once. Most animals were encountered fre-
quently, although there were remarkable differences in
site fidelity among individuals, and even the most
"resident" animals ranged in an area that was larger than
the one selected for this study (Bearzi et al., in press).

Common dolphins

Common dolphins were observed three times. A
group of 4 adult individuals was sighted on 2 August
1991 and followed for 96 min (12:03 - 13:39). No bot-
tlenose dolphins were seen in the area on that day. On 4
August 1994 a single adult individual was seen in a
group of 11 bottlenose dolphins including 5 calves and
was observed for 27 min (13:03 - 13:30). The following
year, on 11 July, a single individual was again found in
a bottlenose dolphin group composed by 6 adults and 4
calves. During this observation, totalling 102 min (18:51
- 20:33), four more adult bottlenose dolphins joined the
group. All observations were photographically docu-
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mented; in addition, the 1995 sighting was partly video-
taped. The analysis of the photographs showed that the
dolphin seen in 1995, recognizable by its dorsal fin's
shape, permanent marks, and pigmentation pattern, was
the same as the one seen in 1994, and was also present
in the group of four individuals sighted in 1991 (Fig. 3).
The cumulative time spent before finding common dol-
phins in 1990-91, 1991-94, and 1994-95, was 6934,
22646, and 8163 min respectively, averaging 12581
min (SD=8738.2, SE=5045.0).

DISCUSSION

Many cetacean species have been reported to occur
in the Northern and Central Adriatic Sea, including the
fin whale, Balaenoptera physalus, the sperm whale,
Physeter catodon, Cuvier's beaked whale, Ziphius cavi-
rostris, the false killer whale, Pseudorca crassidens, the
long-finned pilot whale, Globicephala melas, Risso's
dolphin, Grampus griseus, and the stripped dolphin,
Stenella coeruleoalba. However, these species were rep-
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Figure 3: The common dolphin sighted on 11 July 1995, associated with a bottlenose dolphin. This same individual

was encountered in 1991 and 1994 (Photo: G. Bearzi).

Slika 3: Navadni delfin, opazen 11. julija 1995 v druzbi z veliko pliskavko. Isti osebek je bil opazovan v letih 1991

in 1994 (Foto: G. Bearzi).

resented by rare occurrences of erratic individuals
(Krystufek & Lipej, 1985; Notarbartolo di Sciara & Bearzi,
1992; Krystufek & Lipej, 1993; Notarbartolo di Sciara et
al, 1994). Of all cetacean species, only bottlenose
dolphins and common dolphins are regularly
encountered in the region (Giglioli, 1880; Nardo, 1853;
Kolombatovic, 1882, 1894, 1896; Brusina, 1889; Trois,
1894; Ninni, 1901, 1904, 1917; Peksider-Srica, 1931;
Vatova, 1932; Pilleri & Gihr, 1969, 1977; Pilleri, 1970;
Rallo, 1976; Di Natale, 1979; Di Natale & Mangano,
1981; Pilleri & Pilleri, 1982, 1983; Di Natale, 1983;
Canestri et al.,, 1986; Giovannetti, 1986; Kovacic, 1986;
Centro Studi Cetacei, 1987, 1988, 1989, 1990, 1991;
Bearzi, 1989; Notarbartolo di Sciara et al., 1993). Abun-
dance ratios of common to bottlenose dolphins in the
past are unclear. According to Brusina (1889), D. del-
phis was the most common cetacean species in the
Adriatic, and Ninni (1904) considered that species very
common there in contrast to Delphinus tursio (= T. trun-
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catus), which he thought rare in the Adriatic. By con-
trast, Vatova (1932) listed D. delphis and Tursiops tursio
(= T. truncatus) among the most common marine ani-
mals near Rovinj. Pilleri and Gihr (1977) noted a de-
crease of common dolphins in the Northern Adriatic
with respect to the previous 40 years. In recent times,
only the bottlenose dolphin is considered a regular in-
habitant of the Northern Adriatic Sea (Notarbartolo di
Sciara & Bearzi, 1992; Krystufek & Lipej, 1993; Notar-
bartolo di Sciara et al., 1994).

Based on an extensive effort in the field, this study
documents the regular presence of bottlenose dolphins
in the Kvarneri¢. The flattening of the discovery curve
strongly indicates that at the end of 1994 most of the
naturally marked individuals frequenting the study area
were likely to have been identified (Fig. 2). The overall
bottlenose dolphin density - as indicated by the mean
time spent to find them and by the number of individu-
als identified - is low compared to other areas where
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bottlenose dolphin communities have been studied
(Shane et al. 1986, Scott et al. 1990, Richard C. Connor,
personal communication). However, bottlenose dolphin
sighting frequency was remarkably higher in the
Kvarneri¢ than in any other Northern Adriatic area sur-
veyed by Bearzi (1989). Instead, the presence of com-
mon dolphins was limited to the rare occurrence of stray
individuals. Only 4 different animals were sighted from
1987 to 1995, one of them being encountered in all of
the sightings. The mean time spent before finding com-
mon dolphins was two orders of magnitude greater than
the mean time needed to spot bottlenose dolphins.
Moreover, the long time spent observing bottlenose dol-
phins (about 844 hours) was not considered in comput-
ing the mean search time for common dolphins, al-
though this species could have been sighted while fol-
lowing the former.

It is apparent that both dolphin species faced a sub-
stantial population decrease in the Northern Adriatic Sea
during the recent past. The numerical decline of bot-
tlenose dolphins is indicated by their low present den-
sity throughout the area (Bearzi, 1989; Notarbartolo di
Sciara et al., 1993). Nevertheless, bottlenose dolphins,
whose ability to adapt behaviourally and ecologically
even to habitats heavily impacted by humans is well
known (Shane et al., 1986; Leatherwood & Reeves,
1990; Henningsen & Wiirsig, 1991), seem capable of
surviving in the less degraded portions of the Northern
Adriatic, despite the worsening environmental condi-
tions. By contrast the common dolphin, a species whose
adaptability and flexible behaviour and ecology was
never investigated, might have been unable to deal with
the same environmental degradation. The disappearing
of the once "common" common dolphin from the
Northern Adriatic Sea dramatically reflects its general-
ized decrease throughout its former Mediterranean
range (Cagnolaro & Notarbartolo di Sciara, 1992; No-

tarbartolo di Sciara & Demma, 1994; Notarbartolo di
Sciara & Gordon, in press). The reasons underlying such
a decline possibly include environmental pollution and
organochlorine contamination (Cummins, 1988; Tanabe
et al., 1988; Cockroft et al., 1989; Tanabe & Tatsukawa,
1992; Tanabe, 1993; Notarbartolo di Sciara, 1994), the
impoverishment of food resources (Anonymous 1989),
high levels of ambient noise and boat disturbance
(Kruse, 1991; Evans et al., 1992; Dos Santos et al. in
press), by-catches (Di Natale & Notarbartolo di Sciara,
1994), and the heavy impact of deliberate killings oc-
curring in the Adriatic up until the early 1960s (Holcer,
1994). These threats deserve further investigation.
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POVZETEK

Med neko siroko zastavljeno studijo na temo socio-ekologije in obnasanja velike pliskavke, ki so jo leta 1987
izvedli v Kvarnerskem zalivu, so opazili samo dve vrsti kitov: veliko pliskavko (Tursiops truncatus) in navadnega
delfina (Delphinus delphis). Registrirali so 879 skupin velike pliskavke in le tri skupine navadnih delfinov. Pogostost
opazanj velike pliskavke je bila kar 87-krat vecja od frekvence navadnega delfina. Ko so avgusta 1991 prvi¢ opazili
navadne delfine, je $lo za stiri odrasle primerke, medtem ko so ob sledecih dveh priloznostih (avgusta 1994 in julija
1995) opazili samo enega predstavnika vrste, ki se je pridruzil velikim pliskavkam. S tehniko fotoidentifikacije je bilo
mogoce ugotoviti, da je bil ob vseh treh srecanjih prisoten isti primerek navadnega delfina. Iz teh primerov je
razvidno, da je navadni delfin skoraj povsem izginil iz severnega Jadrana, iz obmocja, na katerem je bilo

predstavnikov obeh vrst v preteklosti v izobilju.
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Delphinus delphis (Foto: Giovanni Bearzi).
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IZVLECEK

Prispevek obravnava razsirjenost ¢rnoglavega strnada v Slovenskem primorju, kakor jo je mo¢ razbrati iz zgo-
dovinskih in sodobnih virov. Po letu 1980 gnezditev na slovenskem ozemlju ni bila ve¢ ugotovijena. Avtor raz-

pravlja o vzrokih tega izginotja.

Klju¢ne besede: Crnoglavi strnad, Emberiza melanocephala, razsirjenost, Slovensko primorje.
Key words: Black-headed Bunting, Emberiza melanocephala, distribution, Slovenian Littoral.

PREDSTAVITEV VRSTE

Crnoglavi strnad Emberiza melanocephala pripada
mediteransko-turkestanski favnisti¢ni regiji. Razsirjen je
od juzne Francije in jugovzhodne ltalije po vsej
vzhodnojadranski obali do Greije. Na severu sega prek
Bolgarije in Romunije do Ukrajine in Rusije. Prek Tur-
¢ije in Bliznjega vzhoda sega do zahodnega in juznega
Irana. Ob spomladanskem vracanju se pogosto zaleti
prek meja svojega areala; tako je bil opazovan domala v
vseh evropskih drzavah, tja do Islandije. (Byerrs et al.,
1995)

Crnoglavi strnad (slika 1) prebiva v odprti, z redkim
drevjem in nizkim grmic¢evjem porasli pokrajini, pogosto
v kulturni pokrajini z ekstenzivnim poljedelstvom. Tako
ga najdemo na zitnih poljih, v vinogradih in sadov-
njakih, pa tudi v sekundarni pokrajini, zarasc¢ajoci se
kulturni pokrajini. Ob jadranski obali je najbolj pogost v
pregretih, vendar prepisnih re¢nih dolinah. Ceravno
velja za nizinsko ptico, Zivi na Bliznjem vzhodu tudi do
2000 m visoko. V Slovenski Istri zivi izklju¢no v niZini.

Glede na pozno vrnitev iz prezimovanja (pretezno v
maju) in zgodnjo odselitev (konec julija, zacetek av-
gusta) mu ostane casa le za eno gnezditev. Ali gradi
gnezdo samec ni znano, pac pa, kot kaze, vali zgolj
samica, ki tudi sama skrbi za mladi¢e v gnezdu. To
napeljuje na pomisel, da je v obdobju vzreje mladicev
neutrudno prepevajoci samec morda v zvezi z vec sami-
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cami (Byerrs et al., 1995) Gnezdo je obi¢ajno v nizki
zarasti, v istrski kulturni pokrajini, recimo v prepletu
grasice (Vicia spp.), v podivjani vinski trti ali v Zitu.
Rahlo gnezdo je spleteno iz travnih bilk in listov rastlin,
postlano z drobnejsim gradivom in zunaj okraseno s
koscki cvetnih listov.

Samica Zivi- neopazno, samec pa se prepevajo¢ po-
udarjeno izpostavlja. Takoj po gnezditvi se oblikujejo
majhne jate, sestavljene iz nekaj druzin, v velike jate pa
se druzijo na prezimovanju.

Medtem ko na obrobju areala (npr. v Istri) gostota lo-
kalnih populacij ne presega 10 parov na km® (v Slo-
veniji najve¢ 7 parov na 3km’ v dolini Drnice), dosega v
jugovzhodni Evropi od 30 do 50 parov na km’ in na
Bliznjem vzhodu celo ve¢ kot 100 parov na kmz2. Bolj ko
se pomikamo proti jugovzhodu, 3tevil¢nost delnih
populacij vse bolj naras¢a (15.000-20.000 parov na
Hrvaskem, 100.000-200.000 parov v Gr¢iji, 1 milijon
do 10 milijonov parov v Tur¢iji). Na Hrvaskem naj bi
bila populacija stabilna, V Greiji upada, medtem ko v
Bolgariji, kjer gnezdi 5.000 do 50.000 parov, celo
narasc¢a (Tucker & Heath, 1994).

Crnoglavega strnada ogroza intenzifikacija kmetijske
proizvodnje: poziganje in trebljenje obmejkov in grmisg,
uporaba pesticidov, predvsem pa zlozba zemljis¢, ko iz
majhnih, bogato sestavljenih polj oblikujejo kulturno
stepo. Intenzifikacija poljedelstva je povzroé¢ila nazado-
vanje populacije v Gr¢iji (sprememba oljénih gajev
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Slika 1: Crnoglavi strnad Emberiza melanocephala (Fo-
to: Dare Sere).

Fig. 1: Black-headed Bunting Emberiza melanocephala
(Photo: Dare Sere).

v koruzna polja) in propad lokalne populacije v Slove-
niji (premena zitnega polja v plantazo sadnega drevja).

ZGODOVINSK! IN SODOBNI VIRI PODATKOV

V zgodovinski ornitologki literaturi ¢rnoglavega str-
nada prvi¢ omenja Eggenhoffner leta 1842 v svojem
spisku ptic okoli Trsta (Vogel um Triest), objavljenem
kot sestavni del nekega potopisnega ¢lanka v ¢asopisu
Isis. Pristeva ga k gnezdilcem, pisec ¢lanka pa seznam
pospremi z besedami: “Dagegen bietet Triest manche
Seltenheiten unter den kleineren Végeln. Parus lugubris,
Emberiza melanocephala, Tichodroma, Turdus cyanus,
Saxicola stapazina und aurita, herbe auf dem Karst" Da
pri tem ne gre le za redke vrste v oceh srednje-
evropskega popotnika, potrjujejo tudi Schiavuzzijeve
navedbe o teh vrstah nekaj desetletij kasneje.

Pri Schiavuzziju se ¢rnoglavi strnad pojavlja v vseh
favnisti¢nih zapisih iz primorja (Schiavuzzi 1878, 1880,
1881, 1882, 1883, 1885, 1887), pri ¢emer je zanimivo
spremljati razvoj njegovih pogledov na to vrsto. Na
podlagi lastnih opazovanj je spoznaval fenologijo ¢rno-
glavega strnada in jo s ¢asom tudi ustrezno popravljal in
dopolnjeval (tabela 1).

Tako sprva (za leto 1878) navaja kot ¢as prihoda
drugo polovico aprila in kot ¢as odhoda avgust, kasneje
(leto 1883) pa kot ¢as prihoda prvo polovico maja in kot
¢as odhoda prve dni septembra. Do dneva to¢ne datu-
me opazovanj navaja za leto 1880 (22. maj), za leto
1881 (24. in 31. maj ter 15. junij) ter za leto 1884 (6 ju-
nij), razumljivo kot podatke o gnezditvi. Za Istro ugo-
tavlja, da je vrsta pogosta gnezdilka, posebej tudi za
piransko polje (agro piranese), medtem ko za okolico
Trzica (Monfalcone) zapige, da je redka oziroma v do-
besednem prevodu malo pogosta (“poco frequente®).
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Sprva (leta 1878) je uporabil znanstveno rodovno ime
Euspiza in v oklepaju Passerina (ki ga je zmotno pripisal
Scopoliju), kasneje (v letih 1879-1882) je uporabljal
Viellerjevo ime Passerina, od leta 1883 dalje pa Sco-
polijevo Euspiza.

leto opazovanja (objave)/year of observation (published)
lokaliteta/locality besedilo/citation vir/source

1878 (1878) Euspiza melanocephala (Passerina
agro piranese melanocephala Scop.) Zigolo capinero,
volg. Cento ziroli. Nidifica
abbondantemente.

B.S.AS.N.T.
Passerina melanocephala. Vieill. Epoca
d'arrivo: 2. da meta di Aprile Epoca di
partenza: In Agosto.

1879 (1880)
agro piranese

B.S.A.S.N.T.
1880 (1881) Passerina melanocephala, V. Arrivo: 22
Maggio, Partenza:? B.S.AS.N.T.
1881 (1882) Passerina melanocephala, Vieill. 24, 31

agro piranese Maggio; 15 Giugno.

B.S.A.S.N.T.
Euspiza melanocephala, Scop. - Zigolo
capinero volg. zento ziroli. - Specie
estiva, nidifcante e frequentissima
nell'lstria. Arriva nella prima meta di
maggio e parte nei giorni di settembre.
Si ciba a preferenza di cereali. Nel
Monfalcone non I'ho finora veduta.

B.S.A.S.N.T.
Un'Euspiza melanocephala maschio di
certo arrivata almeno un mese prima
veniva da me veduta il 6 Giugno, prova
questa che tale specie nidifica in questo
territorio come avviene nell'Istria.
Z2.G.O:

1883 (1883)

1884 (1885)
Monfalcone

Euspiza melanocephala, Scop. - E poco
frequente nel Monfalcone. lo ne ho
veduto in ogni estate, ma sempre pochi
essemplari. Lo chiamano "Ortolan.
Vallon (in litt.) asserisce di non averlo
veduto vicino Sagrado. ltd.

B.S.A.S.N.T.

1886 (1887)

Tabela 1: Schiavuzzijevi favnisti¢ni podatki o ¢rnogla-
vem strnadu Emberiza melanocephala.

Table 1: Bernardo Schiavuzzi's faunistical records of
Black-headed Bunting Emberiza melanocephala.

Schiavuzzi navaja italijansko ime Zigolo capinero,
vulgato Zento ziroli in lokalno monfalkonesko ime Orto-
lan, ki je sicer tudi za vrsto Emberiza hortulana (italijan-
sko Ortolano ali slovensko vrtni strnad) uveljavijena
vulgata. Pri zapisu o tej vrsti strnada Schiavuzzi (1887)
omenja tudi to zme3njavo z imenom.

Koné&no velja omeniti, da sta v Prirodoslovnem mu-
zeju v Trstu ohranjena dva nagacena primerka ¢rnogla-
vega strnada, iz Zavelj iz leta 1889 in iz Skednja iz leta
1895 (Benussi in litt.).

Zgodovinska vira, ki obravnavata ornitofavno Kranj-
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ske (Freyer, 1842, Schulz, 1890), ¢rnoglavega strnada
ne omenjata, prav tako ne Bacar (1939) v svoji priredbi
Brehmovih Pticev. Kot ptico slovenske ornitofavne ga
prvi¢ opideta Kreci¢ in Sustersi¢ (1963). Na podlagi
informacije Bozidarja Ponebska zapiseta: "Gnezdi tudi
pri nas. DrZi se juZnega dela Slovenije." Ponebsek je
namre¢ Ze leta 1961 objavil zapis o gnezdilcih in
preletnih pticah na solinah pri Secovljah, v katerem
pravi: "NiZe in vise leZece kulturne nasade okoli solin so
poleti ozivljale naslednje vrste gnezdilcev, ki pa jih
avgusta ni bilo vec¢ videti: ¢rnoglavi strnad (Emberiza
melanocephala, Scop.), ki prezimuje v Afriki (kar je
zmotno, pisc¢eva opomba) do tropskih krajev... V eko-
loskem in favnisticnem popisu ptic Secoveljskih solin in
bliznje okolice Gregori (1976) navaja ¢rnoglavega str-
nada kot gnezdilca za leto 1975 v sadovnjaku ob polju
severno od Parecaga (tab. 2). V razpravi dodaja, da so
Secovlje poleg Hrastovelj edina poznana lokaliteta, kjer
pri nas gnezdi ¢rnoglavi strnad. Gregori in Krecic (1979)
zapiseta le: "Gnezdi v Primorju”, Bozi¢ (1983) pa: "V
Jugoslaviji je navzoc¢, tudi v Sloveniji, najvec v jugo-
zahodnem delu." Bozi¢ev zapis je zavajajo¢, saj daje
misliti, da vrsta gnezdi ne le v jugozahodnem, ampak
tudi v drugih delih Slovenije. V obdobju popisa za
Ornitologki atlas Slovenije (1979-83) je ¢rnoglavi strnad
kot gnezdilec izginil s slovenskega ozemlja (Geister,
1995). Tako ni ¢udno, da ga Favnisti¢ni pregled ptic slo-
venske obale nana%ajo¢ se na obdobje 1980-87, ne
vsebuje (Skornik et al., 1990).

LOKALNA POPULACIJA NA DRNISKEM POLJU

V letih 1978-80 je bila na Drnigkem polju, priblizno
3 km2 velikem polju med Sec¢ovljami in vasjo Dragonja,
skozi katero te¢e Drnica, zadnji pritok Dragonje, skar-
tirana tamkaj3nja pti¢ja skupnost. V ¢asu popisov je bilo
za obmocje znacilno ekstenzivno obdelovanje zemlje z
bogato sestavljenim poljem, mnostvom kultur in
ohranjenimi starozitnimi postopki (npr. zlaganje Zitnih
snopov ob kopuce trsta, uporaba pti¢jih strasil itd.) in z
zaraicajoc¢imi se nevzdrzevanimi odvodnimi jarki (sl. 2).
Prevladovala so zita (p3enica, oves) in povrtnine (para-
diznik, paprika). Med polji so bili vinogradi in manjsi
nasadi breskev, pokrajina, kot jo e danes lahko vidimo
v predelu onkraj ceste proti reki Dragonji.

VRSTA 3TEVILO POJOCIH SAMCEV
SPECIES NUMBER OF SINGING MALES
4.7.1979 |14.6.1979] 7.7.1980
Cettia cetti 10 15 5
Cisticola juncidis 21 6 4
Acrocephalus arundinaceus 3 5 7
Emberiza melanocephala 7 5 2

Tabela 3: Stiri najpogostejse vrste na Drniskem polju v
letih 1978-80.

Table 3: Checklist of the dominant species on the Dr-
nica Valley in the period 1978-80.

DATUM KRAJ STANJE VIR
DATE LOCALITY STATUS SOURCE
PRIMORJE
23.06. 1959 . Secovlje (2) samec (M) leg. B. Ponebhsek PMS
29.05.1974 Sec¢ovlje gnezdo z jajci (N) Sere in litt.

1975 Parecag obmo¢no petje (TM) Gregori (1976)
01.07.1975 Hrastovlje obmo¢ni samec (TM) leg. J. Gregori, PMS
04.07.1978 Lonzan 7 obmoc¢nih samcev (TM) Geister (to delo)
14.06. 1979 Lonzan 5 obmo¢nih samcev (TM) Geister (to delo)
07.07.1980 Lonzan 2 obmoc¢na samca (TM) Geister (to delo)
11.04.1983 Gazon samec (M) Skornik in litt.
12.05.1987 Lazaret samec (M) Benussi in litt.
17.5.1988 Ankaran samec (M) Gjerkes in litt.
14.05. 1990 Rujevec samec (M) Skornik in litt.

KRAS
23.05.1993 Klarici par (P) Kmec! & Rizner (1993)
09. 06. 1993 Divaca samec (M) Rubini¢ in litt.
DRUGO

maj 1979 Rence samec (M) Groselj, OAS
02.06. 1991 Lj. barje samec (M) Trontelj (1991)

Tabela 2: Novejsi favnisti¢ni podatki o pojavijanju in gnezditvi ¢rnoglavega strnada v Sloveniji.
Table 2: New faunistic records on the occurrence and breeding of the Black-headed Bunting Emberiza melano-
cephala in Slovenia (Status: M - males, TM - territioral males, N - nest, and P - pair).
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Slika 2: Raziskovalno obmodje na Drniskem polju z oznacenimi mesti, kjer so v letih 1978-80 prepevali obmocni

samci ¢rnoglavega strnada Emberiza melanocephala.

Fig. 2: Study area within the Drnica Valley with the localities of singing territorial males of Black-headed Bunting
Emberiza melanocephala in the period from 1978 to 1980.

@ leto 1978
leto 1979
D Leto 1980

Legenda:

Na omenjenem raziskovanem obmocju je bilo v
letih 1978-80 med enodnevnimi popisi popisanih 13
vrst ptic. V komaj omembe vrednem stevilu so bile po-
pisane naslednje vrste: poljski skrjanec Alauda arvensis,
mali slavec Luscinia megarhynchos, prosnik Saxicola
torquata, mocvirska trstnica Acrocephalus palustris,
kratkoperuti vrtnik Hippolais polyglotta, siva penica
Sylvia communis, gril¢ek Serinus serinus, plotni strnad
Emberiza cirlus in zelenonoga tukalica Gallinula chlo-
ropus. Med tipi¢no poljskimi vrstami najbolj pogredamo
velikega strnada Miliaria calandra, pri ¢emer pa je treba
povedati, da je bilo priloznostnih obiskov tega obmog¢ja
veliko ve¢, kot bi lahko sklepali zgolj na podlagi po-
pisnih dnevov. Torej je podoba pti¢je skupnosti na Dr-
niskem polju dokaj verna odslikava dejanskega stanja.

V obravnave vrednem Stevilu so bili na Drnigkem
polju popisani pojoc¢i samci tirih vrst: brskinke Cisticola
juncidis, svilnice Cettia cetti, rakarja Acrocephalus arun-
dinaceus in ¢rnoglavega strnada (tab. 3., sl. 2). Med temi
Stirimi vrstami je najti nekatere skupne znacilnosti.
Brskinka in ¢rnoglavi strnad sta prebivalca bolj ali manj

‘Slika 3: Kulturna pokrajina na Drniskem polju pred
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melioracijo (Foto: Iztok Geister)
Fig. 3: The cultural landscape in the lower Drnica
Valley before the melioration (Photo: Iztok Geister)
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Slika 4: Kulturna pokrajina na Drniskem polju po pre-
meni kulture (Foto: Iztok Geister)

Fig. 4: The cultural landscape in the lower Drnica
Valley after the change of culture. (Photo: Iztok Geister)

sekundarnih, zaraicajocih se polj, svilnica in rakar pa
prebivalca zaraicenih vodnih tokov. Zato so vse stiri
vrste pogosto Zrtve rednih in izrednih sprememb v kul-
turni pokrajini (vzdrzevanje namembnosti vodnih jar-
kov, premena kulture) (sl. 4). Najbolj drasti¢no se takine
spremembe kaZejo pri brikinki, kjer so mozna nihanja
stevilcnosti ze zaradi rednega ciklusa kolobarjenja, ko
leto dni pocivajoca praha spet postane obdelovalna povr-
3ina, to je, ko travnato povriino zamenja obdelovalna. V
konkretnem primeru, ko je med letoma 1978 in 1979
drasticno upadlo 3tevilo pojocih samcev na Drniskem
polju, je to dogajanje mogoce primerjati z upadom ce-
lotne delne populacije te vrste v Slovenskem primorju. V
teh letih je namre¢ dokumentiran precejsen upad Ste-
vil¢nosti na celotnem poseljenem ozemlju, ko se je Ste-
vilo pojocih samcev zmanj$alo s 93 v letu 1978 na 54 v
letu 1979 (Geister, 1978, 1980). Rakar in svilnica sta
sicer odvisna od stanja zara$¢enosti vodnih tokov, ven-
dar so taksna stanja sorazmerno hitro obnovljiva in tako
tudi njuna populacijska nihanja kratkoro¢na. Pripisati jih
je treba predvsem nekulturnim posegom v obrezno ve-
getacijo sredi gnezditvenega obdobja (pozig zelenega tr-
stica) (sl. 5).

Glede na stabilnost populacije ¢rnoglavega strnada v
Istri (po mnenju Benussija (in litt.) populacija celo rahlo
naraica) je treba propad Drniske populacije pripisati
predvsem spremembi v okolju, premeni kulture na tem
edinem moc¢nejsem prebivalis¢u te vrste strnada v Slo-
veniji (sl. 3). Ko bi primerjali dinamiko agromelio-
racijskih posegov z dinamiko upada stevil¢nosti pojocih
samcev, bi domnevo po vsej verjetnosti lahko potrdili.
Dokaze, investicijsko dokumentacijo hranita prehram-
bno podjetje Agraria Koper in vodnogospodarsko pod-
jetje Hidro Koper.
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Slika 5: PozZgano trstisCe v strugi Drnice sredi
gnezditvenega obdobja (Foto: Iztok Geister).

Fig. 5: Burned reeds in the river Drnica bed during the
breeding season (Photo: Iztok Geister).

Priznati pa je treba, da je bil tak3en razvoj dogodkov
kljub ocitni devastaciji zivljenjskega prostora vendarle
presenetljiv, ¢e pomislimo, da se navidezno popol-
noma enak habitat razprostira na nasprotni strani glavne
ceste, to je na zemljis¢u proti Dragonji. Vsiljuje se
namre¢ vprasanje, zakaj se ¢rnoglavi strnad po opu-
stosenju dotedanjega prebivalis¢a ni preselil onkraj
ceste. Obstajati morajo subtilni vzroki ekosistemske na-
rave, morda mikroklima ali ¢loveskim o¢em neopazne
strukturne posebnosti, ki so strnada odvrnile od pre-
selitve. Sicer pa je lahko ze vsakoletno manjsanje pri-
rastka dovoljinji vzrok za opesanje naselitvene vneme
in s tem propad lokalne populacije.

SKLEPNI PREMISLEK

Glede na to, da dosega ¢rnoglavi strnad v Sloven-
skem primorju skrajno severozahodno mejo razsirjenosti
jadranske populacije, je vzroke za nihanje pogostosti
iskati predvsem med notranje-populacijskimi vzroki.
Znano je, da je populacija na obrobju areala posebno
ob¢utljiva za spremembe v okolju. Na obrobju areala so
praviloma optimalne zivljenjske razmere omejene, zato
drasti¢ne spremembe Zivljenjskega prostora porazno
vplivajo na naseljenost prizadete vrste. Dober primer za
takino dogajanje je propad drniske skupnosti, iz katere
se je nemara obnavljala celotna delna populacija ¢rmo-
glavega strnada v Slovenskem primorju.

Ze Schiavuzzi (1878, 1883) ugotavlja, da je ¢rno-
glavi strnad v Istri, posebno na piranskem polju pogosta
vrsta. Ceprav je "piransko polje" danes izgubljen geo-
grafski pojem, ga brez bojazni lahko lociramo kot
zaledje Pirana, s pripadajo¢imi dolinami Dragonje in
recic Drnice, Fazane in Roje. Za okolico Trzi¢a (Mon-
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falcone) pa pravi, da je vrsta redka, kar velja tudi za ves
Trzaski Kras, saj razen nagacenih primerkov iz Zavelj in
Skednja ter opazovanja v okolici Zagrada s tega ob-
mocja ni starejsih podatkov.

Po pripovedovanju domacina iz Boninov (informator
Berto Jakomin) so pastirji v prvi polovici tega stoletja
¢rnoglavega strnada dobro poznali (v Heinzlovem
priro¢niku je brez oklevanja s prstom pokazal na pravo
sliko). Povedal je, da se jim je ptica v okolici Trsta
nagajivo rogala z zlozenko "Dolina-Balunec-Ma¢kole-
Pribinek", potem ko so jo izzvali z besedami: "Poved mi
za te Stiri vasil" Te &tiri vasi so Dolina (Dorligo),
Boljunec (Bagrolli), Mackovje (Carasena) in Prebeng
{(Prebenico). Isti informator je povedal, da jih je ptica
nagovarjala s ¢i¢, ¢i¢, ¢i¢, kar seveda ustreza tistemu

znamenitemu zacetnemu zlogu petja ¢rnoglavega str-
nada, polnem oklevanja in $e bolj pri¢akovanja.

Koné¢no lahko o pogostosti te vrste v Slovenskem pri-
morju sklepamo tudi iz zakladnice ljudskega besedis¢a.
Filipi (1993) je zbiral narec¢ne izraze za ptice v 21 krajih
Slovenske Istre, ime za ¢rnoglavega strnada pa je nasel
le v dveh, v Piranu in Kopru. V Piranu mu pravijo
centogiroli (kar je zapisal ze Schiavuzzi), v Kopru pa
sinkweménole, kar je najverjetneje popacenka za
cinque-menole, peterospev. Nare¢no ime za ptico prica
vsekakor o tem, da je vrsta znacilna za neko okolje, ne
glede na njeno pogostost. Tako lahko tudi za ¢rno-
glavega strnada zapisemo, da je ne glede na nihanje
njegove razsirjenosti in celo obcasna izginotja vendarle
"nase gore list".

RIASSUNTO

Fonti storiche (Eggenhéffner, Schiavuzzi) indicano lo zigolo capinero come un uccello nidificante dell'lstria
slovena e del Carso triestino. Non tanto tempo fa, la popolazione pitt numerosa era stata censita in Valderniga, tra
Sicciole ed il flume Dragogna, popolazione che nel corso del censimento effettuato negli anni 1978 - 80 si é ridotta
da 7 a 2 esemplari maschi canterini. Dal 1980 questo volatile non nidifica pit nel Litorale sloveno, ma ne sono stati
invece avvistati soltanto alcuni esemplari. Essendo una specie che vive ai margini del proprio areale, lo zigolo
capinero é molto sensibile alle alterazioni ambientali. La scomparsa della comunita di Valderniga e stata causata da
un cambio di coltura: i campi di frumento sono stati trasformati in frutteti.
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BIOMETRIJA TASCICNE PENICE (Sylvia cantillans albistriata) V ISTRI

Dare SERF
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IZVLECEK

Avtor na osnovi zbranih biometri¢nih podatkov potrjuje, da v Istri (Hrvaska) zivi in gnezdi vzhodna podvrsta
tasci¢ne penice (Sylvia cantillans albistriata). V poletnem casu leta 1994 in 1995 leta je bilo za potrebe obrockanja
ujetih 51 tascicnih penic. Izmerjeni so bili naslednji parametri: dolZina peruti in repa, stevilo posnetih letalnih peres,
dolzina 2. letalnega peresa, relativna dolzina 1. letalnega peresa, dolZina med vrhom peruti in 11. letalnim peresom

ter teZa.

-Klju¢ne besede: tascic¢na penica, Sylvia cantillans albistriata, biometrija, Istra (Hrvaska)
Key words: Subalpine Warbler, Sylvia cantillans albistriata, biometry, Istra (Croatia).

UvOD

Tasc¢i¢na penica (Sylvia cantillans) je v Evropi raz-
sirjena od Pirenejskega polotoka na zahodu, prek juzno-
evropskih drzav tja do Turcije (Cramp, 1992). Zahodni
del Evrope vklju¢no z ltalijo, naseljuje podvrsta Sy. c.
cantillans, v nasprotju z podvrsto Sy. c. albistriata, ki je
razsirjena ob Jadranskem morju, v Gr¢iji in v zahodni
Turciji (Cramp, 1992; Glutz von Blotzheim & Bauer,
1991). V Istri (Hrvaska) naj bi gnezdila oziroma Zivela
tako imenovana vzhodna podvrsta tas¢i¢ne penice (Sy.
c. albistriata) (Matvejev & Vasi¢, 1973). Obe podvrsti
najlazje lo¢imo med seboj v ¢asu gnezdenja po ob-
arvanosti prsi predvsem pa bokov pri samcih (Svensson,
1992; Williamson, 1976). Cramp (1992) ter Williamson
(1976) podajajo tudi razlike v biometri¢nih podatkih.
Namen prispevka je, da se na osnovi zbranih bio-
metri¢nih podatkov z Istre, potrdi podvrsta Sy. c.
albistriata.

METODE DELA

Vse tasci¢ne penice so bile ujete v Istri (Hrvaska), in
to v juliju in avgustu leta 1994 in v juliju 1995. Ujete so
bile v najlonske mreze naslednjih dimenzij: 12 m x 4 m
x 15 mm x 5 prekatov. Lovile so se s pomocjo zvocnega
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zapisa njenega petja, katero je bilo predvajano prek
kasetnega magnetofona Blaupunkt - CASABLANCA CM
62. Starost osebkov je bila dolo¢ena na osnovi obar-
vanosti zunanjih repnih peres in barve 3arenice (Svens-
son, 1992). Dolzina peruti, 1. letalnega peresa, repa ter
razlike med vrhom peruti in 1. letalnim peresom (tip
peruti) so bile izmerjene z ravnilom za merjenje dolZine
peruti do natan¢nosti T mm. Teza je bila izmerjena do
0.1 g natan¢no s pomocjo tehtnice Pesola (50 g).

Zbrani biometri¢ni podatki temeljijo na prvoletnih
primerkih (1y ali Euring koda 3; N = 48) ter na odraslih
oz. vecletnih primerkih (Ad. ali Euring koda 4; N = 3).
Najve¢ podatkov o dolZini peruti je s prvoletnih oseb-
kov, saj imajo le-ti v tem casu e sveze in neobrabljeno
perje, za razliko od odraslih, oz. ve¢letnih osebkov, ki
se v tem casu Ze kompletno golijo (staro in obrabljeno
perje zamenjajo z novim). Podatkov s takih osebkov
nismo upostevali.

Dolzina peruti se je merila z metodo W (3), ki da
maksimalno dolZino peruti (Svensson, 1992). Zaradi pri-
merjave z drugimi podatki in to¢nostjo meritev, se je
omenjena metoda med obro¢kovalci najbolj uveljavila.
Zaenkrat %e nobena metoda ni standardizirana. V zad-
njem &asu pa se veliko dela na metodi, ki temelji na
dolzini tretjega letalnega peresa, ki se ga meri s po-
mocjo ravnila z vgrajenim zati¢em.
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Stevilo osebkov

61 62 63 64 65 66

dolzina peruti v mm

Slika 1: Frekvencna porazdelitev dolZine peruti pri tas-
¢icni penici (Sy. c. albistriata).

Fig 1: Frequency distribution of wing lenght in Sub-
alpine Warbler (Sy. c. albistriata).

Stevilo osebkov
o n B [+>] [s-]

relativna dolzina 1. letalnega peresa v mm

Slika 2: Frekvencna porazdelitev relativne dolzine 1. le-
talnega peresa pri tascicni penici (Sy. c. albistriata).

Fig. 2: Frequency distribution of the 1st remex relative
lenght in Subalpine Warbler (Sy. c. albistriata).

Od biometri¢nih podatkov sem zbral sledece (v
oklepaju je velikost vzorca): dolzina peruti (51), dolzina
repa (42), relativha dolzina 1. letalnega peresa (33),
visina 2. letalnega peresa (39), stevilo posnetih letalnih
peres (45), tip peruti, t.j. dolzina med vrhom peruti in
11. letalnim peresom (31), ter teza (47). Ujete tai¢i¢ne
penice so bile kasneje izpuscene z obrocki Zavoda za
ornitologijo iz Zagreba.

REZULTATI IN DISKUSIJA

Najzanesljivejse je locevanje teh dveh podvrst po
dolzini peruti. Drugi zbrani biometri¢ni podatki (dolzina
repa in relativna dolzina 1. letalnega peresa, teza, vigina
2. letalnega peresa in razlika med vrhom peruti in 11.
letalnim peresom) se med obema podvrstama bolj ali
manj prekrivajo ali pa jih viri navajajo samo za vrsto
Sylvia cantillans. Nagi podatki so zanimivi zato, ker se
nanasajo na podvrsto albistriata.

Dolzina peruti
Literaturni podatki o razliki med najkrajso in naj-

dalj$o dolzino peruti pri podvrsti albistriata so od 56-66
mm (N=59) (Williamson, 1976), ter 58-67 mm (N=52)

Stevilo osebkov

53 54 55 56 57 58 59 60

dolZina repa v mm

Slika 3: Frekvenc¢na porazdelitev dolzine repa pri tasci-
¢ni penici (Sy. c. albistriata).

Fig. 3: Frequency distribution of tail lenght in Subalpine
Warbler (Sy. c. albistriata).
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Slika 4: Frekvencna porazdelitev teze tascic¢ne penice
(Sy. c. albistriata).

Fig.- 4: Frequency distribution of weight in Subalpine
Warbler (Sy. c. albistriata).

(Cramp, 1992). Podatki o dolzini peruti osebkov iz Istre
so od 61-66 mm (N=51) (tab. 1 in sl. 1). Ob tem je
potrebno dodati to, da ima v povprecju podvrsta "al-
bistriata" daljgo perut kot zahodna podvrsta cantillans.
Za podvrsto cantillans znasa dolzina peruti 57-63 mm
(N=29) (Cramp, 1992), ter 52-63 mm (N=59) (William-
son, 1976).

Relativna dolzina 1. letalnega peresa

Meritve 1. letalnega peresa v odnosu na primarno
krovno perje so pokazale, da je lahko pri podvrsti
albistriata 1. letalno pero krajse za najvec¢ (-3 mm) ali
daljse za najvec¢ (+1 mm) (N=33), (tab.1). Nasi podatki o
relativni dolzini 1. letalnega peresa iz Istre (sl. 2) se
ujemajo s podatki, ki jih za podvrsto albistriata navaja
tudi Williamson (1976). Pri podvrsti cantillans pa je
lahko 1. letalno pero krajse za najve¢ (-2.5 mm) ali
daljse za najvec¢ (+3.5 mm) (Williamson, 1976). Zani-
miva je primerjava relativne dolzine 1. letalnega peresa
pri podvrsti albistriata in podvrsti cantillans (Williamson
1976). V primeru, da je 1. letalno pero daljse za ve¢ kot
1 mm od primarnega krovnega perja (do + 3.5 mm) gre
za podvrsto cantillans.
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Stevilo osebkov

11 12 13 14 16 16 17

tip peruti v mm

Slika 5: Frekvencna porazdelitev tipa peruti pri tascicni
penici (Sy. c. albistriata).

Fig. 5: Frequency distribution of wing type in Sub-
alpine Warbler (Sy. c. albistriata).

srednja * min.- |5tevilo
PARAMETER vrednost  SD max. N
Dolzina peruti 63.37 1.54 61-66 | 51
Dolzina repa 46.47 1.71 53-60 | 42 . . . .
5 Slika 7: Odrasel samec tascicne penice (Sy. c. albi-

Dolzina 1. letalnega peresa| -1.06 143 [-3do+1| 33

- : striata).
Tip perut 14.48 156 | 11-17 | 3T Fig 7: Sublapine Warbler (Sy. c. albistriata) - an adult
Teza 1115 077 [9.8-13.7| 47 male.
Tabela 1: Tabelari¢ni prikaz petih merjenih parametrov Teza
pri tascicni penici (Sy. c. albistriata).
Tab. 1: Tabulated scheme of five parameters deter- Podatki o tezi taici¢ne penice (Sy. c. albistriata) iz
mined in Subalpine Warbler (Sy. . albistriata). Istre so v razponu med 9.8 g in 13.7 g (tab. 1 in sl. 4).
Dolzina repa Tip peruti
Dolzina repa pri podvrsti albistriata je 50-59 mm Iz literature so poznani le podatki za vrsto Sy. can-

(Williamson 1976), ter 49-56 mm (Cramp, 1992). Po-  tijjans in to od 12.5-17 mm (Svensson, 1992). Nasi
datki iz Istre so naslednji: (53-60 mm) (tab. 1in'sl. 3). Pri oqatki za podvrsto albistriata so od 11-17 mm (N=31)
podvrsti cantillans je dolZina repa od 49-59 mm (13 1 il 5).

(Williamson 1976), ter 48-55 mm (Cramp, 1992).

:4 N=1
=5 N:8
:5/6 N=7
= N=20

2.LP

677 N=1

A\

=1 N=2
N=39

Slika 6: Polozaj oz. dolzina 2. letalnega peresa (2. LP)
nasproti ostalim letalnim peresom pri tascicni penici

(Sy. c. albistriata). . Slika 8: Odrasla, ze pregoljena samica (g) tas¢icne pe-
Fig. 6: Position (lenght) of the 2nd remex (2. LP) in  ;.q (Sy.c. albistriata).

Vie‘f'/ Qf other remiges in Subalpine Warbler (Sy. c. Fig 8: Subalpine Warbler (Sy. c. albistriata) - an adult
albistriata). and already moulted fermale.
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Slika 9: Mladosten oz. prvoletni (1y) osebek tascicne
penice (Sy.c. albistriata).

Fig. 9: Subalpine Warbler (Sy. c. albistriata) - an
immature (1y).

Posneta letalna peresa

Williamson (1976) navaja naslednja posneta letalna
peresa; (3, 4 in 5). Podatki iz Istre so identi¢ni: (3, 4 in 5)
(N=44). Samo na enem primerku je bilo opaziti rahlo
posnetost tudi na 6. letalnem peresu. Ti podatki so upo-
rabni tudi za razlikovanje od mladih oz. prvoletnih za-

Dare $ERE: BIOMETRIJA TASCICNE PENICE ..., 77-80

metnih penic (Sylvia melanocephala), ki imajo posneto
tudi 6. letalno pero (Williamson, 1976).

Dolzina 2. letalnega peresa

V primerjavi z ostalimi letalnimi peresi je dolzina 2.
letalnega peresa zelo razli¢na. Podatki iz Istre se uje-
majo s podatki, ki jih navajata Williamson (1976) in
Svensson (1992), to pa je, da je obi¢ajno 2. letalno pero
enako 5. ali 6. letalnemu peresu. Lahko je tudi med 5./6.
letalnim peresom, bolj poredkoma med 6./7., ter enako
4. ali 7. letalnemu peresu (sl. 6).

ZAKLJUCEK

Podatki o dolzini peruti (61-66mm) potrjujejo, da v
Istri (Hrvaszka) zivi vzhodna podvrsta tai¢i¢ne penice
(Sy. c. albistriata). Tudi ostali biometri¢ni podatki dopol-
njujejo dosedanje biometri¢ne podatke o tej podvrsti.

Zanimivo bi bilo na osnovi dolzine peruti preveriti,
od kod izvirajo oz. kateri podvrsti pripadajo tai¢i¢ne
penice, ki so bile ujete spomladi v osrednji Sloveniji,
kjer ta vrsta ne gnezdi.

ZAHVALA

Za pomoc¢ in nasvete pri pisanju ¢lanka se zahva-
ljujem dr. B. Krystufeku, dr. D. Tometu in Zavodu za
ornitologijo iz Zagreba, ki mi je omogocil lov in ob-
rockanje pticev v lstri.

RIASSUNTO

L'autore dell'articolo conferma, sulla base dei dati biometrici raccolti, che in Istria (Croazia) vive e nidifica una
sottospecie orientale di sterpazzolina (Sylvia cantillans albistriata). Nelle estati del 1994 e del 1995 sono state
catturate 51 sterpazzoline allo scopo di applicare loro alle zampe degli anelli di riconoscimento. In tali occasioni
sono state effettuate delle misurazioni che hanno riguardato la lunghezza delle ali e della coda, il numero misurato
delle penne remiganti, la posizione della seconda penna remigante, la lunghezza della prima penna remigante, la
distanza tra l'apice delle ali e I'undicesima penna remigante, nonché il peso dei singoli esemplari.
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1IZVLECEK

Podan je prvi temeljit pregled pojavijanja in Stevil¢nosti ¢rnoglavega galeba na slovenski obali. Pri Stetju je bila
poleg obic¢ajnih metod, ki upostevajo samo prisotne osebke uporabljena tudi metoda Stetja, ki temelji na poznavanju
fenologije, oz. starostne strukture dolocene populacije. Stevilo galebov, ki vsako leto preletijo slovensko obalo, je
med 3200 in 36000, kar znasa med 0,5 in 5% svetovne populacije te vrste.

Kljuéne besede: ¢rnoglavi galeb, Larus melanocephalus, status, slovenska obala
Key words: Mediterranean Gull, Larus melanocephalus, status, Slovenian coast

uvoD

O c¢rnoglavem galebu v Sloveniji je zelo malo
znanega. Dosedanje objave obsegajo le nekaj podatkov
iz ¢asa preleta (Skornik et al., 1990). Le malo izmed njih
pa je kvantitativnih, tako da si je tezko izoblikovati
pravo predstavo o pogostnosti in 3tevil¢nosti te vrste pri
nas.

Namen prispevka je prikazati status in Stevil¢no ter
starostno  strukturo ¢&rnoglavega galeba na slovenski
obali. Z zbranimi podatki bom podal tudi pomen regije
za to vrsto v evropskem, oz. svetovnem merilu.

Obmogje pojavljanja vrste

Edino obmogje pri nas, kjer se ¢rnoglavi galeb redno
pojavlja, je slovenska obala. Povsod drugje po Sloveniji
se vrsta pojavlja le naklju¢no. Obmocje, ki sem se ga v
raziskavi lotil, je obmocje ozZjega pasu slovenske obale
med Debelim Rticem in Se¢oveljskimi solinami.

V ¢asu med leti 1991 in 1995 sem to obmogje
obiskal v priblizno 160 dnevnih terenskih obiskih, kar
znese priblizno 30 dnevnih terenskih obiskov na leto.
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Ker je ¢rnoglavi galeb v negnezditvenem ¢asu izra-
zito vezan na morske biotope, lahko med obravnavano
obmogje Stejemo obmocje njegovega pojavljanja, ki je
zelo ozko omejeno na Secoveljske in Strunjanske soline,
Skocjanski zatok, Zaliv polje pri Ankaranu ter zgolj ne-
kaj metrov &irok pas ob celotni slovenski obali, ki ga vr-
sta ob¢asno uporablja kot prostor za pocitek ali prenoce-
vanje. Za razliko od ostalih vrst galebov (Laridae), se
¢rnoglavi galeb le izjemoma hrani na smetis¢ih, kakrina
so na slovenski obali npr., odlagalis¢a Dragonja, Korte
pri Izoli in Prade pri Kopru. Ve¢inoma vrsta uporablja
zgoraj nadteta podro¢ja za dnevni pocitek, redkeje za
prenocevanje in prehranjevanje. Vec¢ji pomen pri prehra-
njevanju vrste imajo predvsem velike kolic¢ine solinskih
rakcev in drugega v slani in braki¢ni vodi Zivecega po-
tencialnega plena te vrste na prej omenjenih obmocjih.
Kljub veliki koli¢ini v plitvinah in na polojih prisotnega
plena, se ¢rnoglavi galebi v Slovenskem primorju pogos-
teje hranijo na odprti morski povriini. Tako je njihovo
podro¢je pojavljanja omejeno na ozki obalni pas z
obrobljajo¢im ga morjem, ki za vrsto v preletnem in
postgnezditvenem casu predstavlja tako prehranjevalno
obmogje, kot tudi obmocje obi¢ajnega prenocevanja.
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Slika 1: Stevil¢nost ¢rnoglavega galeba (Larus melano-
cephalus) na slovenski obali v letih 1993 in 1994.
Figure 1: Abundance of Mediterranean Gull (Larus
melanocephalus) on the Slovene coast in years 1993
and 1994.

Splosna razsirjenost in status v Evropi
Gnezdenje

Glavnina gnezditvenega areala ¢rnoglavega galeba
Larus melanocephalus je na ukrajinskih obalah Crnega
in Azovskega morja. V Evropi gnezdi redno, vendar v
manjsem Stevilu le v Greiji, ltaliji in Franciji, ob¢asno in
z velikimi $tevilénimi nihanji pa tudi v nekaterih sred-
nje, severno in zahodno-evropskih dezelah (Glutz von
Blotzheim & Bauer, 1982; Cramp & Simmons, 1985).

Na podro¢ju med Molo¢nijskim limanom na vzhodu
in zalivom Tendra na zahodu Ukrajine gnezdi 210 do
300 tiso¢ parov, kar je nekaj manj kot 98,0% celotne
gnezditvene populacije te vrste (Glutz von Blotzheim &
Bauer 1982).

Drzavi z vec¢jim stevilom gnezdecih parov sta 3e
Gr¢ija, kjer gnezdi 2000 do 5000 parov (ICBP 1992) in
ltalija, kjer se je v zadnjih letih Stevilo gnezdecih
¢rnoglavih galebov v Valli di Comachio na lzllvu Pada,
dvignilo na 760-1220 parov.

Razen v omenjenih dezelah, so redna gnezdisca vr-
ste $e v Franciji, kjer v Camargue Bouches-du-Rhéne in
v Pas-de-Calais vsako leto gnezdi priblizno 115 parov.
Edino redno gnezdisc¢e ¢rnoglavega galeba na atlantski
obali je v Marais d’Olonne, Vendée prav tako v Franciji.

V drugih evropskih drzavah gnezdi vrsta le ob¢asno:
Avstrija (Neusiedler See, do 3 pari), Ceska (Mlynsky
Rybnyk, 1-5 parov), Poljska (10-20 parov), Belgija (26
parov), Danska (do 3 pari), Nizozemska (nad 200
parov), Nemcija (2-10 parov), Spanija (10-20 parov),
Svica (1 par), Madzarska (30-35 parov) Turcija (do 30
parov), Velika Britanija (6-15 parov) in v letu 1995 celo
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Irska. V vecini od navedenih drzav pa stevilo gnezdecih
parov narasca (ICBP, 1992).

Selitev in prezimovanje

V vecini svojega gnezditvenega in prezimovalnega
obmocja je ¢rnoglavi galeb znacilna morska, oz. ob-
morska vrsta, ki le redko zaide globoko v notranjost. Na
obalah zahodnega Sredozemlja 3teje celotna prezi-
mujoca populacija ¢rnoglavega galeba priblizno 20-30
tiso¢ osebkov, od tega jih je samo v okolici reke Ebro
(Spanija) okoli 15000 (Glutz von Blotzheim & Bauer,
1982). To pa je le manjsi del celotne prezimujoc¢e po-
pulacije, ki naj bi (glede na kvantitativne podatke o
stevileénosti na gnezdiscih) stela priblizno 600-700 tisoc
ptic. Vegji del populacije naj bi tako prezimoval na od-
prtem morju Sredozemlja, predvsem v Tirenskem morju
(Glutz von Blotzheim & Bauer 1982). Nekateri viri
navajajo kot del areala prezimujoc¢e populacije ¢rno-
glavega galeba tudi Jadransko morje (Jonsson 1992). Na
jadranski obali severne Italije je ¢rnoglavi galeb reden
prezimovalec; na obmog¢ju Maranskih, Gradesgkih in Be-
neskih lagun prezimuje priblizno 1200-2000 osebkov te
vrste (Rubini¢, lastna opazovanja, Acerbi, Kravos idr.,
ustno). Za vzhodno obalo Jadranskega morja pa doka-
ZOv O prezimovanju ni.

OBMOCJE RAZISKAV IN METODE DELA

V delu je obravnavan ¢as med leti 1991 in 1995, ko
sem se posvetil raziskovanju pojavljanja ¢rnoglavega
galeba v Sloveniji in deloma na severnem delu hrvaske
Istre. Poleg opazovanja in stetja sem dolocal tudi sta-
rostne strukture prisotnih osebkov (Grant 1986). S tem
sem, poleg natan¢ne dolocitve ¢asa prihoda dolocenih
starostnih struktur galebov ocenil tudi velikost popula-
cije na obravnavanem obmocju. Ker se ¢rnoglavi galeb
le na Strunjanskih in Se¢oveljskih solinah pojavlja redno
in v ve¢jem Stevilu, sem ti lokaliteti obiskal najveckrat.
V obmoc¢je raziskav, oz. obravnavano obmocje pa spa-
da tudi ostala slovenska obala, kjer se vrsta v dolo-
¢enem ¢asu ravno tako pojavlja, vendar manj redno in v
manjem Stevilu. S tem je omenjena celotne obala med
Piranom in Koprom, Skocjanski Zatok in obala med
Ankaranom in Debelim Rticem.

Galebe sem predvsem v Casu intenzivnega preleta
(jul.-nov.) spremljal redno vsak teden, veckrat pa sem jih
stel, oz. dolocal starostno sestavo jat celo dva dni za-
pored. Na ta nacin, torej z opazovanjem spreminjanja
sestave populacije na podlagi morfologkih znakov in na -
podlagi spreminjanja starostnih struktur, sem $pekuliral
na-mozno zamenjavo preletne populacije. Ta naj bi
bila, glede na dobljene rezultate, v enem tednu pojav-
ljanja vrste na obravnavanem obmoc¢ju med 20% in
100%. Procent verjetnosti ima tako velik razpon zaradi
nenatanc¢nosti lastno izoblikovane metode in zaradi
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Slika 2: Povprecna starostna struktura ¢rnoglavega ga-
leba v marcu in aprilu (zgoraj), juliju in avgustu (v sre-
di) ter septembru in oktobru (spodaj) na slovenski
obali.

Figure 2: Average age structure of Mediterranean Gull
on the Slovene coast: March-April (above), July-August
(center) and September-October (below).
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spreminjanja Stevil¢nostne strukture jat ¢rnoglavih gale-
bov v dolocenih obdobjih preleta (jul.-nov.). Ker je vrsta
v ¢asu preleta zelo mobilna, osebki pa so neredko zelo
razprseni po celotnem obmocju pojavljanja, je to naj-
zanesljivej3a izvedljiva metoda ocenjevanja velikosti
tranzitne populacije. Na ta nacin dobljena ocena je
sicer groba, kljub temu pa nudi vsaj osnoven vpogled v
stevil¢nost ¢rnoglavega galeba na nekem obmocju, oz.,
konkretno, v Slovenskem primorju.

REZULTATI IN DISKUSIJA
Razsirjenost in status na slovenski obali
Opazovanja v ¢asu preleta

Ukrajinska gnezdis¢a zasedejo ¢rnoglavi galebi veci-
noma Ze sredi aprila, medtem ko se gnezditev na ostalih
evropskih gnezdig¢ih intenzivno pri¢ne proti zacetku
meseca maja.

Na slovenski obali se ¢rnoglavi galebi v nekoliko
ve¢jem Stevilu prvi¢ pojavijo v zacetku marca, to je v
obdobju selitve proti vzhodnoevropskim gnezdiscem (sl.
1). V tem casu jih je mo¢ pogosto videti v manjsih
skupinah v Secoveljskih solinah, Skocjanskem zatoku,
in ob obali od lzole do Strunjana. Zanimivo je da pre-
vladujejo jate v katerih so me3ano prisotne vse starostne
skupine (tako 1. zimski in 2. zimski, kot tudi osebki v
odraslem zimskem, oz. odraslem letnem perju) (sl. 2, 3,
4 in 5). Osebki so ve¢inoma vidno iz¢rpani in bodisi
pocivajo na vodi, dale¢ od obale bodisi stikajo za hrano
na morju ali ob obali. Precej pogosto jih vidimo tudi v
blizini obmorskih mest, kjer se ta, obi¢ajno sicer precej
"zadrzana" in v preletnih obmogjih zelo mirna vrsta,
poganja za drobtinami kruha skupaj z stevilnimi re¢nimi
galebi Larus ridibundus. Menim pa, da so opazovani
osebki le manjsina populacije, ki se zaradi utrujenosti
za kratek cas ustavijo na zgoraj navedenih mestih. Ve-
¢ina galebov verjetno nase kraje preleti na odprtem
morju brez zaustavljanja in na velikih visinah, podobno,
kot je bilo ugotovljeno pri septembrskem preletu preko
bolgarske ¢rnomorske obale (Robel & Konigstedt 1974).

Spomladanska selitev se navadno konca proti koncu
istega meseca ali pa v zacetku naslednjega. Vse od
takrat, pa do druge polovice meseca julija so bili nam-
re¢ vsi opazovani galebi na slovenski obali v manjsih
skupinah le redko vec¢jih od 20 primerkov, vecina
osebkov pa je bila spolno nezrelih klatezev.

Opazovanja v postgnezditvenem ¢asu

V prvi polovici julija se v Slovenskem primorju
pojavijo prve vecje jate ¢rnoglavih galebov. Te jate, ki
Stejejo od 50 do 150 osebkov se v Slovenskem primorju
pojavijo Ze med 3. in 8. julijem. Sestavljajo jih skoraj
izklju¢no (90%) odrasli osebki, ki so v tem casu ve-
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Slika 3: Crnoglavi galebi (Larus melanocephalus) v
Strunjanu, oktober 1994 (Foto: B. Rubinic).

Figure 3: Mediterranean Gulls (Larus melanocephalus)
at Strunjan in October 1994 (Photo: B. Rubinic).

¢inoma e v gnezditvenem perju. To so osebki, ki so
koncali z gnezdenjem in Ze zapustili gnezditvene kolo-
nije. Glede na zgodnji ¢as pojavljanja pri nas, menim da
gre za osebke s srednje in zahodnoevropskih gnezdis¢,
saj je visek preleta v Ukrajini gnezdecih galebov $ele v
drugi polovici septembra (Robel & Konigstedt 1974).
Odraslim osebkom se kasneje pridruzijo se mlade ptice.
Ker se pri nas zadrzujejo daljsi ¢as, ne pa tudi preko
zime, njihove prisotnosti ne moremo oznaciti niti za
prelet, niti za prezimovanje. Nasa obala jim ocitno
predstavlja prehranjevalno toc¢ko, na kateri se med
preletom zadrzijo nekaj ¢asa, da si povecajo podkozne
rezerve.

jate galebov na obmocje slovenske obale prihajajo
te cel mesec julij, avgust in september (v nekaterih letih
celo do prve polovice oktobra). Stevilo ¢rnoglavih gale-
bov na omenjenem podro¢ju doseze maksimum okoli
900 osebkov opazenih v enem dnevu med avgustom in
septembrom (sl. 1). Med koncem julija in koncem
oktobra je velikost populacije ¢rnoglavih galebov na
slovenski obali dokaj enakomerna in se giblje med 400
in 800 osebki. Toc¢nej3o sliko o stevilenosti pa lahko do-
bimo z natan¢nim dolo¢anjem starosti opazovane popu-
Jacije galebov po ze omenjeni metodi. Odstopanja v
enotni starostni sestavi populacije, ki o¢itno ni stalno
prisotna, temvec je zgolj navidezno stalno prisotna (to
navideznost nam vsiljuje dejstvo konstantnega 3tevila
populacije) nam potrjujejo domnevo o stalnem toku
tranzitnih osebkov, ki se ves ¢as izmenjujejo z drugimi,
Ze prej pri nas prisotnimi osebki.

Na ta nacin sem ugotovil, da je v postgnezditvenem
¢asu v letih 1993 in 1994 slovensko obalo preletelo od
3200 do 36000 osebkov ¢rnoglavih galebov. Seveda je
stevilka zaradi ohlapnosti metode zgolj priblizna. Kljub
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~ temu pa je verjetno, da iz celotnega okvira lahko izlo-

gimo minimum (3200 ex.), ki dolo¢a skrajno spodnjo
mejo 20% zamenjave preletne populacije na teden po-
javljanja, kot tudi lahko brez oklevanja izlo¢imo skrajni
maksimum (36000 ex.), ki doloca skrajno zgornjo mejo
100% zamenjave preletne populacije na teden preleta
te vrste v Slovenskem primorju. To pa pomeni, da poleti
in jeseni slovensko obalo preleti priblizno 0,5-5%
celotne svetovne populacije te vrste.

Opazovanja v ¢asu prezimovanja

Najmanj podatkov o ¢rnoglavem galebu pri nas je iz
obdobja prezimovanja (Sovinc 1994). To je ¢as med
zacetkom novembra in zacetkom marca, ki naj bi ga
vecina populacije, kot ze receno, prezivela na obalah
zahodnega Sredozemlja, oz. kar na odprtih povrsinah,
predvsem Tirenskega in Sredozemskega morja.

Zadnje jate ¢rnoglavih galebov zapustijo slovensko
obalo v sredini, izjemoma proti koncu oktobra. V no-
vembru postane ta vrsta galeba na slovenski obali redka
in malostevilna; le redko je mo¢ v tem casu opazovati
jate, ki stejejo 10 ali celo ve¢ primerkov. Njihovo stevilo
se proti sredini novembra $e nadalje zmanj3uje in
navadno vrsta v zadnji polovici novembra s slovenske
obale popolnoma izgine. Do zacetka februarja, ko se
¢rnoglavi galeb na obali zopet za¢ne pojavljati redno, je
vrsta tu prisotna zgolj naklju¢no in v majhnem stevilu.
Opazimo lahko le enega ali kvecjemu par ¢rnoglavih
galebov, ki se po nekaj dni ali celo tednov zadrzujejo
na slovenski obali. V ¢asu slovenske ornitoloske zime
(od 1.12.-31.1.) sem obalo v vseh stirih zimah obiskal
priblizno 45 krat, ¢rnoglave galebe pa sem tam opa-
zoval le ob naslednjih priloznostih (tabela 1):

DATUM n LOKALITETA

20.12.1992 2 med Koprom in Izolo
26.12.1992 2 Sec¢oveljske soline
30.12.1993 1 Piran

08.01.1994 2 med Piranom in Strunjanom
23.01.1994 1 Secoveljske soline
29.01.1994 2 Secoveljske soline
17.12.1994 1 Sec¢oveljske soline
02.01.1995 1 med Piranom in Strunjanom

Tabela 1: Podatki o opazovanju crnoglavega galeba
(Larus melanocephalus) na slovenski obali v obdobju od
1992 - 1995.

Table 1: Mediterranean Gull (Larus melanocephalus)
records on the Slovene coast in the period from 1992 -
71995.

Ob razlienih priloznostih so bile opazovane vse
starostne skupine ¢rnoglavega galeba, zanimivo pa je,
da so se najveckrat pojavljali osebki v drugem zimskem
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Slika 4: Odrasli ¢rnoglavi galeb (Larus melanocephalus)
v zimskem perju septembra 1994 v Strunjanu (Foto: B.
Rubinic).

Figure 4: Adult Mediterranean Gull (Larus melano-
cephalus) in winter plumage at Strunjan in October
1994 (Photo: B. Rubinic).

perju (2nd. winter), ki so sicer najmanj stevilni.

Pri pojavljanju ¢rnoglavega galeba na slovenski
obali je tezko govoriti o rednem prezimovanju te vrste
na obravnavanem obmocju, saj je prezimujoca, oz.
populacija, ki se pojavlja na slovenski obali v ¢asu med
1.12.in 31.1. premajhna, da bi jo lahko okvalificirali za
populacijo, ki redno in v priblizno konstantnem 3tevilu

Slika 5: Crnoglavi galeb (Larus melanocephalus) med
golitvijo iz mladostnega v prvo zimsko perje (1st. W)
septembra 1994 v Strunjanu (Foto: B. Rubinic).

Figure 5: Juvenile Mediterranean Gull (Larus mela-
nocephalus) in winter during the moult to first winter
plumage at Strunjan in October 1994 (Photo: B. Ru-
binic).

prezimuje pri nas. Verjetno gre zgolj za posamezne
osebke iz redno prezimujocih populacij na italjanski
strani, ki se klatijo po okolici prezimovalnega podrocja
in bi jih pri nas lahko oznacili kot redne, vsako zimo
pojavljajoce se klateske zimske goste.

RIASSUNTO

E' la prima rassegna completa sulla presenza del gabbiano corallino sulla costa slovena e sulla sua abbondanza

in quest'area. Oltre agli usuali metodi

di censimento, che si riferiscono alla determinazione dell'entitd della

popolazione presente nell'area censita soltanto al momento dell'osservazione, é stato usato anche il metodo basato
sulla fenologia e sulla determinazione dell'eta della popolazione. Il dato ottenuto con I'ausilio di questo metodo,
che andrebbe dai 3200 ai 36000 esemplari di gabbiano corallino, conferma che la costa slovena e attraversata
annualmente dallo 0,5 al 5% della popolazione mondiale della specie.
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IZVLECEK

V obdobju med 12.11.1994 in 19.02.1995 sta bili na Secoveljskih solinah opazovani dve navadni prosenki.
Zaradi znacilne obarvanosti in vedno istega mesta opazovanja menim, da sta prosenki tu prezimovali. Sode¢ po
lastnih opazovanjih in podatkih iz literature, je to prvo prezimovanje te viste v Sloveniji.

Kljuéne besede: navadna prosenka, Pluvialis apricaria, prezimovanje, Slovenija, Secoveljske soline.
Key words: Golden Plover, Pluvialis apricaria, wintering, Slovenia, Secovlje salina.

uvoD

Navadna prosenka je evrazijska vrsta, ki v gnez-
ditvenem c¢asu poseljuje ozemlje severne Evrope in vecji
del zahodne ter centralne Rusije. Osebki iz severnih
obrobjih gnezditvenega areala so izraziti selivci, med-
tem ko se juzneje gnezdeci selijo na sorazmerno majh-
ne razdalje. Vecji del populacije prezimuje v zahodni
Evropi in v Sredozemlju (Hayman et al., 1992).

V Sloveniji ima navadna prosenka, predvsem na
podlagi opazovanj z Ljubljanskega barja (Rubinic,
1994), status spomladanskega preletnika. Tu jo je moc¢
opazovati od zacetka marca vse do zacetka maja. Naj-
veckrat so opazovane manjse skupine, od 5 do 20
osebkov. Predvsem v dneh z izrazito slabim vremenom
imamo priloZznost opazovati tudi vecje skupine, ki
stejejo do 100 osebkov (Rubinic, lastna opazovanja).

Navadna prosenka je razen na Ljubljanskem barju
obc¢asno opazovana se na Cerkniskem jezeru in na
Dravskem ter Ptujskem polju, kot slu¢ajni gost pa se
pojavlja e na drugih primernih krajih, predvsem na
nizinskih obmoc;jih z bolj ali manj visoko stopnjo kulti-
vacije. VeCinoma se pojavlja za ¢asa spomladanskega
preleta, redkeje jeseni in pozimi.

Na Primorskem velja navadna prosenka, za razliko
od sorodne ¢rne prosenke Pluvialis squatarola, za izjem-
no redkega in naklju¢nega gosta. V Favnisticnem pre-
gledu ptic slovenske obale Skornika in sodelavcev

87

(1990) je omenjen le en podatek o opazovanju te vrste v
Se¢oveljskih solinah (9.5.1987). V ostali ornitologki lite-
raturi, ki obravnava ptice slovenske obale navadna
prosenka ni omenjena.

Podatki o zimskem opazovanju navadne prosenke
pri nas so zelo redki. Edini podatek, ki v ZOAS uvrica
navadno prosenko v seznam zimskih gostov je opazo-
vanje 1 primerka te vrste 8.12.1985, v okolici Ribnice
(Perugek: v Sovinc 1994). Drugih objavljenih podatkov o
zimskem opazovanju te vrste v Sloveniji ni.

REZULTATI

Na slovenski obali, to¢neje na Secoveljskih solinah,
sem imel navadno prosenko priloznost opazovati 3est-
krat.

-02.11.1993 6 osebkov
-26.03.1994 1 osebek
-12.11.1994 1 osebek
-03.12.1994 2 osebka
-17.12.1994 2 osebka

- 19.02.1995 2+8 osebkov

Tabela 1: Opazovanja navadne prosenke na Secovelj-
skih solinah.

Table 1: Records of the Golden Plover at Secovlje salt-
pans.
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V vseh primerih so se ptice zadrzevale v velikem
plitvem bazenu na Fontaniggah z razmeroma majhno
vodno povrsino in velikim delezem blatnih povriin, oz.
polojev, ki so primerni za prehranjevanje te vrste (Ta-
bela 1).

Ker sta bila vedno opazovana na to¢no dolo¢enem
mestu in ker sta bila vedno enako obarvana, menim, da
sta bila ista 2 osebka navadne prosenke, ki sta bila prvi¢
opazena 3.12.1994 opazovana na solinah vse do
19.2.1995. Istega dne sem opazoval tudi osem drugih
prosenk, ki so se zadrzevale v jati priblizno 900 prib
Vanellus vanellus.

DISKUSIJA

Navadna prosenka Pluvialis apricaria, se na preletnih
in prezimovalnih obmogjih navadno pojavlja na nizin-
skih travnikih, v kulturni krajini, na bregovih jezer, v
slanih  mocvirjih in, redkeje, na morskih polojih
(Hayman et al., 1992). Dejstvo, da je vrsta v Sloveniji, z
izjemo Ljubljanskega barja, kjer se redno pojavlja v
¢asu spomladanskega preleta, redek gost ne preseneca,
saj vecina potencialnih habitatov nima dovolj velike
koli¢ine hrane. Vrsta se namre¢ prehranjuje s ¢rvi, lic-
inkami in drugimi nevretencarji, obc¢asno pa tudi s se-
mensko hrano. Habitati, ki nudijo tovrstno hrano morajo
nuditi dovolj kritja, obsegati pa morajo tudi povrsino, ki
je sposobna brez vecjih motenj sprejeti dovolj veliko
stevilo prezimujoc¢ih navadnih prosenk. Eden redkih
biotopov, ki bi lahko po zgoraj navedenih kriterijih
ustrezal tej vrsti je Cerknisko jezero, kjer pa je nestalen
vodni rezim verjetno razlog za odsotnost te vrste v ¢asu
prezimovanja. Na slovenski obali, kjer so moznosti za
prezimovanje vrste, s klimatskega, predvsem pa pre-
hranskega vidika zadovoljive pa vrsta do zime 1994/95
ni bila opazena ve¢ kot zgolj enkrat. A
Glede na c¢as opazovanja, oz. domneven ¢as za-
drzevanja (od 03.12.-19.02.) dveh navadnih prosenk na
Secoveljskih solinah je mo¢ potrditi prezimovanje te
vrste na slovenski obali. To je tudi prvi podatek, ki kaze
na daljse zadrZevanje te vrste v casu t.i. "ornitologke

1 4
7]
1 z. et ™Y ;\
Ty U
T~ 1| L mY_ M
T ]
~h ~[ N A N i
- Ty \Y N {"——l
< = B
\ P
Sk APy ] :
i //I' i L b gy /\‘3 N
L% ,) B2 ( NAVADNA PROSENKA
A >/
AN N N, P> (Pluvialls apricaria)
SN 0 ]
5D [ | /3 3 Fa
Dy N
1 3 = < \jif
EERY 4
i

Slika 1: Podatki o opazovanju navadne prosenke (Plu-
vialis apricaria) pozimi v Sloveniji.
Q - okolica Ribnice, 8.12.1985 (ZOAS)

- prezimovanje v Secoveljskih solinah (to delo)
Figure 1: Data on Golden Plover (Pluvialis apricaria)
observation in winter in Slovenia.

Q - near Ribnica, 8.12.1985 (ZOAS)
@ . wintering in the Secovlje salina (this work)

zime" (1.12.-31.01.) na ozemlju Slovenije nasploh, kar
pomeni, da je navadna prosenka v zimi 1994/95 prvic¢
potrjeno prezimovala v Sloveniji.

ZAKLJUCEK

Navadna prosenka Pluvialis apricaria je v ve¢jem
delu Slovenije redek in nakljucen gost. Pojavlja se
predvsem v ¢asu spomladanskega, redkeje jesenskega
preleta. Do zime 1994/95 je bil znan le en podatek o
opazovanju te vrste v ¢asu med 1.12. in 31.1. Opa-
zovanje dveh navadnih prosenk na Secoveljskih solinah,
ki sta se tam zadrZevali od 3.12.1994 do 19.2.1995 je
tako prvo zanesljivo potrdilo o prezimovanju te vrste na
Slovenski obali in v Sloveniji nasploh.

RIASSUNTO

Tra il 12 novembre 1994 ed il 19 febbraio 1995 sono stati avvistati nelle saline di Sicciole due pivieri dora<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>