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ABSTRACT

In the supralittoral and mediolittoral of the Slovene coast, three species of chthamalids were recorded.
The article discusses the species occurrence, vertical distribution patterns on two different substrata
(sandstone and limestone) and presents a table for identification of recorded species.

IZVLECEK

V supralitoralu in mediolitoralu slovenskega obreZja so bile zabelezene tri vrste vitinjakov. Clanek
obravnava pojavljanje vrst ter vzorce vertikalne razsirjenosti na dveh razli¢nih podlagah (pescenjaku in
apnencu) ter podaja tabelo za identifikacijo zabeleZenih vrst.

1. INTRODUCTION

The Adriatic Sea is a long semi-enclosed basin of the Mediterranean Sea, whose northern
part (North Adriatic) terminates in a relatively flat shelf with a mean depth of about 50 m.
The Gulf of Trieste is a shallow marginal sea and the northernmost part of the Adriatic Sea
surrounded by land on three sides. It contains relatively little water (only 0.4% of the Adriatic
basin). It is characterized by high variations of salinity (32 to 38 PSU) and temperature
(6,5°C in winter and 28°C in summer) and by high freshwater input mainly from the Soca
(It. Isonzo), Tilment (It. Tagliamento), RiZana and Dragonja (Bussani et al. 2003) rivers.
The tidal range is approximately 90 cm (Agencija RS za okolje 2009), while in the rest of
the Mediterranean area the mean tidal amplitude is about 20-30 cm. The gulf is influenced
mainly by the “burja” wind, blowing from the north-east to north-north-east, and “jugo”,
blowing from the south-south-east (Malaci¢ et Jeromel 2005). The entire coast is also subject
to intensive anthropogenic activity. All this make the gulf extremely sensitive to ecological
changes.
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The rocky substratum of the northern coast of the Gulf of Trieste consists mainly of
limestone, while the southern part is composed of flysch layers with soft marl and solid
sandstone (Pavlovec 1985, Ogorelec et al. 1997). The Slovenian coast, situated in the eastern
part of the Gulf of Trieste, is characterized mainly by two rock types: flysch and limestone. This
provides a useful area to test the role that the substrate plays in determination of community
composition, distribution and density.

Recent studies reported that the main constituents among different species of the
Chthamalus barnacles from the supralittoral and mediolittoral of the northern Adriatic rocky
shores are: Chthamalus depressus (Euraphia depressa) (Poli), C. stellatus (Poli) and C. montagui
Southward (Relini 1981, Zavodnik 1998, Zavodnik et al. 2005). The position and extension of
chthamalids belts on the shore are generally related to tidal range and grade of exposure of the
coast (Pannacciulli et Relini 2000).

Along the Slovene coast, only C. depressus for the supralittoral and C. stellatus for the
mediolittoral zones are mentioned (Lipej et al. 2004). The first occurrence of the species C.
montagui on the Slovene rocky shore was reported by Battelli et Dolenc-Orbani¢ (2008).

The purpose of this study was: a) to investigate the species composition and the distribution
(at different tidal levels of the supralittoral and the mediolittoral zones) of the chthamalid
communities on two different types of substrate (sandstone and limestone) and b) to give a
general description of the identified species of chthamalids based on the external morphological
features.

2. MATERIALS AND METHODS

Sampling was carried out in spring 2008 at three locations along the Slovene coast: Koper
Bay - Ankaran (Lol), Izola Bay - along the Koper-Izola coast (Lo2) and Piran Bay - Seca
(Lo3) (Figure 1). The location Lol (Ankaran: 45° 34" 17" N, 13° 44" 32" E) was located on the
northern side of Koper Bay, generally exposed to wave action generated by southwesterly and
southeasterly winds. The location Lo2 (Koper-Izola coast: 45° 32" 49" N, 13° 41'11” E) was
situated on the southern part of Koper Bay. The shore was exposed to wave action and winds
blowing from the north, west and northeast. The location Lo3 (Seca: 45° 30" 01" N, 13° 35°
15" E) was placed along the coast of Piran (Seca) Bay and exposed to wave action and winds
blowing mainly from the west.

Although the mediolittoral zone of the Mediterranean rocky shore is usually divided into
two parts (the upper mediolittoral, above the mean tidal level and the lower mediolittoral,
under the mean tidal level) (Bellan-Santini et al. 1994 in UNEP, 1998), the authors of this
study recognized three distinct parts (horizons) of the mediolittoral zone (upper, middle
and lower). Each horizon is characterized by different tidal levels and horizontal banding of
particular kinds of organisms (Figure 2).

On each location, one site on limestone and one site on sandstone were selected at the four
shore heights (supralittoral and upper, middle and low mediolittoral). At each site, three 10 x
10 cm replicate squares were used to estimate densities for each species separately at each of
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these four heights. Only surfaces poor in vegetation and fauna, but abundant in chthamalids,
were selected. Each square was scraped clean using a paint scraper. Samples were preserved
in seawater-ethanol (80%) for later study. Determination of the samples took part in the
laboratory, with stereo microscope, according to the works of Southward (1976) and Relini
(1980) based on the morphological features. In this study, we took into consideration only
the external morphological features, as follows: the shape of the opercular opening and of the
adductor muscle scar and the position and the curvature of the articulation between terga and
scuta. The collected material is kept in the laboratory of the Faculty of Education of Koper.

3. RESULTS AND DISCUSSION

Zonation patterns of the investigated sites

The supralittoral zone extends over a width of about 20 cm above the mean high water
spring tide level (MHWS). The assemblages of this zone were represented mainly by the small
prosobranchia periwinkle Littorina neritoides and the detritus feeding isopod Ligia italica. In
its lower part, chthamalids associated to various communities of microscopic cyanobacteria
(especially Calothrix sp.) were extended down to the mediolittoral zone.
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The vertical extent of the mediolittoral zone was approximately 90 cm. It extends between the
mean high water spring tide level (MHWS) and mean low water spring tide level (MLWS).

The upper horizon of this zone ranges from MHWS to mean high water neap tide level
(MHWN) over a width of about 20 cm. It was characterized by dense populations of chtamalides
and macrobenthic green algae communities (mainly belonging to the genera Blidingia, Ulva,
Chaetomorpha and Cladophora).

The middle horizon extends from MHWN to mean low water neap tide level (MLWN) to
over 40 cm in width. The chthamalids of this horizon were mixed with other faunal species
as the gastropods (Monodonta sp., Gibbula sp.), limpets (Patella sp.) and anthozoans (Actinia
equina). The most common macrobenthic algae were red algae belonging to the genera
Gelidium and Polysiphonia. Among the green algae, the species Ulva compressa and Cladophora
sp. were the most abundant. The most characteristic was the brown algae Fucus virsoides that
generally occupies the entire horizon.

Thelower horizon ranges from MLWN to MLWS. The width of this horizon was approximately
30 cm. It was mainly occupied by dense aggregates of the bivalve Mytilus galloprovincialis and
by the green algae Ulva laetevirens.

The width of these zones and horizons were different in relation to the slope of the shore,
variations in light and shade, exposure to waves, spray blown from waves and tidal range.

Description of the identified Chthamalus species

During the investigation, three different species of chthamalid barnacles were identified: C.
depressus, C. stellatus and C. montagui. Table 1 illustrates the identification procedure of these
three species based on external morphological features.

C. depressus

The shell is up to 10 - 12 mm in size and composed of 6 wall plates (rostrum, carina, 2
rostrolaterals plates, and 2 carinolaterals plates). The opercular opening is kite-shaped. The
adductor muscle scare (visible on the scuta) is not deep, sometimes absent. The joint between
the terga and scuta crosses the centre line less than one third of the opercular opening (from
the carina to the rostrum). The tergum is bigger than the scutum. The apical angle is less than
90° (Relini 1980).

C. montagui

The shell of this species is of more angular appearance due to the kite-shaped opercular
opening. It is up to 6 mm in size (max distance from the rostrum to the carina) and composed
of 6 coarsely ridged wall plates (rostrum, carina, 2 rostrolaterals plates, and 2 carinolaterals
plates). It is often difficult to distinguish the single plates owing to corrosion and overgrowth
of algae, endolithic and epilithic cyanobacteria and lichens. Adductor muscle pits (visible on
the scuta) are long, narrow and close to the occludent margin. The articulations between the
terga and scuta cross the centre line quite close to the carina, less than one third the distance
to the rostrum. Scuta are longer than wide, while terga are short and wide. The apical angle is
usually less than 90° (Southward 1976, Relini 1980).
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Table 1: General synoptic table indicating the basic external morphological features for identification of C. depressus,

C. stellatus and C. montagui

Tabela 1: Splosna sinopticna tabela z osnovnimi morfoloskimi znacilnostmi za identifikacijo C. depressus, C. stellatus in

C. montagui
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C. stellatus

The shell of this species is of utterly round appearance, with oval or sub circular opercular
opening. The distance from the rostrum to the carina is about 8 mm. The shell is composed
of 6 coarsely ridged wall plates (rostrum, carina, 2 rostrolaterals plates, and 2 carinolaterals
plates). The adductor muscle scare (visible on the scuta) is wide, deep and rounded. The joint
between the terga and scuta crosses the centre line at one third or more the distance down
from the carina to the rostrum and the main curve is convex towards the rostrum. The scutum
is short and wide, while the tergum is very deep relative to its width. The apical angle is usually
close to 90° (Southward 1976, Relini 1980).

Vertical distribution and abundance of Chthamalus species

According to the observations of the investigated sites, results showed that Chthamalus
populations occupied distinct bands of the rocky shore, although the distribution and
abundance of the single species, at various tidal levels, were different (Figure 2).

SUPRALITTORAL [ Chthamalus montagui ]
MHWS C. depressus
(257.3 cm)
UPPER MEDIOLITTORAL / :
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j\x}fg’L — MIDDLE MEDIOLITTORAL C. montagui
(216 cm) C. stellatus
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Figure 2: Figure shows the principal zones of the investigated sites and the distribution at various tidal levels on the
shore of the identified Chthamalus species. (Legend: MHWS = Mean High Water Spring; MHWN = Mean High
Water Neap; MTL = Mean Tide Level; MLWN = Mean Low Water Neap; MLWS = Mean Low Water Spring).
(Source of mean values of the sea levels: Agencija RS za okolje 2009; analysis of data: Harpha Sea, d.o.0. 2006.)
Slika 2: Prikaz glavnih pasov preucevanih lokalitet in razsirjenost identificiranih vrst iz rodu Chthamalus na razlicnih
plimnih ravneh. (Vir srednjih vrednosti ravni morja: Agencija RS za okolje 2009; analiza podatkov: Harpha Sea, d.o.o.
2006.)

As illustrated in Figure 2, C. depressus was restricted only to the lower limit of the
supralittoral zone and co-occurred with C. montagui. The species C. stellatus occurred only in
the middle and in the lower horizon of the mediolittoral; while C. montagui had a great vertical
distribution. It occupied all zones (from the lower part of the supralittoral to the lower horizon
of the mediolittoral zone) and all tidal levels (from MHWS to MLWS).
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In general, C. montagui tended to occupy slightly higher tidal levels and C. stellatus lower
tidal levels, which is in accordance with the studies conducted by Southward (1976) and Crisp
et al. (1981) for the Mediterranean (Figures 3 and 4).

The analysis of the percentage composition revealed that C. montagui was the most abundant
species at all the levels and showed peaks in density in the upper and in the middle horizons
of the mediolittoral on the selected substrata, limestone and sandstone. On limestone it was
slightly more abundant in the supralittoral zone, while on sandstone it was more abundant in
the lower horizon of the mediolittoral zone.

C. stellatus appeared to be very scarce in the middle horizon of the mediolittoral on
limestone; while its abundance increased lower down, in the lower horizon, as stated in
previous studies by Pannacciulli et Relini (2000) for the Italian part of the Gulf of Trieste,
but in contrast with the studies by Benedetti-Cecchi et al. (2000) and Menconi et al. (1999).
They claimed that C. stellatus was the most common sessile invertebrate in mediolittoral
rocky shore assemblages of the northwest Mediterranean and that these organisms may
occur at various heights on the shore but, on average, are more abundant in high-shore
habitats.

On sandstone, C. stellatus occurred only in the lower horizon of the mediolittoral, but was
less abundant than on limestone (Figures 3 and 4).
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Figure 3: Percentage composition of C. depressus, C. stellatus and C. montagui at different heights on the shore
(supralittoral, upper, middle and low mediolittoral) on limestone

Slika 3: Odstotna sestava vrst C. depressus, C. stellatus in C. montagui na razlicnih visinah obreZja (supralitoral, gornji,
srednji in spodnji mediolitoral) na apnencasti podlagi
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Figure 4: Percentage composition of C. depressus, C. stellatus and C. montagui at different heights on the shore
(supralittoral, upper, middle and low mediolittoral) on the sandstone.

Slika 4: Odstotna sestava vrst C. depressus, C. stellatus in C. montagui na razlicnih visinah obreZja (supralitoral, gornji,
srednji in spodnji mediolitoral) na pescenjaku

Figures 3 and 4 show that C. depressus, present only in the supralittoral zone, was more
abundant on sandstone than on limestone.

Conclusions

On the bases of the carried out investigation it can be concluded that along the Slovene
rocky shore:

1. C. montagui was significantly denser than C. depressus and C. stellatus on all investigated
substrata and at all tidal levels.

2. C. stellatus density was always higher at low-tide level compared with the other tidal
levels.

3. There were no significant differences between limestone and sandstone in vertical
distribution and abundance of Chthamalus species.

4. SUMMARY

The present study deals with the vertical distribution of three species of Chthamalids,
Chthamalus depressus (Euraphia depressa) (Poli, 1791), Chthamalus stellatus (Poli, 1791) and
Chthamalus montagui Southward, 1976, which are the main constituents of the barnacle belt
along the Slovene rocky shore (Gulf of Trieste, North Adriatic Sea). Chthamalids populations
were monitored in spring 2008 on three sites along the Slovene coast (Koper bay, Izola bay
and Piran bay). On each site two different kinds of substratum were selected (sandstone and
limestone). Barnacles were counted up at four different shore heights (supralittoral and upper,
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middle and lower mediolittoral). The result shows that C. montagui is present in the supralittoral
and in the mediolittoral zone, but dominates especially in the upper and middle mediolittoral
zone. C. depressus is present only in the supralittoral, while C. stellatus inhabits only the lower
mediolittoral. A moderate difference in the number of single species among the sites and between
the two different kinds of substratum was found. Thus the study presents a synoptic table for the
identification of these three species, based on the external morphological features.

POVZETEK

PriCujoCa Studija obravnava vertikalno razSirjenost treh vrst viticnjakov, Chthamalus
depressus (Euraphia depressa) (Poli, 1791), Chthamalus stellatus (Poli, 1791) in Chthamalus
montagui Southward, 1976, ki so glavni graditelji pasu vitiCnjakov na slovenskem morskem
obrezju (Trzaski zaliv, severno Jadransko morje). Njihove populacije so bile spremljane
spomladi 2008 na treh lokacijah vzdolZ slovenske obale (Koprski, Izolski in Piranski zaliv).
Na vsaki lokaciji sta bili izbrani dve vrsti podlage, peS€enjak in apnenec. Viti¢njaki so bili
presteti na Stirih razli¢nih viSinah obreZja (v supralitoralu in zgornjem, srednjem in spodnjem
mediolitoralu). Rezultati so pokazali, da se vrsta C. montagui pojavlja v supralitoralu in
mediolitoralu, a da prevladuje predvsem v zgornjem in srednjem mediolitoralu. C. depressus se
pojavlja zgolj v supralitoralu, C. stellatus pa le v spodnjem mediolitoralu. Ugotovljena je bila
majhna razlika v Stevilu posameznih vrst med lokalitetami kot tudi med dvema razliénima
vrstama substrata. Studija tako predstavlja sinopti¢no tabelo za identifikacijo teh treh vrst,
izdelano na osnovi zunanjih morfoloskih znacilnosti teh vitiCnjakov.
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