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ABSTRACT

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

in instable mixed muddy battoms.

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

INTRODHUCTION

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

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

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

MATERIALS AND METHODS
Study site

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

St 1: Zemlijevid preucevanega ebmecja s postajami za
vzorcanje.

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

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

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

Sampling procedure

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

Statistical analyses

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

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

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

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

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

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

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

RESULTS AND DISCUSSION

During the studied pertod, 105 species were identi-
fied for st. AAT, 155 for st. AA2 and 168 for st. AA3. In
all the stations the richest group was represented by
polychaetes, followed by molluscs. These two taxa ex-
ceeded B0O% of the total abundance, whereas crus-
taceans and echinoderms showed lower values (fig. 2).
The most abundant groups were polychaetes in st, AAZ
and AA3, and molluscs, mainly respresented by the
bivalve Corbula gibba, in st. AAT {fig. 3).

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

The classification of the samples is shown in fig. 4. In
the dendrogram, two main groups are identified: the first
one {1} is formed by samples of st. AAT, while the sec-
ond one (I} includes the sandiest stations. The latter pre-




ANNALES 9/'96

FOALETEY 7 AL ANALYSISS OF MACROBENTHIC COMMUNITY STRUCTURE ., 39-44

Specis (g

Fig. 2: Tofal numbee of species (percentage) of poly-
chaetes, molluscs, crustaceans, echinoderms and other
groups sampled in the three stations,

81, 2: Skupno $tevilo vrst (v odstothih) mnogoscetincev,
mehlwuzcev, rakov, iglokoZcev in drugih skupin, vzor-
cenih na treh postajah,
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Fig. 3: Total number of individuals (percentage) of
polychaetes, molluscs, crustaceans, echinodermns and
other groups sampled in the three stations.

SL 32: Skupno stevilo osebkov (v odstotkih) mnogo-
$cetincev, mehkuzcey, rakov, iglokoZcev in drugih
skupin, vzorcenih na treh postajah.
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fig. 4: Classification of samples with average linkage
based on the similarity ratio matrix.

$1. 4: Dendrogram podobnosti v sestavi fayne med po-
stajaima, izdelan na osnovi matrike podobnostnih in-
deksov.
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sents two sub-clusters: HIA includes all the samples of st.
AAZ and one of st. AA3, and IiB the remaining samples
of st, AA3.

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

After having obtained the subdivision of the samples
into three groups representing the three statians, the dis-
criminant species for this characterization (aly. 1) were
identified using non-parametric variance analysis. The
discrimipant species have been ordered with respect to
the same axes defined by the stations (AAT and AA3) lo-
cated at the extremes of the sedimentary gradient (fig.6).
This ordination is overlapped on the one defined by the
samples. The overlapping shows that the species mare
typical of st. AAT are the molluse Nucula nucleus, con-
sidered to be a species resistent to oxygen depletion
{Wilson & Davis, 1984), and the polychaetes Maldane
glebifex and Spiochactopterus costarum, typical of
sediments characterized by bigh organic content. More-
over, M. glebifex builds a very thick mud tube that can
stahilize sediments because it increases the compact-
ness (Glémarec et al,, 1986},

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

St AA3 is characterized by species which are typical
of sandy sediments, such as bivalve Clausinella
brognartii and the polvchaetes Nematonereis unicormnis,
fasmineira elegans, Clymenura clypeata and Prionospic
malmgrent.
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Fig. 5: Ordination of samples according to fuzzy sets of
st. AAT and st. AA3.

Sl 5: Razvrstitev vzorcev glede na "meglene mnoZice"
(fuzzy sets) na postajah AAT in AA3.
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Table 1: Discriminant species between the stations.
Tabela 1: Diskriminantne vrste med postajami.

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

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

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

Tabela 2: Relativen pomen vrst na esnovi delefa po-
jasnfene kovariance med postajami.

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

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

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

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

81, 6: Razvrstitev diskriminantnih vrst glede na "me-
glene mnoZice' na postajah AAT in AA3.

CONCLUSION

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

0,50 1C

-0.87

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

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

Corbula gibba, abundant in boltoms characterized
by eavironmental instability (Russo, 1982; Salen-Picard,
1981), is dominant in all of the stations, This is due to
the unstable conditions in the Gulf of Trieste, which is
frequently affected by biological phenomena such as
anoxta and mucus aggregates and by anthropogenic in-
fluences such as very intensive fishing activities
throughout the area.
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POVZETEK

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