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The fouling settlement has been investigated in the inner and middle part of the Bay of Plomin 
at 2.5 month intervals during a year period. The inner shallow part of the bay was characterized 
by fouling organisms typical far polluted harbour waters (dominant species Cryptosula pallasiana 
and barnacles). In the middle clearcr part of thc bay thc mussel was the dominant fouling species 
at the surface and 1.5 m depth, while hydroids and eurybathic specics Anomia ephippiwn, 
Pomatoceros triqueter at 10 m depth. 

INTRODUCTION 

Marine fouling processes are very good environmental indicators, because they can 
be easily initiated anywhere as many times as required. In addition, fouling organisms 
are very suitable for environmental investigations because of their sessile way of life 
(Do I I a r , 1979) on hard substratum (M c N u I t y , 1970) and mostly in shallow 
waters where organisms are more exposed to pollution . Fouling organisms are also 
favourable heavy metal "sentinel organisms" (W a I d i ch u k , 1985). 

Since fouling organisms can be used as environmental bioindicators, such studies were 
applied in complex investigations of the Plomin harbour, which also included 
toxicological, radiological, biocoenological studies and physical oceanography. The aim 
of these investigations was monitoring of the impact of the Boljunčica River, activities 
of the "Raša" coal mines and steam power plant Plomin on marine ecosystem in relation 
to high geomorphological differences in the study area; especially the lack of hard 
bottom. 
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Fig. 1. The Plomin harbour - distribution of study sites 
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MATERIALS AND METHODS 

Fouling quality and intensity were monitored at two stations from 15 March 1985 to 
7 May 1986 on glass test plates (145x l00x2 mm) placed in experimental metal frames 
at three depths: O - O. 15 m, 1.5 m (stations 1 and 2) and 10 m (station 2) (Fig. 1). 
Taxonomic composition and wet weight of the fouling communities were monitored 
using test plates exposed for 2 .5, 5, 7.5, 10 and 14 months. 

Analytical marks and properties with the nature of fouling organisms were studied 
using standard ecological methods, with frequency of occurrence (F % ), average 
covering ( % ) and avaage abundance (Am) on 290 cm2 of test substratum. lt was 
possible to count both individuals and colonies of the fouling organisms. For unicellular 
and some pluricellular organisms it was not possible to determine the ahundance by 
counting. So the relative quantity of fouling organisms is shown with symbols from r 
to CCC according to the methods presented by P e r e s and G a m u I i n - B r 
ida (1973). 

STUDY AREA AND ENVIRONMENTAL CONDITIONS 

The Plom_in harbour is a marine bay on the eastem coast of the Istrian peninsula. At 
the entrance the bay is wide 500 m, becomi ng gradually as narrow as 50 111 at the end 
of the bay. The depths vary from 50 111 at the entrance to 1 m in the inner part of the 
hay. The Boljunčica River affects the bay with the intlow of suspended material and 
warm water coming from the cooling systems of the Plomin sieam power plant. ln 
addition to thermal effects, the river also brings waste discharge from the plant and the 
"Raša" coal mines, such as coal and dusi. The waste material inflows in the bay also 
by ground and underground waters (L u c u , 1986). 

Two study sites were chosen , one directly influenced by the Boljunčica River 
discharges (station I) and out of its reach (station 2) (Fig. !). The metal frames at 
station I were placed above the sea floor, at the depth of 1.5 m. This location was 
expose<l to high sedimentation of inorganic and organic particles together with 
peryphyton on the test plates , highly influenced by the vicin ity of the sea floo r. Station 
2 was located about 50 m offshore at 22 m depth and 1.5 km from Bolj unčica River 
mouth . During the experiment the standard oceanographic parameters, !ike temperature 
(t 0 C), salinity (Sx l o·'), pH and oxygen concentration (O~ %) were measuretl. 

The extremely high temperature was measuretl in August at station I at both depths 
(3 l .5°C)(Table I), influenced by the inflow of the warm water from the steam power 
plant cooling system. Lower surface salinity was measuretl in May at both stations 
(26.33 x 10-, - 1985 an<l 28.16 x 10'' - 1986 at station l; 34.83 x 10'' - 1985 and 35.21 
x 10-, - 1986 at stati on 2) (Table I) probably influencetl by much rain <luring that 
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Table l .Hydro graphic parameters measured at study sites during lhe investigated period 

I 
Parameter 

I 
t/ oc 

I 
S X 10·> 

I 

I Station I I I 2 I I I 2 I 
Month of Depth 
sampling (m) 

1985 
V 26.33 34 .83 

VIII o 31 .5 24.5 36.65 37.32 
X 14.9 14. I 37.50 37.92 

XII 11.8 115 36.48 37 .59 
1986 

V 15 .8 15 .9 28. 16 35.21 

V 35.63 37 .14 
VIII 31.0 36.73 

X 1.5 14.9 14. 1 37.61 37 .99 
XII 118 115 36.65 37.59 
V 15 .8 15 .8 32 .64 35 . 16 

V - - 37.05 
VIII - 23 .8 - 37 .48 

X 10 - 16 .9 - 37.99 
XII - 12.0 - 37.53 
V - 13 .5 - 36.09 

p H 

I 
I I 2 I 

8.08 8.20 
8.29 8.30 
8.14 8. 13 
8.03 8.00 

8. 18 8.15 

8.25 8.22 
8.32 
8.15 8.15 

8. 16 8 . 13 

- 8.22 
- 8.33 
- 8.12 
-

- 8.20 

02 % 

1 I 

133.5 
101 .4 
106.6 

109.7 

130.7 
102 .1 
105 .9 
122 .7 

-
-
-
-
-

2 

122.5 
98.1 
97 .0 

100.9 

96 .7 
96 .6 
110.0 

109.0 
97.4 
96.8 
106 .0 

-..J 
o 
00 

I 
I 
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period. Other hydrographic parameters did not vary from typical for the northeastem 
Adriatic. 

RESULTS AND DISCUSSION 

Taxonomic composition of ali fouling communities, mostly the fauna showe<l 
homogeneity between the species. Larvae and spore of fouler settlement were limited 
by substantial sedimentation of mud, especially at station I at I .S m depth. At that depth 
almost half of the plates cl icl not contain any fouling organisms, with rare settlements of 
unicellular algae (Table 2). No! too many organisms can live in such unnatural 
environment. Only a fow can, by "cleaning" the suhstratum with t_heir extremities 
(harnacles) or defense mechanisms such as hryozoan species Bowerhankia gracili.1· 
(M a t li r o , 1959). It seems that another bryozoan species Cryptosula pallasiana 
clisperses mucl in similar way, heing the most frequent fouler at stati on l (Table 2) 
although the colonies clicl not Sllbstantially grow (3 - 33 mm, O m; 2 - 32 mm, 1.5 m) . 
The algae more sensitive to mud such as red alga Polysiphonia sp., settled only at 
station 2, where quantity of mlld was much lower. Conceming the thenJ1al effect, it is 
assumecl that there was no influence <lllring the study period, because only once in the 
year (August) the sea temperature was higher. In aclclition, present organis1~s tolerate 
higher temperatllres: C,ypto.rnla to 30°C (R i g g i o , 1979) , Balanus amphitrite to 
47°C (G era Ci' 1974) and Cyanophyta (Oscillatoria) to s2°c (L a 111 b e rt i ancl 
R e i s h , I 985) . The total absence of mussel at stat ion I is in complete contrast with 
O 111 ancl I .S 111 clepth at station 2 where mllssels were the most dominant species. lt is 
assumecl that large amounts of mucl restricted the settlement of mussels. C o I I i n 
s o n and R e e s ( 1978) reportecl that suhstantial amount of mud clepositecl on valve 
together with sewage, industrial di scharges and heated water from a power station 
caused clčmise at 44.4 % of mussel in<livi<luals. Nevertheless, mussels (Mytilus 
galloprovincialis) are more tolerant to thermal effect since lethai temperature is 40-41 °C 
in the suhlittoral zone in the Black Sea (G r a c i u n , 1980). ln addition, there are 
some inclications of the influence of waste waters from land at station I. The primary 
hioin<licator is C1yp10.rnla (very frequent species) (Table 2), otherwise typical inhabitant 
of polluted harbour waters (mostly in<lustrial an<l municipa! efflllents of organic origin). 
More frequent settlement of Cyanophyta (Table 2) could he an in<licator of organic 
pollution (G o I u b i ć , 1960; R a s t t e t e r an<l C o o k e , 1978), or mayhe 
brown alga Ectocarpus si!iculo.rns , also favouring such environments with lower salinity 
(G o I li b i ć , 1968). That is probahly why Ectocarpus settle<l <lominantly at that 
station clllring the period of lower sal inity, fouling the test substratum over 10 % . In such 
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environments the Ulva-E11tero11101pha-Cladophora alga) facies is typical, but in this case 
only Emeromorpha was somewhat more frequent and occasionally fouled the substratum 
to 45 % . It appeared on the experimental framers together with Ulva, both growing to 
Tublc 2 . Tuxonomic composil ion of fouling communitics nt stntion l. Frcqucncy of 11ppcunmcc (f,%) . uvcrngc ubunduncc 

I 

(Am);C - uvcrngc of 10-99.99 indiviclu,1ls (colonics) , common spccics; CC - uvcrugc of 100-499.99 individun ls 
(colonic~) , vc1y common !ipCt.:ics; CCC - avcrugc ovcr 500 individuHl!-1 (co lonics); mo~t common spccics 

Dcplh (m) 

I 
o 0 . 15 

I 
1.5 

I 
F( %) Am 1·( %) Am 

Cyunophyta 100.0 CC 50.0 C 

D iutomcnc 100.0 C 100.0 C 

Enteromo1pha 

intcstinalis 33.3 C 25.0 C 

J:,'111erom01pha co111pr. 11.1 C 

U/va 1igitln 11.1 10 

Chlorophyw 

indct.juv. fonn 33. 3 C 25.0 C 

J:.'ctocarpus sili,·ulosus 55. 7 C 12 .5 C 

Me-lohcsinccac 66.7 28.8 12.5 4.5 

Hydrozou 
indct. juv. fonn 33.3 7.5 12.5 8.0 

Anomia 

eplrippium 37.5 13.3 

Spirobis sp. 11.1 37 44.5 49.7 

l'omatoc·<•ros 

r,iqucier 11. 1 1 

Ba!anus 

amph irri. tc 25.0 8.4 

I-Ja/anus ehumeus 33.3 5.8 

Balanus 

imprm-i.ms 44 .5 12 

Rowerbankia gracilis 25.0 C 

Crypto:•u/a 

pal/asimra 66.7 9.0 62.5 14 .4 
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Blunk urcus show thul no !lpci;i...:!i (i:olonics) wcrc prcscnt on test lillh!ilnttum (290 1.:111
1

) 

unusual c.limensions in fouling complex - Enrerommpha i11resti11allis thalli to 20 cm, Ulva 
rigida thalli to 25 cm. The euryhaline animals preferring organic pollution and lower 
salinities (R e I i n i et al., I 982; I g i ć , I 983) at this station were represented by 

Balanus a111phitrite, Bala11us ehumeus and B. i111provisus as the particularly 
characteristic, but completely absent at station 2. 

At station 2 fauna was more dominant than flora, and taxonomic composition was 
im.licative of the communities of clear waters; the presence of c:urybathic species 
charackristic of clear wakrs was noted c:spc:cially at I O 111 depth: thc: species A110111ia 
ephippiw11 and Po111aroceros rriq11erer (Table 3). At the same depth the most ahundant 
settlers were Hydroids, fouling the suhstratum at 28-83 % . At O 111 and 1.5 m the 111ussel, 
Mytilus gal/opro1·i11cialis, was the most dominant species fouling 30-96% (Om) and 4-
73 % ( 1.5 111). The abundance of mussels and their larger dimensions (average 38.4 mm 
- O; 39.8 111111 - 1.5 m depth)contrihuted to an enormous value of biomass (Table 4). 
Howc:ver, mussel is not the representative c:nvironmental indicator although it seems to 
favour more lower level organic pollution (P e r e s , 1967; S a r i1 . 1976 ; I g i ć , 
1988) . As a very adaptable species, mussels cover ali surfaces in different environments 
if there is sufficient food availahle. However, the most favourable environ111ents for 
mussels are mediolittoral and upper infralittoral (I g i ć . I 988), and that is why the 
population density decreased with 111creasing depth (Table 3). At this station the red alga 
Mdobesiaceae type had even more: frequent settlement. lt has eco logica l significance 
hecause it helps easier fixati on of larvae and spore of other foulers. 

The seasonal aspect was nol monitored in detail in short time intervals, because the 
seasonal Jistrihution can he ohtained on the hasis of growth intensiti es. Unicel lular algae 
sćttl e in ali seasons. except in January and February, having spring maximum. Highcr 
a igae and animals are present from April to .lanuary with the most in tensive settling in 
spring (a lgae) and summer-autumn season (fauna). However, the time intervals of 
exposurc: of test plates had no influence on thc inknsities of fouling, and it was in 
corrda ti on with th e structu re of fouling co mmun ity. Thus differen l dcnsity and size of 
mussels at station 2 affcocted grćaler hiomass (about 27 limes) for the same time and 
place of ex posure (Table 4). Concco rning the h1omass at station I whac: acn1111ulation 
of mud was in lense, the values we re not rea! - 3586. 2 1 g/m 2 (Table 4) since sma ll si ze 
E11rero11wrp h11 i11resti11allis and Emero11w1plw rn1111Jres.,·a (density CCC, thalli height 12-

35 mm) were most ahunJant of mulliceilular organisms. 
The dynamics of fouling com munit ies was slow, especially at station I, due to poor 

immigration of organisms, al most without inter and intraspecific relat1onship and 
invisi hle s tru<.:t ural changes. Such devdopmenl did not help com munities to grndation, 
but it led to Ji screte degradation whid1 mosll y showed as rdatively early mortality and 
slower growth of foulers. However. at station 2 the dominant position of mussels did 
not significanlly affec t the genesis ol communilies, beL·ause intraspec ific relationsh ips 
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between individuals did not lead to mutual destruction nor visible n::duction in growth, 
since individuals formed epihioses of first and second grade. However, due to spatial 
competition, other foulers showed reduced growth not heing capahle to overgrow other 
individuals in the community . Such process led communities to dynamic equilihrium, 
but no! to a completdy stahle state, although it is helieved that such communities with 
mussel as the dominant fouler, accomplish such state - climax (S ch e e r , 1945; 
R e I i n i and S a r a , 1971 ). 

Table 3. Taxonomic composition of fouli ng c:ommunilics at stat ion „ 

D~plh (111) o 0.1.'i l . .'i 10 
F(%) Am F(%) Am F('½) Arn 

Cyanophyta 70.9 C 50.5 C 50.9 C 

Diatnmca..: 100.0 CC 100.0 CCC 100.0 CC 

E11lt'ro11101pha 

illlt'sli11a/i.1· 23.1 3.3 

U!l'G rigida 7.7 I.O 16.7 8 15.4 I.O 

Polysiplwnia sp. 7.7 C 8.3 C 53.9 C 

Mclobcsiaccac 76 .9 14.8 46.2 24.8 53 .9 14.3 

Hydro,.oa 

ind..:t.juv. form. 7.7 3.0 46.2 CC 

A11m11 ia t'phippi11111 76.9 4.5 69. 3 8.6 100.0 23.3 

Hi(lfel/a arclica 53.9 5. 5 41.7 5.3 30.8 2.5 

M11sc11/11.1· sp. 33.4 2.4 8.3 I.O 30.8 5.7 

Ml'li /11.1 

i;allopn,1·i11ci11/is 84.6 81.5 100. 0 33.6 7.7 I.O 

Spimrb i.1 sp. 7.7 8.0 7.7 3.0 

Po111a10,-,,,."_1· 

lri1Jll 1!/l!I' 15.4 2.0 8.3 2.0 61.5 2 .3 

Bala1111s lrigu1111s 7 .7 I .O 

Ba!t11111.,· pe1.Ji,rat11s 8.3 I.O 

Bo\\'t'rhankia 

graci/is 15.4 C 16.7 C 46 .2 CC 
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The values of biomass at station 2 (O and 1.5 m) with enormous settlement of mussels 
is an excellent example of intensive fouling on the eastern Adriatic coast. The greatest 
average biomass of I 9.4 kg/111 2 can be compared to the most intensive settlement on 

Table 4. Fouling biomass in Plomin harbour at testcd sitcs. avcragc values of wet weight 
(g) per I m2 ol' substratum 

Stalion I 2 
Depth (m) 0-0. 15 1.5 0-0. 15 1.5 10 

Exposilion 
or test 

substratum 
(months) 

2.5 months 
lll-V 3586.21 482.76 1862.07 1317.25 137.94 

V-VIII 827 .59 72.42 140 .69 19406.90 248.28 
VIII-X 1444.83 103.45 1382.76 6393.11 182.76 
X-XII 79.31 965.52 7586.21 4327.59 979 .31 

5 months 
lll-Vlll 483.45 261 .38 255 I. 73 1235.87 275.87 
XII-V * * 72.42 2637.94 134 .49 

7 .5 months 
lll-X 110.35 * 11248.28 658.62 198.28 
X-V 1172.42 186 .2 1 186.56 9934.49 871.73 

10 months 
III-I 41.38 189.66 2758.62 1875.87 210.35 

14 months 
III-V 968.97 413.80 8113.80 586.21 996 .56 
III-V * * 6817.25 11000.00 1241.38 
lll-V * * 1865.52 16751 .73 803.45 

* test substratum lost 

plastic collectors in the Bay of Raša (20. I kg/m2 ) . The weight of I 5. 7 kg/m2 is 
comparable to average biomass on shells or oysters from shellfish culture parks on the 
western lstrian coast (I g i ć , 1986) . [n relation to the same substratum (glass plates) 
the biomass was over seven times greater, because such substratum is maximum fouled 
only to 2.6 kg/1112 (I g i ć , 1986) (eastern coast of the Adriatic). Since the greatest 
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values of biomass in the Bay of Plomin were accumulated in only 2.5 months (Table 4), 
if the quoted dala refer to annual period, the fouling intensity can be compared with an 
example of record mussel fouling of 900t/9000 m2 on wooden pillars on the westem 
Adriatic coast (R e I i n i , 1977). 

Toxicological and radiological investigations have shown concentrations of some 
heavy metals (nickel, vanadium, chromium) (L u c u , 1986) and radioactivity 
(radiouranium, radiothorium) (J e I i s a v č i ć , 1986) in organisms and sediments 
approximately to the middle of the bay, as a consequence of activities in the "Raša" coal 
mines and the steam power plant. lt is assumed that higher concentration of mentioned 
metals and radioactivity have no influence on the structure and dynamics of the fouling 
processes. However, every other new activity in the area such as a new power plani 
could cause bigger damages to the ecosystem due to higher amounts of waste discharges 
not only in the inner pari of the bay, but further out as well (L u c u , 1986). 

CONCLUSIONS 

The compos11lon of the fouling complex is relatively homogeneous due to high 
sedimentation of seston on the test plates, especially in the inner (shallow) pari of the 
bay, near the sea floor (I.S m depth). Waste impact on this area is quite evident, so the 
living communities are characterized by organisms typical for urhan-industrially polluted 
harbour waters (effluents of organic origin). In the clearer (middle) part of the bay 
(above 22 m depth) the fouling is more homogeneous in species because of deeper study 
location (10 m) and very intensive settlements of mussels at the surface and I .S m 
depth. 

The accumulation of mussel Myrilus galloprovincialis (average biomass 19.4 kg/m2 

of substratum) in only 2.5 months represents the most intensive fouling on the eastem 
Adriatic coast, comparable to the heaviest fouling generally in the world. 

lt is assumed that the consequences of activities from the "Raša" coal mines and the 
steam power plani do not yet have adverse impact on the structure and dynamics of the 
fouling process. 
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OBRAŠTAJ PLOMINSKE LUKE 

Lj. I g i ć 

Centar za istraživanje mora, Institut "Rudjer Bošković ", Rovinj, 
Hrvatska 

KRATKI SADRŽAJ 

Obrašta_j kao povoljan bioindikator kvalitete sredine bio je uključen u jednogodišnja 
istraživanja zajedno sa radiološkim, toksikološki m, hiocenološkim i fizikalno-kemijskim 
studijama dosta atraktive plominske luke, obzirom na relativno spec ifične prirodne i 
antropogene utjecaje (geomorfološka raznolikost terena, ulijevanje rijeke Boljunčice, 
aktivnost rudnika ugljena "Raša", termoelektrana, itd . ) na morski ekosistem. 

U zaljevu su testirane dvije postaje i to u unutrašnjem plitkom dijelu skoro neposredno 
iznad muljevi tog dna ( 1.5 m) na udaljenosti od ušća rijeke Boljunčice (postaja I). 
Druga se postaja nalazila skoro u sredini zaljeva iznad 22 m dubine, oko 1.5 km od 
ušća rijeke Bol,iunčice koja doprinosi donosu sedimenta, produkata tehnološkog procesa 
rudnika ugljena "Raša "i termoelektrane . 

Taksonomski sastav ohraštajnih zajednica bio je dosta homogen na obje postaje na što 
je utjecala velika sec.limenlaci_ja sestona, posebno na postaji I na 1.5 m dubine, uglavnom 
zbog neposrednog utjecaja muljevitog dna. Kod te su postaje prevladavali organizmi 
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tipični za lučke vode, tj. organizmi koji toleriraju urbano-industrijsko zagadjenje 
pretežno organskog porijekla (Cryptosula pallasiana, balanidi) i niži salinitet 
(Cyanophyta, Enteromorpha intestinafo·, Ectocmpu.1· siliculo.1·us, Balanus amphitrite, B. 
ehurneus, B. improvisus) . Medjutim, na postaji 2 na 10 m dubine dominirali su 
organizmi kc~ji preferiraju čistije vode (Hydroz.oa) euribatnog karaktera (Anomia 
ephippiu111, Po111atoceros rriqueter). Na površini i 1.5 m dubine u obraštajuje apsolutno 
prevladavala dagnja Myrilu.1· galloprovincialis, koja zbog eurivalentnih adaptivnih 
svojstava nije bioindikator sredine. Medjutim, posebno je prihvat dagnje značajan, 
budući da je utjecala na enormnu težinu (19406,9 g/m2) koja je ikada zabilježena na 
istočnoj obali Jadrana , a u rangu je najvećeg intenziteta obrašćivanja širom svijeta. 

Razvoj obraštajnog procesa na ohje _je postaje vodio ka di skretnoj degradaciji koja se 
manifestirala u smanjenom rastu ohrašćivača i dosta ranom mortalitetu (posebno na 
postaji I) . Na takav proces i posljedice razvoja utjecalo je i znanim> nagomilavanje mulja 
(postaja I) i velika prostorna kompeticija (postaja 2). 

Istovremena toksikološka i radiološka istraživanja u zaljevu pokazala su povišenu 
radioaktivnost i pove.ćanu koncentraciju nekih teških metala u organizmima i sedimentu 
u užem dijelu zaljeva. Pretpostavlja se da ove posljedice rada termoelektrane i rudnika 
za sada nema.JU štetnog utjecaja na strukturu i dinamiku obrašta_jnog procesa, ali svaka 
daljnja izgradnja (npr. termoelektrane) mogla hi imati ve.ćih negativnih posljedica na 
ekosistem i u širem dijelu zaljeva . 




