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The benlhic alga! vegctalion of the North Adriatic shclf arca was impovcrishcd in biomass, 
!lorislic diversily and main associalions of fucoid algae . Thcse changes are condilioncd by thc 
incrcased culrophicalion of Lhc area as wcll as river-born and direcl industrial and domeslic 
cf!luenls. In spite of Lhcsc changcs Lhe northcrn Adrialic slili rcprcsents a resourcc of alga! raw 
matcrial , which could be cxploited on a minor scalc, mainly in food - and pharmaceutical 
industry. 

With Lhis in mind a survcy of Lhc main vcgctalion paltcrns and alga! biomass is given, along 
wilh some dala on thc protein- and ascorbic acid contcnt in some common spccies. lnvcstigations 
were carricd oul in Lhc vicinily of Piran , Gulf of Tricstc. 

INTRODUCTION 

During the last few years interest arose about exploitation of alga! resources in the 
Adriatic Sea as a whole. In this contribution some data and suggestions for the North 
Adriatic shelf area will be given. 

The benthic alga! vegetation of the northem Adriatic was impoverished in terms of 
biomass, floristic diversity and main associations of fucoid algae. Consequently changed 
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zonation pattems were also observed. In spite of these changes the northem Adriatic still 
represents a resource of alga) raw material, which could be exploited on a minor scale 
in food- and pharmaceutical industry or as animal fodder and as manure. 

Vegetation pattems and alga) biomass were studied in some areas of the northem 
Adriatic (Fig. 1), such as Rovinj with the Lim fjord (Limski kanal) on the Istrian coast 
and on some islands of the Gulf of Quarnero (e,g. Mu n da, 1961a; 1972; 1973 ; 
1975 ; 1977 ; 1979 ; 1980 a,b; 1982 ; 1985 ). The chemical composition of North 
Adriatic seaweeds was investigated previously at Rovinj regarding the alginic acid, 
protein and mannitol content and was also connected with biomass studies (Mu n d a, 
1961b; 1962; 1964; 1973; 1974; 1979; 1988 ). The amino acid composition of some 
common species was also evaluated (Mu n da and Gube n š e k, 1986). 

Recent investigations of vegetation pattems, alga! biomass and chemical composition 
of individua) species were carried out around Piran in the Gulf of Trieste. Some data 
on the ascorbic acid content in alga! material from this area are given (M u n d a , 
1987). Ali these data yield, however, information about the availability of North 
Adriatic seaweeds as raw material for different purposes. 
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ECOLOGICAL CONDITIONS 

Changes of benthic alga! vegetation in the North A<lriatic shelf area were mainly 
con<lilione<l by a heavy impact of organic an<l inorganic pollutants, which are carrie<l in 
hy rivers ( e.g. Po, A<lige, Tagliamento, lsonzo ) or by <lirect in<lustrial an<l <lomestic 
effluents. These pollutants are transferre<l in the surface water layers by a regular 
convection current. Local circuits of a changing <lirection were notice<l in the Gulf of 
Trieste (R a .i a r , 1990) in<licating the maximum transfer of pollutants <luring calm 
weather. 

There is, however, a cyclonic circulation over the A<lriatic as a whole. ln its 
northernmost part, which is a shallow shelf, the surface water is un<ler the impact of 
freshwater runoff of the North ltalian rivers, while the open North A<lriatic water is 
influence<l by a<lvection from the south. Collecte<l hy<lrographic <lata reveale<l the 
existence of a fronta] zone hetween col<ler, low salinity water from the north an<l saltier 
an<l warmer water from the S(lllth (Zore - A r ma n <l a et al., 1983). The position 
of a semi -permanent fronta! zone is inlluence<l by the hora win<l, which hlows in an 
offshore <li reci ion. 

ln the northernmost pari of the A<lriatic Sea, the Po River affects the formation of a 
peculiar cin.:ulation. A !ine between the Po River mouth an<l Rovinj separates two gyres, 
an anticyclonic S()llth and the cyclonic one north of this ]ine ( Z o r e - A r m a n <l a 
an<l V u č a k , 1984). Influence of the Po River water along the lstrian coast is, 
however, more pronounce<l <luring bora win<l an<l <luring summer stratification. In 
winter, the coastal tlow shows vertical homogeneity. The response of the current fiel<l 
to the hora win<l has heen examine<l by current <lata analyses (Mo set I i , 1972 ). In 
a<ldition , the two-gyre current pattern was explaine<l in terms of the alongshore 
variabil ity of the bora win <l (Zor e - A r ma n <l a an<l Gači ć , 1987). 

Temperature and salinity <lata were collecte<l <luring alga! samplings at Piran in the 
Gu lf of Trieste. Monthly values an: presente<l in Table I. Water samples were taken 
simultaneo usly with alga! samples at O 111, I m, 3 m an<l 7 m <lepths . Results in<licated 
that in February/March the water temperature increase<l with <lepth, while it decrease<l 
in April. Homeothermic con<litions were in<licated in May an<l Octoher. During the 
summer strati ticati on (June, July, August) the water kmperature <lecreased with <lepth, 
whereas in Novemher the opposite trend was again foun<l. Maximum water temperature 
was observe<l in August. lt tluctuated hetween 7.7°C in February/March to 25.5°C in 
summer. Salinity minima were observe<l in this area in June/July an<l maxima in 
Fehruary/March, coinci<ling with temperature mini ma. Salinity values tluctuate<l between 
33 .9 %o an<l 38.4 %o. With exception of August, !here was a tendency of salinity 
increase with <lepth. 

The tic.Jal range at Piran varies from 0.25 to 0.95 111. The main collecting site was 
Punta Maclonna at Piran, facing north west. Below a concrete wall there are loose 
boulders of tlysch an<l limestone, with san<ly surfaces hetween them. San<ly extensions, 
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Table I. Seasonal distribution of temperature and salinity at differcnt depths near Piran 

depth T°C F M A M .J 
(m) 

o 7.8 7.7 11.5 12.5 19.9 

I 8.2 7.9 10 .2 12.5 19.6 

3 8.4 8.5 10.1 12.2 19.4 

7 8.6 9.9 !O.O 12. l 18.5 

Sal(%o) 

o 37 .3 37 .8 37.6 37.9 33.9 

I 37 .5 38.2 37 .6 37.7 33.8 

3 37.6 38 .3 37.8 38.0 33.7 

7 38.4 38.3 38.0 38.1 34.0 

J A 

22.5 25.5 

21.8 25.5 

21.5 25.0 

20.7 24.0 

34.6 35.2 

34.2 35.2 

34.6 35 .3 

35.1 35 .3 

o 

18.5 

18.5 

18.3 

18.3 

35.2 

35.5 

35.3 

36.6 

N 

15.0 

15.1 

15. ! 

15.6 

36.2 

36.7 

36.8 

37 .1 

°' 00 

°' 
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bare of bcnthic algae, prcvail bclow 7 m <kpth. The secnnd prolile investigated is 
situakd closer to thc town or Piran , with huge rnncrele and limeslonc blocks m 
lhc eulilloral and upper sublilloral , .nne . 

METHODS 

Alga! samples were collectetl hy means of a l /4 m2 frame, within which the 
suhstratum was scrubbed clean. Three parallel samples were taken at each level: in the 
eulittoral anti at I m, 3 m anti 7 111 tlepths. The samples were roughly sortetl in the tield 
and hrought to the lahoratory for further examination. The fresh weight hiomass of the 
total samples was tletermined in the tieltl. 

The dry weight of indivitlual species was tletermined hy tlrying at 105°C for 24 
hours. The protein content was evaluatetl in some dominanl species hy the micro 
Kjeldahl procedure. For ascorhic acid analyses the samples were stored hy deep-freezing 
at - I 8 °C. After vacuum drying at 30°C samples were ground and ascorhic acid 
determined spectrophotometrically hy the 2,4- dinitrophenylhydrazine method according 
to Riie and Osterling ( 1944). 

RESULTS 

The results presenled here refer to rec<!nt investigations at Piran, while those from the 
Rovin.i area and thć island of Krk wern reported in prćvious works, cited in the 
introduction. 

Mai11 1·egef{lfio11 paHerns 

A rough survey of the main vegetation pattans around Piran is presented here, while 
detailed information with ali lhć tloristic elements included will follow separately. 
Schćmes of two characteristic transects in this a rea are given in Figs. 2 and 3. They 
rćpresent the zonation in a relatively undisturhed - and in a moJerately polluted site. 

The main characteristic foaturć of the vegetation of this area was a rćduction of fucoid 
stanJs and reduce<l quantities of rćd algae. 

ln relatively unJi sturhed sites Ca1e11ella caespitosll (With. ) Dixon et lrvine occurs in 
patd1es in the level of thć littoral fringe, whereas in polluted sites Cyanohacteria prevail 
( e.g . Ca/orhl'ix c/'usracea Thur. , Ril'lllllria spp . , Li!lw11e111a lldrimic11111 Ere.) . The 
narrow eulittoral zone around Piran was depleted of fucoiJs in most sites. Spring 
annuals were dominant at this level, which was characterized hy a low alga! biomass an<l 
reduced species Jiversity . Ulolh!'ix spp., Bw1gill 111ropu1p11rea (Roth.) C.Ag., Porphym 

/e11coS1ic111 Thur., Ecwrnrpus silicu/o.rns (Dillw.) Lyngh., Scy10sipho11 lomenraria 
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(Lyngb.) Link., Cera111iu111 diapha1111111 (Roth.) Harv., Griffithsia spp., single specimens 
of Callitha11111io11 cory111hos11111 (Smith.) Lyngb. along with grćen alga<:! (Ulva rigida 

II.ILATIVflY UNOISll.ll.&ED sm 

CAlfNfllA CAlSPll O SA 
1-tWl 

ULVA 11.IGIDA-

[Nl(ROMOI.PHA INHSl INALI S 

lwt 

CYSTOS(IRA COMl'<fSSA 

CYSTOSE IRA SARaATA 

PADINA PAVONICA 

DIClYOTA OICHOTOW 

0ICTYQPT[~IS M(M&RJ>.NACf.A 

KALOM [RIS SCQP.t.RIA 

P( YSSO NNfllA SPP. ~ 

l.ANARDINIA ?9.01 01 YPIJ'. ~ 

Fig. 2. Schcmc o f' alga! zonation at a rclativcly undisturbcd site 

C. Ag., Blidingia 111i11i111a (Nag. ex Kiitz.) Kylin, E11tero111u1pha spp . werć common at this 
level. Green algae occur, however, during the year in sevćral subsćquent gent:!rations. 
Turf-like mats of Gelidi11111 pusillum (Stackh .) Le Jol. with diversć Gelidiella species 
were also frequent at this level. Cladophora species were found in eulittoral <lepressions 
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aml small tide pools (Cladophora ruchingeri (C.Ag.) Kutz., C.da/111atica Kutz.). ln 
some rdatively undisturhed sites outside Piran the eulittoral was occupied by the 
endemic fucoid Fucu.1· virsoide.1· (Don.)J.Ag. which occurred discontinuously. Green 

MODCRAIUY POtltJlfD SITI 

(,ALOTltRJ;, o:u) T.A(I.A 

- ___,_~ ll:!VlJLJ.PI.ASr . 

• __ --- UL01 HP.IX sr1•_ 

.. . G ( llfH UM rus11 I UM 

BI IO INl ,l/1 Mlt-111\M 

l!Wl 

lNl(RQ MQKPltA Sl'f' 

ULVA tU C IOA 

SC YT OSIPHON LOM[ 1"1 AJUA 

ULVA RI G IDA 

lll/1 

0ICTYOIA OICHOTOMA 

Fig. 3. Schcmc of alga! zonation at a modcratcly pollutcd sile 

HAlOPlERIS SCOPARI/ 

CRUSTOSE 
CORAlLINf S 

algae wt!rt! conspicuous in its stands as t!piphytt!s anJ companion specit!s ( Utva rigida, 
E11tero111orph11 proliferu (0. F. Muli. )J .Ag., E. i111es1i11alis (L. )Link.) and Hildenhrandia 
rubra (Sommerf.) Menegh., Ra/j.i'ia spp., Phy111atoli1ho11 le11orma11dii (Aresch._) Adey 
in its undergrowth . Under conditions of high exposure Cystoseira compressa (Esper) 
Gerloff et Nizamuddin stands were lifted up into the eulit toral zone. On the concrete 
wall at Pun ta Madonna Cyanobacteria ( Oscillaroria sp . , O. nigroviridis Thwai tes) covered 
extens ive surfaces in summer. San<ly slopes were populated by in terwoven mats of 
Ceramium ciliatum (E llis) Ducluz. in spring. 

ln some expose<l sites, the level of the eulittoral / sublittoral _junction as well as the 
upper sublittoral were populateJ by mats of Corallina ojjici11alis L. 
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ln the sublittoral, Cysroseira species were stil I common m relatively unc.listurbec.l sites, 

though their populations were discontinuous . Cysroseira co111pressa anc.l C. barbara 
( Gooc.l.et Wooc.lw.)J.Ag. were rather frequent in the upper suhlittorall, while C. cri11ira 
(Desf. )Bory anc.l C. corn iculara (Wulf. )Zanarc.1. occurrec.l in scatterec.l stane.I s lower c.lown, 
between 3 m anc.1 7 m c.lepth. Dense populations of Dicryora dichoro111a (Huc.ls. )Lam. anc.l 

Halopreris scoparia (L.)Sauv. were characteristic of this area anc.1 the northern Ac.lriatic 
as a whole. They interrupt or even replace Cysroseira populations. ln some moc.lerately 
pollute<l sites, closer to the town of Piran , c.lense stanc.ls of Halopyrhis incurvus 
(Huc.ls. )Batt. were common between I m anc.1 3 111 c.lepth. The c.lominant species was 
c.lensely coverec.l with epiphytes. Padina pm·o11ica(L.)Thivy was founc.l in patches 
throughout the sublittoral slopes anc.1 was especially prolific in summer, while 
Dicryopreris 111e111hra11acea (Stackh. )Batt. was relatively rare. Further species, which 
occurrec.l in notahle quantities along the investigatec.l profiles were Nirophyllum 
pu11crari1111 (Stackh.)Grev . in spring and laurencia ohru.rn (Huds . )Lam. along with 
Wrangelia penicillara J.Ag. in summer. Prerocladia capillacea (Gmel.)Born . et Thur. 

was founc.1 in patchi!s at lower suhlittoral levels . Codi11111 species inc rease<l in quantity 
(Codiu111 l'enn i lara (Olivi)Delle Chi~je, C. ejji1.rn111 (Raf.)Delle Chiaje) anc.l were also 

founc.1 in the upper sublittoral even hetween Coralli11a mats . Codi11111 bursa(L.)C.Ag. was 
rather frequen t in the lower sublittoral. 

Aroun<l the eulittoral/sublittoral junction anc.l in the uppermost sublittoral, Ulva rigida 
formec.l prolific populations together with c.liverse E11rero111orpha species in spring an<l 
early summer. Scyrosipho11 /0111emaria was prolific at the same levels in spring. The 
c.levelopment of such c.lense populations of seasonal annuals was possible in sites, where 
there is no competition with fucoic.ls. ln the upper sublittoral spring annuals appeare<l 

mainly as epiphytes on the perennial macroalgae, such as Cysroseira species, Coralli11a 
(1fici11alis anc.1 Halopyrhis i11curl'lls (e.g. Callirhm1111io11 cory111bosu111. Cera111i11111 
diapha11u111, C. ci/iaru111, C. gracilli111u111 (Griff.ex Harvey) G.Felc.lm., C. codii 
(Richarc.ls) G.Felc.lm .,C.ruhrw11 (Huc.ls.)C.Ag., Prilorha11111io11 p/u111a(Dillw.)Thur., 

Sper1110rha11111io11jlabellaru111 Born., Grifjirhsia spp., Co111psorha11111io11 rhuyoides (Smith) 

Schmitz, Spyridia jila111emo.rn (Wulf.) Harvey, Amirha11111io11 cruciatu111 (C. Ag. )Nag ., 

A. p/11111ula(Ellis)Thur. , A. re11uissi111w11(Hauck)Schiffner, c.liverse Polysiphonia species 
with P. jiircellata(C .Ag.)Harv. as the most common, Nirophy/lum pu11ctatw11 , 
Ectocmpus si liculo.rns, Cladophom dalmaricn) . 

lt is noteworthy, that in some pollutec.l sites Cysroseira species were absent along the 
entire transect (Fig.3). ln such cases, Dictyora dichoro111a, Halopyrhis incurvus an<l 
Halopteri.1· scoparia fonnec.1 the main stan<ling crop. ln the lower suhli ttoral, at 7 111 

c.lepth, the vegetation was change<l an<l crustose tloristic elements prevaile<l, such as 

Peysso1111elia squamaria(Gmel. )Decne. , P. polymo1pha (Zanar<l. )Schmitz, Za11ardi11ia 
prorotypus Narc.lo, Pseudolirhophyllu111 expa11.rn111 (Phil. )Lemoine, lirhophyllum 
i11crusta11s Phil . , lirhorha11111io11 spp. At this level tropical tloristic elements joinec.l the 
vegetation (e.g. Halimeda runa (Ellis.et Sol. )Lam., A11adym11e11e stellara (Wulf. )C.Ag . , 
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Udotea petiolata (Turra)Borg.). Sargassum species, which were well represented in 
the northem Adriatic before the severe pollution impact, are likely to disappear and 
were not found in the area under discussion. • 

Number oj species 

Only the main floristic elements, which are outstanding in the vegetation armmd 
Pirru.1, were mentioned above. The tata! number of species found along the profiles 
investigated, is presented in Table 2. The lowest number of species was found in the 
eulittoral zone with scasonal rnaxima in spring (April) and autumn (October). The 
number of specics was notably higher in the upper sublittoral, between I m and 3 m 
dcpth and was again lowcr at 7 m, where seasonal variations were inconspicuous. 
There were some differences in the seasonal variations in species number between the 
investigated profiles. At 3 m and 7 m depth the highest number of species was found in 
June. Maxima at these sublittoral levels are obviously due to the rich epiphytic cover 
of Cystoseira species and of Halopythis incurvus. 

Fresh weight biomass 

The fresh weight biomass of total alga! populations at different depths is presented in 
Table 3. In the eulittoral, the alga! biomass was low, with a peak in April, which 
conicided with the highest species diversity. The autumn maximum in species number 
did not, on the other hand, contribute to an increased biomass. Measurements at this 
level were carried out at a typical locality, depleted of fucoids . Tbe main alga! biomass 
in this area was concentrated between 1 m and 3 m depth, on account of Cystoseira 
species, Halopythis incurvus, Halopteris scoparia ai1d Dictyota dichotoma as 
dominants. The rest of the species contributed only a minor part to the biomass of the 
entire populations. The fresh weight biomass was notably higher at the second 
investigated locality, closer to the town of Piran than at Punta Mad01ma. At this 
locality Halopythis incurvus was dominant between 1 m and 3 m depth. At 1 m depth 
the highest biomass was found in April on accmmt of the appearance of diverse spring 
annuals, first of ali representatives of the Ceramiaceae and of the genus Polysiphonia. 
ln addition, at this level the autumn maxinmm in species number was not connected 
with an increased fresh weight biomass. At 3 and 7 m depths the seasonal maximum in 
biomass was transferred to Jm1e at the first, and to May /June at the second locality, 
mainly on account of the fully grown and fmiting Cystoseira thalli and their epiphytic 
cover. At the second locality the admixture of notable quantities of Halopythis 
incurvus and its numerous epiphytes contributed to the greater part of tbe fresh weight 
biomass. At 7 m the biomass was lower thru.1 at the two intermediate levels of 1 m and 
3 m. It exhibited maxima in June at the first and in May at the second locality. It is 
noteworthy, however, that ru.1 elevated number of species was not always consistent 
with an increased biomass. 
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Table '.! . Seasonal variations in the number of species at different depths at Piran 

depth F M A M 
(m) Locality I 

o 12 17 '.!O 15 

l '.!6 '.!9 32 '.!5 

3 17 20 2: 26 

7 21 '.!O 25 23 

Locality 2 

o 15 20 25 25 

l '.!O 25 28 '.!9 

3 11 19 21 '.!I 

7 38.4 38.3 38 .0 38 .1 

J J A 

14 10 10 

'.!5 24 '.!5 

31 30 25 

25 25 25 

30 26 '.!3 

33 '.!6 25 

27 21 19 

34 .0 35.1 35.3 

o 

17 

30 

20 

24 

22 

'.!8 

21 

36.6 

N 

l '.! 

16 

17 

20 

15 

17 

13 

37.1 

OI 
\O 
N 
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Table 3. Seasonal variations of fresh weight alga! biomass at different depths at Piran (g m 1
) 

depth F M A M J 
(m) Locality I 

-
o 240 360 620 430 400 

I 2480 3000 6000 5040 4800 

3 840 2120 4040 5200 5200 

7 680 400 400 3'.200 1400 

Locality 2 

() 360 1960 4200 1800 1700 

I 480 520 730 l'.200 6000 

3 '.2'.20 400 400 1400 '.2600 

7 38.4 38.3 38.0 38.1 34.0 

J A o N 

120 80 40 40 

4400 3400 1200 1400 

4020 1800 '.2000 800 

1200 1000 400 200 

1000 800 800 600 

4000 '.2100 600 600 

1000 440 '.200 '.200 

35. l 35 .3 36 .6 37.1 
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Chemical composition 

Recent data on the protein content of some common brown algae from Piran are 
presented in Fig. 4. Among the fucoids, the eulittoral Fucus virsoides had the highest 
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Fig . 4. Protein content in some common brown algae from Piran 

protein content, with a maximum in June during the peak of its vegetative period. The 
highest protein content was found in March for Cystoseira compressa and in winter for 
C. barbata. It appeared likely, that maxima in protein content are transferred from 
winter/spring towards summer in correlation with depth . Fucus virsoides grows in the 
eulittoral, Cystoseira compres.rn around the eulittoral/sublittoral junction and the 
uppermost sublittoral and C. barbata lower down the sublittoral. The protein content in 
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representatives of the Dictyotales and in Halopteri s scoparia was higher than in the 
fucoids and again highest in Dicryopreris membranacea. Maxima in spring and autumn 
were observed (Fig.4) in ali three species analyzed here. 
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Fig. 5. Ascrob ic acid contcnt in brown algac from Pirari 
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The ascorbic acid content in some common brown, red and gret:·n ,tlgae from this are:-: 
is presented in Figs. 4 to 8 and is expressed on a fresh weight - and dry weight basis 
(M u n d a, 1987). Among the fucoids, Fucus virsoides had thc highest content of 
ascorbic acid and Cystoseira crinita the lowest. The latter species was collected between 
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Fig. 6. Ascrobic acid contcnt in brown algac from Piran 
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3 111 and 7 111 depth. In C. compressa which is fou nd in the uppermost sublittoral or even 
eulittorally, the ascorbic acid content was lower than in Fucus virsoides and higher than 
in low-level Cystoseira species. A correlation between the littoral level and ascorbic acid 
content in fucoids was hence indicated. In Fucus virsoides and Cystoseira compressa 
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maxima in ascorbic ac id con!ćnl were found in winter and in June, while in C. crinita 
a spring maximum was ind ica ted. T he spring annual Sc)110sipho11 lo111ellfaria had its 
maximum in asco rbi c acid content in March, during the height of its vegetative period . 
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ln Dictyota dichotoma and Halopteris scoparia, which are outstanding in the biomass 
of slightly polluted habitats, the ascorbic acid content was lower than in the fucoids. In 
Dictyota a gradual increase in ascorbic acid content was found after a minimum in 
March, whereas Halopreris scoparia exhibited a pronounced summer minimum. ln 
Padina pavonica which was tested only in autumn, the ascorbic acid content was low. 
In Ectocmpus siliculosus a spring maximum was observed and after a decline in May 
a subsequent increase in June, when a new generation appeared . 

Among the red algae (Fig. 7) the seasonal course in ascorbic acid content was 
followed in the perennial Halopyrhis incurvus and in the seasonal Cerwnium ciliarum . 
Ascorbic acid content was rather low in Halopyrhis with inconspicuous seasonal 
variations. A decline from spring towards autumn was indicated. In Cera,niu,n ciliatum 
the maximum ascorbic acid content in April coincided with the height of its vegetative 
period. 

Among the green algae (Fig. 8) Ulva rigida and mixed samples of diverse 
Enreromorpha species were analyzed. Maxima and minima in ascorbic acid content 
obviously retlected the appearance and disappearance of subsequent generations. 

DISCUSSION AND CONCLUSIONS 

The benthic alga! vegetation of the North Auriatic shelf is exposeu to a cornbination 
of environmental stresses, such as the input of sewage, inuustrial <lischarges anu 
agriculture drainage. The greater part of these pollutants is carrie<l into the area by the 
Po River (M a r c h e t ti et al., 1989). The increased eutrophication has profoundly 
changed the benthic alga! vegetation in terrns of biomass, tloristic diversity and leading 
alga( associations (Mu n da, l980a,b; 1982). The main characteristic feature ofrecent 
North Adriatic vegetation isa reduction of fucoid populations , which were replaced by 
seasonal annual in the eulittoral and hy diverse populations of perennial and seasonal 
species in the sublittoral (Dicryora dichoroma, Dicryopreris 111e111branacea, Padina 
pavonica, Halopteris scoparia, Halopyrhi.1· incurvus, Ulva rigida, Enrermnorpha species, 
Sc),rosiphon lomenraria). Lack of competition with fucoids gave, however, opportunity 
for the development of other populations throughout the sublittoral levels. ln spite of 
these pollution-induced changes, Cyswseira species still represent the major part of 
alga! biomass in the northern Adriatic . It is concentrated between l rn and 3 rn depth 
in the Gulf of Trieste, around Piran, anu to lower levels arounu Rovin_j . Cysroseira 
compressa and C. barbara are common in the upper sublittoral. Around Rovinj, C. 
adriarica Sauv. was also frequent at this level and was usually <lensely overgrown by 
Jania rubens L.. C. spicata Ere. (C. srricra Sauv. v. spicara(Erc.)Giaccone) is besiue 
C. barbara the most frequent North Adriatic Cysroseira species. It was found over a 
wide range of exposure conditions at Rovin_j (M u n d a , I 979; 1982) but was rare 
around Pinm. Among_just mentioned species both C. spicara and C. barbara exhibit the 
highest average biomass (average maxima of 5200 and 5600 g nr2

). North Adriatic 
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C·,·\·roseira species have their maximum biomass in June, during the most vigorous 
g, .>wth and fruiting (M u n da , 1972; 1979; 1990). C. cri11ita and C. comiculata form 
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scattered stands in the lower suhlittoral, with a lower hiomass and inconspicuous 
seasonal variations. Notahle fresh-weight hiomass values were founc.l also for some other 
brown algae, which form continuous populations hetween the fucoid stands, such as 
Dictyota dichoto111a and Halopteri.1· scoparia (average maximum hiomass values 1500 
anc.l 2 I 00 g ni"" respectively). Dicryopteris 111e111hra11acea and Padina pavonica occurred 
scattered in small patches, hut the average biomass measured within their individua! 
stanc.ls was relatively high ( 1750 and 900 g nf"). 

The spring annual Sc~vtosipho11 lome11taria covered wide surfaces around the 
eulittoral/sublittoraljunction and in the uppennost suhlittoral. lts average biomass ranged 
from 21 O to 2700 g 111·". 
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Among red algae, which became rare in the polluted North Adriatic basin, only the 
perennial Halopythis incurvus and Corallina ojjicinalis formed rather extensive 
populations, the first one between I 111 and 3 m depth and the second in the upper 
sublittoral. A verage biomass values ranged from 300 to 2600 g m·1 for Halopyrhis and 
from 340 to 1600 g m·2 for Corallina. Pure populations of seasonal red algae occurred 
only in patches, though the fresh weight biomass within these small, scattered 
populations could be notable. The average fresh weight biomass of the spring annual 
Ceramium diapha1111111 ranged from 100 to 1600 g m·2 and that of the summer annual 
Laurencia obru.rn from 150 to 1900 g 111·1 . High-level red algae, which form locally turf
like mats (Carenella caespirosa, Gelidium pusillum) exhibited low biomass values. Green 
algae, which became prolific in polluted sites had a rather high biomass, as e.g . Vlva 
rigida with average values from 300 to 3400 g nf2 and E11reromo1pha species from 280 
to 4300 g nf1

. 

Recent investigations around Piran, described in the above chapters, revealed that 
biomass of the total populations was lowest in the eulittoral in sites depleted of fucoids . 
Seasonal maxima were found in spring. In relatively undisturbed localities, where the 
perennial Fucus virsoides persisted, its biomass was highest in June (average seasonal 
maximum 2850 g ni-1

). 

The highest biomass of the entire populations was found between 1 m and 3 m depths, 
ranging from 360 to 6000 g m·1 during the seasons. It was again lower at 7 m, wh1ere 
crustose tloristic elements prevail and seasonal variations are less conspicuous. It is 
noteworthy that the seasonal maxima in fresh weight biomass were found in spring in 
the uppermost sublittoral, and in May/June at 3 m and 7 m depth. Spring maxima in the 
eulittoral and in the uppermost sublittoral are due to the appearance of diverse spring 
annuals, mainly representatives of the order Ceramiales. 

The chemical composition of individua! species of benthic algae from the northern 
Adriatic was investigated in connection with biomass studies as well as with the aim of 
their evaluation as raw material for different purposes (in food- and pharmaceutical 
industry , as animal fodder and as manure) . Previous (M u n d a , 1962; 1974; 1988) 
and recent studies of the protein content in the Adriatic seaweeds have revealed, that it 
would be sufficient for eventual additional human and animal nutrition. Fucoid algae 
revealed protein maxima during different seasons, as e.g. Fucus virsoides in June, 
Cysroseira compressa in March and C. barbara in winter. Representatives of the 
Dictyotales had a higher protein content than the Fucales and exhibited spring and 
autumn maxima. A high protein content was likewise found in Scyrosiphon lo111e11taria. 
lt was in general higher in red than in brown algae and again highest in Porphyra 
leucosricra and the high-level species Care11ella caespirosa. lt was observed that the 
protein content in benthic algae increases under stress conditions, such as lowered 
salinity and pollution impact. Extremely high protein values were found in green algae 
from polluted sites (M u n d a , 1988). In connection with the interest for exploitation 
of some species, their total amino acid pool was also determined (M u n d a and G u 
ben š e k , 1986) . Results indicated some differences in the overall proportions of the 
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individua) amino acids in brown, red an<l green algae . In ali the brown algae 
investigate<l glutamic aci<l was the main constituent. Glutamic an<l aspartic acid, together 
with their ami<les, are present in high amounts in ali the taxonomic groups . The amino 
acid which was next highest is alanine. There is a general similarity in the amino acid 
composition of the brown algae, but notable variations among taxa of red algae. In 
P01phyra foucosricra alanine was the major constituent , arginine in Ca1e11ella caespirosa 
and proline in Alsidium coralli11um C.Ag. ln Polysipho11ia species aspartic acid was 
higher than glutamic aci<l. The A<lriatic species of benthic algae investigated exhibit, 
however, an amino aci<l content which would make them suitable in hllman an<l animal 
nutrition. Essential arnino aci<ls are present in sufficient amollnts. 

As a further aspect of potential utilization of North A<lriatic algae their ascorbic acid 
(M li n d a , 1987) content was <letermine<l. The highest concentrations of this vitamin 
were foll n<l in Fucu.1· 1•irsoides and lowest in Cysroseira cri11ira, as far as fucoids are 
concerned . Vallles found for C. compressa were interme<liate between the two species. 
Regarding the position of these fucoids on the littoral slopes a decrease of ascorbic acid 
content with <lepth was in<licate<l . Maxima were found in June for the two high-level 
fucoids and in April for C. crinira. An increase of ascorbic acid towards winter was 
indicated in ali the fucoid species investigated. High concen tration of ascorbic acid was 
follnd in Dicryora dichorm11a , whereas it was rather low in the perennial red alga 
Halopyrhi.1· incurvus. lt was again higher in the spring annual Cera111iw11 ciliarw11. ln 
green algae irregular variations of a rather low ascorbic aci<l content were observe<l 
probahly connecte<l with the appearance an<l <lisappearance of SllCCeeding generations. 

Previolls an<l more recent stu<lies on the alginic aci<l content in the A<lriatic brown 
algae (M li n <l a , l 964; 1973; 1990) reveale<l a rather high content in fucoid species, 
ranging, from approx. 18 to 25 % of <lry weight. Nevertheless, the A<lriatic brown algae 
are inappropriate as alginic. aci<l raw material hecause of low viscosity of the isolated 
products . 

On the basis o f ali the dala collecte<l aroun <l Rovinj and Piran some suggestions for 
poten tial commercialization of North A<lriatic algae cou ld be given. 

F11c11.1· 1-ir.wide.1· coul<l be exploitec.l on a small scale in relativdy unpollute<l habitats , 
where it fonns continllolls belts. The best sampling wolllc.l he in June, when maxima in 
hiomass, protein-anc.l ascorbic acic.l content coincic.le . li coulc.l be use<l in human nutrition 
anc.l as animal foc.lc.ler. A similar commercializ.ation coulc.l he sllggestec.l for Ac.lriatic 
Cysroseira species, especially for those from the llpper sublittoral. The best sampling 
time would be in June, when their biomass is at its maximllm. Seasonal maxima in 
protein content were found c.luring c.lifferent seasons, as e.g. for Cysroseira compressa 
in March anc.l C. barbara in winter, while the ascorbic aci<l content was highest in June. 
Low-level Cysroseira species woulc.l be less suitahle for small-scalc exploitation because 
of thei r scatterec.l stands in the sllblittoral. Seasonal variations in biomass anc.1 chemical 
composition were )ess pronollnced than in focoi<ls from the upper water levels . 

Representatives of the Dictyotales (Dicryora dichoro111a, Dicryopreris 111e111bra11acea, 
Padi11a JHl\'011ica) along with Ha lopreri.1· scoparia colllc.l be harvested throughollt the year 
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on a small scale as additional food and for pharmaceutical purposes. These species 
exhibit spring and autumn maxima in protein content, higher than in the fucoids, and 
two maxima in ascorbic acid content. Representatives of the Dictyotales contain 
phloroglucin along with other antibacterial and antifungal suhstances (M o r e a u er 
al., 1984). Fungicidal substances were found also in Halopteris scoparia and other 
representatives of the Sphacelariales. Small-scale harvesting during spring could be 
suggested for the seasonal species Sc)>fosiphon lomentaria, which is especially prolific 
in polluted sites. Both hiomass and protein content were increased for this species in 
heavily polluted habitats . A maximum in ascorbic acid was found during the peak of its 
vegetative period. Fungicidal and antitumor substances have been found in the extracts 
of this species (Ma y e r and Pa ni c k , 1984) . 

Red algae are relatively rare in the polluted northern Adriatic. ln spi te of a rather 
high floristic diversity, their biomass is low. They form scattered stands or occur 
epiphytic in single specimens . Representatives of the Ceramiales and Polysiphonia 
species were also found interwoven into turf-like mats of Corallina cdficinalis or 
Gelidiu111 pusillum in the uppermost suhlittoral. Red algae have a high protein content 
and wide applicability in pharmacy and medicine (M i c h a n e k , 1979). In the 
northern Adriatic small -scale harvesting would only he poss ih le for Halopyrhis incurvus, 
which contains bromphenol with antibiotic activity, Alsidiu111 coralli11!1111 containing 
vermifugal substances and Corallina of!ici11alis, wh ich contains bolh antimicrobial and 
vermifugal suhstances. Cerwnium diapha11u111 is known for its an tihiotic activity . It 
forms pure populations in ti de pools and in the uppermost suhlittoral of undisturbed 
areas in spring and is replaced by Laurencia obr11sa in summer. The latter species has 
a high protein content and contai ns substances with antimicrohial activity (e. g . 
laurentine, lauren). 

Green algae develop prolific populations in polluted habitats. Their prokin content 
increases with pollution . Recommendations for exploitation of U/va rigida and mixed 
stands of diverse Enrermnorpha species could be made. They could be used as a human 
food supplement or animal fodder. 
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KRATKI SADRŽAJ 

1. - Resursi algi u zagađenim područjima sjevernog Jadrana prikazani su kroz vlažnu 
težinu (biomasu) i karakterističnim primjerima zonacije. Vodila se računa naročito o 
vodećim asocijacijama algi na lokalitetima izloženim utjecaju otpadnih voda. 

2.- Uslijed djelovanja jakog zagađenja fukoidna naselja smanjena su ili odsutna, a 
njihova je biomasa opala . Eulitoralna fukoidna vrsta Fucus virsoides bila je uglavnom 
odsutna i zamijenjena drugim efemernim sezonskim vrstama. Sublitoralne sastojine 
Cystoseira reducirane su i isprekidane ili nadomještene naseljima algi Dictyota 
dichotoma, Halopteris scoparia, Halopythis incurvus i Padina pavonica . T~jekom 
proljeća naselja vrsta Ulva rigida i Scytosiphon lomentaria bila su vrlo obimna na 
zagađenim lokalitetima. 

3.- Vlažna težina algi u istraživanom području kretala se od 40 do 6000 g m·~
Sezonski maksimum biomase u eulitoralu i na dubini od I m zabilježen je u rano 
proljeće, a na 3 i 7 m dubine u lipnju. Maksimum biomase nije se uvijek vremenski 
podudarao s naj većom tlorističkom raznolikošću. 

4. - Broj vrsta na različitim dubinama prikazan je uzduž nekih karakterističnih 

transekata sa glavnim pojasevima alga. 
5 . - Istraži van j e kemijski sastav nekih vrsta, kao sadržaj proteina i askorbinske 

kiseline. Izneseni su i podaci o sadržaju alginske kiseline. 
6. - Dane su i neke sugestije o mogućnosti korištenja pojedinih vrsta u ljudskoj i 

životinjskoj prehrani, a naznačene su i najpovoljnije sezone i lokaliteti za sakupljanje 
sirovog materijala. 


