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Five ,g,roups oif phytoplank.ton species distributed in re
gions wtth s,pecific ecologica! conditions were estaiblished. 
B.iomass of the phyropla111ikto111 wars exp-ressed as total cell 
volume per liter,. The biomarss at neri,tic stations showed 5.3 
and 1.7 tLrnes hiigher vaJues than in the open sea station. 
Bacillariioiphyceae were quantitatively the most significan,t 
grouip of mic,roplankton ait all stations. Nanoiplankton, a,vera
ged 93.60/o of the total number od' phytoplankton cells. Ho
wever its biomass was on the average only 15.40/o. Nai1110-
pla111kton bioma,ss was inoreased at neritic polluted station. 

INTRODUCTION 

Phytoplainkton of the southern Adriiatic, especiiaJly o.f the open sea, have 
not yet been anaJyzed in detail. The daita. about the phytoiplankton in the 
southern A<liriatic waters can be found in several older wocks (S ch i 11 e r, 
1913a, 1913b, 1925; S ch u s s ni g, 1915) and ~n a few more recent works 
(Pucher-Petković, 1957, 1960; Denisenko, 1963; Buljan et al. 
1973; Reve I ran te aind G li. 1 ma rti n, 1977). 

In rthis pa,per the resuLts of the quahtiative a,nid quan1!itaitwe study o.f the 
phytoplankton come from the resea.rch done at three stations in the southern 
Adriatic (Fig. 1). The sampling was CarI'lied 01U1t during the auitumn of 1979. 
The investi,ga:tdon was performed at one of.fshore stat~an (Station 1), a!l'ld a.t 
two nerirt,-ic stai1:Jions (Stiatruon 2 and 3) . Stiation 1 is 25 Nm from DUJbroivnliik in 
the direction of 210° (position: 42°20'N, 17°54'E). Station 2 is located in Malo 
More between the peninsula of Pelješac and the coast in ,the vicinity o.f the 
settlem.enit o.f STeser (posifa10n: 42°58'N, 17°27'E). To the west of that s/ta:tion 
is the mouth of the Neretva river, and _t!o the east there :iis Malli Ston Bay, an 
oyster fannii.ng :region. The entiir:e region is scairceJy inhabited and the s11.lrro-
undiing sea is not polluted. Howeve[', at the upper layers the influence of 
the Neretva niiver is si.gniificant. Stat:ion 3 is dn the hairbour of Dubroivnik 
(Gruž harbour) (posii.tiO!Il: 42°40'N, 18°5'E), which is inf1uanced by the sewage 
waite.rs Off the town. 
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MATERIALS AND METHODS 

The sampres for the phy,toplanklbon analysis were ;taken on Ootoiber 11th 

at Stations 1 and 3, and on September 19th at Station 2 (Fig. 1). The plankton 
oet with 53 µm mesh netting was used fo:r taking the nat samples. At S'taition 
1 the ve:rtiical hauil.s weire taik:en a,t tw,o leveis, from 100 to 50 m, and from 
50 m to the sur.face. At Sta'tJilO.Ils 2 and 3 hauls were made kom 1ihe boit,tom 
to the sudace. The phy.topLankton fro:m the sea sudace (0-0.2 m) were 
coJlected at aill st,ar!iiiQlt1s by UJSing the neustoruic neit of the same mesh net'ting. 
The cells smaller ,than 53 ,Ltm sometimes reimali!netd in the net s,amples (e. g. 
some species ,of the grouip Ooccoli.thineae). Such species were also identiified 
and included :i:n the list od: micr'oplanikton sipeci1es (Ta1ble 1). The unarmournd 
Dinod'Lagellaitae haive no;t yet beein identified, but the1r qu·antitaltive values are 
included in T,able 2. Taxo111om:ic nomendarturn is adaipted in accordance with 
Hendey (1974) , Schiller (1930, 1933, 1937) and Gemeinhardt (1930). 

Nansen bottle samples were rtaiken for the quanui,tatli.ve analysis of the 
phytop1ank1:ion and for sa1iniity determinati1ons. The phyiroplankiton oounts were 
obtali.ned by the inverrted microscope method (U termo h 1, 1958). All sam
ples were preserved with 2 per cent nutra1ized focmaJ.dehyde solurtlion. 

The dis:briibutilion of micr<oplankiton species is presenited in Table 1, and 
provides infor:ma,t.iJon aibouit the speci,es doiminance and the character ,of local 
gI1owth oonclirtrlions. The figures in the sitartion columns ( + to. 5) lindlicaite the 
orientati1onal values of ithe popula:tton deinsiity, as fo11ows: 

figure cells/1 

+ < 101 

1 101 - 102 

2 102 - lQ3 

3 lQ3 _ 104 

4 10" - 105 

5 10s - lQ6 

Table 2 shows cell densities of phytoplankton groups (number of cells per 
litre) which ,aire for eaisy irefereince expressed in logairlithms. 

Ass.umiiilg thatt the biomass is eqUJatl. to the /total cell votl.ume, the latter 
was calculated according to the following equation (S m a y d a, 1978): 

m 
2 V = (V1) (N1) + (V2) (N2) + ... . . . ...... (V m) (Nm) 
i=l 

where V is the total cell volume, m equals the number of species found, i 
represents species i (i = 1, 2, ... m) in terms of its mean cell volume (Vi), 
and Ni :rep:resents the numbe:r of individuals of species i. The. calculated cell 
volumes :refer to the individuals found in the ,same analyzed samples. 

Sal.iinity was determined by the aiC"gii,nometrlic tiiitriajtiion method (K n u d
, se n , 1901, O x ne r, 1920), stan.da,rdliired agaiiins:t Copenhagen stiand&d sea 
water. Temperiatuires were measured wiith ,reversilng termom.eters. 
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RESULTS AND DISCUSSION 

Ecological differences of the iinvestiigated s1Jaltions oould haiVe res1t1lted from 
vairiartions in sal;in:i,ty and temperaiture (Tog. 2). Relati:vely cons:baITTt_ a\Ild high 
values of salinity (38.3 to 38.8%0) were characteristic for the open sea (Station 
1). In Gruž harbour (Station 3) the differences between the deeper layers 
and surface were more distinct (36.7 to 38.7%0). In Malo More (Station 2) the 
salinity was very stratified and lower especially at the surface, as a result 
of the Neretva river discharge (33.2 to 38.6%0). The horizonta} gradient of sali
nity (and probably of other ecological properties not yet measured) was cha
racteristic of the enrtirre investiga.ted region. As a c.onsequence, the qualriita
tive and quantitative differences of the phytoplankton were evident. The 
distriburtional range of the microplankton species is presented in Table 1 where 
the species are grouped in five distinct sets (I, II, III a, III b ; III c) . The species 
in group I were found in open sea station; group III a in the neretic region; 
group III b in the Malo More region; group III c in the Gruž harbour, and 
group II in all the above mentioned locations. Within each of the five groups 
the species are listed according to the decreasing number of positive findings 
(frequency). In the similar way, Reve lan te and G i lm a rt i n (1978) 
defined several groups of species and described the characteristic species as 
being indicators of the open sea or local environmental conditions in some 
regions of Parramatta estuary in Australia. Following more detailed future 
investigations the validity of the existence of the presented groups will be 
determined. Perhaps informations about the indicators will be established. 

The following species of Bacillariophyceae: Chaetoceros div_ersum, Dacty
liosolen mediterraneus, Hemiaulus haucki, Nitzschia seriata, Rhizosolenia alata 
f. gracillima. Thalassiothrix frauenfeldii, and some others, were frequently 
found at all stations (Table 1) . In addition to these wide spread species tlie 
most frequent and characteristic Bacillariophyceae are shown in the open sea 
(Asterolampra marylandica, Chaetoceros simplex), i:n Malo More region (Chae
toceros tortissimum, Ch. vixvisibilis), and in Gruž harbour (Lithodesmium 
undulatum, Skeletonema costatum). The most frequent wide spread species 
of Dinoflagellatae was Peridinium globulus. 

In Table 1, where figures + to 5 show the populartion densitfos, the species 
have been evaluated from rare to abundant. The most abundant Bacillariophy
ceae (in addition to the wide spread species of Nitzschia seriata, Rhizosolenia 
alata f. gracillima and Thalassiothrix frauenfeldii) are presented at Station 2 
(Chaetoceros decipiens, Ch. compressum, Ch. vixvisibilis, Nitzschia delicatissi
ma, Rhizosolenia stolterofothii), and at Station 3 (Leptocylindru$ danicus, Lit
hodesmium undulatum, Skeletonema costatum, Thalassiosira decipiens). 

A marked increase in microplankton and nanoplankton quaptity from the 
open sea to the neritic sea can be observed (Table 2). The relationship bertween 
the cell density and the biomass of various microplankton groups can be seen 
in Table 3 and 4. The biomass of Dinoflagellatae was .• appro:x:imately equal 
at all three stations, although the cell densities were higher at neritic stations. 
Bacillariophyceae was the most important group of microplankton in terms 
of cell density and biomass. This agrees with the studies reported in the 
middle Adriatic (E r c e go vi ć, 1936; P u ch e r - Pet kov i ć, 1966) in the 
southern Adriatic (D e n i s e n k o, 1963; R e v e 1 a ·u t e and G i I m a rt i n, 
1977) and in the Aegean Sea (I g n at i a d e s, 1976). The Chaetoceros species 
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were observed in great density in the open sea station (Table 1). This was 
also found by D e n i s e n k o (1963) in the Strait of Otrant during the same 
season. 

The highest total phytoplankton biomass was found at Station 2 showing 
a 5.1 times higher value than in the open sea (Station 1), and a 3 times higher 
value than in Gruž harbour (Station 3) (Table 3). The productivity at Station 
2 was high, probably because of the Neretva river influence. The nanoplank
ton cell densities and biomass were found to be the richest in the polluted 
Gruž harbour. Nanoplankton, averaged 93.60/o of the total phytoplankton cell 
number. However, its biomass was on the average only 15.4°/a (Table 5). The 
nanoplankton fraction in the total biomass was the greatest at the open sea 
station bellow the 50 m depth and in the polluted Gruž hartbour. Similar 
characteristics were observed in Chrysophyceae (Coccolithineae and Silicofla
gellatae). One of the possible explanations for this phenomenon is the hete
rotrophic ability of some species, which in organically enriched habitates 
develop in larger quantities. 

---,000 

Fig. 1. Station locations in the southern Adriatic Sea 
Station 1 = open sea, Station 2 = Malo More, 
Station 3 = Gruž harbour 
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Table 1. Distri:butional ["ange of microplankton species (omitting unidentified BaciHariophyceae - pennatae, and una•rmoured 
Dinoflagellatae). For the figure explanations in the station columns <+ to 5) see the text! 

Station 1 = open sea, Sta·tion 2 = Malo More, Station 3 = Gruž harbour 

Stations 

BACILLA!RIOPHYCEAE 

CHRYSOPHYCEAE (COCCOLITHINEAE + SILICOFLAGELLATAE) 

Asterolampra marylandica Ehrenb. 
Chaetoceros simplex OŠtenf. 
Scyphosphaera apsteinii Lohm. 
Rhabdosphaera clavigefa Murr. et Black. 
Thorosphaera elegans Ostenf . . 
Asteromphalus heptactis (de Breb.) Hendey 
Bacteriastrum elongatum Cleve··· 
B. hyalinum Lauder var. princeps Castr. 
Chaetoceros messanense· Castr. 
Coscinodiscus lineatus Ehrenb. 
Discosphaera thomsonii ·ostenf. 
Rhizosolenia acumi?J,ata (Perag.) Gran 
Rhabdosphaera hispida· Lohm. 

Rhizosolenia alata Brightw. f. gracillima ·ccieve) Gran 
Thalassiothrix frauenfe1dii Grun. in Cleve et Grun. 
Nitzschia seriata Cleve 
Syracosphaera pulchra Lohm. 
Hemiaulus hauckii Grun. ex Van Heurck 
Dactyliosolen mediterraneus Perag. 
Chaetoceros diversum Cleve 
Rhizosolenia stolterfothii Perag. 
Rh. imbricata Brightw. vaT. shrubsolei (Cleve) Schiller 
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Chaetoceros rostratum Lauder 
Rhizosolenia alata Brightw. f. indica (Perag.) Gran 
Chaetoceros decipiens Cleve 
Leptocylindrus danicus Cleve 
Rhabdosphaera tignifer Schiller 
Bacteriastrum delicatulum Cleve 
Rhizosolenia calcar-avis Schultze 
Rhabdosphaera oblonga Lohm. 
Guinardia flaccida (Castr.) Perag. 
Chaetoceros wighami Brightw. 
Ch. affine Laud. 
Guinardia blavyana Perag. 
Chaetoceros compressum Laud. 
Calcioslenia granii Schiller 
Chaetoceros curvisetum Cleve 
Dictyocha fibula Ehrenb. 
Coscinodiscus excentricus Ehrenb. 
Rhizosolenia robusta Norm. ex Pritch 
Chaetoceros convolutum Castr. 
Coscinodiscus perforatus Ehrenb. 
Striatella unipunctata (Lyngb.) Aga1rdh 

Nitzschia longissima (de Breb.) Ralfs 
N. delicatissima Cleve 
Thalassiosira decipiens (Grun.) Jorg. 
Rhizosolenia fragilissima Berg. 
Cylindrotheca closterium (Ehrenb.) Reiman et Lewln 
Achnanthes longipes Agardh 

Chaetoceros vixvisibilis Schiller 
Ch. tortissimum Gran 
Cerataulina pelagica (Cleve) Hendey 
Chaetoceros lorenzianum Grun. 
Ch. dadayi Pav. 
Licmophora sp. 
Triceratium schadboltianum Grev. 
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Table 1. - continued 

Lithodesmium undulatum Ehrenb. 
Skeletonema costatum (Grev.) Cleve 
Surirella gemma (Ehrenb.) Kiitz. 
Gyrosigma sp. 
Diploneis bambus Ehrerrb. 
Hemiaulus sinensis Grev. 
Melosira sulcata (Ehren:b.) Kiitz. 

PRASINOPHYCEAE 

Halosphaera viridis Schm. 

CY ANOPHYCEAE 

Phormidium sp. 

DINOFLAGELLAT!A.E 

Kofoidinium velelloides Pav. 
Ceratium pulchellum Schroder 
Oxytoxum constrictum (Stein) Biltschli 
O. scolopax Stein 
Dinophysis hastata Stein 
Podolampas palmipes Setin 
Cladopyxis caryophyllum (Kof.) Pav. 
Ceratium concilians Jorg. 
Prorocentrum scutellum Schroder 
Peridinium pallidum Ostenf-. 
Centrodinium eminens Bohm. 
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Ceratium gravidum Goun-. 
C. teres Kof. 
C. arietinum Oleve 
Ceratocorys armata (Schtitt) Kof·. 
Phalacroma acutum (Schlitt) Paiv. 
Goniaulax digitale (Pouchet) Kof. 
G. hyalina Ostenf. et Schm. 
Heterodinium milnerii (Mua. et Whitt.) Kof. 
Oxytoxum reticulatum (Steiln) Schiitt 
Ornithocercus quadratus Schlitt 
Exuviaella compressa Ostenf. 
Peridinium brochii Kof. et Sw. 
Phalacroma reticulatum Kof. 
Ph. argus Stein 
Pyrocystis elegans Pav. 

Peridinium globulus Stein 
Ceratium furca (Ehrenb.) Cla,p. et Lachm. 
C. macroceros (Ehren:b.) Cleve 
C. carriense Gourr. va,r. volans (Oleve) Jorg. 
Prorocentrum micans Ehrenb. 
Ceratium fusus (Ehrenb.) Dujall"d. 
C. extensum (Gourr.) Cleve 
C. candelabrum (Ehrenb.) Stein 
Dinophysis caudata Seville-'Kent 
Ceratium pentagonum Gourr. 
C. trichoceros (Ern-enb.) Kof. 
C. massiliense (Gourr.) Jorg. 
Goniodoma polyedricum (Pouchet) Jorg. 
Goniaulax polygramma Stein 
Pyrophacus horologicum Stein 
Periclinium steinii Jiirg. 
Histioneis joergensenii Schiller 
Peridinium oceanicum Vanhiiffen 
Ceratocorys gourretii Paiulsen 
Ceratium symmetricum Pav. 
C. hex acanthum Gourr. 
C. setaceum Jorg. 
Phalacroma mitra Schtitt 
Peridinium leonis Pav. 
Phalacroma parvulum (Schiitt) Jorg. 

+ + + + + + + + + + + + + + + 

+++ + + 1 
+++ +++ + + + + 1 + 
+++ + + + + 1 + +++ +++ +++ ++ ++ 

1 
+ ++ + + + + + + 

++ 
1 + 
+ + 
1 + 
1 + 
+ + ++ 
++ 

+ 
+ 

1 
+ + 

++ + ++ ++ 
1 2 
+ + + + + + + 
+ + 
+ + + + + + + + + 

I 

li 

00 
~ 



Table 1. - continued 

Ceratium tripos (Milit) Nitzsch 
Peridinium crassipes Kof. 
P. diabolus Cleve 

Peridinium spiniferum Schiller 
P. pyriforme Pauls. 
P. conicum (Gran) Ostenf. et Schm. 
P. depressum Bail. 
Ceratium longirostrum Gourr. 

Goniaulax polyedra Stein 
Ceratium karstenii Pav. 
Peridinium pellucidum Bergh.) Schiitt 
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Table 2. Number of cells per li.ter (N) and total cell volrume per i!iter (V) of the 
main phyto.p'1ankton groru,ps. 
BAC = Bacillariophyceae, DIN = Dinoflagellatae, CHR = Chrysophyceae, 
MIC = microplankton - total, NAN = nanoplankton - total 
Station 1 = open sea, Station. 2 = Mafo More, Stavion 3 = Gruž harborur 

log N [cells x 1-11 1og, V [µm3 x 1-11 

station (m) BAC DIN CHR MIC NAN BAC DIN CHR MIC NAN 

o 3.73 2.48 2.34 3.79 5.56 7.96 7.37 5.75 8.06 6.70 
1 20 3.69 2.59 2.72 3.79 5.37 7.86 5.94 6.26 7.88 6.51 

50 2.79 2.86 3.33 3.56 5.18 6.94 6.58 6.68 7.25 6.33 
100 2.04 1.85 2.60 2.79 5.18 5.90 4.90 6.26 6.54 6.32 

o 5.66 3.35 2.86 5.68 6.41 8.97 6.47 6.34 8.98 7.46 
2 5 5.06 3.17 2.81 5.07 5.69 9.54 7.07 6.39 9.55 6.84 

10 5.'19 3.:16 3.20 5.20 5.88 8.48 6.21 6.73 8.49 7.02 
20 4.26 3.06 2.68 4.30 5.80 7.47 6.94 6.21 7.82 6.95 

o 4.'13 3.67 3.20 4.3,1 6.47 8.06 7.51 6.87 8.19 7.61 
3 10 3.97 3.33 2.90 4.11 5.98 8.03 6.47 6.77 8.07 7.13 

20 3.99 2.98 3.13 4.10 6.48 8.17 6.03 7.00 8.20 7.62 

Table 3. Coffi\Palisons of the phytoplank-ton cell densi.ties and lbioimass among the 
inves,tigated stations. The datal refer to the layers f,rom the depth of 20 m 
to the surface. 
Station 1 = open sea, Station 2 = Mallo More, Sta,tion 3 = Gruž hairlbour 

cell density biomass 
2 :1 3:1 2:3 2:1 3:1 2:3 

Bacilllariophyceae 18.0 2.0 8.7 5.0 1.5 3.4 
DinoflageHa tae 4.5 6.5 0.7 1.0 1.0 1.0 
Chruso,phyceae 2.3 3.5 0.7 2.5 7.5 0.3 

microplankton - total 18.5 2.5 7.8 5.5 1.5 3.6 
manoplankton - total 3.0 7.0 0.4 2.9 7.0 0.4 

total 3.6 6.7 0.5 5.1 1.7 3.0 

Trubile 4. Percenta:ge com!l)osition of the maiin rnicr'o!plankton grou[Ps in terms of cell 
densi,ty (A) and bioma·ss (B). 

station 

1 

2 

BACI = Baai'llario,phyceae, DiiNO = Dinoflagellaitae, OHRY = Chrysophyceae 
Station 1 = open sea, Sta'tion 2 = Malo More, Station 3 = Gruž harbour 

(A) (B) 
depth (m) BACI DINO CHRY BACI UINO CHRY 

o 87.4 4.8 3.5 79.4 20.0 0.4 
20 80.9 6.1 8.5 95.6 1.l 2.4 
50 16.9 17.5 61.4 49.7 21.4 27.0 

100 19.3 11.2 64.5 22.9 2.2 52.1 

o 97.3 0.5 0:1 99.0 0.3 0.2 
5 97.1 1.2 0.5 99.5 0.3 0.1 

10 97.6 0.8 0.9 97.2 0.5 1.7 
20 88.9 5.6 2.3 82.4 13.11 2.4 
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Table 4. - continued 

o 65.6 23.0 7.8 73.5 20.7 4.7 
3 10 73.7 16.8 6.2 91.5 2.5 5.0 

20 77.2 7.5 10.7 92.2 0.6 6.2 

mean 1 51,,l 9.9 34.4 61.9 11.2 20.5 
mean 2 95.2 2.0 0.9 94.9 3.5 1.1 
mean 3 72.2 15.8 8.2 85.8 7.9 5.3 

total 72.2 9.2 14.5 80.7 7.5 8.9 

Taible 5. Percentage composition o,f microplankton (MICR) aind nanoplankton (NAN0) 
in terms od: cell density (A) and bioma,ss, (B). 

station 

1 

2 

3 

mean 1 
mean 2 
mean 3 

total 

depth (m) 

o 
20 
50 

100 
o 
5 

10 
20 

o 
10 
20 

(A) 
MICR NANO 

1.7 98.3 
2.5 97.5 
2.2 97.8 
0.4 99.6 

18.9 81.,1 
23.8 76.2 
21.0 79.0 
3.1 96.9 

0.7 99.3 
1.3 98.7 
0.4 99.6 

1.7 98.3 
16.7 83.3 

0.8 99.2 

6.4 93.6 
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KRATAK SADR2AJ 

Kvalitativnom i kvantitativnom analizom fitoplanktona i prikazom osnov
nih hidrografskih parametara ukazuje se na biološke i ekološke razlike između 
otvorenog mora (postaja 1), obalnog mora koje nije pod neposrednim utjeca
jem čovjeka (postaja 2) i obalnog zagađenog mora (postaja 3). 

U vrijeme istraživanja utvrđeno je pet osnovnih skupina fitoplanktonskih 
vrsta prema vezanosti za specifične ekološke uvjete. Nakon detaljnijih istra
živanja moći će se sa većom sigurnošću govori-ti o postojanosti ovih skupina 
ili o mogućem prisustvu indikatora. 

Biomasa fitoplanktona izražena je kao ukupni volumen stanica. Odnos 
biomase između obalnih postaja i postaje na otvorenom moru iznosi 5,1 (po
staja 2 : postaja 1), odnosno 1,7 (postaja 3 : postaja 1). 

Skupina Bacillariophyceae najznačajnija je na svim postajama, kako po 
broju stanica tako i po biomasi. Nanoplankton sudjeluje sa prosječno 93,60/o 
od ukupnog broja stanica, a u biomasi sa prosječno samo 15,40/o. Biomasa 
nanoplanktona povećana je u zagađenom obalnom moru. 


