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An attcmpt has bcen made to cstimate thc proportion of dinoOagellate group in the total 
phytoplankton production

1
of coastal middlc Adriatic watcrs (Kaštela Bay) on the basis of long -

tcrm dala series on thc phytoplankton ccll counts and lcvel of primary organic production. The 
rcsults of this analysis show considcrablc changes in thc coastal sea (Kaštela Bay). Thcse changes 
are manifestcd in the relationship bctwccn phytoplankton groups within the phytoplankton 
community which from a community of markedly diatom type has gradually been transformed-intci 
a community of dinoOagellates. 

An increase of dinoflagcllatc proportion is accompanied with a respective increase of primary 
production. Thcse results havc also been comparcd to thc rcsulls of eutrophication trend in the 
Kaštela Bay. It has bccn cslablishcd lhal thcse parameters are closely relaled. 

INTRODUCTION 

This communication is an attempt to assess the contribution of dinoflagellates to the 
total phytoplankton production in the middle Adriatic. Long-term data series on primary 
production and qualitative-quantitative structure of the phytoplankton community of this 
area were used. Since this assessment has always been based on exclusively the number 
of organisms, which is often an unreliable indicator of the contribution of individua) 
phytoplankton groups to the total production, it was attempted to evaluate their 
contribution indirectly . The relation of dinoflagellates to other phytoplankton groups was 
presented by the ratio of the dominant diatom group to dinoflagellates, that is D/DF (D 
- diatoms, DF - dinoflagellates) for the Kaštela Bay. This group was selected on the 
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basis of results showing diatoms as markedly dominant in the middle Adriatic coastal 
waters (frequently accounting for over 90% of the total phytoplankton numerical 
abundance). 

Since most dinoflagellates (qualitatively and quantitatively) occur during the warmer 
part of the year, between May and October, we believed that the data from this period 
would best describe the dinoflagellate biomass in relation to the biomass of the rest of 
phytoplankton organisms. This being the period of highest productivity in the coastal 
waters (P u ch e r - Pet k o v i ć and H o me n , 1979) these results could give 
a fairly objective assessment of the contribution of dinotlagellates to the primary 
production of the middle Adriatic coastal waters. 

RESUL TS AND DISCUSSION 

Numerical abundance of the total phytoplankton and percentage contribution of 
dinoflagellates to the phytoplankton community of the Kaštela Bay are given in Fig. 1 
and Fig. 3. Monthly means for the water column during May-October over twenty years 
are g1ven. 

Fig. l depicts graphically the six-month mean numerical abundance of the total 
phytoplankton. An increase trend is clearly visible, the minimum mean values of cell 
numbers being continuously increased from the end of sixties onward. 
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Fig . 1. Six-month mean numerical abundance of the lota! phytoplankton (N° cells 1·1
) 

Primary production shows the same increase trend during that period (Fig. 2) pointing 
to the actual increase in phytoplankton biomass. lncrease in the cell numbers coincides 
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Fig. "l Monthly mcan valucs oJ' primary produl'linn (mg C m 1 day 1
) in lile Kaštela Bay 
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Fig. 3. Pcrccnlagc of dinof1agcllatc abundancc in lota! phyloplanklon ahundancc in thc Kaštela 
Bay 
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with the quantitative increase of dinoflagellates in the phytoplankton community (Fig. 
3), that is decline in the contribution of diatoms which, up to mid-seventies, had been 
markedly dominant phytoplankton group (P u c h e r - P e t k o v i ć , 1966). 

lt is noteworthy that ali the parameters still show intense year-to-year natura( 
tluctuations, which did not disappear under the eutrophication conditions but on the 
contrary, increased. 

Monthly values of primary organic production (mg C nY" d·1) during twenty years are 
presented in Table I and the six-month values of the ratio of diatom to dinoflagellate 
abundance in the Kaštela Bay in Table 2. High values of this ralio point to the high 
proportion of diatoms in the total phytoplankton community, whereas lower values of 
this ratio are indicative of an increase in dinoflagellate contribution. Six-month means 
of this ratio (D/DF) and six-month means of organic production are graphically 
presented in Fig. 4. lt is obvious that at the heginning of seventies these two curves 
diverge. Up to that time diatom phytoplankton component had heen a determining factor 
of productivity , whereas thereafter Jinoflagellates gol in importance. This period is 
characteriz:ed by a signiticant increase of primary organic production not only during 
May-October but ali year round (P u c h e r - P e t k o v i ć er al., 1988). ln addition, 
along with the decline in diatom dominance, growing significance of both Jinoflagellates 
and other tlagellate groups was recorded. 

50 500 

1960 

•" I I ,-" 
/ I , 
I I ✓ 
I I ✓ 

/ I / 
\ I 

' I 
' I 

' I \ I 

1965 1970 1975 

YEARS(v-xl 

\' ,, 
" 

1980 

Fig. 4. Relatio n betwcen diatom and dino11agcllale abundancc (D/DF) - soli<l linc a n<l primary 
pro<luction (mg C 111 ·2 t1·1) - <lashe<l !ine in thc Kaštela Bay 
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Changes in the ratio oj diM0111 to dinojlagellate ahundance under the conditions oj 
increased eutrophication 

Aiming at characteriz:ation of the phytoplankton community under the conditions of 
increasec.l eutrophication, it was attempted to establish the differences within the 
phytoplankton community in a relatively small but highly diverse region. 

Table I. Monthly mcan valucs of primary production (mg C m·2day 1)in thc kaštela Bay 

Year May June .July Aug. Sept. Oct. Mean 
value 

1962 532 106 247 321 150 201 259 
1963 452 - - - - - -
1964 115 480 404 572 246 - 363 
1965 478 589 481 - - 439 497 
1966 178 876 521 386 136 147 374 
1967 621 489 881 499 193 398 512 
1968 452 599 556 480 333 572 499 
1969 252 866 497 1198 668 580 677 
1970 468 592 471 484 530 562 518 
1971 867 327 669 560 446 678 591 
1972 471 555 379 422 307 373 418 
1973 613 680 850 699 690 357 648 
1974 1390 928 1462 427 683 382 872 
1975 1364 663 173 392 - 419 602 
1976 721 1068 - 557 462 159 593 
1977 101 825 283 68 1012 131 403 
1978 - - 479 52 - - -
1979 633 826 303 1323 982 - 813 
1980 1613 1050 368 772 563 - 873 
1981 1533 734 853 534 974 - 9"" ~J 

Samplings were carriec.l out in the Brač Channel (area C), in the centra! (area B) anc.l 
eastern (area A) part of the Kaštela Bay c.luri ng winter anc.l summer I 984 (Fig. 5). 

Our results confirmec.l the opinion that closec.l circulation is estahlishec.l in the eastem 
bay part every summer (Z o r e - A r m a n c.l a , 1979) c.lue to which a specific 
phytoplankton community is formec.l (P u c h e r - P e t k o v i ć and M a r a s o v 
i ć, 1979). 

The ana lyses of the phytoplankton community in Decemher 1984 showec.l a 
homogeneous phytoplankton structure throughout the Kaštela Bay, very similar to that 
of the Brač Channel (Table 3). This is inc.licative of the fact that water circulation is 
intensified in all bay parts in winter and that the water exchange with the Brač Channel 
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Table 2. Monthly mean values of D/DF ratio (relation between diatom and dinoflagellate 
abundance) in the Kaštela Bay 

Year May June .luly Aug. Sept. Oct. Mean 
value 

1962 28 .0 77 .2 47.9 24.7 6.6 99.0 47.'.1. 
1963 95.8 94.'.1. 68.'.1. 66.9 14.5 71 .5 68.5 
1964 94.6 9:..3 94.0 97.l 78.5 99.3 91.3 
1965 97.9 53 .6 72.0 37.6 98.6 99.5 76.5 
1966 99.5 95.1 57. l '.1.8.7 '.1.6.1 97.5 67.3 
1967 95.6 3:. .5 91.7 49.0 8.7 96 .8 6'.?..4 
1968 98 .8 89.5 13 .6 57.8 53.8 60.6 6:..3 
1969 48.3 ,.,,., ,., '.1.7.5 99.5 98.'.1. 96.4 65.4 
1970 40.8 98.'.?. 93.7 '.1.3 .9 93.4 87.9 73.0 
1971 '.?.4.'.1. 18.3 63 8 19.6 89.8 95.6 51.9 
197'.1. 64 .0 45 .'.?. 94.9 93 .5 67.7 l'.?..1 6'.?..9 
1973 5.4 '.1.1.8 5.0 71.0 49.7 41.5 3'.1..4 
1974 17.8 14.9 37.8 :.I .O 68.4 5'.1. .8 35 .4 
1975 7.5 3.7 3.3 11.6 14.4 8.6 8.1 
1976 5.8 1.1 1.5 4.4 19.7 34.6 11.J 
1977 9.:. 4.4 - 3.3 39 .3 3.6 15.3 
1978 8.0 - 5.3 3.8 36 .7 - l '.?..3 
1979 19.8 13.5 8.8 7.5 '.1. .7 - 10.5 
1980 12.0 5.8 3.9 6.1 10.3 57.1 15.9 
1981 - - - - - - -

is quite satisfactory. On the contrary, <lu ring summer a distinct phytoplankton 
community was formed in the eastern bay part. This community <liffered from the one 
in the centra! bay part an<l from that in the Brač Channel (Table 3). At the same time 
it was found that the phytoplankton community in the centra! Kaštela Bay part <liffere<l 
from that in the Brač Channel, more hy <lifferent proportion of individua! species than 
by their <liversity . 

lt is of interesi to mention that the coccolitophori<l species Ca1(:iosole11ia murrayi, 
predominant in the centra! bay part (making up about 20 % of luta! phytoplankton 
<lensity) at that time, was rather abun<lant in the Brač Channel however with a far lower 
percentage (about 5 % ) since some species of the genus Chaetoceros were pre<lominant 
there. Gonyaulax polyedra constitute<l over 93 % of the phytoplankton density in the 
eastem bay part (I x 107 cdls 1· 1

) with rather high quantity of the coccolitophori<l C. 
111urrayi which percentage became almost in significant <luring mass bloom of G. 
polyedra. The species C. murrayi occurs in the Kaštela Bay from time to time in large 
numbers so that it is presumahly one of the opportunistic phytoplankton species, the 
conditions of eutrophicated environment heing a<lvantageous for its development. 
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• permanent stations 
• extra stations 

Fig. 5. Location of sampling silcs 
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It was attempted on the basis of the above results and applying similarity index (S 0 

r e n s e n , I 948) to establish the similarity between these three stu<ly areas. This 
in<lex, based on the number of common species, ren<lers possible the determination of 
similarity of species between two or more areas. The following equation was used: 

where 

%S=--2_C_ 
A+ B 

X 100 

A = the number of species in sample A 
B = the number of species in sample B 
C = the number of common species in both samples 

The index was very low for the eastern pari of the Kaštela Bay an<l Brač Channel 
(A/C = 35. 3 % ) for summer and only slightly higher for the eastern and centra) pari 
(A/B = 38. 9 % ) (Fig. 5). The highest similarity in<lex was obtained comparing the 
centra! bay part and the Brač Channel (8/C = 69.6 % ). Contrary to summer values the 
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S0rensen index for winter was quite different in the same area, that is pointed to the 
high similarity between all three study areas (A/C = 61.5 % , A/B = 60.5 % and B/C 
= 66 % ). These results confirm the difference between winter and summer circulation 
in this area. 

The above observations suggest which and of what extent is the impact of waste 
waters on the changes in ecosystems, since two completely different communities are 
formed in the same region at the same time, under the same climatic conditions but 
under the conditions of reduced sea water dynamics. 

Table 4. Numcrical abundance of phytoplankton (N° cclls 11
) in lhc caslcrn parl (arca A) of lhc 

Kaštela Bay during 1975-1976 

August, 1975 Dccembcr, 1975 March, 1976 June, 1976 

Total 
phytoplankton 2.4 X 105 7.4 X )05 2.6 X IQ-1 3.8 X 105 

(N ° cclls 11
) 

• Total number J.6 X IQ-1 7.2 X 105 2.2 X 105 6.4 X 104 

of dialoms 
(N° cells 1·1

) (67.5%) (97.1 %) (84.8%) (16.9%) 

Total number 4 .5 X !O' 7.3 X 103 1.3 X l(r '.'..2 X 105 

of dinoDagcll. 
(N° cclls 1·1) (18.8%) (1.0%) (5.0%) (56.6% ) 

Total number 
of G. po/vedra - - - 2.0 X 104 

cells 
(N° cclls 1 1

) 

% G. polyedra 
in thc lota! - - - 5.'.'.% 

phytoplanklon 

%o G.polyedra 
in thc total - - - 9.0% 
phytoplankton 

The data from 1975 and 1976 (P u c h e r - P e t k o v i ć and M a r a s o v 1 ć, 

1979) show that some changes had already taken place in the area A and that it was no 
longer suitahle for recreational activities . However, the same data also show that the 
phytoplankton comnmnity, even though very rich, was sti li diverse and predominantly 
of diatom type, like that in the rest of the Kaštela Bay (Table 4). At that time 
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dinotlagellate populations were in general very poorly represented in the bay, the 
contribution of G. polyedra being almost negligible (see Table 4). 

Even though dinotlagellate component formed a significant pari of over 50% of the 
phytoplankton community in June 1976, its contrihution was of almost no significance 
during other months. 

It is noteworthy tha t the phytoplankton community was considerably richer in winter 
of this period. This is completely contrary to the present situation when surface 
chlorophyll a during summer red tide reaches almost 200 mg 111·

1 (measured on July 
22, 1987) and the number of G.polyedra cells exceeds the value of Ix I 07 cells 1·1 (Table 
5). 

Table 5. Numbcr of G. po/vedra cclls during red Lidc in Lhc Kašlcla Bay 

Period N" o f G. polyedra cclls 

July, 1983 I.O X 106 

June. 1984 1.2 X 106 

July, 1984 I.O X I 07 

Augusl, 1984 I. I X 107 

July, 1985 red lide exislcd (no numerical dala) 
June, 1986 J.3 X 106 

Scptcrnber. 1987 2.5 X 107 

June. 1988 3 .5 X I 06 

July, 1988 3.8 X 106 

August. I 988 4.0 X I 06 

Scptembcr, 1988 3.2 X 101 

July , 1989 4.3 X 107 

July, 1990 I. I X I 07 

CONCLUSION 

The results of our analysis show significant changes in the phytoplanklon community 
o f the Kaštda Bay during the twenty years of investigations . These changes are 
manifested as the changes in the relationship hetween phytoplankton groups within the 
phytoplankton community which from a community of markedly diatom type has 
gradually been transformed into a community of dinoflagellates . lt was established that 
for the lasi two decades the abundance of dinotlagellates an<l their proportion 
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in phytoplankton pro<luction have increase<l, which may be <lue to the increase<l organic 
loa<l of coastal area. These results havt! also been compare<l to the results of 
eutrophication tren<l in the Kaštela Bay an<l it has been establishe<l that these two 
para1neters ari! closely relate<l . 
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U radu se na temelju dugogodišnjih nizova podataka o primarnoj proizvodnji i 
fitoplanktonskt~j abundancij i, pokušalo utvrditi veličinu udjela pojedinih fitoplanktonskih 
grupa u primarnoj proizvodnji Kaštelanskog zaljeva. Rezultati ove analize pokazali su 
da se ~jedno s porastom eutrofikacijskog nivoa mijenjao odnos medju glavnim 
fitoplanktonskim grupama, odnosno rastao je udio dinoflagelata u odnosu na dijatomeje 
(sniženje D/DF ornjera). Istodobno je bilježen porast, kako ukupne fitoplanktonske 
abundancije tako i primarne organske proizvodnje. Dobiveni rezultati ukazuju na to da 
viši stupanj zagadjenja pogoduje razvoju flagelatne komponente fitoplanktona, odnosno 
da je promjena strukture fitoplanktonske zajednice usko vezana uz porast 
eutrofikacijskog stupnja vode u zaljevu. • 





Table l. Lisl or phytuplanklon SJH!Cil·• rc..-nrJc,I on A\1i;us1 JO 1111J Occcmhcr :!4. 1984 
and rclalivc 11b1~mfanl'c (Wi) or lhc mos1 imponnnt phy1oplnnkton l!mup~ 
(M ■ r ■ t. o v 1 ~ liml P u l' h t.· r P c t k n v i ~ , 1989) 

Rlii:.o.rolt11iu ullllu f grncillimu 
711ala.rsicmr111a 11it:.schinidrs 

Proro,: tlltrm,1 mkans 
P. mi11i111111n 
I'. lritsli111m1 

Dinophysis sm:culu.r 
OyroJi11iwn sp. 
Gl.-,10.ii11i11111 Jp. 

Suippsitllu lroclwidtfl 
Co1,ya11 /u.x po/y,t/ru 
Ctra1i11w karsunii 

Oxyto.x1w1 /011gietps 
Calciosole11iu 11111rruyi 

Rhabdosplwtra /011gi..uylis 
Dictyucha sptcu/mn 
E111rtplll'l/a paschtri 

An.•11 

Dialoms I% 
DinoOagdl~tcs 94 % 

AKEA 

Sktltlo11tma costarw11 
Ltp1ocyli11drns adricJtiCIIJ' 

Rhi:.o.soltnia a/01a f. gracillima 
Rh. frugilissimu 

Rla. S'1ig,ra 
Rh. stolurfothii 

Chattoctros curviuflu 
Ch. da11ic1u 

Ch. pst1uJoc11niuw.s 
E1,campia cornma 

711alassio11tma 11i1z,scl,ioid~J· 
Nuvicu/a sp. 

Nitr.schiu dtlicatissima 
N. long iuima 

N. .uriu1u 
Proroct11/rum mkunJ· 

l'. lritstinmn 
Gyrodiniwn pingut 

Ghmodiniwn sp. 
Htltrocapsu 1riq11t11a 

• Scrippsitlla trocl,oidtu 
l'tridini111n diabo/11s 

P. pyriformt 
Go11ya11/ax po/ytdru 

Syrac/Josp/ta,ra p11/cltru 
Syracl,osp/10,ra spp. 
Calciosoltnia murrayi 
Eutrtplit//a pascl,ui 

Carttria sp. 

A 

li 

l>t"l' t•lllht•r 19H~ 

11wlu., .. ,·iozira Tf1l11I" 
nwtu.uio.1·irt1 .fp. 

Sktltlnlltma 1·os111111111 
L,.,,,m-y/im/r,u adrfo11,·1u 

H.lri:.,,.wl.-11i" f,'11;:ilix.,·im11 

Cluuoc.-ro.r dm1irn.r 

Ch. IIC'tl/10li1t11111.,· 
Ch. /o rr11:.iwrn., 

Syr,tdrt1 sµ. 

17wlu.,·.-.iutl,rix fm11.-11J,Mii 
111. 111rdi1urr1mr" 

111alassio11t11uJ ni1zcltioulr.1· 
fft1,rosig111a w1gulurw,1 
Nilz_.'idritJ dtlfr:utis.viuw 

N. /ungi.Jsima 
N. striala 

PrcJto~.-111,11111 mi,:1111s 

Gy1mwdilli11111 .,p. 
Gyrodi11i11m fiu-ifunnt 

Pudolumpus spi11ifa 
Calciosoltnfo m11rruyi 

PonlUsplwtra sp. 
Diatorns 95% 

Dinulla gcllatcs 2 

nlulaJ·siCJsira ro111fu 

11,alu.uio.riru .rp. 
Skt'lt'IOIUIJIIJ t ·o.s·ta lim1 

Lc-plocylindr11s ad,-iu1i1,:11s 
Rhitosolt nia Jrag ilissimu 

Clrattoceros danicu.s 
Cli. nraputilanus 
Cli . loreniicmiu 

Sy11edra sp. 
n1a/assiu1lirix frallttiftldii 

n,. n1tdiurrunc1a 
Viulu:,;sionmw 11it(.sd1iuidts 

PJt11roJ·igma a11gullllw11 
Nit;.J·cliia ddicuti.1·.\·imc, 

N. Ju11gi.ui111u 
N. striata 

Proroc~ntrwn mica11s 
Gymnodiniwn sp. 

Gyroditliwn fu.siformt 
Podolampas .spi11ifa 

Ca/cioJ·ult11ia murrayi 
Ponlosphatra .sp, 

Di,1oms I% Diatoms 95% 
Dinonascllatcs 94% Dinulla~cllalcs 1% 

Al{liA C 

Sktlt1ontma cos1awm TI1alu.uiosira ru111/a 
Leplocylindus adrialiCllS 
RJril.osol~11ia stulurfolitii 

Rlr. sty/ifurmis ,·ur. /m1gL,JJi11u 
Chat1Ucrru.1· dur1i,·11,'i 

Ch. ,·unoi.utiu 

Ch. pstmioc11nisćl11J· 

Ch. sp. 
n,a/assio1w11a niluchioWts 

Amp/wra sp. 
Ni1:,schia dtlicali.ssimu 

N. longiSJima 
N. striala 

Proroctnlrmn micans 
P, mi11imwn 
P. tritslinwn 

Oymnodiniwn sp. 
Olt11odin;111n Jp. 

Htltrocapsa 1riq11tlra 
Scrippsit/la trocl,oidra 

Gonyu11/ax po/ytdra 
Oxytoxwu viridt 

Syracosphaua sp. 
Rliabdosphauu sp. 

Calciosolt11ia ,n1,rray 
Eutrtplitlla paschtri 

Dia1om, 81 % 
DinoOagcllnlcs ll % 

n,a/a.s.1,·ioJ·ira Jp. 
Skrlrt,m~mu coslutum 

Lc1ptoc..:vlimlrm culrimh·u,,· 
J<J,i-:_cJSUlt11it1 fiw.:ili.1·.1 ilrl(I 

Clwr101.·uv.1.· .,p. 
Eucwnpiu 1.·onrnta 

11,ula.uiolhrfr frau~11/rldii 
111. 111tJi1uru11ra 

11iulanio11tma nitzsc:hiciidis 
S1riultl/a u11ipw1c1u1a 

Licmoplwra sp. 
Coccontis scllltllw11 

Navicula sp. 
Ni1ucl1ia dtUcati.ssimu 

N .. rtriata 
N. lungissima 

Ponwsp/Jatra sp. 

Di•toms 93% 
Dinonagcllales 0% 




