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1. INTRObUCTION 

Stiimula,ted by scientifac and practica1 ,rea1sons the Lnsbtu1te of Oceano,grnrphy 
and Fishenies, Srpl:it, carr,i,ed out a complex oceanographic invesbLga:ti.0111is from 
1951 to 19-55 iin t he bay orf Mlj,et. A '1.a,rge 1p1To>gramme of &tuidies, which took 
severaJ years, hais i111c1tu!ded ,the dete,rmtnatiorn orf ,the exmstiing condiltio1DS li.Jn the 
bay, orf the biologicaJ produ.oti:arn tln 1pa,rticular. E:>Qpedmeints m .fertHi2JaJtiorn to 
.imcrease the pro1dU10tilorn ha1ve a!ls·o b een ca[1r,i-ed out. The rprieisent work 1gives the 
res,ultis od' :wo1pilarnlktcm invesltliga1tio,ns d:uring the above menit:io111ed experimenlts 
oJ ferfilization. 

During the investi:gation's ;i,n the bay of Mljet some toipograiphic and geologic 
examinaitioms have lbeen Ull11der1ta'ken (Vuileti ć, 1953), a111:d samples fOIT 
deterimminig the tempierartu:re, saJinity, 11lranSiIJarency, acidity ,(ph) od' the 
sea-water, and the 02, PO4, and NOs contents 1(B u 1 j a n and š pa n , in 
pr€\J)aration) have also been iregu:larly taken. For biological examinations the 
sample:s of badenia (Crv i i ć, 1953) , phy,topla111lk torn (P 1u ch e r - P e rt k ,ovi ć, 
1957, 1960), and z,ooplankton (Vuče t<i ć, 195'7, 1958, 1961 a, b) have been 
ool:lected. Further, bottom sarnples for examinJng the phytoben1Jhos and 
zoobenthos (tanatoceno'sis) were taken. The increase of indigenorns and trarns­
planted setblemenits od' moillusca has been u111der observatiion , whiile some lesser 
ohservahons • were carried out on pelagic fash and on some bottom fish 
(Moro vi ć, 1958). 

In the sea 'li!k.,e om rr:and the 1procliU1otiiorn de,pend:s ,also on the aiv,a,illahiility 
of niutrients, ,therefore, by a['f1;if:i:ciaJl[y increasirn,g 1the qrua111tiity od' these 
salts in the sea (B u ,I j an, 1957), it walS' tried to [ncrea.se the prnduction o.f 
organic matters in ihe 1b.ay orf Mljet. The resu~ts od' the fertilization bave been 
reflected on some papulations (phyto.plankton - P u ch e ir - Pet kov i ć, 1950 ; 
ichtiop'lankton - Bulj an, 1957, Vu ·četić, 1957a, and zoobenthos Moro­
vi ć, 1958) in thi:s bioceno,sis, a1s well as ,on some individual faotors condtltioning 
the increase of these popuiationlS' 1(B ulj a n, 1957). 
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2: M A T E R I A L a n d M E T H O D S 

Duri.Jng the comp,1ex :inves•tig.ahons dn the bay of Mljet kom 1951 to 
1955, the ~00:plainkton s.ampies were taken once .a m o;nth a1t three pel'manen,t 
stations. The nrst station wa1s in the part of the bay called the Malo jezero, the 
isecond in 1lhe Veliko jezero (Vrbovaička), and the third one at the very entr.ance 
of the bay (Gonoturska ). Frnm time to time the work was đone at some othe,r 
stations in the Veliko jezero. The s.amples for the v.ertical migiration study were 
taikenatthestationsJejevići and Pošta (Vučetić, 1957b, 1961). F\ig. 1. 

17• 2.1' 

1: 10.000 

Fi.g. 1. Ocanographic Stations in Mljet area. 

The tortail ,fie],d obserivaitionis in the ib.ay of Mlj-et were ca:r-ried cn for 39 
months with an avenaig;e od' 2 to 8 pl~toltl samp1es iper month. 

At each statio,n two par-allel ·vertical haufo from bottom to surf.ace were 
taken, at an equal hauling rate with the Hen:sen net (4/73-100). The N.ansen 
clossin,g-net (4/74) was used for :investtgating the vertica[ mig-rations of zoo­
plan1kton. F~·om time to time, -for other investtg.aitions, some plankton samples 
were .taken with other ,gear '(stramin, the smawl Nansen net). 
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A part of the samples was used f.o.r obtainiing ,the quanhtative data, i. e. 
the dry wei,ght vafoe:s of zooplan.kton. Therefo.re the samples of the vertical 
haul wi:th a plankton net were first cleaned of the eventua,l larger ano.rganic 
wastes, then frl,trated and at last dried up at 110° C. The other part of the 
sam.ples w.as used for qualitative analysis and quantitatii•ve counts. The less 
firequently represen.ted •species were counted as a whole, whi'le to those more 
frequently r epQ'esented 1pa,rtual co1unt was aipplli·ed. 

3. H Y D R O G R A P H I C C ON D I TI O N 

The »Mljetska jezern.« is a deep bay in the nor.th-'.vest side od' the island of 
Mljet. The bay ,is running deep into the mainland. It is the outcome. of a sunken 
valley of :the up:per Cretaceol\.liS Jimes,totne. A 'llai1'1l.·ow (4.5 m) and shalllow (0.60 m) 
pa:ssage connects the Veliko jez.ew \Nith the bay Sohne ·(1'1i.g. 1) . Thii,s bay with 
an aver.age depth of 10-12 m is exposed to the direot influence od' the open 
Adriatic. 

Maxima,l deipth of the Malo jezer10 is 29 m, tihe Ve1ilko jezero 46 m . They aTe 
conneoted to,gether with a nmirow (2.5 m) .ain.d :sh:allow (0 .20 m) chairme[. The 
,surf.ace of ,the ba.y J,s 1,691 ,320 m 2, ,the ilVIaJo jezero bein:g 241,'320 m2, ami the 
Veliko jezero 1,405.000 m 2 (V u •let i ć, 1953).*) 

The bay has a lower salinity and oscillations which are more ma-rked than 
tlmse in the open Adriatic as a result of the freshwater i:nf:low fr.om smaller 
sources and f.rom rainfal'l dr.ainage. This is reflected especially so on the :saolinity 
of the surface waters (B u 1 ja n, and š p a n, in p1·eparati0n). So in the Malo 
jezero the S!U'I'lface sal!ini:ty ,rang;es from 27.9 to 36.40/o, e:t the depth of 20 m 
from 35.4 to 38.10/o. 1n the Veliitko j1eze1,o the suirface :sahnii1y ranges from 30.0 
to 37.20/o, a,t ;the depth od' 40 m rrom 35.0 ta 36.90/o (Filg. 2). 

Thel·e ,is also temperatur,e ,difference between the bay and the o,pen sea. 
Fluctuations are more p,ronounced in the Ma[o jezero. In winter the 1s.udace 
temperature can ,be 4.5° C 1(Janu,rry), wh<ile in summer it is up to 29.0° C 
(Au,gUJsit). M the depth orf 20 m the temperature ra:nges foom 7.75 to 20.0° C. 
In the Velliko jezero ,the surf,aioe tem1pera'ture may lower down rbo 8.2° C. (Fehru­
a<ry), while in summer it is up to 27 .0° C; ,at the depth od' 40 mit rang,es between 
9.2 and 13.7° C (Fi,g. 3). •Due to these changes ither,e i-s varia,tiion lin 'the densilty 
of the sea-w.ater: on the surface from 22.7 to 28.3 CTt, at the depth of 40 m 
from 24.6 to 28.5 CTt, (Fig. 4). 

In the Malo jezero under the isoibath otf 19 m (to 20 m) ,the zone H2S was 
found iin 1951 and 1952 (B rv. Q ja n, 1956). 1n the corn"'Se of 1953, antd elsipeciail.[y so 
of 1954, the bay was aired, so th:at at the depth of 25 m there w.as saturation 
of 02 (Fig. 5). 

*) As the entrance channel into uhe Veliko jezero has <been made deeper since 1960 
it is to be expected that e-s•sential changes in hydrography an:d composi>tion of fauna 
and flora tn the bay itself have taken place. 
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fi' ig. 2. Salinity evolution in V eliko jezero f r om 1951 to 1954. 
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The sea waite,r transpa•rency (01btaiined by S e c ch i drisc) changes consdde­
rably each seas-oin, the annruai dilfferences mi:gM lbe :iin 1Jhe Ma~o jezero from 
5.7 to 9.5 m, in .the Vcliiko je1Ze1·0 kom 10.5 to 21 m . 

In the area of the narrow passages a) Malo j,ezero - Veliko jezern, and 
b) Veliko jezero - Solrine u:ap'id flows occuT. 

During these investigations, at the outer station Gonoturska, the surface 
tempex.alture:s rnnged f.iiom 12.5 to 24.2° C, saiLiiniiy beiing from 35.8 to 38.5% 
and transparency f.rom 16.5 ito 32 m. 

All the hyd:rographic data used ~n the present work bave been placed at 
my disposal by the !kindnes:s od' Dr. MHjenlm B u 1 j a n to whom I am espeC!iaJ.ly 
indebted. 

4. RES ULTS 

4.1. COMPOSITION OF ZOOPLANKTON COMMUNITIES 
AND THEIR FLUCTUATION 

The qualitative ana'ly,sds of the zooplankfon commrunity in the bay of Mljet 
shows that it is the question o;f ty:pical nenitic plankiton with the species which 
only in the 1popuilati0in de= ,ity dJ1ffer kom the s~mifair bioceno\31es ()(f othe!r 
localities. Special topogra:phic and hydrog,raphic condi.tions, and v-egetatton 
density of the s urrounding area .seem to condiition the high :stan!dirng crop of 
zooplankton, if this be not the Q·esult of an runbalanced relatkm between the 
prrimary producer,s and the con:sumers. According -to the compos'.i.tion of iJhe 
Z.OOP'lanMon {Ta1ble 1, Vuče ti ć, 1957) the Malo jezero i:s conls,~derably poarer 
in species than t h e Veldko jezero. But the number of species is from time to 
time on an increase, s-o ibhat in August and September 1954 the oopepod Calanus 
helgolandicus could be found even in the Ma'lo jezer,o where :i,t had never been 
found before. At thait 'time the ,t,emperatu.re wa-s 11.0° C (Fiig. 5) at the depth 

COPEPODA 

. CHAETOGNATHA 

DECAPODA L. 

MULLUSCA L. 

COPELATA 

VARIA 

100" f------i 
Fig. 6. Relative percentage by count of the major groups of zoop lankton in Veliko 

jezero. 



TAB. I. ZOOPLANKTON - NUMBER OF DIFFERENT SPECIES INA VERTICAL HAUL FROM 0-40 M. 

19 5 2. 1 9 5 3. 
II IV V VI VII VIII IX XI XII I III V VI VIII IX XI 

Calam.is helgolandicus . 2 208 398 144 385 660 1125 1179 341 120 566 76 127 806 87 125 16 
d 58 41 41 107 96 136 5 42 81 45 9 80 183 22 81 7 
V 140 973 1231 2737 1551 136 34 107 1294 582 86 826 198 70 290 74 

IV 106 720 36 60 30 - 90 60 3138 90 180 - - 90 270 64 
III 876 1440 300 - - - 270 180 3540 - 630 90 - 90 90 
II 1436 600 198 - - - 60 60 1950 60 980 30 - 60 30 86 
I 1356 18 - - - - 120 330 60 300 360 - - 180 30 21 

(,i, , 

" " 
N 1802 78 78 - - - 90 120 336 30 2910 - - 210 30 43 

Paracalanus parvus . 2 2323 2880 3120 26100 1580 1590 270 480 258 1260 2490 780 120 300 180 860 

" " d' 9961 1236 720 1320 810 360 120 180 156 330 1200 1260 180 60 60 559 
Pseudocalanus elongatu.s 2 6524 12156 22296 Hi140 33750 25080 16980 4380 1200 1260 2490 780 120 300 180 860 

" " cš' 3211 2160 1158 1320 780 360 210 - 90 330 1200 1260 180 60 60 559 
Paracalanus Pseudocalanus 
kopepodits . [2274 12390 23100 29390 26800 17250 2580 720 720 5010 39540 20580 6000 2560 1560 2236 
Acartia clausi . 9 586 618 378 270 30 30 - - - - 60 

d" 686 1038 258 330 120 30 - - - - 60 

,, " kopepodits - 1440 780 390 210 - - 90 - - 240 - - - - 43 
Centropages kroyeri Q - - - - 30 180 120 - - - - 120 180 180 480 

" d' - - - 90 420 150 120 - - - 60 60 120 240 600 

" 
kopepodits - - - 90 180 240 90 - - - - 150 180 480 360 

Isias clavipes . 121 - 120 60 - - - - - 60 
Oitona nana 773 132 1938 1300 720 420 510 380 2580 180 2400 1080 480 180 3GO 645 
Sagitta setosa adul. . 19 490 114 407 482 186 147 38 148 42 114 235 76 48 47 240 

med. - - - 799 635 490 216 - - - - - 265 50 16G 
juv. 495 - 292 238 641 1466 130 19 691 1447 720 1464 223 129 1848 477 

" " 
eggs - 60 - 210 90 - - - - 90 

Dekapoda larvae 73 117 250 163 62 41 89 37 6 - 519 326 120 - 338 47 
Evadne sp . . 53 - 60 - 30 90 - 630 378 - 150 540 120 120 950 129 
Obellia dichotoma - - - 60 - - 330 30 35 3 - 180 120 120 60 43 
Bougainvillia automnalis . - - - - - - 7 - 35 7 - - - 60 2 2 
Aureiia aurita . 26 - - - 90 1380 8700 450 360 150 90 660 950 360 1560 344 
Muggiaea kochii . 773 240 - - 7350 86130 45360 5400 8700 2970 1020 60 120 1120 12540 3866 
Lamellibranch larvae 121 198 5736 2286 7176 8250 2580 - - 540 60 9720 10980 " 1260 3180 688 
Gastropod 

" - - 120 1150 330 180 360 - - - - 90 60 120 60 
Oicopleura dioica 826 60 2376 - 784 870 600 1260 1200 1320 1260 720 300 240 - 1720 
Fish eggs - - 14 8 - - - + 

" 
larvae . - - 1G 4 - - - + 
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of 20 m . This iis a cons"ider.ably lower temperature than ,the one tha,t limits the 
distrihution of thi·s ooipepod. Examining the vertical mig.rations it was, namely, 
found that the ,tempernt'l.l're of :a:bout 15° C wa,s Ji,mi,ta;ry temperature which 
the aduil,t Calanus Ull1 1rwrma1l 001I1diJtions inever crosised (Vuče ti ć , 1961). Besi-des 
t.h.at, •the :an:ailyses od: t he ,sea-water sho-wed •that .ait rtJhat t1me '(Se,p.tember 1954) 
there wa'S no H2·S ZJone whkh ;im 1951 ,a,nd 1952 ha1d lbeen lb eitected -at the lbo.ttom 
layers. ,It has ibeen established tha,t, during the thermooHne, the Calanus is 
present below the thermocline stratificati-on, but ,if this layer is by chance 
polluted by H2S the Calanus cannot be detectied becauise i,ts n mmal develo,pmen t 
has been proba:bly hil!1dered. 

Exarnining the com:positi:on of the zooplankton in the Veliko jezero, the 
peru.od of occurence of indivsidu.al speoies w.as estabhished as welJ as their m.ime­
rical occurence for the period F ebruary 1952 to Novemlbe,r 1953 •(Table I). 

TAB. II . FREQUENCY (11,'0 ) OF THE DIFFERENT GROUPS IN THE TOTAL 
ZOOPLANKTON OF VELIKO JEZERO 

J F M A M J J A s o N D 

Copepoda 59,4 94,6 93,3 97,0 86,1 94,6 79,4 32,2 27,9 37,3 46,6 55 ,3 
Chaetognatha 9,2 1,1 1,4 1,2 0,6 1,5 2,0 1,5 0,6 0,4 0,3 2,9 
Decapoda 1. 0,3 0,2 0,3 0,4 0,2 0,1 0,2 0,1 0,1 0,2 0,1 
Mollusca 1. 21,7 2,0 2,0 1,1 8,8 1,4 17,0 64,5 58,8 48,3 37,9 34,7 
Copelata 8,1 1,8 2,1 0„2 3,7 0,9 0,6 0,7 4,3 7,9 4,3 
Varia 1,6 0,3 0,4 0,2 0,4 1,1 0,5 1,2 11,9 9,4 6,9 2,8 

For a be,tter survey ,the :mo-plankton has been put in-to six major griou:ps. 
The 'l:elat-ive -o:ccurence od: the g,r,o,up in the .total ·sample has been expressed jn 
percentage in Table II. The annual fluctuation ,orf these value:s thus listed shows 
that the co.pepods are .the most r epresented (27.9-94.6°/o), followed by nwNusc 
la~·vae (1.1-64.5°/o), chaetognaths •(0 .4-9.20/o) and copelats (0-8.1°/o) , and at 
last by other gr-oups in smaller quantities (Fig. 6). 

TAB. III. DRY WEIGHT (mg/1113) OF ZOOPLANKTON IN MLJET AREA FOR THE 
PERIOD 1951-1955. 

MALO JEZERO 

Date I II III IV V VI VII VIII IX X XI XII Mean 

1951 0,95 3,6 9,3 3,85 6,5 3,9 1,4 1,6 1,05 3,56 
1952 1,0 2,6 3,0 1,9 4,4 2,1 1,0 0,9 1,8 2,07 
1953 0,9 0,2 1,6 2,2 1,G 1,2 1,1 1,25 
1954 1,8 0,8 3,5 3,9 19,0 11,7 2.G 5,7 
1955 2,3 6,5 

VELIKO JEZERO 

1951 11,9 23,0 16,0 26,7 17,0 32,0 38,7 17,5 2,24 21 ,3 
1!)52 10.0 19,6 18,8 55,2 61,7 70,9 58,8 6,2 38 ,4 37,4 
1953 12,8 8,4 22,0 23,C 6,8 13,9 4,8 13,2 
1954 2,2 22,2 28,9 50,4 44,2 16,2 13,7 25,9 
1955 15,6 62,1 

.. 
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Date 

1951 
1952 
1953 
1954 
1955 

GONOTURSKA 

I II III IV V VI VII VIII IX X XI XII 

4,2 8,9 8,5 4,2 2,1 2,9 6,4 2,0 
6,3 15,9 7,7 4,1 5,3 4,2 3,9 2,2 2,8 

7,0 2,0 3,0 0,5 2,0 3,0 0,7 
1,4 5,9 7,2 2,9 2,0 2,2 1,6 

2,9 2,5 

4.2. SEAS0NAL AND ANNUAL QUANTITATIVE VARIATI0NS 
0F Z00PLANKTON 

13 

Mean 

4,9 
5,8 
2,6 
3,3 

Fluctuation of zo.01plankton .production ~n th e bay of Mlje t was fo11owed 
by measur~ng tihe stand~ng crop with ,different nrethods (V u č e t ,i ć, 1957) . The 
volume of zooplankton sedimen.ts and the wet and dry weighttS were measuired. 
The most accurate da.ta .for estima ting the quantitative chan.ges od: the s t anding 
cr,o.p were obta:ine:i :by :di·yinig uip anid we1ighing -the zoo1p[anlkit'On . TalWe HI sh ows 
all the data obtained by measu ring the dry weight of zooprrankton .at the stations 
in the Mafo and the Veliko jezero and at ithe en trance iinto the bay a t the 
station Gonotuirska, in ,the pe1,iod 1951-1955. Folilow,ing the fluctuation of these 
values it -i.s rpO'.:':Sible to conclude that the max,imal qu.antit ies o;f the total zoo­
plankton can be found in the bay rusually in summer months (June to Sep­
tember) , while .at the entrance into the b.ay, a t -the staHon Gonotursk.a, much 
earher, i . e. a t the end of winter and ,at the beg1inning of spring (MarC:, - April) 
(F-ig. 7) . Al!l the values otbta-ined d uring these investigation s were used for 
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Fig. 7, Annual .fluctuations of the zooplankton in the Mljet a1·ea during the four 
yea1· period. 
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estimating the relative abundance of zooplankton :iin the investigated area. The 
unit w.as ,the quantity od' zooplankton per 1 m 3 and 1Jhe fol,lo,wing annual mean 
v.alue:s were olbtained : 

1951 1952 1953 1954 

Malo jezero 3.6 2.1 1.3 5.7 
Velik-o jezer-o 21.3 37.4 13.2 25,9 
Gonotursk.a 4.9 5.8 2.6 3.3 

.(the values are in mg/m3) 

According to the .above •data it fo.Hows that the values o.f !dry weight of the 
z,o~plankton d',rnm the Malo jezero and Gonotur&ka, and the Veiiko jezero, are 
in ratio 1 : 3 : 12, which shows that the VeUko jezero is 1by far the richest. The 
Veliko jezero is .also richer in z-oopl.ankton than the open Adriiatic, where the 
annual values obtained are .a1bout 13 mg/m3. The North Adriatic :sho,ws somewhat 
higher values (14.3 mg/m3

) than the MMdle Adrlatic {8.1 mg/m") (Vučetić 
1961). 

4.21. INFLUENCE OF ECOLOGIC FACTORS ON TRE SEASONAL 
FLUCTUATION OF ZOOPLANKTON 

Bi -otic factors 

B a c t eri a - While examining the diurnal fluctuation of the bacter~al 
population1s in the euphotic zone rin the 1b:ay ,of Mljet it was found that the diurnal 
fluctua.tions of the phytoplankton and zooplankton ,exis-t simultaneousily (C vi i. ć, 

1953). Larger concentrations of zooplankton , phyto1plankton and b.acteria appear 
by day in deeper Layers of the euphotic :oone, whtiile .at night they are nearer 
the surface. M.aximal quantities .of bacter,ia aptpea.r in deeper layers than th-2 

I 
-u ,. 
CD 

Lo9. m'¾frn' 
5 2 

-:-.., 
E 

.!: 

" .., 
3 • >, , .. .. 
2 z 

o ,-
>< 
z 
◄ _, .. 
o 
N 

0+---.--.-~~~..---.--.-~~-~-.-~~~-~~-.--.-~~~~-.-~~~--+0 
Ili IV V VI VII VIII IX X XI XII I li Ili IV V VI VII VIII IX X XI XII I 11 111 IV 

1951 1952 1953 

Fig. 8. The dry weight of zooplankton and the number of bacteria from March 1951 
to April 1953. 
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phytoplankton maximum could be found , somewhere nearer the place of a larger 
zoopla:nkton concentratiorn. 

FoHowing the seasonal fluduation of the totaJ zooplankiton in 1951 in the 
Veliko jezero dit i'S ev'ident that the con:sidera.ble inorease of the bacterial 
population was preceded by the zoop-lankton dncrea'Se (Fig. 8). In surnmer 1952' 
thils was not the ca-se. ,Then -the maximaJ quantities of the zoopLankton 
approached the time of the rnaxima-1 quantity of ·the ibacteria'l po,pulations. 

P h y t o p l a n k t o n - It is a well known fact thai in the reLa,tion of the 
total zooplankton and the p:hytoiplankton, the increase of the zooplankton is 
most frequently pr,ecede:d rby ;the increase 01r flowering o,f the phytoplankton 
po,puiations. This oould be conduded from the data od' the Veliiko jez,ero in the 
pe11iod 1951-1955 (Fig. 9). Sometimes ear'lier - .at the end of winter (March), 
a:nd sometimes later - at the begirnning oE -summer (June) , the first ma.ximum 
of phytoplanlkton appears, whi'le the second one usuaily .a.ppears in autumn 
(November). This could not i:ssue from the data of 1954, but it is highly pmbable 
th:at the verna1 phytoiplankton maximum was orf short dur.ation so tha,t fit w.as 
nat reg1stered 1because orf ;the r.arelly taken samples; be:.side:s·, the ferti1ization 
ooul!d aliso ha·ve effeotetd the surnmeQ· iecrease of p:hy(tc1planikit'on (P u c h e r - P e t­
ko v li ć, 1960). 

It must be noticed 1Jhat sometimes it mi,ght hap,pen that consideraib'ly 1ower 
values f.or the :moplankton ,biornass are obtained because o;f the deorease od' the 
fil<tr.atiorn cap.acity of the net caused by the phytoplanktorn flowering. 'I'he rapid 
flowe1ii:ng of some phytoplankton species could also have a negative effect on 
some zoop1ankton species. 

Seasonal variation of zooplankton in rel.ation 
to ,a b ,ioti c fa c :tors 

Temperature - Lt was tried to establi'sh the relation between the 
z-001p!lankton ibiomass fluctu.ation .and the changes in the sea-water temperature. 
To this pur,po~e the data for temperature ,(Fi,g. 10), obta!ined by computing the 
mean v.alues for the layers extending f.rom the -suriface to tihe deptJh o;f 20 m, 
were used. Ana1yis'ing the tota~ ma,terial the relat'ion in the positive di,rectii.on 
was established, i. e. larger quant,ities of the zoo;plankon ibiomass appear in the 
perl!o'ds of moreased temperart:,ures. The fi:rst caus·e of thi1s is t hat at t:he begiiiiling 
ocf s1t,1,rnnger in'soJraiJi,on the sea ,9ta,11tJs. to, wa,rm up ood paraililel to fuis the phytl(J,­
pJ.a,nkton in the s'U!I'd':aoe iproducttve o:r euiphotic :layers ,i,s bJo:ontlng. At ,the same· 
time, due to be,tteir feec:hlng oonditi,ons, the zoo1plankt01n O['gan1s1IDS begin their 
reproduotiion im ,th,e urpper surd'ace tLayers. S:o in ,the V•e'hko jezero in ithe .period of 
a stnornger :iinso[aitli,0111 there was a 1b1umdn,g rutp ,orf rthe ,ply.toplaniktoh, ,the grrowth and 
reproduction ocf some zoopLankton grnups, which condi,tioned the higher derusity 
orf the zooplankfon popufatiorns. This is tihe re.aison oif an increased <len'S1ty of 
the zoopLankton in s1pring, hut later, when the surface iayers become warmer­
and the thermodine is estaibliisheid, while at the same time the nutr-itive salts: 
h.ave been exhaUJsted, tihe r ,esult iis the 'St,agnation in the phytoplankton prnduc­
tion. The density orf the 1phy,topLankton po1pulations decreases , an<l it would be 
quite logical to expect the same manifestation in the zooplankton. 1n littoraI 
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plankton the .summer stagn.a.tion is not so oibvious in the zoopla.nk,ton because 
the la-rvae orf b'€inthorac 01r-ganisms (moli}usca, ciir_iipedi:a, 1po[ych:aeita) ha;ve thei·r 
maximum in the summer pe~·iod. 

Except the above mentioned, it i.s suppo.sed thait in the Vei.iko jezero the 
pos:itive relation between the zooplankton increase and the (surface) tempera­
ture increase could to some degree be much more intense in some years because 



18 No. 10 

m 21 • 

20 X 

• 
19 ć. eo 

11 o 

17 

o o 

16 ~· X A X 

C) G 
"' CJ 

~ 15 xx X o 
>< u ć,. z 
.,i 

~ 14 o X ~ o 
ii.. 
rJl 
;a; t::,. 
<C 
ii:: 
E-< 13 □ o 

1a 

11 X 

o 
10 

LEGENDA: 
X 1951 
o 1952 • 1953 
l::;. 1954 
□ 1955 

t 

10 20 30 40 50 60 70 
ZOOPLANKTON (dry weight in m/g m3) 

Fig. 11 . Relation of zooplankton dry weight and the transparency of sea wate1". 



No. 10. 19 

of the ve11tica1l a!Iltd hori.·wnta1l anigrn,tfon of the individuarl zooplanlk,ton species. 
Namely, whrile investigaHng the vertiecill migrati-ons o,f z-o-01plankton (Vuč e ti ć, 

1961) ,the temperature limit f.or SQIITle copepod 'species has b een eis tablished. The 
lowest tempera ture limi.ts have tbeen stated ,for Pseudocalanus elongatus .and 
Calanus helgolandicus, :a-nd i!t ,ils S!Uipposed t hat ,the :sam e :species do a certain shif­
tililg ii.n the h oir.iznntaJ d.ilreat:ion !diu1rJrng ii.!Iltens-e warnnin1g urp. During the mos,t 
interns,e warn11irrug rup of ibhe S'UJI'1f:ace, 'th-e u1pper oopepod:s, which are iusualtly equaUy 
distri-buted in t he who;Ie bay, are ooncentrated at the ,bottom layers a-bove the 
deep est depression in which a r e.a liis the stat.ion V,rbov.ačka . In thi's depression , 
even diuring the m,ctst pr,01Uou111ced thertrn1odilne, the deep layers rema,in oo,crl 
(F~g. 5) . 

Transparency - In tihe bay od' Mlj et it was generaHy found that a la-rger 
quantity of :zoo1plankt-on (rdry weight) caurses a decrea-se in the sea-water 
transparency (Fig. 11) . But t h e sea-water itr.anspairency decrease w.a-s a'lso 
recorded wit h the low va lue1s od' z.ooplankton, which prove.s that some other 
facto r.s .are responsible. 'I'he s-ea-water transparency in the Veliko jezero depen­
ded upon the density of ithe phytopLanktorn and z.ooplankton p opulattons .as well 
as upon the uno1,ganic 1p0Hution orf tihe w.a;ter , and s·ometlimes upon the qua litative 
compo1sition ,o,f zoopLankton (Puch e r-Petkov ,i ć , 1960; Vuč etić, 1597) . 
It has been , na m ely, staited, that when 1Jher-e was a hi.gh p:roduction of cope-lata 
population:s, in thiis case of Oicopleura dioica, tihe qu an.tity od' z-oop'lanktorn dry 
weight w.a:s 'low, but the number orf cells was so large that it made the sea-water 
turbid. 

4.22. STANDING-CROP VARIATIONS :rn RELATION TO FERTILIZATION 

It w as tried to est abHsh :bhe effect od: fortiLizat,ion on zoopilankton by 
c-omparing the annual mean vaiues of zooplankton -dry weight. These values 
showed a notriceable incre.ase -after the fertilieati,on in 1954 at the stati-on the 
Ma1o j-ezero, whi'le in ,1Jhe Veliko j·ezero that was n ot the case. But, in orde,r 
to g,et the most 1re.alistic picture possLble orf the true s tate, pairs of measurrin gs 
in the same months of 1951, i. e. tbefore the fertili-zation , and, of 1954, drurjng 
the fertilizat'ion, were taken; this y.ielded the fol'lowing differences: 

Mars May July Aug. S ept. Nov, 
Mean 

1951. 11.9 16.0 17.0 32.0 38.7 9.2 20.8 (mg/m3) 

Y e.ars 
1954 22.2 28.9 50.4 44.2 18.5 13.7 29.6 

In ail the m onths orf investig.ations -the vaniation s h ave been very pronounced 
except fo1r the zo,oplanktc,n dry weight values in September. If m ean values 
aire taken from ith ese meaisuT:in;gs i,t fo[QoWis rthat t he zooplankton b ~om ass 
dry wei1ght itn 1954 was 8.8 mgfim3 -higlheir tharn in 1951, i. e. cca 420/o. 

If ·inic±i.vidual a nnua:l condLtion:s of zo,oplanktoin i.n irelation to the oth er 
f.actorrs which in,flluence ,the s,talMlrity of IQn-e ,ecc1system 'is ain:alyze-d, then some 
•other ex:pl.ana-tions or corr-ection:s for the ihi,gh m ean va1ues in 1952 can be 
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oibtained. Namely, with these evaluations one must a1lways h.ave in view the 
whoile ecosystem and the changes in it ba·cause of the eff-ect of ecologk facto,rs 
on various structural eiements oonnected with the feeding cycles. 

As alre.ady mentioned h'igher values for zooplanikton were registered in 
1952 before the fertilliization took place, especial'ly a,t the time od: a more initense 
wmming of the suir,face layers of rthe bay (Fiig. 9). If t!he annuaJ meain 'Vailues 
o:f t he sea for the whole ,per:ico,d of investigations .are ,analyzed, it strikes IUIS thait 
these value·s for zooplankton are consideraibly higher in 1951 and 1952 than in 
later years. 

Sea tempe ,ratures at the station Vrbovačka 
f r om 1951 to 1954 

T° C art the d,e,pth orf: 

30 m 

40 111 

min. 
max. 
m,ean. 

min. 
max. 
m-ean. 

1951 

12.1 
13.4 
12.7 

12.3 
13.2 
12.7 

Years 
1952 1953 1954 

9.2 9.2 8.0 
19.9 10.6 9.7 
14.5 9.9 8.8 

9.2 9.3 8.0 
13.6 12.5 9.7 
11.4 10.9 8.8 

Due to these increases dn the sea rtempernture, the omorease of the zoop!.ank­
ton couid bave been olbtained in the foillowing way. 'Dhe temperature limits 
which the coipepoda Calanus helgolandicus and Pseudocalanus elongatus never 
cross during the diu['na l ·vertic.all mig-ration have already been stated and 
described (Vuče ti ć, 1961). In conneotion with th:iis it ha~ been concluded 
that with the v,e,ry an,tense wa,rmilng UJp o;f the ,srurlace ll!ayiern iiln the Veliko jezero 
these corpeiPods 1malke :tihe ho1riezon,tail shiid'tinig rin!to the ,di:reotion of deepe1r leve:ls 
which bave ipreser:ved 'I'elati'Vely fo,w temperartn.iires even wi.th t'he most i1nte111Se 
wa:rmj1n:g lll!p in su1111meir. Beca1Ws,e otf ithiis iilt wa:s rpossii.lb1e :thait in 19frl , amd 
espe.cia!hly s.a in 1952, t'here wa,s a great ooncentratiion of the co,pepod's ait the 
&tat~on Vrhovačka at which rbhere is rthe maximall ldeipth of the bay. This mi,ght 
be one of the main ,rea~orns ith'e high vaiLues of the ,totall z,o,oip[anlk:,ton couild be­
obtaained in thase yea'l:s. Had the disipern:Ofl1 orf the zoqplarnlk1t:lon beein g,reate:r, 
the standing crop va[ues wowd harve been much 11ower. It hia1s ails10 to be men­
'bi,oned that in ,the summer saffiiP[es of 1952 the mo1Husc lairvae had a:ppeared 
in a ~triikingly lamge number, so that, because otf the.Lr shells, .they had a consl­
dera!ble effeat om the tincreaise otf the zrnoplanktorn dry weiigiht vail:ues. 

It fol1ows that mayibe the a1hov.e m enti,oned temperature increase of <the sea 
and the accu,re!l1Jce of the micelliusc lar.v,ae were ,tihe reas,orn orf a hi,gihecr 
quantitie1s 1(,d1ry weight) od' the zoorpllankton in 1951 and 1952. On the other hand, 
the centain decrease orf the z,o,oplankton crqp in 1953 an:d 1954 might be due 
to a more intense o:ccurrenoe of the :sardine and anchovy in the bay. It was 
in those years that a iJ.arger quanbity otf ipefagiic fosh occurred a long the ODast 
and ~,t might be .po,ssible that, attracted by a more intensive prnduction, they 
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• had entered the bay. Lange saa.0dines (size 18-20 om, 16-17 per kilo) were caught 
in larger qiuantit:ies iin June, J1Uly and A1U,g1Llisit, 'iin somew1hat smaner 0111-es in Sep­
tember of 1954. The pO's.si!bi'liity ,rhait the o.ccurrence of these 1pfa!nkton feed,ing 
fi.sh is the r-e.ais,c111 for n o,t h a:v.ung fo,und a J,m·ger 00,opia111ktcn S!taindill1g cro1p is not 
fo, be exc1uded. Thfrs was fargely due ito the !i.n011ea:s1e of fash e,gigi~ .aind 'larvae w:ith 
a very low m c[·tarli,ty dtue to v ery f:avou,r,able d'eeding cond'iti,rnn:s (Vu če ti ć , 

1937). 
It has b een sug.gesited tha;t maybe due to the var,iations in the sea-water 

acidity ther•e was no greater zooiplanMon increase after the fertiHzation. Namely, 
t he ,per'iodical iincr-eaise of pH ·after fertiaizat ion has a neg,ative effect on 2lDO­

plankton o rgan~sm:s. M ars h :a•[ :l, S. M. :aind A. 1P . On· {1948) got a r:.ich 
_zooplankrt.on the d.'i1rnt year duri:ng fertilization, tbut ,the s econd year iit decreased 

c1.nd ,r eniain ed 1pom. ,Tihey think that it was prn1ba,bly t he intensive ferfahzatiorn, 
due to a dense phykplank,toin and other vegetati-ons, t h at made pH raise ,periodi­
caHy !bo t h e levell d a:ngero-u:s ,to ·,animal orga,nisms. In i!he bay ,01f Mllj ert p;H 
oscUlations were a1s·o found, so t h a.t iat the 1stat1i,on VJ:ibov.ačka there was a n 
increase up 1to 8.2, whille n ea,r :the tbottom p-H f,ehl 1to 7.7. But thi1s ~:s istitll much 
l ower ,thain the vatlues '()lbt,a,ined by 1ihe experimenits orf M a r s h a 11 aind O r r 
vvhen the va'lues were pH 10, :so that we suppose the pH changes in our e~pe­
riments had n c1t a n egative effect. 

5. D I S C U S S I ON A N D C ON C LU S ION S 

In order to improve ,o ur d iet 1i1t has been tr,ied to increase the p1,8duction 
od' organic matter ,c,n }and a nd se.a, to which .purpose vanious eoosy.stem s have 
been exami:ned, i. e. naturatl con,diti1rnns of 1pt1·01ductilo111 .a!re f,iQ0 st exam:irn ed, and 
t hen exper iments on a rtifrcial increas,e ,of production are carried out. S omewhat 
simlila.r has ·been 1intended to ibe achieved with th ese investigations in the bay 
of Mlj et. The ,partioular:itiEt3 of this biotope - natural a quairium - have enabled 
us to ca1rry au t a large experiment with which, in completely natural oo-nditions, 
it has been quite .po•ssi!ble to 00111t-ro1l ,and follow the changes in the plankton 
com:munity as we11 as the changes in ecoQogic factrn·s of the surroundiings. As 
a pari of the .t-ot a:l linvestigati-ons 01f 'Plankton, the zoopl,ankton biom a'S's fluctua, 
tionrs in rela,tion to the eco'.logic facto,rs in n atura l condition:s, as well as after 
the fertilizati-o'n , were ex,amined. 

The seasonal changes of zoop'Lankton communities are the result of tihe 
:activiity of a 111un1ibeI· of faators, a,nd a ll the effoil1bs were diireote<l t o es,ta!bl.tshi111g 
the most ,important nirns. As there have been no preliminary data of the effect 
of t h ese factoirs upon the zooplarikton bioma,Sis in the Adriatic, a number oI 
measuring.s on the m ater:ial f.r,om the bay of M:J.j,et, :as well as from some othe.r 
localities in rthe Adriatic, had to be caT'ried out. The b ay of Mlj et it,3,elf has 
offered a unique opportunity for such investigahons. Its topogra;phic and hydro­
g1~aphic peculiarities have en.atbled t his deep b ay to preserve r ather low sea 
temperatures in .summer, bec.au se the cuT'rents of the inflow a1J1Jd ,outi1ow, bave 
only a s urface -effect due to the narrow and 1sh aUow entrance opening. The 
resu1t of this is that there 1is no g:reat exchange of water wJth the open s.ea. 
Such a ~pecial biotope i s r efleC'ted ,on the zooplankton composition w hich shows 
the ty,pical neri1t.ic chanacter, wi>th the onlly difference t ha,t 'i-ts •s,tanding crop 
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differs con:sider.a:bly foom the similar locaHties afon,g the coast. The Veliiko jezero 
is much more rich in zoo,pilankton ,than tihe other investigated station.s lin the 
b.ay, and the other investigated areas in the Adriatic. The maximal quantities 
we,re always obtained in summer months as distiniguished from the stati,ons of 
the op.en Adria:bic, wher2 the g,reatest value1s occur in winter-spring period 
(Gamulin, 1954 ; Hu['e, 1955 ; H oenigman, 1958; Vučetić, 1957). 

The high standing croip which was founJd need n,ot mean a high de1g1ree 
of production. AllthoiU:gh ii.rt; ii.s q,uLte S'U[',e that the :r,ich vegeta.t.il{)Jl od: ;the su.r­
r-ounding lanid ,am.d ,the drai1r1age iil1lto t.he b:ay coirutrilbute ,to the increase od: p,roduc­
tion in this basin, the high 1standing-crop need not :be the result of this only, 
but it may also be the sign that the system is not well lbalanced, i. e. the ratio 
producer - consumer is defective in this case, for there a:re not enough <lirect 
ZOQ1plankton consumers - the pellagic plankton f.eedern. 

Studyin,g t he r,elabion od' >1:Jhe ecologic factor.s of the surroundings to the 
z-ooplankon filuctuation ,in the Veliiko jezero, the ,ratio phytaplankton - zoo­
plarnkiton did niot show any paT1tiiaul:aa.· reg,uila~·itties, but srt:dll, it comeisiponkled 
l•o the established patterm for ithe rtemiperait-e seas (C 1\1 s h i ,n ,g, 1959 ; H e i nr ii c h , 
1962) , according to which rbhe phytorp1ank,ton maximum is always foJlowed by 
the zooplankton inerea's·e. The zooplankton fluduation ha:s been foHowed by 
bactero.al fluotuation so that the maxamal quantities aippeared either a,t the ~ame 
time with or 1somewhat ea.rlier than the bacberiia. 

The zooplankton increase ocours at rbhe time of temperature increase of the 
wxroundi1ng laye.rs -(Fig. 7). This is qui,te untle1"'Sta,nidable ia.s it is k:nown tha,t one 
of the phytoiplankton 'increases 1beg>ins in spi,ing, whi:ch, together with the 
parnllel se.a temjpe>rature inorease, hasten:s. the growth of holooo,qpfanlktoin which 
sp.awns at the time. -Besides, there is a more intenisive appea:rance of mezo­
zooplankfo n . The biomass increa:se can be tihe •result of the direct in!filuence of 
temperature upo,n the 1proces1ses i,n tihe sea. iMaybe ,the temperature is also indi­
rectly resporrisiiibl,e for the bioma·ss· increase (in this case at the s.tation V!I'bovačka 
in the Vei1iko- jezero) due to, the influence of the -temperature on the h-mizontal 
shifting of the zoo,p[au.ktoin. N.amell.y, in stUmmer, whli[e ,'bhe Sll.llciace and 1i.ttocal 
parts of the bay a-re i111:tensely wall.'med UiP, Calanus helgoland.icus and Pseudoca­
lanus elongatus shif't towardis the de(presSli,on in the Veliik,o jezero wihere even 
at th-is ip~·iod low se.a temper.atures are :still preserved. 

No regulariti-es can be oonduded f:rom the rel:ati:o,n between the changes 
in ,the ,tr.a!nsp:airency of the IS'.ea in ,the V el1iko jez,erio and rbhe z.oopJiankiton dncrea.se. 
Decrease lin transjparency was noticed at the time od' the phy,toplankton Howering 
and later during the zooplank,ton inor€ase. Tiransparency deor,e.ase occurred a[so 
at the time when low dry weight values od' zooplankto,n were found becaus-e 
o,f a large number ,oif copel:ata Oicopleura dioica. 

A·s alrea:dy mentioned one of the aims of the investi,gations carried out 
in tihe bay of Mlj et was to try to a.rtific:ia1:ly lincr,ea,se the production. To this 
pur;pose, ,af,ter estahlishing the OX1i,ginal state, nutritive s,alts in the f.orm of 
fertilizers were ad-ded. ,In the d'iiu:-st series, followung the method of extermination 
(B u 1 ja n , 1957), 2,270 kg Ca-cyanamide was thrown into the VelJ.iko jezero 
in M.ay and June 1953 in order to increase the production. In 1954 a total of 
21,500 kg surper.phosphate wa1s· added mixed with concentrated H2SO4 and soil 
extract. In 1954 a to.ta[ od' 36.7 mg P-PO4 1per ea:ch -ton of wateT was added. 
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B u 1 ja n (1957) think,s that the fertiEzatii,on of the bay h as effected the 
production beca:use ithere was a dec,rease in oxig.en contents •in the lower ievels 
ar.f the bay owing to the mineralizaition of the increaised qua nti.ties of organic 
matters which were shifting toward:s ihe bottom. He also thinks, ha'Sing on the 
darta obtained by mea:srn,ing 02 amd comp.aring the values 02-02' before and 
after fertili'zaitlion, that the fe.r1iJization has cau,sed at least 6.4 times higher 
pr-odu:ctiorn od' O['g,anic mattei.·•s, if not even rno-re. Niamely, t his method of 
oomput,ing the productiorn a lways yields lower vah1es because the turibulence 
of water layer.s, oxigen oonsum,ption and other org.anisms present, have no,t 
been taken into oonsideratiion. 

Tho,ugh t:he measuring od' [Jhytopla,nlk,ton standin,g cr-oip repcresents only the 
su.rplus of the prO'duction which has no,t lbeen us-ed up, according to the data 
of P u ch e r - Pet kov i ć (1960) the fertilization with consideraible oscinations 
ha.s reflected itself ,posi.tively upon tihe dens-ity iincrease of phytoplankton 
po1puLa1tions, -especiaUy m summer. Based on the phyto,plankton measurings 
relJ.atively higher values have b een 01btaiined for the production irnorease than 
those by 02-02' method. So dluring the summer months {July, August, Septem­
ber) of 195'4, arfter the fei·tilization the phytopla,nkton porpulati-on density 
increased more than 20 time.s t han the vaiues obta-ined ea.r•liier (cin 1951, 1952 
,and 1953). Here ,the number of ce'lls frnund in one litre of sea-w,ater is· m eant. 
But the :tort:a'1 qu1antiity orf orgarni.c mattern duiring these rnaxi.ma did nort inorease 
very much :because the m ain phytop1ankton -species a•s Leptocylindrus adriaticus 
and Nitzchia sp., which then ooourred, belong to the phytoplankton forms of 
sma•ll dimensrion.s. 

The eif'f,ect od' fertilizatiion could aliso be foUlowed on t he •benthonic vegetation, 
and it was espeoi.ally ev'ident at the end of May 1954, when in one part o,f the 
saturation of o:xii,gen ait the very tbottom occurred iin the quantities that have 
n ever yet lbeen found in the hdri.atic (from 198.30/o to 216.20/o). 

The t,ransparency deor,ease in the bay was the result of a hiigher deve~opment 
o.f ithe phytop'lankton a;ft.er the 1f.erti1izatiion ·so :that the values were very low, 
i. e. much 'lower than those in the preVtious y,ears. 

Though -it :is known that the iincrea,se orf ,p1'imary iproducti0111 .ina b.asin n.eed 
not Q'eiflect iim. a oo[l!s;ildera1bl!:e inorease of t h e lb1omass of one. itrophic '1·evel, never­
theless, it was it,ried to an,a1y0e the ['clation lbetween the Huctua,tio:n orf the 
zooplankton biomass beforre and ,afteQ' the .f.ertiliza,t.ion. The ,results have shown 
that there was a ornnsiderable incr.ease od' :moiplankton .in 1954 in r,elati-on to 1951. 
But even lbefore the f-eiritiiizart'iio,n very high v,a1lues ooui:d have ibeen 01btained 
in 1952, ·even hiigher than those in 1954. This phenomeno,n wa:s related to the 
high temperntwes of t h e 1sea which had effected the horizontal shiftiing of the 
plankton and its conoentraition Jn t h e depression of t he h ay •(where the plankton 
samples were taken) whi:ch ,ev,en cin th e season of the hi-ghe.st w.airming up of 
the sea preserves 'I'el.atively very !Jiow temperatur,es. 

Consideri111g the general[y low temperatures of the sea in 1954 it co-uld b e 
concluded thart; this hodzontal dti:spersion !in summer 1954, was much higher than 
in previ-o:us :reLatively wa:rmer yea:rs (1951 and 1952). It is, iperha,ps, due to this 
di,s:persion th:at in 1954 higher va1ues orf zo:01pl:ainlkton at the sta,tion Vr:boivaička 
ooU'ld not have b een obtiained. Bes~de.s, as the numlber of plankton consumers. 
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in 1954 was g.enerally incr-eased, maybe .tJhere wa1s no abnonnally high or sudden 
increa:se o.f zo,01plain'kton ·s,t:an!ding crcrp, a-Hhough _rt is qulite posi.,;iible tha.t the 
zoo1plankton production was much h~gher due to f.ertiili-zati•on. N-ot only the 
nuniber or -density of pr,eda•tOQ-s was increased (Engrauiis encrasicholus, Sardina 
pilchardus), but it :seems that, du-e to -exceptiirnnally good f,eeding condi!tions, the 
spawni111g ,inte1nsity increaJsed an'd tihe eggs mor,taJiity tdecre.ased. The 111u1mber of 
dead egg,s ,o;f anchovy was 001nsrude1•aibly lower thm u S1ual (V ,uče H ć, 1958). 
The rela,trvely 1Uinlfo1rm :iincrea,se of .the sta111Jd.in;g cr•Olp :iin ,a ,g-rea.ter n,u,mJber ,o,f 
trophic levels in the Veli'ko j,ezer,o show:s that .the transmistsi-on of energy or the 
reproducted rn·gain,i'.c martter was -effacient, which ,1s -the »:stea·dy .sta,te« system of 
C u s hi n g (1959). ConS1idering some d,ata fo~· zo,oplankton iin 1955 ,(high values 
,orf zoqplainikt,0111. ,d,ry weight ,and the ,phe111.omeno1n of S-LliPer.fluous feeding of 
copepods) we su:p!p1o•se th.e positive ed'fec-t orf .the fortili.zati,on has ref'lected 1in .the 
year foHowing the e~periments. 

* * * 

One of the centr.al problem-s orf present time investigations is the evalua.tion 
-c.f eco-lo,giaal efHoiencies ,o,f twphlic levels. AH the efforts of to!day's investiga tors 
are directed to the s,tudy ,orf .the foed'ing cycles and their effectiveness. It ha:s been 
tried to m.a.ke d-etaitled examinations of the effect of the .phytoplankton cycles 
on the z.ooplankton he11bivor.a :an·d carniv,ora, ,then to Iearn mD1r-e :a:bout ithe 
populati()ln dynamics ,od' indivi:dual hertbivora .and the 1aws which :g,overn the 
transm~ssi-on of energy f:rom the fii:rnt p110-ducers onto the next level. 

The sta:ndii,ng cro1p es,tiimati,cin which n1a1·iks ·jjhe mom·en;ta,ry sta,te -o.r the 
largeness of the pqpu'11atioin ca111. ,oin1ly to some deg,ree help esuimaite the ,ccrganic 
pr-odtwtion because the 'length orf the hfe cycle t(natahty, g•rowth, reproldu-ction, 
mo-rt.ality .and -destruction), ,and the rate ,o,f the success1on of .generations, are 
very different wi•th in'dividual n1emibers od' trn,phic chains and with the members 
o,f the .same chain ibut orl: diJf.epent seasons od' the y,ear. When determining the 
ra.te ,o,f g.1,owth cd' i,rnc:H,vli!dlUal p'0jpuJati,01n1S in the planlk-ton communiity, with the 
primary produceirs it .is very dlif.ficult to determdne the rn•te Qtf divi:s,ion -of plank­
tonic a lgae in a determined ti.me interval, while with thek nearest consumer.s, 
the zo-oplainkton o,rgani,sm1•s, tt :i:s very di.ff.i:cullt to measure the rate of g.rowth 
and the succession o,r number of gener.artions. 

The copepod •popu;la.ti,ons are one of the maiin compo,nent.s of the bay of 
Mljet zooplankton community ,(F.i.g. 9, Vuče ti ć, 1957) ,and the main herbivora 
which feed upon the ,phy,tJo,plankton. Among the co1pepods, judging by the 
biornass, the mos,t .i.m:po,ntant i,s the copepo·d Calanus helgolandicus. With detaile ::l 
1studies of the popul,atio-n dyn,amics oif this species, accoriding to H e ,i n r tic h 's 
(1962) type o-f Iife history, many moments in the 1200-plankiton ecology of this 
s:peaial biotope m.i.ght be explained. ,This might conkibute to im.prove the lmow-
1-edg.e o.f the re-lati:on between the -di:ff.erent member.s lin the feed~ng cycle. 'I'hese 
exam:ina'tli-rnns a ,re the subject ,o,f another wol'k 1(V uče ti ć, in .preparati-on) . 
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6. SUMMARY 

Based vn the rich mate:rial col!lected during the complex oceanogrn.phic 
investiigations from 1951 to 1955 in the region of the b.ay of Mljet ecolo:gic 
exam.inations of zo-o,plankto111. were carrie-d out. The present WO['k brings the 
1°esuits of 1these exami:nations <lur,ing the expe1imerrt of fertilization in the b ay 
Veliko jezero. 

Examina1tions have shown that the b ay of Mljet is a unique biotope for 
eeoilo.gic examinations of ,plankton communit,ies due to rits topographic iand 
hydrog,raphic conditions. Th-is deep bay, in one of its ,par.ts (Veliko jezero) 
preserves very lo,w temperatuires even in the summer p er,iod. T-he inflow and 
out.flow curn·ents are orf surfiace character beca:use the entrance is. very narn·o,w 
a,nd shamow and, as the bay d:o,es not g1rea,tly excha1!11ge wa,ter _wi1th the O[Pen sea, 
i,t oould serve as a l.ar.ge naturial a qua;rim. In the !basin of the Veliko jezero th-e 
ten1!I)ernture variies, :firom 8.2 to 27.0° C, ,the sa•linity bein,g fr.om 30.0 to 37.20/o c. 
Due to these changes there iis some oscill1ation 'in the sea-water densi·ty iso that 
the surface aayers denS!ity varies kom 22. 7 ,to 28 .3 o:i, The s·ea-wate.r transpa­
rency changes consi:deriaibly eaoh seaso111., the annual •di.fferences might ·be from 
10.5 to 21 m . In the bay Mia'1o jezero the [Periodica'l ocOUJr1J.·ence od' H2S was 
established wi.th the ~·es1ult tihat a,t tha,t itilrne it was much ,po,oirer i:n species than 
the Vel<iko jezero. It w1a'S thUJS found that ~n 1954 the Malo jezero was aerated 
i. e. without H2S, whi,Ie at the same time consudernble quantities of copepod 
C. helgo:landicus, which hald not been p~·-esenrt b efo~e ilrI t hiis ,parrt of the laike, 
were detected. 

As the ma,in quali,tative characteristic of the zooplankton community ođ' this 
bi1oitope, it ha1s bee:n est,alblish-ed t hat the z,oqpLail'l!kton is represented WliJth few 
s,pecies, but w:ith a high densii.ty od' poipuliation. Tihe mari.n biomass consists od' the 
co1pepods whkh have been 1re;p[·esented thiro1ughO'l1t the year from 27.9-94.6°io, 
followed by the mo111lusc 1aQ•,vae from 1.1-64.50/o, chaeto,gna!Jh:s 0.4-9.'20/o, 
copelats 0-8.1 O/o, and a,t Ja:st by other grnu.ps in sm1aaler quanti.ti.es. 

Anmng the copepods per rbi·omass first is Calanus helgoiandicus, followed 
by Paracalanus parvus anid Pseudocalanus elongatus. rt haJS been found that 
the p,opu1afao,n d.e,nsity of the .colpe1Pod C. helgolandicu.s i,n the Veliko jezero has 
veached rt:he highest values :up to now recorded in the Adriatic. 

Exain1ining the t1otal ZO.O[Plankton data (dry weiight) it has been established 
that the Veiliiko 'jez,eQ·,o, accoirdi,n!g to the hi,gh 1standiimg-cro,p, comes farnt in 
rel,ation to the other are.as in the Adriatic, 

The se.asonaJ variations ~n the ziooiplla1J:11k,to111. prnduotion show that the 
max,imal quantities aJways apipear 1during the warm .pel'i.od {June, July, August), 
whHe in the o,pen Adrlatic usually much earlier, in March and A.priL 

The r-eJation between the zooplankton cro[P fluctuation and the ecologJc 
factons has lbeen examined. The a>elation between the zoo1p'lankton and the 
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bacteria has shown thB.t the zooplankton increaise 8Jppears at the same fame 
with (1952) or s,omewhat eadier (1951) than the baoteriia.l :increase. The re>lation 
between the zooplankton and the phytoplankton is rather similar, i . e. in 1952 
and 1953 the zooplankton increase started aifter the phy1Jopfankton did, except 
in 1954. Then the ma:in vernal phytQplankton maximum 1asted for a short time 
s,o that it oO'U:ld not have heen ;r,egistered, but the later phyto,plankton increase 
was the reSll.l'lt of the fortiliza tion (P u ch e [' - P e tko v li ć, 1960). 

Analyzin:g the 1filuctua.tiO'Il of the zooplankton chan,ges it hais been stated 
that with the temperatw·e increase, the zooplankton increases as wel,L This 
i:s the ;result od', besides the ,phytoplankton production and the holo-zooplank<ton 
reproductiQn, a higher presence of merozooplankton idUJring the warmer part 
of the year. Accor'ding to the findingis it seems that, drtfe to the temperature 
increa:se of the :surd'ace ,layers, th'ere might be a hoir~zontal sh!id'ting of the 
zoop1ankton .towarc:1s the ,b.ay's depression (station V:ribov.ačka) in which there 
ar,e :rather stable low temperatur,es even during the :summer months. This might 
result in ra certad,n bi,omass increaise IO'l" the zoopl.iankton den>s'ity in this pad 
od' the bay. • 

The transpa:rency changes orf the sea-water wer,e not the result of the 
phytopJankton production inoisease oirtly (P u ch e r - Pet kov i ć, 1960), but 
also of the moire intensive zooiplankito:n rnorease. ,The ·low transp.arency was 
recorded with the ,low valu-es of zooplanktO'Il but wii.:bh the appe.arance of the 
oopelaJts Oicopleura dioica in gn.·ea1ter quan:tity. 

I,t was fou'l'lJd that the s.ta1nld1i,rig orOJP of the ,zooiplainlk:toin in 1951, i. e. before 
the fe1,tilii,za11iion, alnJd ;the 0111:e d.tn 1954, dirn·il!1(g the feriti1J:i:zation, d'Lffored iin 8.8 m:g 
per m 3 or cca 420/o which is ail.so one ~'Illdi['ect iproctf od' the peitma.Ty ;production 
increa.se ~n :the Veliko jezero iafter the d'ertiliza:tion besides those ,previousiy 
estabhshediby Buljan (1957), Morov~ć (1958), anid Pucher - Petko­
v i ć (1960). 

Be!sides this, the inorease in caa-;ni..voo.·a in 1953 was esltaiblii-sihed, e1sipeoia,l,ly in 
the pefa,gic fiish anid [an.wae Wihich, due -to go,od feed.ing ·ooll1id:it.ions, had a [ow 
mortality (B u 1 ja n , 1957; Vuče ti ć, 1957) . This iis thought tr-.> bave contr!.i­
buted to the ba,l,ance od' the ·z,ooipla!nkton ,productiion, i . ·e. it has prevented a 
h.igher accumul:abing of the ·z-ooplankt01n standing orop, which ils, accoiI'din.:g to 
C u s hi n g (1959) , the sign of a balanced system or ipwduction cycle. 
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8. K R A T A K S A D R Ž A J 

No. 10. 

Na bogatom materij,alu sakupljenom u sklopu kompleksnih -oceanog,rafokih 
istraž,ivanja od 1951-1955. god . u području Mljetslk!ih jezera izvršena su ekološka 
ispitivanja zo oplanktona. Ovaj rad duno:si l' ezu1ate ispitivanja, za vrijeme pokusa 
umjetne feJ·tilizaeiije u uvali Veliko jezero. 

Ispitivanja su pok.:rnala da. su Mljetska jezera :abog specijalnih topo,graisko-­
-hidrografskih sv-ojstava j-ed!insveni bi,o,top za ekološka ispitivanja planktonskih 
zajednica. Ova duboka uvala u jednom dijelu (V1eliko jezero) sa-čuva v1rio niske 
tempemture i u ljetnjem periodu. Ulazne i iz-la,zne struje su pov1°šin:skog karak­
tera, jer je ulaz vrlo uzak i iplitak pa ,pošto jezera nemaju velike izmjene vode 
sa otvoDenim morem, mog1a su .po,s1užiti k;ao v,eli!ki pdrodni akvarli.j. U bazenu 
VeJriikog jezera rtemperartura varira od 8,2 do 27,0° C, a ·sailinitet od 30,0 do 37,2%0. 
Uslijed ovih promjena dolazi do o,sc1iilacija gustoće mmske vode pa u pov,ršinskim 
slojevima gusto::a va1rira od 22,7 do 28,3 at; Proziinnrnst morske vode znatno <;e 
mijenja ~z sezcine u sezcin'U , a godi1šnje 1r.azilike mogu ibi,ti od 10.5 do 21 m. U uvali 
Malo jezero utv-rđeno• je pov.rem,eno pri1mstvo H2S, ;pa j.e ovaj dio jezera u to• 
doba znatno si•romašniji vu~stama od Velik101g jezera. Tako je nađeno d:a je u 1954. 
god. Mailo jezero bilo pr,oz,r.a:čeno, odnosnD bez H2S, a i·stodobn:o, su nađene i 
2.n.a:tne koihčine kope:poda C. helgolandicus koji se ranije ni:j,e zadriavao u ovom 
dije'1u jezera. 

Kao glavna kvalitativna karakteristika zooplanktonske zajednice ovog bio­
topa, utvrđeno je, da j-e zooiplankJton zastupan s malim brojem virsta, ali s velikom 
gustoćom ,populoacije. Glavnu bioma1su sačinjavaju ko1pepodi koji su tokom godine 
zastupani od 27,9-94,60/o, zartirrn is.Jijede larve moJ.uska sa 1,1-64,50/o, heto1gn.ati 
0,4-9,20/o, koopelabi 0-8,1 O/o, a iza toga ostale grupe u manjim ko1ičinama. 

Među koiPe:podima, po biomasi, na prvom mjestu dolazi Calaniis helgolan­
dicu s, a zatim s!liijede Paracalaniis parvus i Psudocalanus elongatus. Nade111.o, je 
da g,ustoća po[)ulacije k,oipeipo,da C. helgol.andicus u Velikom jeze11u doiStigne naj­
više v1rijednosti do siada zabilježene u J.adranu. 

Ispitivanjem kolebanja isveukupne zo,o,planktonske biomase (suha težina) 
utva·dHo se da Veliko jezero, po vi1sini »stan!ddn.g orop-a« zooplanktona dolazi na 
prvo mjesto u odnosu na druga područja u Jadranu. 
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Sez,cmsko vairli.,ranje u produkciji zoopJJanktona ,p-olkazuj,e da se maksimatlne 
koli:čim.e uviijek j1avtl.j.aju u foku topHjih mj,eseci i(jUJn:i•, ju~i i atugiust), ddk u otvo-­
renom Jadra111.u oib~čnio zmartmo r.aa,j ,je, ,v,eć u ma!I'tu i ap,r.illu. 

Isipitiivan je odnos između ko1•ebanja zooplank:tonsk•e btomase i ekoloških 
faktorra, pa j,e odnos i.zmeđu zoo,p~an.ktona i bakterija .pok:azao da povećanje 
:wo1pla1nkton:slke biomase pada u li:sto doba (1952. 1g,od.) ili pak nešto a-ianije (1951. 
god.) nego poivećanje b.akterijske biomase. Odnos i,zmeđu :wo,pLanktona i fito­
planktoil1a nekako je sličan, tj. 1952. i 1953. god. 1porast 2ioo,planktona nastupa iza 
fitoplianktona ,osim 1954. god. Tada je glavni proljetni maksimum fitop,lanktorna 
kratko trajao pa ga ,se nij,e u,spj•~o !l'.'egistI"i.ati, a kasnije do 1povećanj1a fitoplank­
tona do:šfo j,e ushljed fertilizaoije (P u ch er-Pettkovi ć, 1960). 

AnaU.zira:j1UJći 'k1,etanje vrLjedn1osti. zo,01pl:a1D1kto111Jslke biiomas.e ,u odnoSIU na prn-
111jene temperature, urtwrdiiJ1o se, da prnr.aistom temiper.aiture, raste li ibli!Olffiaisa zoo­
pLainktona. Ovo je 1potsUjediaa što se, os'im povećanja 1pro1dukcije fiitoiPl:anktona , 
zat~ rnzmnoža'Vanja ho[o21oop[aln'k,tvrna, javlja u ;toipll'ijem dijelu godine i jače 

pr,isustvo merozooip1a111Jktona. P;1~ema na[aeJi:ma izgJed:a da uisli:jed povisenja t,empe­
rature po,vršinislld.h siloj,eva, m01že ido6i ,do hrn1i1zonballirmg p•omica111ja zooip!La:nk,t-0111.a 
prema jezerskoj depresiji ,{ipost.a:je V1~bavaoka) , gdlje vlaldaju 1pri1lično sta,bi,lne 
niske itempera,t'UII"e :ii tok,om ljetnj1ih mjeseci. O'Vo mote ,proruwolkovati izvjesno 
povećanje bio1mase lii1i ,gustoće z.oopla!DJktona ,u ovom ,dJij1elu jeze:ra. 

Do. ,pi1somj,ene ,p1soz,i.Jrnos.ti morske v,ode došlo je ne samo radi povećanja pro­
dukcije fitopl,ankfona (Puche :r-Petković, 1960) , v,eć ti a:adi jačeg pove­
ćanja zoop1anktoniske biomase. Međutim bila je za!bilj,ežena mala prozirnost i kod 
n rskih vrijednosti zoopl,ank1Jo111a, al,i kod ;pojave kopelata Oicopleura dioica u 
vel:ikim k,ohčinama. 

Nađena je da se v.r,ijednosti suhe teŽJi1ne zoopliankonske biomase iz 1951. god., 
tj. prije f.evtilizacij,e i one iz 1954. god. ·za w1jeme fertilizacije, 1razhlmju za 8,8 mg 
po m 3 tili cca 420/o, p,a je to j,o,š jedan :i!Illdi,r,e'k;ta:n doikaiz ,po'Ve6anja primairne pro­
dukcije u Velikom j,ezeru nakon if'ertillizacije, pored OIJJih koj.i su bili iranije utvr­
đen:i od Buljana (1957), Morovića (1958) i Pucher-P ,etković 

(1960. godine). 
Osim toga utvrđeno je po,višenj,e ka1,n:iNo,ra u 1953. ,god., a nai:točito pela­

gične ,ribe i ito .posebno la:rva!l:nih stadija, koji su uslijed •dobnih prilika za ishranu 
imali i smanjen mo;rta'1itet (Buljan, 1957; Vučetić, 1957), pa se smatra, 
da je to pni:donijelo, da se produkci'ja zo,orpu,ankbona ·mdrža'la u rnvnoteži, 
odnosno da ,nije 1došlo, ,do jačeg nagomilavanja »•standing c1~op-a« zioopl,an!ktona, 
što j,e ujedno (C u s hi n g, 1959) znaik: dotbro ,ura1vnioteženog ,s'is.tema i1i ctk1UJsa 
produkcije. 

Primljeno 28. IV 1965. 
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