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UVOD 

Radi boljeg poznavanja ekologije planktona, a u vezi ispitivanja produk­
tivnosti mljetskih jezera (B u l j a n, 1957) izvršena su i povremena ispitivanja 
dnevne vertikalne raspodjele zooplanktona u ovom zatvorenom morskom 
1.aljevu. (Slika 1.) 

Vertikalna raspodjela sveukupnog zooplanktona u Jadranu nije bila 
posebno ispitiva1r1a sve do pred ikratko vrijeme, kada se na toune sistematski 
započelo raditi kod Dubrovnika i od čega je do sada objavljen rad o godišnj<oj 
vertikalnoj raspodjeli zooplankrt:ona u južnom dubokom Jadranu (H ure, 1955) . 

U ovom prilogu ·donosimo neke nove podatke za važnije zooplanktonte 
iz Velikog jezera koji ujedno spadaju u tip:čne neritske vrste. Pri obradi 
materijala nešto veća pažnja obraćena je kopepDdu Calamls helgolandictlS 
jer je on zbog ,svoje biomase i hranljive vrijednositi, pored lmpepoda Pseudo­
calanus elongatus, najvažnija v l'lsrta u jezeru (Vuče ti ć, 1957) , a i od već.eg 

je značaja za jadranski plankton (Gamu li n, 1954). Osim toga jedna analiza 
folučanog sadržaja s1,dela ulo;vljenih u Velikom jeze ru (27. VII 1954) pokazala 
je da je u želučanom sadržaju bilo 72% Calanus-a pored 260/o dekapodnih 
larva i 20/o moJuska larva. 

Ra2lmotreno je djel,ovanje temperature i saliniteta na vertikalnu raspo­
djelu zooplanktona. 

MATERIJAL I METODIKA 

Za -ova ispirtivanja služili ,smo ,se mrežo m tipa Nansen 8/72 sa zatvaračem . 

Vertikalne lovine uzete su za slojeve debljine od 10 m , osim noćne lovine 
u jvlu koja je iz tehničkih razloga uzeta za debljinu s1oja od 15 m (U tabeli 
I cYZn.ačena zvjeZJdicom). 

Koristim 1prililk!u da se na ovom mjestu zahvaNim dr. D. OuS'hingu (Engleska), 
proL dr. T. Gamulinlll li kolegj dr. J. H ixri koji su mi za v,rijeme .pisanja ovog rada 
pom<:t,gli svo,jim savjetima. 
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Sl. 1. Veliko jezero na otoku Mljetu (1 :10.000) , postaje Vrbovačka (45 m .), 
Jejevići (38 m.). 

Fig. 1. Deep bay Veliko jezern on the Island of Mljet (1 :10.000) statictns Vrbovačlka 
(depth 45 m .), Jejevići (depth 38 m .). 

Postaja 
Station 

Vrbovačka (dubina 45 m) 
depth 45 m 

Jejevići (dubina 38 m) 
depth 38 m 

TABELA I 

TABLE I 

Datum 
Date 

20 . VIII 1952. 

6. V 1952. 

9. VI 1952. 
16. VII 1952. 

24. I 1953. 
23. V 1953. 

26. XI 1953. 

Sat uzimanja proba 
Time of sampling 
Dnevne Noćne 
Day Night 

0600 2400 

1200 
1800 

1200 

1200 2200 
1300 2200* 
1300 2100 
1130 
1200 2300 

' 
* Ova proba uzeta je u slojevima od 0-15 i 15-30 m. 

Sloje·vi 
Depth intervals 

0-10, 10-20, 
20-30, 30--40 m 

0-10, 10-20, 
20-30 m 

'I'his sample was ,ta'ken in the layer from 0-15 and 15-30 m. 
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Na pootaji Vrbo,vačka 20. augusta 1952. g., u intervalima od 6 h , uzete su 
probe ko,je su poslužile za dobivanje podataka o dnevnoj vertikalnoj raspodjeli 
3veukupnog zooplanktona. Na temelju dnevno noćnih lovina u maju, junu 
i julu 1952. g. i januaru, maju i novembru 1953. g., na postaji Jejevići, dobiveni 
su podaci o sezonskoj vertikalnoj raspodjeli korpepoda Calanus helgolandicus, 
Pseu.docalanus elongatus i Paracalanus parvus. Ukupno je obrađena brojčano 
45 lovina, od toga na postaji Jejevići 18 dnevnih i 11 noćnih, a na postaji 
Vrbovačka 12 dnevnih i 4 noćne. Uz ove podatike donosimo i neke podatke za 
temperaturu, salinitet i prozirnost (Se c ch i ploča) dok detaljnije o torpo­
grafsk,o-hidrngrafskim prilikama ovog područja izneseno je u Acta Adriatica 
Vol. VI. 

REZULTATI 

Pc&taja V r b ova č k a 

Da bi utvrdili dnevnu vertikalnu raspodjelu i eventualno dnevno verti­
kalno migriranje sveukupnog zooplaniktona u Velikom jezeru, uzete su 
planktons:ke probe u augustu 1952. g. na postaji Vrbovačka, u intervalima od 
6 h . Brojačno izražene količine zooplanktona za pojedine slojeve donesene su 
na tabeli II. 

Iz same tabele je očito da se svi planktonski organizmi nrsu nalazili 
jednoliko rasprostranjeni tokom dana. Pri samoj dnevnoj svjetlosti Calanus 
helgolandicus (adultni) nije nađen na površini od 0-10 m, ni u sloju od 
10-20 m (Sl. 2). Mali brnj primjeraka nađen je u podne u sloju od 20-30 m, 
a koncentracija većeg broja u sloju od 30-40 m ukazuje na njegovo povlačenje 
prema dnu za najjače -dnevne svjetlosti. Već u 18 h utvrđen je •skoro podjednak 
broj primjeraka u slojevima od 20--30 m i 30-40 m. Kasnije, u ponoć, dolazi 
do još jačeg pomicanja prema površini i tada je veći broj primjeraka nađen 
u sloju od 20-30 m nego od 30-40 m, a jedan mali broj čak je zatečen u sloju 
od 10-20 m. 

Sl. 2. Ca!anus he!golandicus dnevna vertikalna raspodjela (u postotcima). 
Fig. 2. Ca!anus he!go!andicus diurnal vertical distribution (in percentage). 



a, Tab. II VELIKO JEZERO - VRBOVAčKA (20. VIII 1952.) 
ci DNEVNA VERTIKALNA RASPODJELA ZOOPLANKTONA z 

DIURNAL VERTICAL DISTRIBUTION OF ZOOPLANKTON 

Slojevi: 0-10 m 10-20 m 20-30 m 30-40 m Depth intervals: 
Sat: 611 1211 18h 2411 6h 1211 1811 2411 611 12h 1811 2411 611 1211 18h 2411 
Time of sampling: 

Calanus 
helgolandicus - - - - - - 198 116 56 645 1118 688 1333 774 1032 

Paracalanus 
parvus 2232 672 504 560 700 252 35,1 510 136 33 86 

Pseudocalanus 
elongatus - - - - 86 28 28 68 5168 4455 4147 5203 7952 12212 1931 9372 

Centrnpages 
Kroyeri 784 252 392 588 84 28 118 68 

Oithona nana 168 84 196 28 196 112 56 34 - 231 387 1075 284 426 568 142 
Sagitta setosa 280 224 476 252 644 924 728 714 347 330 322 468 235 418 486 165 
Decapoda 1. 28 28 - 196 84 56 56 68 272 - 43 
Oicopleura dioica - - - - - 780 140 140 34 170 363 258 129 284 284 142 142 
Evadne spinifera, 

E. tergest.ina 184 336 140 84 34 28 224 374 
Obelia dichotoma - - - - - - - 68 34 66 93 06 - 142 
Bougainvillia 

autumnalis 112 84 - - 28 - - - - - 86 
Muggiae a kochi 168 56 224 140 812 532 756 544 68 165 129 172 - 426 
Lamellibranch 1. - - 896 1120 10304 11816 34000 40800 33000 43000 43000 50000 50000 50000 50000 
Gastropoda 1. 336 336 140 784 5808 9044 5516 9520 4050 3950 4300 215 3900 4300 785 1500 

~ 
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Dnevna vertikalna raspodjela ženki, mužjaka i V k opepoditskog stadija 
-Calanus-a uz podatke za temperaturu, salinitet i prozirnost mora donesena je 
na slici 3. Pošto je broj mužjaka u lovini uzetoj u 12 h bio malen nismo ga 
uzeli u obzir. Podnevna koncentracija u najdubljem sloju od 30-40 m i pomi­
·canje koncentracije po noći u sloj od 20-30 m, jasno ukazuje na vertikalno 
dnevno migriranje ko d ženka i V kopepoditskog stadij a, a donekle i kc•d 
.mužjaka. 
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Sl. 3. Calanus helgolandicus dlneV1I1a vertikali!1a 
raspodjela <i?, d' , i V kop. stadija u postotcima 
(Vrbovačka 20. VIII. 1952.) i vrijednosti za tem­
peraturu, salin itet i prozirnost u to doba. 
Fig. 3. Calanus helgolandicus diurinal vertical 
distdbu,tion of 9, o", and V. Stage, with tempe­
rature, saliinity and tra1nsparency data. 
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Paracalanus parvus, čije su najveće količine rutvrđene .stalno u blizini 
p.Jvršine od 0-10 m i 10-20 m, bio je u nešto manjem broju po danu i u sloju 
od 20-30 m dok ga noću nije bilo ni u tom sloju ni dublje (Sl. 4). 

~o "• 

Sl. 4. Paracalanus parvus - dnevna vertikalna raspodjela (u postotcima). 
Fig. 4. Paracalanus parvus - diurnal vertical distributin (in percentage). 

Pseudocalanus elongatus nije bio nađen u površinskom sloju od 0-10 m ~ 
ni po danu ni po noći, a samo pojedinačni primjerci ulovljeni su u sl-Oju od 
10-20 m. U sloju od 20-30 m dolazi ih nešto više u 6 hi 24 h dok su najveće 
količine stalno zapažene u sloju od 30-40 m, a naročito u 12 i 18 h, što 
ukazuje da se koncentracija za dnevne svjetlosti pomakla prema dnu. (Sl. 5). 

Sl. 5. Pseudocalanus elongatus - dnevna ver:tillrnlna raspodjela (u postotcima) 
Fig. 5. Pse1.1;docalanus elongatus - dliu rnai vertical d~stributiCl'Il (in ,percentage) 
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Centropages kroyeri u većim količinama stalno je bio u slo,ju od 0-10 m 
i nešto manje od 10-20 m dok dublje nije u!ovljen nijedan primjerak. (Sl. 6i. 
Kopepod Oithona nana dolazi u svim slojevima. 

30 

4L,.._.-6_'_..,___1_'2.~,-'---1 ~i!, ,,...-'--2~4-cc',-' 

Sl. 6. Centropages Kri:iyeri - dnevna vertikalna raspodjela (u postotcima). 
Fig. 6. Centropages Kriiyeri - diurnal vertical distritbution (in percentage). 

Hetognat Sagitta setosa primjećen je u nešto većem broju u sloju od 
10-20 m. U blizini površine stalno su bili prisutni samo spolno nezreli pri-
mjerci dok su odrasli nađeni bliže površini samo u lovini iz 24 h. • 

Dekapodne larve zadržavale su se, uglavnom, u slojevima od 10-30 m, 
ali tu po-stoje izvjesne razlike za pojed'.ne vrste (vidi Kuri a n, 1956). 

Kopelat Oicopleura dioica na samoj po:vršini od 0-10 m nij.e primjećen 
dok je u svim ostalim slojevima prilično jednakomjerno rasprostranjen. 

Kladoceri Evadne spinifera i Evadne tergestina dolaze samo od 0-20 m. 
Hidromeduza Obelia dichotoma utvrđena je samo za vrijeme noćnih sati 

u sloju od 10-20 m dok je stalno bila zastupana u sloju od 20-30 m, a u 
samo podne nađene su veće količine i u sloju od 30-40 rr1. Bougainvillea 
au.tumnalis bila je za dnevne svjetlosti u slojevima od 0-10 i 10-20 m, 
a u noćnoj lovini u sloju od 20-30 m. 

Kod slfonofore Muggiaea kochi zapaženo je da je jednoliko raspoređena 
od 0-30 m tokom dana, a pri dnu (30-40 m) nađena je jedino u podne. 

Lamelibranhiatne larve dolaze u sloju od 0-10 m samo po noći dok 
ih je najveći broj za dnevne svjetlosti bio u sloju od 30-40 m . Gastropodne 
larve nalazile su se i pri površini, ali u dubljim slojevima dolaze ,stalno 
u većim količinama. 

Postaja J ej e vi ć i 

Na temelju lovina uzetih na postaji Jejevići u maju, junu i julu 1952. g. 
i januaru, maju i novembru 1953. g. dobiveni su podaci o godišnjoj vertikalnoj 
raspodjeli sveukupnog zooplanktona od čega su ovdje doneseni samo podaci 
za tri zna:čajn:je vrste kopepoda uz podatke za temperaturu, salinitet i pro­
zirnost ,mora. 
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Calaniis helgolandicus (Sl. 7) primj ećen je na ovoj postaji za dnevne 
svjetlo-sti u površinskim slojevima od 0-10 i od 10-20 m samo u januaru 
i novembru dok je stalno u najvećem broju utvrđen u sln ju od 20-30 m . 
Po noći koncentracija uz samu površinu primjećena je u januaru. U maju 
1953. g. ulovljene su izvjesne količine i u površinskom sloju, a u junu jedna­
komjerno su bili zastupani od 10-30 m. U julu dobiveni su neki primjerci 
u noćnom p ot ezu od 0-15 m, ali je moguće da ti svi primjerci potječu iz 
sloja od 13-15 m . 
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D AN-DAY N o C-NIGHT 
I 

X 
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20 20 10 ;5 36 35 36 35 36 56 36 37 
Sat.%. 

Sl. 7. Calanus he-lgoLan.dicus - sezonska vertikalna raspodjela uz podatke 
za temperaturu, salinitet i prozirnost. 

Fig. 7. Calanus heLgolanc:1-icus - seasonal vertical distribution with temperature, 
salinity and trasparency data. 

Kod Paracalanns parvus (Sl. 8) primj ećena je, po danu u janual'u 
koncentracija u sloju od 10-20 m, a po noći pri površini od 0-10 m . U maju 
ova vrsta opažena je u većem brO:ju po danu pri površini od 0-10 m, a po 
noći u sloju od 10-20 m. U junu veće količine nađene SJU u sloju od 10-20 m 
po danu, a po noći od 0-10 m . Najveće količine, za dnevne svjetlosti u julu. 
nađene su pri dnu, a po noći na samoj površini. U novembru, po danu, 
također maks:mailni bmj dobiven je za najdublji sloj od 20--30 m . 
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Sl. 8. Paracalanus parvus - sezonska vertikalna raspodjela u z podatke 
za temperaturu, salinitet i prozirnost. 

Fig. 8. Paracalanus parvus - sea.sonal vertical distributio:1 with temperature, 
salmity and trasparency data . 

za temperaturu, salinitet i prozirnost. 

Peudocalanus elongatus (Sl. 9) pri povrsm1 Je nađen samo u januaru 
novembru, po danu i po noći. Maksimalni broj primjeraka u januaru, 

u dnevnoj , kao i u noćnoj lovini, bio je u slo ju o,d 10--20 m . U maju, junu 
i julu sa-sv:m neznatne lkiohčine dobivene su za slojeve od 10-20 m , dok su 
znatno veće količine stalno zapažene pri dnu od 20-30 m , po danu, kao 
i po noći . 

DISKUSIJA REZULTATA 

Pla:nktonski organizmi u Velikom jezeru, pored toga što je to mali i 
plitki bazen, pokazali su dosta jasno različitu vertikalnu ras podjelu tokom 
godine kao i dnevno vertikalno pomicanje. Različito godišnje vertikalno 
rasprostranjenje i vertikalno dnevno migriranje tumači se na više načina 

(C u s hi n g, 1951., 1955), i to, jedni istraživači daju prednost temperaturi 
(N i kit i n , 1929) , a drugi uzimaju svjetlost kao odlučujući fakt-or . Iz eksperi-
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Sl. 9. Pseudocalanus elongatus - sezonska vertikalna raspodjela uz podatke 
za temperaturu, salinitet i prozirnost. 

Fig. 9. Pseudocalanus elongatus - seasonal vertical distribution with temperature, 
salinity and transparency data. 

menata pro-izlaz.i (H a r d y & Pa ton, 1947) da svijetlo_,, iako je važno, nije 
jedini faktor fooji djeluje na dnevne vertikalne migracije. Gamu 1 i n (1959) 
donosi da Calanus helgolandicus u otvorenom Jadranu dolazi ljeti samo u 
dubljim sl,ojev.ima s temperaturom od 13.8-15.2° C i napominje da bi mogla 
biti temperatura Hi kakav drugi uzr.Olk ovakvoj vertikalnoj raspodjeli. Po poda­
cima H ure (1955) granična temperatura, unutar koje se ova vrsta mo,že naći, 
negdje je oko 13° C. Niki ti n (1929) za Calanus finm.archicus u Crnom moru, 
donosi da ne dolazi u slojevima, koji imaju temperaturu preko 15° C, a za 
Pseudocalanus elongatus preko 13° C. 

Da je ,svijetlo imalo izvjesnu ulogu u dnevnom pomicanju kopepoda 
Calanus helgolandicus u Velikom jezeru, o-čito je kad se vidi (Sl. 2) kako 
su male količ:ne, u augustu za vrijeme najjačeg osvjetljenja u podne, ostale 
u sloju od 20-30 m, dok je glavna koncentracija bila u slojevima od 30-40 m. 
Kasnije, kako svijetlo slabi, Calanus se približava sloju od 20-30 m i čak 
jedan mali broj nađen je u ponoći u sloju od 10-20 m. U sloju od 0-10 m 
nije zapažen, ni po danu ni po noći niti jedan primjerak u ovoj sezoni. Ako to 
uporedimo s temperaturom mora u to d:Jba (Sl. 3) utvrdit ćemo da je tempe-
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ratura površinskih slojeva iznosila 26-27° C. Temperaturna granica, do koje 
su došli, bila je između 13-15° C, što ukazuje da termoklinu nisu prešli . 

Iz godišnje vertikalne raspodjele d0bilo se da se Calanus zadržavao po 
danu u dubljim slo jevima, osim u januaru i novembru kad je nađen u svim 
slojevima, od površ:ne do dna. Gledajući na temperaturni režim mora u to 
doba (Sl. 7), moglo se utvrditi da je u to d oba nastupila horotermija, a i osvjet­
ljenje je slabije. Iznimno nešto jača koncentracija na samoj površini po noći 
nađena je u maju 1953. g. Ovo je, ujedno, jedina pr-oba uzeta za doba mjese­
čine pa je moguće da je to uzrok koncentracije, ali također, mo-že biti i u vezi 
sa ishranom (Wimpenny, 1938 ; Gauld, 1951 , 1953) ili pak mriješćenjem 
(Ma r s h a 11 & O r r, 1955, 1960). Upo,ređujući podatke o verbkalrnom raspro­
stranjenju s ,podacima o ,salinitetu, ni!lrnkav odn os nije utvrđen, ni k od ove 
vrste, kao ni 'kod ostalih. 

Paracalanus parvns ne pokazuje neke pravilnosti u verthkalnom pomi­
canju s obzirom na osjetljivo-st prema temperaturi i svijetlu dok po svemu 
sudeći Pseudocalanus elongatus mnogo je osjetljiviji, naročito na tempe­
raturu. Stalno je bio tokom godine, po danu, kao i po noći , u dubljim sloje­
vima (negdje do 13° C) , a jedino je nađen na površini u januaru i novembru 
za vrijeme homotermije, k~d je ujedno osvjetljenje bilo znatno slabije. U junu 
je nađen jedan mali broj primjeraka u sloju od 10--12 m, ali je moguće tla 
su se svi ti ulovljeni primjerci nalazili ispod granične temperature od oko 
13" C, jer je taj sloj imao temperaturu od 12-18J C. 

ZAKLJUČCI 

Istraživanjem dnevne vertikalne raspodjele sveukupnog zooplanktona, u 
ljetnoj sezoni, utvrđeno je da se izvjestan broj organizama nalazio stalno u 
blizini površine (Paracalanus parvus, Centropages K.royeri, Evadne spinifera, 
Evadne tergestina, Mugiaea kochi i dekapodne larve), dok su se drugi zadrža­
vah u dublim slojevima bliže dnu (Psetidocalanus elongatus, Calanus helgo­
landicus, Oicopleura dioica i lamelibranhiatne larve) , a neki su opet zapaženi u 
svim slojevima (Oithona nan,a, Sagitta setosa i gastropodne larve.) 

Po prisustvu, kao i po različitoj lwtllcentraciji organizama tokom dana 
u poj edinim slojevima, utvrdili smo dnevno vertikalno migriranje kod nekih 
vrsta. 1 to, intenzivnije pomicanje primj,ećeno je u toplim mjesecima (maju. 
junu, julu) kad postoji temperaturno ·sJojanj e mora i kad je osvjetljenje jače. 
Međutim za vrijeme homotermije (januar, novembar), a i kad je osvjetljenje 
slabije, ove vrste nađene su u svim slojevima, od dna do površine i po danu, 
kao i po noći . 

Kod Calanus helgolandicus primj ećeno je da za vrijeme najviših tempe­
ratura mora u augustu, kod noćno.g pomicanja prema površini, nije prešaa 
graničnu temperaturu od 13-15° C. 
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Za Pseudocalanus elongatus, koji je po svemu sudeći v ise stenoterman 
utvrđena je još nešto niža granična temperatura od oko 13° C. 

Paracalanus parvus nije pokazao nikakve pravilnosti u vertikalnom 
rasprostranjenju u odnosu na promjene temperature mora. 

Nikakva korelacija nije utvrđena između vertikalno~ rasprnstranj·enja 
organizama i promjena salinitela morske vode. 
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INTRODUCTION 

15 

As part of the investigations of prnductivity in the bay Veliko jezero (on 
tle Islanrd o,f Mljet) occasional ,studies o-f the diurnal vertical distribut:on of 
zc-oplankton have been carried out in order to complete the knowledge of 
plankton ecology. 

Special investigations on the vertical distributio,n of za.o.plankton in the 
Adr:iat:c Sea have not been carried out until lately when a systematic attempt, 
(H ure, 1955) in the vicinity of Dubrovnik, resulted in a paper on the annual 
vertical distribution of zooplankton in the deep South Adriatic. 

Some new data are here given on the more important zooplankton 
species, typ:cally ner:itic one.s, forund in the waters of the bay Veliko jezero. 
Special attentio,n was paid to Calmms helgolandicu.s sine€ this copepod, toge­
Lher with te Pseudocalanus elongatus, not only belongs to the most important 
zooplankton species found in the bay owing to its biomass and nutritive value 
(V 11 četi ć, 1957) but also has a prominent place among the zoaplankton orga­
nisms occurring in the Adriatic Sea (Gamu 1 i n, 1954). An analysis of the 
contents of the alimentary tract in adult Sa1,dine caught in the bay Veliko 
jezero (27. VII 1954) has revealed the f.ollowing composition: Calanus (72¾ ), 
d ecapod larvae (260/o), and mollu1sc larvae (2%) . 

The effect of temperature and salinity rate on the vertical distributi-on 
of zooplankton has also been considered. 

MATERIAL AND METHOD 

Nanse,n n et (4/72) with closing device was employed during the inve­
stigations. The vertical hauls were taken at 10 m intervals with the exception 
of the July night haul in which for technical rea.sons a 15 m were used (marked 
with an ast€risk .in Table I). 

Samples giving data illustrating the diurnal vertical distribution of 
total zooplankton were taken, at six hours' intervals. at the Vrbovačka 
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station on 20th August, 1952. The zooplankton hauls that were ta:ken both 
by day and by n.ight at the Jejevići startion in May, June and July 1952, and 
in January, May and November' 1953, yielded data demonstrating the seasonal 
vertical distribution of Calanus helgolandicus, Pseudocalanus elongatus, and 
Paracalanus parvus. The 45 counted samples include 29 anes taken at 
the Jejevići station (18 by day, 11 by night) and 16 ones taken at Vrbovačka 
station (12 by day and 4 by night). Some temperature, salinity and transpa­
rency data (the latter obtained with a S e c ch i d:sk) are also given along 
\Vith the above-mentioned ones. A detaile,d survey of the topographic and 
hydrographic conditions • of the areas ha-s been published in the Acta Adriatica, 
Vol. VI. 

RESULTS 

V r b ova č k a Station 

In order to find aut the vertical distribution and possibly also the diurnal 
verLcal migration of total zooplankton in the bay Veliko Jezero, plankton 
samples were taken a.t six h orurs' intervals at the Vrbo,vačka station in 
August 1952. Numerically expressed CJuantities of :woplankton found in various 
layers are given in Table II. 

As evident from the mentioned table, there wa:s no uniform distribution 
of plankton organisms in the course of a day. Adult Ca.lanus helgolandicus did 
nat nccur either in the surface layer (0-10 m) or in the 10-20 m cne in the 
daytime (Fig. 2) . A small number of spedmens occurred in the 20-30 m layer 
at noon while a higher concentration was found in the 30--40 m layer indi­
ca1.ing that a withdrawal of the species towards the bottom takes place in 
br·1ad daylight. Th e quantitir.,s found in the 20-30 m and 30-40 m layers 
were almost :tdentical, however, as early as 6 P. M. A more pronounced move­
ment towards the surface occurred at midnight since a larger number of 
individuals was found in the 20-30 m layer than in the 30-40 m one. /\ 
smaller number of individuals occurred even in the 10-20 m layer. 

The diurnal vertical d~stributi-on of Calanus females, males, and V. Sta­
ge is g.iven in percentage in Fig. 3. The number of males found in the noon haul 
was so small that it was not taiken into account. The concentration in the 
layer (30-40 m) occurring at noon, and the shifting of the concentration ~o 
the 20-30 m layer at night evidently indicates a diurnal vertical migration 
o.f females, V Stage, and, to some degree, of males too. 

The largest quantities of Paracalanus parvu.s regularly occurred in the 
ne:ghbourhood of the surface (in the 0-10 m and 10-20 m layers). Its abun­
dance was .somewhat le.ss in the daytime even in the 20-30 m layer while 
no specimens were found by night either in the 20-30 m layer or deeper 
(Fig. 4). 

The surface layer (0-10 m) contained no Pseudocalanus elongatus eithe1 
by day or by night, ancl. only single individuals were found in the 10-20 m 
layer. This species was more abundant in the 20-30 layer at 6 A. M. and at 
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midnight while the highest concentration regularly occurred in the 30-40 m 
layer, particularly at noon and 6 P . M. This indicates that the concentration 
shiits towaDds the bottom by day and in the opposite directio,n by night a1:d 
the morning (Fig. 5). 

Large quantities of Centropages Kroyeri were r egularly present in the 
0-10 m layer; lesser quantiLes were found in the 10-20 m layer but no 
specimen-s occurred in the deeper layers (Fig. 6). The copepod Oithona nana 
was present in all the layers. 

The chaetognath Sagitta setosa occurred in considerable quantities in the 
10-20 m layers. Sexually immature individuals permanently were found near 
the surface. Adult specimens were present near the surface at the time of thc 
midnight haul only. 

Decapc,d larvae were generally found in the 10-30 m layers, but the 
species differ snmewhat in their behaviour (see Kuri a n, 1956) . 

The occurrence of the copelatan, Oicopleura dioica was not observed at the 
surface (0-10 m) but it is rather uniformly distributed in the remaining layer:,. 

The claidocerans Evadne spinifera and Evadne tergestina occur in the 
0-20 m layer only. 

The hydmmedusa Obelia dichotoma was found in the 10-20 m layer 
at night only, but it always occurred in the 20-30 m layer; larger quantities 
were present also in the 30-40 m layer at noon. 

Bougainvillea autumnalis occurred in the 0-10 m and 10-20 m layers 
in the daytime and in the 20-30 m at night. 

The di:str~bution of the siphonophora Muggiaea kochi was a unif.orm one 
in the 0-30 m layers by day; its prnsence in the bottom layer (30-40 m) was 
observed at noon only. 

Lamellibranch larvae occurred in the 0-10 m layer at night only; their 
greatest abundarnce by day wa.s observed in the 30-40 m layer. Gaste­
ropod larvae were found also in the surface layer, but they were regularly 
more abundant in the deeper layers. 

Je j e vi ć i Station 

On the barsis of samples taken at Jejevići stahon in May, June and July 
1952, and in January, May and November, 1953, some data have been obtained 
on the seasonal vertical distribution of to,taJ zooplankton in the bay Veliko 
Jezero. Thoise referring to the three most important oopepod species are given 
in this paper, the seasonal changes in vertical migration are shown for the 
three species in relation to light. temperature and sai':.nity. 

Calanus helgolandicus (Fig. 7) occurred in the surface layers (0-10 m 
and 10-20 m) in the daytime only in January and November while it was 
regularly abundant in the 20-30 m layer. Night-time concentratio111s at the 
surface toak place in January. Some quantities were · found in the ,surface 
layer in May 1953, and the spec:es was uniformly distributed in the 10-30 m 
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layer in June 1953. The ni.ght haul made in .July 1953 revealed the pt'esence 
o-f some i,ndividrua1s in the 0-15 m layer but it is possible that ali of them 
bel,o,nged to the 13-15 m layer. 

Daytime concentrations of Paracalanus parvus (Fig. 8) were o,bserved 
in the 10-20 m layer in January while night-time ones took place in the 
surface layer (0-10 m). In May the daytime concentrations occurred at the 
surface (0-10 m) and night-t!me ones in the 10--20 m layer. There was an 
abundant daytime occurrence of this species in the 10-20 m layer in June 
while the night-time •one was observed in the 0-10 m layer. The most 
abudant daytlme •occurrence in July was found in the bottom layer and the 
night-time one at the -surface. The maximum quantity recorded by day in 
November wais found in the deepest layer (20-30 m). • 

Pseudocalanus elongatus (Fig. 9) was found at the surface by day and 
night only in January and N-ovember. The maximum amount -of individuals 
caught in the daytime and n :ght-time in January were found in the 10-20 m 
layer. Insigni.ficant quantities •occurred in the 10-20 m l ayer during the May, 
June and July samples but considerably larger quantities were a regulm' 
daytime and night-time -occurrence in the 20-30 m b ottom layer. 

DISCUSSION OF RESULTS 

In spite o.f its being a small and shallo,w basin, the bay Veliko jezero 
has revealed a distinctively different vertical distribution ·of plankton organ:sms. 
in the oourse o.f a year and dirurnal verbcal migration. There are various 
explanations of the' d ifferent vertical distribution or vertical migrations. 
(C u s hi n g, 1951; 1955). Some biolc,gists attribute the phenomenon to tempe­
rature (Niki ti n , 1929) while othem ascribe it to light. It i,s clear from expe­
riment (H a i- d y & Pat on, 1947) that light, although important is nat the 
o~ly factor influencing diurnal vertical migration. Acoording to Gamu li n 
(1939), the summer occurrernce of the spec:es Calanus helgolandicus in the 
waters of the Adriatic has been -observed in the deeper layers only, at tempe­
ratures varying between 13,8°-15,2° C. Gamu 1 i n suggests that temperature­
or S10me other factor might perhaps be responsible for this vertical di•stribution. 
It results from data published by H ure (1955), that the upper temperature­
limit w~thin which the above-mentioned species can be found lies somewhere 
in the regirnn of 13° C. Niki ti n found (1929) that, in the Black Sea, Calanus· 
finmarchicus does no-t occur in layers whoise temperature is aJbove 15° C and. 
Pseudocalanus elongatus in layers warmer than 13° C. 

Small quantities of Calanus helgolandicus found in the 20-30 m layer­
in the de-ep bay Veliko jezero iin high daylight in August (Fig. 2) and their 
main ooncentration in the 30-40 m layer demonstrate that light played some• 
part in the daily migration of this species. As the light abated during the later· 
part of the day, Calanus approached the 20---30 m layer; a small amount­
of individuaJs was eveh founcl in the 10-20 m layer at night. In the 0-10 m 
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layer no specimen occurred during this season either by day or by night. 
II we examine the temperature of the s ea water at that time (Fig. 6) we shall 
fincl that the temperature r ecorded in the surface layer amounted to 
26-27° C. The temperature limit reached by Calanus was 13-15° C indicates 
that the thermocline wa.s not passed. 

By surveying the seasonal vertical distribt~~10n we have s.een that 
Cal.anus remained in the deeper layer by d ay, except in January and 
November when they occurred in all the layers from surface to bottom. The. 
observatio[l of the temperature at that time (Fig. 7) unabled us to establLsh 
that homothermal sta.te had set in the[l and we may obs-erve that the l'ght h ad 
grown lesis intense. An exceptionally high night-time ooncentration at the sea 
surface took place in May 1953. That was the only sample taken in the moon­
light so the concentration might bave been favoured by the moonlight, but 
'feeding could bave also contributed to it (W im p ·e nn y, 1938; Ga u 1 d, 1951, 
1953), or there may have been some oonnection with spawning (Ma r s h a 11 
& O r r, 1955, 1960) . No re1a:tionship between salinity values and data illustra­
ting the vertical distribution either of this. species or others. could bave been 
Established. 

There i,s no regularity in tbe vertical migration of Paracalanus parvus 
suggesting a sensitivity either to temperature or l'ght (Fig. 8), but the species 
Pseudocalanus elongatus is, in all probability, much more sensitive, particular­
ly as r egards temperature. It r egularly occurred in the deeper layers (sorn ,~vv­
here at 13° C) by day and by night alike and it was found at the surfacE only 
in January ad Ncvember during the homothermal state when the light was. 
less intense. A small number of specimens occurred in the 10-20 m layer in 
June, but it is possible that all the caught individuals were actually situated 
below tbe 13° C lim·.t since the temperature of the layer was between 12 and 
18° C. 

SUMJVIARY 

It appears from the investigations of the daily vertical diis.tr;bution of t otal 
woplankton during the surnmer season that certain organisms regularly kept 
near the surface (Paracalanus parvus, Centropages Kroyeri, Evadne spinifera, 
Evadne tergestina, Muggiaea lcochi, and decapod larvae) while otbern remained 
in the deeper layers near the b ottom (Pseudocalamis elongatus, Calanus he!.go­
landicus, Oicopleura dioica and lamellibranch-larvae) . Some others_, ho,w ever. 
were observed in all the layers (Oithona nana, Sagitta setosa, an,d gastropod 
larvae). 

A diurnal vertical migrat'.on of some species bas been establisbed on the 
basis of occurrence and different concentrations of zooplankton organisms in 
varic,us layern in tbe course of 24 hour:s. · A m-:}re intensive migration bas been. 
observed during the warmer months (May, June, July) when a thennal 
strat'ficaticn o-f the sea watE.r prevails and when the light is more intense. 
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In January and November, however, when the h omothermal state prevails 
and when the light is less intense, those species occur in all the layers from 
surface to bo-ttom by day and by night. 

It has been observed with Calamls helgolandicus that this species doe,; 
not pass .the 13-15° C temperature limit during its night-time migration towards 
the surface at the time nf the maximum temperature of sea water in August. 

An even lower t emp2rnture limit (c. bout 13° C) has been establishe,d in 
the case of Pseudocalanus elongatus which species seems to be stenothermal. 

No regularity in the vert:cal distribution o•f Paracalanus parvus in conne­
ction with temperature chage-s of the sea water has been observed. 

No correlation has been established between the vertical distribution of 
zooplankton organisms and fluctuation of salinity in the sea water. 


