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THE OSCILLATIONS OF COPEPOD DENSITY IN THE 
KAŠTELA BAY AS INFLUENCEH BY SOME 

ENVIRONMENTAL FACTORS 

OSCILACIJE GUSTOCE KOJ?EPODA U KAŠTELANSKOM ZALJEVU 
U ODNOSU NA NEKE FAKTORE SREDINE 

DUJbraVlk.i R e g n e r 

Institute of Oceanography and fisheries, Split 

The paper repom the .resu:lts o,f the investigations of 
the relationsh,ip between the copepo'd number and some 
ah iotic faotors (teIJllPera1tUJre, sa!linity, seai water densi.ty) as 
well as lbetween the copepod nUIIUber and some biotic factors 
(number of phytopftainkton organisms, number of fish eggs) 
a:t the statiion Kaštela Bay in the 1970-'1974 period. 

1. INTRODUCTION 

Even ihiough ;the mves:tig;atiions o,f the oopepod ecology li111 the Kiaštela Bay 
have been o,f lairge extent (Gamu Ili n, 1939; R e g ne li, D. 1970, 1971 , 1973, 
1974, 1975, 1976b, 1977a, 1978, 1979a, Regne ,r amd Vuče:tlić, 1980; Homen 
and Regner, 1977; M ,airasović a.nd Regner, 1979; Vučetić a.nd 
R e g ne r, 1973 and some ,others) the stialtisticially worked orurt; da.rt;a on the 
relaili.lo1nsh!ip between the oorpe,pod gr101Up and S'Ome abliortlic a:nd hiloitic fuatoirs of 
environment may only be found in the paper by R e g ne r, D. (1977). This 
paiper glives the va.lues od: co['rela.mon coeffiiciernt beitwe® ihe total n,um\ber of 
copepods on the one side and the sea water salinity, chloroplyl a, the number 
of phy1.orplaniktlon OII'garnismsi a111d the n:umber of ftlsh eggs IOJ1 rt;he otherc. 

Si,nce these fiirst reswts were ohtlained afaer only a year cycle ii was 
assumed 1lo be neoessary to, olbseir'Ve the Tela;talOn b0tween the caipeipod quanti1ty 
and the above mentioned factors by seasons and over a longer period. Thus, the 
resuJ'tJs iin thits pa,pe;r aover tihe period of five yeairs. 

The mart;er11a1 wa.s oollecrt;ed f.I'oan the perimanenrt; s1t,art;li1on of the Institute of 
Oceanography and fisheries »The Kaštela Bay« (43° 31' N; 16° 19' E) by ver
tical hauls of a Hensen plankton net (73/100, slik No. 3) on monthly basis, in 
1970-1974. 

2. STUDY AREA 

The Kaštela Bay station - 42 metres depth - is located in a markledly closed 
,:oaistaJ airea exposed to the S1tro111g and dlia·ec,t dnfluence of the la,nd (Fig. 1). 
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The Bay of Kaštela is si,truiaited betwee,n the KJorzj,ak mount, the norithern pa.rt 
of the Oiiovo foland and the no,rthern side of the Ma:rjiain penlinsula. A very 
narrow strait is near Trogli,r, a:nd a oosidera bly w!ider ,one ;to the Brač Channel. 

75• 16" 77• 18" • 19" 

45' 

Fig. 1. St.udy at·ea 

The b:ottom iLS muddy, somewhe,·e rncky w,iith ain a.vern,ge depth of 23 
metires. Mai:rimurn depth reoorded in the middle and the deepest p,a["lt of the 
bay dtoes niot exceed 47 mebres. 

The freshw,ater ru1noffs .are comimg from the J,adro Ri;ver, Parn'tan s.tream 
and spri:ngs a1ong the coa!S't, some of which a.re submarine. 

Due to the small depths and stTong runoffs from the land the variatioins 
in tempera,tiure -aind sailii,ni.ity aire oif oonSlidera,ble ex<tooct;. Thek maxim111m and 
minimum v,a1ues -occur here ear1ier than :im rtihe open seai. Maximum tempera
ture dur.i.ng the firve yeairn perilod ,of linvesttig;a1biions was ["eoo.rded i111 August 
1972. J.n ,the 0-10 m layer it w,ais 20.47°C. Mi1111imum tempe,raiture was recoirded 
from the same Layer iin Mairch 1970 (B u 1 ja n, uinpu1bldshed diarta). It was 
11.05°c. 

Sarirnty maxilffillltIIl recOirided i111 November 1973 amo1UJ1\ted to 37.88%0. The 
lowest sa•1inity vaJue of 34.040/oo was forund din May 1974. 

M.ax1mum sea w,aiber idensi,ty of 28.48 w.as recOiI"ded from the same la~er in 
.Ja111,uairy 1974, and 1:he min:i1rrn.1m one of 24.72 im JuJy of that yeair. 

Lower values of te.mpeir:atiure and salinity recorded :al1ol!lg the noothern 
coa!S't of Oiiovo fo,J,a,,nd are iiind!ica.tive of t,he f.act. thait 'the co!O<led wateir- of lower 
saili111.iiity leaves the Bay to the Split C.hannel neair the easitern carpe of this 
isfand. 

Sea cunrents Vlary to a 00111slider1able extent. Th!is :i.S' pJio,bably dtrue to the re
latively smiail depths and plOID<r ti!d1ail curren.ts as weU as t,o the sitrong liocal 
wind forciing. W diirectruon is previaJent 'in wjn.ter, NW lin spri111g a111d eady 
suunmer, E i,n summer, pairttlicuJarly in the srurface liayer, and S in atUitumn 
(Z o r e - A .r ma n d ,a , 197 4) . The outg,oliing flow along the Ciiovo Island is most 
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pronounced in September ,and No,vie1mber. In wiirnter aind s,ummer, however, the 
ing,oing flows aire prev:alent. lt O!S of i~oir:taince to ad,d rtha;t the wateu.· ernters 
ihe K,aštela Bay mailnly :in tihe surface l,ayer :and leaves ~t in the intea·medri.ate 
and bottiom ones. 

Mean iI'esiulila111rt; ourrent sipeed is 6 cm s-1 art; surface, 4 cm s~1 dn ,the !i.111:ter
media te layer and 3 cm s-1 in the bottom one, i. e. it decreases from surface to 
bo;titJom. The g,reatest speeds ocour in the auwrn111 and winrter mon;ths - fron~ 
November .to F,ebru,airy, when 'the exch,ange 10,f water wdrth the adjacent Brač 
chainnel and rthe kesih water inflows inrt:o the Kaštela BiaiY are more, :mte111sdve. 

Wind rorciJng srtiuidlies shiow thia,t iJt lis mosit pronounced lin the oommer 
moi111ths since oinly the surface laiYer is exposed to the air motions owing to the 
summer striaibifliicaitri/cm. In the Spllirt; Channel the wind forCli.ng accounlts far 
about 400/o of the sea current dlia·ecrtions. 

TodaJ currents were aM10 measured in the Spllilt aireia. (Z ore - A r- m a. n d a, 
1975). They are pairticu1ady pron1ounced in the interimediiaite and bolttom la,yers. 
TitliaJ w-ave d1s of N - S directlion, i.e. ii proceeds dio:-eo!Jly from the o,pen sea 
perpend!icula1r to the coast. 

AcoO!l'diing oo the most recernt investjgatlions and on lthe baSlis oif the current 
ros,es construded by se1aS10ns, Zore - A r ma• n da (1975) caJCJUctated that the 
excha1nge of w,att& with the Brač Channel tlaikes pall'lt. rt;wice dn a, miont's pe1rii.o:d. 
The f1a.ot thait the inflow slighrt;ly exceeds the au,tfl.ow may be indiioartrlNe of thRt 
th:is phenomem)tll is oompensated by the outflow thriough the T~io1.~!I' S:tira,i t. 
However, this exchange is far less strong than the one with the Brač Chainnel. 

3. RESULTS AND DISCUSSION 

3.1. V,airliiait1i1on<S in :the oopep.o.d number as influenced by SJOme alb1ort:Ji.c envi
r,onmemtail f,acllors (rterniper:art:iure, seJinlity, sea waiter densdrty) 

Since the, frve yea/I' seri.es of d!aita, on tempeiI'art:iure, saEnity anti sea waiter 
ctens':ity were a,vailaible am1oog the albcro,tlic envn,roinmental factoo:-s (B u 1 j a n, 
unpublwhed daiba.) we tir~ed th 101bserve lin a moire dataliJ the via!Iii~itfions in the 
nll!Inber o,f oapepolds i:n relatt:ion to these factors. We wamt to polint out that 
the data on a,11 the mentioned factors oover tbe same pe,r,ilod, o!f frve yeatrs. 

Thuts the dia;tia• for 1970 (Fig. 2) show that ihe ann1ual rru.rumum aoipepod 
number occuned lilil Januiairy, at lo,w vailues of sea. temperiature (12.33°C) anct 
salinity (35.270/oo) . Unfortunately, the data from March and April of this 
year were not available. However. the graphs show that the number of oope
pods w,as inoreased iJn the s,prdng peo:-i,orl. Dulring smnmer, i.e. fJJ:'IOm July on, 
the sea ;t,emperiart;uJI'e inoreased amd reaohed the maocimum in Septem:beiI'. Sali~ 
nity increaised wirth the se.a wait:er heiati111g and i1ts values were hiigh as far as 
to the ,end 'Of the ye.air, r ,eachtng ihe maximuan lin Decemb&. Tihe sea, water 
densiilty w,as 1owest du1riing S1Ummer (fram JuJy to Sep,tember) . The number oI 
oopepods srtarted to increase m Augus,t. At time tof maooitmum teim,pera;tures it 
reached the seoond annual ma;x~mum :in September, and even thiough !i1t re
mained rather high till the end of the year. The third annual maximum was 
reoorded iJn N01Vember ~during hi,gh salinirt:y) . 

In 197i t'hree copepod densi.ty ma:iciania werie ,observ:ed, as well. The fi.rst 
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FLg. 2. OscHlations in the copepod number, temperature and salinity 
of the sea a.t the >►Kaštela Bay« station in 1970-1974 period 

N 

5000 

4500 

,ooo 

3500 

3000 

i 

2500 

I 2000 

1500 

1000 

500 

1970 1971 1972 1973 

-- kopepodi 
---- gustoća mora 

" ,, ,. 
: \ 
'' ' : ' ''' 

\; \ I 
, 1 ' . 
11 I I 

11 V 
: 

29 

28 

27 

25 

25 

Fig. 3. Osci'lati.ons in the copepod m1mibeir.- and the sea wateir.- density at 
the >►Kaštela Bay« station m 1970-1974 period 
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the rthird and the higiest one lin au,tumn, :in OctJ01b:er. Except :fior the spring ma,'{i
mU!Ill, reoorded at a -temperature af 15°C, ihQ\th ithe surrmneir a1nd, ,autumn maxi
mum co;pepod Illll/ffilbers recorded 1ocoured pair,ailil.el to the hti:gest alil.nluiaJ. tempera
ture and saliniiJty values recoirtled :tirnm Mairch ro October. The isea waiter den
sity w,as ~owest in summer oif thiis y:eair, ,ais w,ell (from Mia,y ,to August). 

In 1972 the n,umbe;r of oope,po,ds was }ow lin j1anuiairy, to inarease ;r,ap<idly 
wi·th the sudden increase in salinity and reach its first annual maximum in 
Febriuary„ The n,umber of aoipepods decreiased wiibh 1the g.rad!uial lincrrose. li.n tem
perarture a111d saJJ.tnity and then lincreaised to <the second ma.xli.mum ;in July, 
decreased 0111ce ,a,g,ali.n aind increased tiiJ.J No;vember whoo ithe thirtl a111nuiail maxi
mum was reoorded. Afterwards the number of copepods was reduced to 5.ts 
lowesit vaJ.ue reccxrd.ed i111 this year foi!Jowmg the rapid faJ.l oif rtem;pen1itu.re and 
reducilion of salinti.rt:y. The sea wiart:er doosity wais highesrt: tin FebrJUiairy and 
lowest in sJUmmeir. 

In 1973 mdn!imum copepod number was recorded in spring, even as late as 
M<airch. Ifuweverr, rt:he sea temperaltiu.re was rarther 110w art thart: lt'ime. Wirt:h ar. 
inorease of tempeirartJuire aru:l -sia,liinli:ty the ruumber of oo.pepods griadu<ally incre
ased to reach the autumn maxJ.mum in July at time of the higest annual tem
peratun:·e and ve,ry high stčljlli.!tllirt:y. The ou,rve oif ithe number of cQpepods decre
ased sli,ghtly thereupo111, and aflterwairds reiached the hlgheS1t a.rmuiaJ. maxi:rnum 
in Septembeir wdrt;h the r<art:her high values of temperartn..lire and salli1111i.rt:y. This 
max!imum was preceded by the ]pw values of the sea Wtalter densliity, which 
were low during summer of this year, as well. The third increase was noted 
in October, Li,ke-lin ,the preceding yeiar. 

The year 1974 slightly di1ffeirs from the rest of the yearrs wiiith respeclt to 
the variailltons li.!11 ,the numbeir of coipepods. 

Winiteir mi1nlimum occllil"ed lin Fe,bruairy. A sudden increase li111 the numiber 
of copepods folliawed by rt;he s1pr<i111g maxamum, was irecorded din Arpril at rela
tively low temperature (13.55°C and salinity 35.840/oo). The sea water tempera
ture was T"alther high 1Jhiroug,hout rohis year. The same was wi,th ·saliinJirt:,y, while 
the seia warter density V1alues weire loweSlt bert:ween June aJIIld Oatober. The sum
meir maxrl.mum shifted to September, and the aiUroum111 one occuil:Tedi !in Octoiber. 

Slilnoe aiLl the data menrtJilone4 a1b01ve, ,as weJ.l as the graiphical rep:resenthition 
of the trend in copepod denslity duriing the yeair a111d the v;aria1tli:0111s 1n teirnpe
r al1luire, saJfunli.ity ,aind densiiity, show th<a;t 11:hese fac,tOirs ,aire interdependeint, their 
re1aitii,onship was arttempted to be calcufart:ed and giveln s.tatdstiic-aJ'1y. iNamely, 
the regression lines whli:ch g:ilve the irelati1onshti:ps bert:ween the copepod ,numbers 
and temipernJlru,re (Firg. 4), saJinirt:y (Fii.g. 5) , and the seai waiter denslirty (Ftig. 6) 
ail.1rea4y show the ,poSli.:tlirve correlart:iion with itemipe,!'1'3jture and sađiinlity , and the 
negat!i.ve one w~h the sea w.arteir dens:iity. Theirefore, the coefficienrt:s of correla
tion were calculated for these parametres. The r value is higest for the rela
tionshiip between the nmniberr of oopepods a1I1d temperntture of the se<a, be,ing 
r = 0.413, and p < 0.001, whtich m.eaJ11s tha;t i:t <i.s siignii,f!i.<oa1nlt floir mt1ire than 
99 ,'90/o. 

POSirtli,ve OOI'relaitrl.on also esrt:iaibliished betweoo the nUIIllber o.f cope,po:ds and 
salinity, wti/th the cocrreiLaition coeUicient vaJue r = 0.312, sligntiifioonrt. far 
p < 0.05, i.e. for more tha111 950/o. P,oor negiatirve cOtI1relatti!O\ll1 was, ho,weever, 
ob.tladned between the, I11Umber oif oopeipods and the sea wia,ter densi;t.y. TMs was 
alr:eady sh0iwn by rt:he regression liine. The correlartulon . coeff!i.c~ent value 
r = 0.139, wias ins:igndfic-ant. 
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V1alues of the cOII'II'efa:tion coeffaelienit between the Il!llmber of c:opepods and 
the ,aik-eady mentiioned pa,nameters a\l'e giiven liin Tuble 1. 

Table 1. Conrelation coefficients between the number of co;pepods and temperature, 
salinlity and sea water density 

T°C 
r= 0.413 
P < 0.001 

Sal%0 

r= 0.3'12 
P < 0.05 

at 
r = -0,139 

/ 

As it may be seen fom the above Table, the :influence of the sea 
water temperature and salinitiy on the total number of copepod speci
mens is not only evident but statistically significant, as well. This is 
another proof of the importance of the dir-ect influence of factors on 
copepod group as a whole. Inspite of significant coefficients of correlation 
obtained, figures 4 and 5 clearly show that relationship between the number 
of copepods and temperature or salinity is not linear. The future investigations 
would be mathematical analysis of this nonlinearity. We would also like to 
mention that all the studies carried out up to now included only the influence 
of different abiotic environmental factors on individua! copepod species (G a
m u 1 i n, 1939; R e g ne r, D., 1971, 1979; Vuče ti ć, 1961a, 1966, R e g ne r, 
D. and Vuče ti ć, 1980). These long-term data comprising the whole group 
are the first ones of this kind. 

The more recent iresearches iin the cen:tml Adir.iartiiic (Z o r e - A r m a, n d a, 
1969; B u 1 j a n, 1969) sho,w thart; the long-te:rm fluctuartfuons of melteorological 
factlors (wlind, ,altmospher:ic pressure) cause the chainges of rthe Adir\iaitic hydro
grafic properttes (tempem,ture, sal1i,nii,ty) . The intenSlified inflow of inrt;ermediate 
Medli,terrr:anean warter (like in 1963, 1964, and 1965) by which the sea :is em:iched 
in n<uibr'ie:nlbs and, oxygen and the billoglicaJ productilcm. and values of phyrto and 
zooplanikt'on (1961-1966) mar-eased (Pruche ,r-Petkov ,ić, 1966, 1968, 1969; 
Vuče t :i ć, 1965, 1969) i,s ailslo due :t!o the changes ,of meteorniogii.caJ fac:boirs. 

Therefoire the total nUJmber of oopep:ods by yea!rlS will be 1observed here 
wi,th respect to the ,amnuaJ v.ailues .o!f temperaitur:e 1and sali.niity 1of the sea water
in 1970-1974 perdiod. 

Thus, the iiinorease in the niumber oif oopepods at ithe 1iJnV1estig1arted stbartion 
colilncided w.iith the sl>ight ·iinareas·e in rtempeir>artuire aind sali!Illity iin 1971 (Table 
2) . In 1972, the totail nUiffiber of oopepiods wias somewhat lower, as weH as 

Ta'ble 2. Total number of copepods by yea,ns aind annual mean vaJ.ues of tem,Perature 
and salinity of the sea 

totaI cope-
year T°C Sal %o podnumber 

1970 16,53 35,74 24260 
197,1 16,55 36,34 26770 
1972 16,80 36,08 25980 
1973 16,39 36,13 27895 
1974 16,35 36,09 28165 

salinirty, whlle tempe;r,aitu;re wa,s s1ightly 'inoreasing. In 1973, ,the nU!Il1.ber of 
copepods inorea,sed with the inorease in S:alirnty. Finail:ly, in 1974 the n'Ulffiber 
of oopepods increased, aind temperaitru.Te and salimty deareaiSed. 
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The diifferences ~n nUJITI,bers between yeail1s are nat, a,s se,en foom the Ta
ble, as high as they might have been expected li'n. the ooastal area. EarMer 
investigooloiillS oamrired out at the same sitatfu:Jn !iJn 1960-1969 peri1CJ1d (R e g ne r, 
D. 1970; aind V u ,č e rt i ć and R e g ne r , Đ., 1973) showe:d lthe !iJnoreases which 
con&ideriaibly exceeded thiose jin this perl1od. They could be iacco1W1rted for by 
the alreaidy menrtriioned genooal chaJnges in the :hyd!rograiphri.c iproperties od' the 
Adir.ilaitic water. These changes exerrt:ed pm,~tti,ve effects on the tolba:l 01rg1anic 
pr:oduotioin •Of ithe centr.al Adiriiatiic. 

Thus mal!"ked chainges ,of hyickograiphi.c faotors were no:t reoOII"ded lin 1970-
1974 per:irod. Nio regu1a)"lilty wa~ fo1und in the ,~ncreai.se of ithe irort:al oopepod 
number either. Therefore, it may be ·siaiird thait iin the 1970-1974 peJrliod no 
qoolita1tively si,gni1facaint chainges tQak p!Jace :iJn rthe caast:al centbraJ Adriaitic un
der ,the intens.tfued mf!Juence io.f ,t,he Mec:lliiter,r,aineam (B ,u l j ,a n, l\.lJ!l;puiblJi.;shed 
diaita) liike iit w,as !in 1962-1964 peri:od. Increaised values of temipern,t'lllre and 
sa11:inity, est:aibl~hed aib0ive, wouJd cerrtlalililly ca1use a !J0ing-terim !ill'wreooe i111 thE' 
totail num:ber of copepods. The via1r1i1a,tians in the nuanber 1of copepo'ds found 
did not show any significa<nt rapid increase during the period of investigati~ns. 
On the oonibra;ry, the number of coipeipO'dis !iJn :the lfaiŠltella, Bay is a1ltematively 
increased or decrerused Wiith the sliight inorease trend in 1970-1974 period 
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Fig. 7. The t,ofal copepod number at 
the ►>-Kaštela Bay« station in 
1970-1974 period 

2.2. Chainges dJn ,the [l{lLmber of oopepods Wti.tlh irespect ibo soone bik:>itd.c en:v:ilr:on
mental factors (phy;topla:nki1Join, :z;CJiO;pl~111k.1:lorn, ftish) 

The daitJa on the ruotal n1\.111111beir ,of phy,t:op!Jainkton orgain'iisms as the main 
food ·of oopepc:,ds, the daita on ,prrum,ary prtodn.totiion expres'sed as 1the ca,r<bon 
quantity in mgv'mZ/day, the data on the total number of zooplankton orga
nisms among whiich the ooipep!Ods -aire qUJall1rt:liJtaitive1y best represenJted grnup, 
as well 1as ,the daita on the total n111mbeir 1of ffus;h eggs :allie selected a,J'IliOll'llg/ the 
bi1ot'i.c faotors to be oonsildered in this paiper. 

The investigation~ of the relations between the phytoplankton and indi
vidua! zooplank:ton groups (Vuče ti ć, 1965) and those between the primary 
production and standing crop of the total zooplankton in the same a,rea (V u
č e t i ć and P u c h e r-P e t k o v i ć, 1969; P u c h e r-P e t k o v i ć and V u č e-
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t i ć, 1969) showed the mature of connection between these two plankton com
munities (producers and predators). Both these and other investigations ca·rried 
out later established anual variations in phytoplankto,n and zooplankton not 
to coilncide by months. However, this was accounted for by the different num
ber of productive periods of phytoplanton and zooplankton in the course of 
the year. P u ch e r-P e t k o vi ć and Vuče ti ć found mean seasonal values 
of zooplankton to co-incide with the mean seasonal values of primary produc
tion »-which means that the quaintity of produced food mainly determined the 
magnitude of zooplantkon populations« (Ka r 1 ova c et al., 1974). 

Further, a tendency of increase in the total number of phyto and zooplan
kton organisms was established for a longer period, with maxima in 1965 and 
1966. It was also found that the long-term changes of zooplankton biomass ar e 
of the same order of magnitude, i. e. with the same maximum and minimum 
deviations from the long-term means. 

The results of these comprehensive investJigations were stuided against 
the total changes that took place im the Addatic hydrogmphy. This rendered 
possible an assessment and predictlion of the fish production for a longer pe
riod (Ka r 1 ova c et al., 1974). 

The data on the number of copepods, quantitatively best represented 
g.roup of zooplankton organisms were therefore compared with the data on 
total phyto,pla:nkto111 (P u ch e r-P e tko vi ć, unrpu.blished daita,) foir the pel'iod 
1970-1972. 

The graphs have already showed (Fig. 8) the similarity in the seasonal 
va•riations in the number of individuals of both components compared. This 
is particularly evident for 1971. This interdependence of copepods and phy
toplankton, which is copepod principal food, was proved statistically, as well, 
by the strong positive correlation with the correlation coefficient r = 0.67, 
significant for more than 990/o. 
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Further, the studies of the feeding of the dominant copepod species in 
the Kaštela Bay showed that these species took phytoplankton all the year 
round. The contents of their digestive tract are abundant in all the seasons. 
This at the same time proved that there was enough phytoplankton at their 
disposal. They took phytoplankton wti.th no selectivity (H o m e n, B. and R e
g ne r, D., 1977) R e g ne r, D., 1978; Mara s ovi ć and R e g ne r, D., 1978). 
Thus, markedly dominant species of the Kaštela Bay: Acartia clausi, Centro
pages typicus, Centopages kroyeri, and Temora stylifera take as their food 
the phytoplankton species which are predominant in the adjacent sea in the 
respective season. Therefoire, the relations between the number of copepods 
and the density of phytoplankton organisms we obtaiJiled here are that as 
clear and prove their interdependence. 

The results obtained by the comparison of the total number of copepods 
and primary production expressed as the quantity of produced carbon in 
mg/m2/day slightly differ from the above mentioned ones. This, however, may 
be unders1Jood since the above comparison . refers to the biomass of individuals 
of phytoplankton and copepods expressed as the number of individuals per 

Table 3. Percentage of the copepod number in the total zooplankton at the 
►►Kaštel Bay« station 

O/o O/o 

I 99,43 1972 VI 
II VII 
III VIII 
IV IX 

1970 
V 42,72 
VI 27,13 vn 25,61 

X 
XI 
XII 

VIII 27,66 
IX 18,92 
X 45,79 
XI 38,62 
XII 51,23 

I 
II 27,71 
III 27,76 
IV 38,85 
V 26,89 

1973 VI 18,72 

1971 

·r 41,67 
II 35,47 
III 74,30 
IV 47,73 
V 36,24 
V,I 30,12 
VII 
Vtrl 19,24 
IX 
X 64,75 
XI 37,30 
XII 37,93 1974 

VII 26,82 
VIH 45,35 
IX 43,21 
X 35,07 
XI 65,04 
XII 51,26 

I 63,30 
'II 44,66 
III 29,89 
IV 33,65 
V 33,24 
VI 30,69 
VII 34,84 

I VIII 45,25 
II ·rx 53,91 
III X 38,78 
IV XI 44,95 
V XU 41,46 
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unit space, and this comparison to the number of copepods • and the process 
of production of organis matter. Fig. 9 gives the relation between the total 
number of oopepods and produced carbon. It may be seen that these two pa
rameters behave less similar than the preceding two. Even though the posi
tive correlation was found on this occassion as well, the COffelation coefficient 
value is not significant (r = 0.157). 

Further, we tried to observe the relation of copepods to the total zooplan
kton from the data on seasonal and long-term variations in the number of 
copepods, as well as from the seasonal and long-term fluctuations of the total 
number of zooplankton organisms in the studied area (Vuče ti ć, unpublished 
data). Percentage of copepods is given in Table 3. Seasonal and long-term 
fluctuation in the number of copepods were observed. for the 1970-1974 
period and the extent of these fluctuations studied. 

Percentage of copepods varies from 18.72 to 99,43°/o at the Kaštela 
Bay Station. The highest values occur in November, January and March. 
The long-term variations showed also the frequency of copepods to vary from 
one year to another. Maximum number of copepods which domiuated among 
the other zooplankton groups, was recor_ded in 1974. 

After the earlier published data by V u č e t i ć (1970a), copepod group 
made up 50-800/o of the tota,l zooplankton at the station observed. We found 
this proportfon of copepods somewhat to exceed 400/o in the period of five 
years .However, in the most recent works of Vuče ti ć (1974) the percentage 
of copepods was somewhat lower, i . . e. more similar to ours. It is difficult 
to say whether this is the results of the changes in the environmental 
factors or of the natural fluctuations •of the density of zooplankton groups. 
Values of copepods did not, however, changed significantly, but the relations 
between tindiw.dual zooplankton groups, what is not within the scope of this 
paper. 

With respect to such a significant quantitative presence of oopepods in the 
total zao.plankton, the number of copepods was statistically compared with the 
number of zooplankton organisms. Positive correlation with the coefficent 
r = 0.673, significant for ,p < 0.001, was obtained, what proved their strong 
interrelations. The total number of zooplankton is due to the number of co
pepods by the following equation: 

y = 1374,04 + 2,05568 X 

on the basis of which we may predict the number of copepods if the total 
number of zooplankton ogranisms is known and ireversely. 

Since the zooplankton is the principal food to a large number of fish spe
cies, and particularly to the pelagic fish, the zooplankton relations with its 
predators are the complex ones. Therefore, the relation between the number 
of copepods and the total number of fish eggs will be considered here. Namely, 
the data on these relations are very poor for the Adriatic since mainly the 
sardine feeding was studied due to their impo-rtance to the Yugoslav marine 
fisheries. 

The works by Ste u e r (1908), Muž ini ć, S. (1936) and E r c e go vi ć 
(1940) provided the da.ta on the composition of food and rhythm o:f sardine 
feeding, Gamu 1 i n (1954) reported their spawning to take place at time of 
the maximum woplankton quantity. 
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ln addition to the observations of the diurnal and annual rhythm of sar
dine feeding (Vuče ti ć, 1955) pa,rticular attention was given to a detailed 
quantitati:ve and qualitative analysis of food in relation to fiishing gear and 
part of the day. Copepods were :found to constitute the main part in the sto
mach contents of sardine cauglt with four different nets (about 300/o). The 
differences in the qualitative composition of the rest of zooplankton groups 
proved to be considerable (Vuče ti ć, 1963c). The biomass of zooplankton (dry 
weight) was compared with the statistical data on sardine catch and an inverse 
relationship established. 

For the area of the centra! Adriatic (Kaštela Bay/Stončica) seasonal dis
tribution of the zooplankto.n wet weight was shown to coincide with the quan
tity of echo-signals i. e. • fish. By a comparison of individua} zooplankton gro
ups a positive correlation between the echo-sounds and copepod numbers was 
established for the open sea (Stončica) (p = 0.001). High values of the coeffi
cient of correlartion between the echo-signals and decapod larvae (V u č e t i ć 
and Ka č i ć, 1973, 1973a) were obtained for the Kaštela Bay. 

V u četi ć (1975) observed the synchronism of the sardine and anchovy 
spawning (number of eggs) and standing-crop (dry weight) of zooplankton. 
This author found the most intensive sardine spawning to precede the zooplan
kton maximum and the most intensive anchovy spawnirng to follow the annua,l 
zooplankton maximum. Further, the same author found that the quantity of 
anchovy eggs in the course of the year coincided best with the number of 
copepod Euchaeta hebes and the development stages of decapods and that the 
maximum quantites of sardine eggs preceded the maximum of copepod group. 
The significant correlation between the density of echo--sounds of the adult 
sardine and anchovy and the variations in the zooplankto.n quantity in the 
course of the year was reported in the same paper. 
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In this paper, as mentioned above, an attempt was made to observe the 
relation between the total number of copepods and the total number of fish 
eggs. This is given in Fig. 10. Even though these two plankton groups are very 
different as to their quantities, a positive correlation (r = 0.07) was found in 
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the Kaštela Bay with the insignificant value of the correlation coefficient. 
Therefore, further investigations should give moire attention to the relations 
between the quantttatively predominant groups and observe through this the 
predator-prey relation which was only established here. 

Accorclingly, even though more complex, the influence of biotic factors 
is, to a larger extent, significan;t, what is evident from Table 4. 

Table 4. Coefficients of correlation between the number of copepods and number 
of phytoplankton oi!1ganisms, primary prnduction, zooplankton and fi,sh eggs 

phy,toplankton 

r= 0,670 

P < 0,001 

primat"y piroduction 

r = 0,157 

zooplankton 

r= 0,673 

P < 0,001 

fish eggs 

r= 0,07 

All the results obtained through the five year .period at the 'kaštela Bay 
Station, show that the number of copepods is due to a relationship which is 
that evident that it might even be statisticaly recorded lin such a closed coastal 
arna. This also indicates that the Kaštela Bay area is very suitable for this 
kind of studies. Since being in itself an entity of the coastal Centra! Adriatic 
it re.flects well all the changes occuriing in a much 1011:·ger entity of which it 
forms a part. 

3. CONCLUSIONS 

1. A positive correlation was established between the number of copepods 
and temperature and between the copepod number and salinity, as well as a 
negative regression between the copepod number and sea water density at 
the Kaštela Bay Station. 

2. The correlation coefficient value is high for the relation between the 
copepod number and sea temperature where r = 0.413 and p < 0.001, i. e. sig
nificant for more than 99.90/o. A positive correlation was also established bet
ween the copepod number and sea water salinity with the coirrelation coeffi
cient r = 0.312 significant for p < 0.05, i. e. for more than 950/o. Values of the 
relation between the copepod number and sea water density showed, however, 
poor negative OOTrelation with an insignificant correlation coefficient va,lue 
r = -0.139. 

3. The observations of the copepod number in 1970-1974 with the mean 
annual values of temperature and salinity showed only slight annual variati
ons. This might be indicati,ve of the fact that no sig,nificant qualitative annual 
changes of hydrographic properties of the Adriatic took place in this period. 

4. A postive correlation with the high correlation coefficient value r = 
0.670, p < 0.001 was found for the relation betveen the copepod number and 
phytoplankton '.1S their principal food, 
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5. Results obtained by a ·compa-rison of the total number of copepods and 
primary production given as the quaintity of produced carbon in mg/m2/day 
show a positive conelati-on but with the insignificant conelation coefficient 
value r = 0.157. 

6. Percentage of occurrence of copepods in • net zooplankton varies from 
17.72 to 99.43% at . the Kaštela Bay Station. IThis shows to significance of 
copepods as the quantitatively predominant group. This is also proved by the 
high value of coefficient of ,correlation between the total number of copepods 
and total zooplankton r = 0.673, p < 0.001. 

7. The crelation between the copepod number and fish eggs also shows a 
positive correlation with insignificant correlation coefficient r = 0.07. 
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OSCILACIJE GUSTOCE KOPEPODA KAŠTELANSKOG ZALJEV A 
U ODNOSU. NA NEKE FAKTORE SREDINE 

Dubravka R e g n e r 

Institut za oceanografiju i ribarstvo, S p l i t 

KRATKI SADRZAJ 

U radu se donose prvi rezultati proučavanja odnosa broja kopepoda i ne
kih abiotskih (temperatura, slanost i gustoća mora) i biotskih (broj fitoplank
tonskih organizama, primarna produkcija, ukupni broj zooplanktonskih orga
nizama, broj ribljih jaja) faktom sredine, dobiveni na osnovu petogodišnjih 
i1Straživanja. 

Materijal za ova istraživanja uziman je jednom mjesečno od 1970. do 1974. 
godine, na permanentnoj postaji ,..Kaštelanski zaljev« (43° 31' N; 16° 19' E) , 
vertikalnim potezima »Hensen«-ove planktonske mreže (73/100, svila N°3). 

Ispitivanjem odnosa broja kopepoda i abiotskih faktora sredine nađena je 
pozitivna korelacija sa temperaturom mora (r = 0,413; P < 0,01) i slanošću 
(r = 0,139), uz neS!ignli.fik·antnu vrijediliOst koeficijenta korekcije. 

Odnos broja kopepoda i biotskih faktora sredine izražen je pozitivnom 
korelacijom sa brojem fitoplantonskih organizama (r = 9,670; P < 0,001). Od
nos broja k!opepoda i primarne produkcije predstavljene količinom proizvede
nog ugljika, također je pozitivan, ali sa ne~gni'ifikantnom vrijeooošću koefi
cijenta korelacije (ir = 0,157, nesignifikantno). Sa ukupnim zooplanktonom do
bivena je pozitivna korrelacija (r = 0,673; P < 0,001), a sa brojem ribljih jaja 
pozitivna i nesignifikantna (r = 0,07, nesignifikantno). 




