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INTRODUCTION 

After the first, preliminary, study of the primary production in the 
Adriatic carried out in 1958 at several stations of the middle Adriatic 
(C vi i ć 1963), some further detailed measuring of the primary production 
of the middle Adriatic and further preliminary measuring of the open and 
norrth Adriatic have been camed aut. The works have been undertaken ais 
a part of a complex work plan regarding the determination of the general 
productivity of the Adriatic. Besides determining the primary p~oduction, 
the author has also determined the distribution and reproduction of the 
marine bacteria, one of the first links of the sea feeding chain, whose role 
in the productivity, i. e. regeneration, of the nutritious salts, has become 
·more and more noticeable. Except these two factors this work gives . us the 
fluctuation of two more factors: phosphate and temperature. This has been 
đone in order to get a picture of their mutual activity and dependence, i. e. 
to obtain the completest possible picture of the productibn course _in the 
waters of the Adriatic and thus add to the explanation and knowledge of 
the general productivity of the Adriatic waters. 

The research has been đone in the middle Adriatic, i. e. at the stations 
»Vis«, »Pelegrin«, and »Kaštelanski zaljev« (Bay of Kaštela). Th~ station 
»Vis« (N 42°59'8 E 16°19'7, about 106 m deep) has the characteristics of being 
in the open Adriatic far from the express influence of the mainland. Further 
work was car ried out at the station »Pelegrin« (N 43°11'5, E 16°19'5, about 
78 m deep). This station is under the influence of the mainland, but it lies 
in the area of the upcoast Adriatic currents which wash the Adriatic coast 
south-east - east-west. The third station at which a more detailed work 
was carried 0trt was »Kaštelanski zaljev« (N 43°31'3 E 16°22'0, abo~t 38 m 
deep). This station lies in an enclosed bay and is under the djrect influence 
both of the mainland and of the fresh waters poured into the Bay of Kaštela 
by the river Jadro. The work at the above mentioned- three stations was 
đone from February to, August 1959, with 5 examinations per each station. 
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One preliminary examination per each station was carried aut at the sta­
tions »Gargano«, »Rovinj«, and »Lim«. The »Gargano« (N 42°08'0 E 16°10'0, 
about 124 m deep) is the station of the open Adriatic without any influence 
of the mainland. One examination per each station was carried aut in the 
north Adriatic in front of Rovinj and in the Lim Channel, which are under 
the di.rect influence of the mainland. All the stations are seen in the Fig. 1. 
The stations »Sušac«, and »Maslinica«, at which the primary production was 
determi.ned in 1958, cari also be seen there. (Ibid). 

We owe a great debt of gratitude to Dr. Miljenko B u l j a n, chief of 
the Hydrochemical Laboratory of the Institute far Oceanography and Fishery, 
who has put at our dispos.al yet unpub'lished d.ata on phosphate and tem­
perature, and has offe:red us expert help. Our warmest ,than:ks are due 
to Oj dana Ga š p i ć, and Mladen A I a j beg, the microbiologic labol'atory 
technicians, who, as usual, have assisted us considerably with technical ela­
boration and laboratory work. At the final revision and correction Prof. 
Ljubica C vi. i ć was a great help to us and we are deeply indebted to her. 

MATERIAL AND METHODS 

At the determination of the primary production we used the method of 
the • radioactive CH (Ste e m a n Ni e 1 se n 1952). The examinations were 
done by means of bottles exposed at some determined depths. The length of 
the examination was about 6 hours. The determination of the thickness o,f 
the euphotic zone was đone with Secchi disc, and the resulting depth was 
multi.p,lied iby the fador 2.6 because the Adr1atic is pairtioularly transparent. 
The radioactivity of the membrane filters was determined in Denmark 
(The International Agency far C14 Determination, Charlottenlund). In order 
to make the light conditions more comparabl.e the measurings were always 
done when the sky was clear from 10 or 11 a. m. on. 

The detennination of the distribution of bacteria was done by the mem­
brane [Lli:er Dethod (Razum o v 1931, 1955, C vi i ć 1960). The bacterial 
biomass was computed from the obtained results of the number of the bacte­
ria in one unit of the sea water volume, under the condition that the weight 

of one milliard od: bacteri.al cells is 0,25 mg. 
The battle- method was used in the reproduction of bacteria and bacterial 

biomass. The sea water from a certain depth was divided into two bottles 
of 100 cm.3. The dat.a of the number of the bacteria were taken fmm the water 
sample, and then the bottles w ere lowered again down to a determined 
depth and were left there far six hours. At each determination two bottles 
were takeu in order to control the results . • Six hours later the bottles were 
pulled out, a nd the samples far the determination •.• of the bacteria number 
on the membrane filters were taken out. From the data of the bacteria 
number at the beginning of the experiment, and the bacteria number in a 
determined volume after six hours we computed the bacteria and the bacterial 
biomass increase in the determined sea water volume, at a determined depth. 
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Fig. 1. Middle and north Adriatic area. Numbers 1- 8 denote the sta tions at which 
the primary organic production has been determined. 
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Stabion » Vis,« Sta,tion »Pelegrtn« Station ►►Kaštel. 
(ll ..c: zaJiv« 

1d ~s A A [>rodu.c lion I P-PO, I Sea Produclion I P-PO I Sca Produclion I P-PO I Sca 
mg C/m' tempc- mg C/m3• 

4 lempc- mg C/m, /t 4 tempc-
per day mg/t rature per day mg/ t raturc per day mg raturc 

·-- ·--- -- - ----

a, o 0,768 1,6 13,5 1,848 1,8 13,8 9,456 2,2 10,0 
l1J 
o, 

10 2,496 1:1,5 5,184 1,7 13,8 39,000 2,0 12,4 ..... -
;,... 

25 1,944 0,0 13,4 5,112 0,7 13,7 3,336 1,0 14,2 ~ 
:::, 

50 0,336 1,9 13,5 2,1 12 2,6 13,8 1,344 2,6 14,1 ..ci 
Q) 

70 0,6 13,7 0,744 1,7 13,8 tI... - - -

.O 
o, 

5,712 1,2 13,7 1,344 2,8 13,8 8,352 1,9 12,7 
,r., 10 5,496 4,3 13,7 4,464 2,9 13, 1 30,048 3,6 13,0 . o, ..... 
.c: 25 3,288 1,6 13,5 5,808 2,8 13, 1 20,448 4,4 13,2 
u .. 

50 6,072 1,8 13,7 2,596 1,2 13, 1 4,992 1,2 13,6 "' :s 
70 1,848 1,5 13,6 2,304 1,9 13,2 - - -

-- ~ - - -- -- -- ·- -
o 0,984 2,4 15,4 1,904 2,5 15,1 7,944 0,6 13,8 

O) 
10 2,568 1.:~ 11,9 4,776 3,5 15, 1 23.376 1,2 13,6 ,,r., 

o, ...... 25 0,6 14,9 6,000 6,1 14,9 19,840 0,8 13,8 -
o.. 50 2,184 0,9 14,8 3,600 3,5 14,4 6,456 1,6 13,9 
~ 

70 2,280 0,0 14,7 - 0,3 14, 1 - - -

o 2,976 1,2 20,4 1,968 1,0 21 ,34 62,488 2,4 23,2 
a, 

10 2,1 12 1,2 19,7 2,712 2,0 18,80 60,984 1,0 20,2 ,. i,) 
cn ..... 

25 2,856 0,6 16,1 (1) 3,360 2,7 17,38 9,072 2,0 16,2 
□ 

50 1,467 1,2 15,7 2,832 2,0 15,72 4,608 1,9 15,3 :::l ., 
70 1,776 0,0 15, 1 1,464 4,1 15,1 - -
o 2,640 2,0 23,3 - - - 16,888 1,2 24,0 

CJ) 
l1J 10 3,808 3,4 22,0 20,208 1,7 17,0 a, - - -..... 
...., 25 2,088 2,0 16,5 CI) - - - 7,176 I.I, 15, 1 
::, 
tW 50 1,200 2,3 15,6 :::l - - - 4,584 4,0 14.9 
~ 70 1,416 1,2 14,6 - - -

Tab. L Pr:Lma,ry pir'Oductio1n (mg C/m'l/day), amou1n,t od' foee phospihates ·(P- P01 o:ng/t), 
amd tern,peraiLures at the m,iddle Adu:iatic s.tations »Vis«, ►><Pelegdn«, and 
»Kaštelanski zailjev« (the den0ited deipih is orientational oITTly; exaiet depths 
fo,r each statioin are givein ol!l Tab. 2.) . • 

EXAMINATION RESULTS 

I . Primary Pro duction 

rt has been stated in the first work on the research of the primary pro­
ductivity of the Adriatic waters (C vi i ć 1963) that the Adriatic pliotosyn-
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thetic processes are rather small in size, i. e. that the Adriatic is a low 
productivity area. The present work deals with a more detailed examination 
of the primary productivity of the Adriatic sea. 

The obtained data are shown on Tab. 1., and Fig. 2. Fig. 2. shows the 
vertical distribution of the production. A common characteristic is noticeable 
in all the three stations, i. e. »Kaštelanski zaljev«, »Pelegrin«, and the sta­
tion » Vis«. In all the cases but one (Vis in June), the productivity on the 
surface was lower than at the depth of 15 or 25 m, and with the further 
increase of depth, the productivity was again on the decrease in all the 
cases. We can, therefore, prove with certainty that the production maximum, 
i. e. that the most lively photosynthetic activity, takes place in the layer 
10 to 25 m deep. 

If we oompare the pirnduction quantity of each station, then the data show 
us that the highest productivity was at the station »Kaštelanski zaljev«, the 
second place in the production quantity was occupied by the station »Pele­
grin«, while the lowest productivity for all the five measurings was found 
at the station ))Vis«. This can be explained by the fact that the .stations 
))Kaštelanski zaljev«, and ))Pelegrin« are under the direct influence of the 
mainland, viz. under the fresh water influx substances from the river Jauro 
(the Bay of Kaštela), and the river Neretva (Pelegrin). These fresh waters 
are rich in organic substances and this material reaches the upper Adriatic 
areas with upstream currents. 

Station ►►Vis« Station >►Pelegdn« Station >►Kaštel. zaJiv« 
---------

Da.te of Dcpth Thick-
Produclion 

Dcpth Thick-
Production 

Dcplh Thick-
Produclion 

Su rfacc ness of Surface ness of" Surface ncss of the samp1e lhe eu- g C/m2 lhe eu - g C/m2 lh e eu- g C/m2 
Boltom photi c per day 

Bo!tom pholic per day 
Boltom pholic per day 

m layer m 111 layer m m laycr m 

February 
1959 110 75 0,079 80 70 0,20 38 36 0,56 

Ma:rch 
1959 112 55 0,19 77 60 0,075 37 36 0'60 

April I 1959 109 60 0,11 79 60 0,19 37 35 0,54 
June 

1959 107 60 0,10 78 55 0,11 38 35 1,01 

August 

I 1959 103 55 0,085 - - - 36 35 0,37 

Average: 
I 

0,112 
I I 

0,143 I I 

0,61 

Taib. 2. Primary organic producticm (g C/m2/day) !in tihe e'U[)lhotic rone at 1Jhe sta­
tions ►►Vis«, »Pelegrin«, an<l »KaMelamski zaljev«. 
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Fig. 2. The vertical distribution of the primary organic production (mg C/m8/day) 
at the stations of the middle Adriatic. 
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Primary production for the whole column of the euphotic zone of lm2 

surface shows us (Tab. 2) that the production g C/m2 per day was the richest 
in June 1959 (0,40 g C/m 2/day), while in other months it was more or less 
equal with very little fluctuation (about 0,25 g C/m 2/day). The productivity, 
being a photosynthetic process, is in close connection wi,th the quantity of 
light, so it is quite logical that the quantity of the produced organic material 
in individua! months during the year shows more or less pronounced seaso­
nal Huctuation. The total prnductiivity per una.<t of sea water volume at the 
,hree above mentioned stations, viz. for the middle Adriatic region, mesaured 
from I<'ebruary to August 1959, is on an average 0,29 g C/m 2 per day. 

Among the nutritient salts decisive for the quantity of the production 
besides nitrogen there is phosphorus, namely the phosphates. As the ratio 
N:P in the sea is more or less constant (Red f i e 1 d 1934, C o o per 1937 
and others), according to the consumption, viz. the quantity of phosphates 
(P- PO,i) we can conclude the quantiiy, viz. the approximate consumption 
of nitrogen N-NOa). According to C o o per' s statement the ideal ratio 
N:P, if the concentrations are shown in microgram-atom/1, is 15, but it varies 
from one region to another. 

Tabl. 1. shows the quantities of free pho~phates found at the time 
of de!:ermining the primary organic productkm at the three stations. 
Comparing the fluctuation of the quanties P-PO,1 W"ith the fluctuation of 
ihe production C at individua! stations in individua! months it strikes • us 
that in many cases at definite ctepths the relation between the quantity of 
the produced C and the quantity P-PO,1 is in inverse ratio. Besides a rank 
production there is want of phosphates. At some clepths quantities of the 
phosphates were thoroughly consumed by the photosynthetic processes. 
In general the quantities of P-PO4 were larger at the station »Kaštelanski 
zaljev« than at the stations »Vis« and »Pelegrin«, which corresponcls to the 
quantity of the primary organic production. From the obtained cla ta w,2 can 
see that in the layers of a richer procluction there was a clecrease in the 
quantity of the phosphates, which might mean that in these layers there was 
a larger production, i. e. consurnption , of nitra te, or that the regeneration of 
the phosphaies was very slow. 

Tabl. 1. shows the data ,o,f temper.aoture fluctuahon at ind.ividuail 
station s and depths. Although the temperature variation h as a strong in­
fluence on the rate of respiration ancl the rate of photosynthesis at complete 
lighting up, we must emphasize ihat this influence is not a direct but an 
indirect one. Low temper.atures, as seen on Tabl. 1. , influence the pr,o,­
duction in the sense of slowing down. In warmer months, June and August, 
when the surface temperatures were up to 23 °C, and the vertical tempera­
ture distribution showed a thermocline, the primary production was on an 
increase . This w as surely the result of the positive influence of temperature 
on the bacterial regeneration of nutritious salts. 

For the ,saike of preLiminary examina.tio(Il of the ,productivi-ty -of other 
parts of the Adriatic, one examinat1on of the pri:mary production peir 
each station was done at »Gargano«, »Rovinj«, and »Lim« (Tab. 3). At the 
station »Gargano« in June 1959 there was a rather high productivity. 
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The highest production was found in the surface layer, but with the increase 
of depth the production decreased. The production per 1 m 2 of the euphotic 
zone was 0,21 g C/m 2/day. A high production, in relation to the production 
in the middle Adriatic, was found at the stations »Rovinj « and »Lim«, 0,31 
g C/m 2/day in the waters of Rovinj, and 0,20 g g C/m 2/day in the waters o,f 
Lim. This high productivity phenomenon at the station Gargano might be 
explained by the influence of the fresh waters from the mainland at the 
stations »Rovinj« and »Lim«. 

Generally speaking we can say that in our examinations the stations 
nearer the mainland showed a higher pr-oductivity than the stations far from 
the mainland. The highest productivity was found in the Bay of Kaštela 
where the production approached the high productive zones in oceans. 

Comparing the general organic productivity of the Adriatic waters, 
according to the middle Adriatic data, with the data of the productivity 
Which Ste e ma n Ni e 1 se n (1957) bas got for different oceanic and sea 
region-s, i<t appeaTs that the Adriatic i:s, on an average, region of :l.ow 
productivity, but that the productivity in individua! • regions, of littoral 
waters equals the productivity of some richer oceanic waters. If we take 
the general average of the Adriatic productivity as being 0,29 g C/m2/day, 
then the Adriatic region belongs to the third group of the sea regions 
according to their richness; but if we take individua! regions, e. g. the Bay 
of Kaštela or the north Adriatic regions, then, according to their production, 
the Adriatic waters might be set in the second or even the first category 
of oceanic waters. Of course these examinations have given only the fi-rst insight 
into the generail. p:rimary producti:vity of the Adriatic waters, a nd fu1· ther 
examinations will show a more detailed pictu-re. 

II. Bacteria distribution and Reproduction 

The distribution of bacteria, both in vertical and horizonta! sense, inside 
the euphotic zone of the middle Adriatic was examined simultaneously with 
the examination of the basic productivity of that region, and with the exami­
nation of ~ome othcr ccologic factors. The results of the examination are 
seen on the Tab . 4, 5, and 6, and on the Fig. 3. The vertical, horizontal, and 
seasonal fluctuation of the bacterial population at the time of the exami­
nation, from February to August 1959, shows all the basic regularity of thc 
fluctuation of the bacterial population up to now est.1blished for th.is and 
other regfons. The data seen on Fig. 2. show that at all the three stations 
the bacterial maximum was found in the layer at the depth of 25 to 50 m, 
with only one exception, in August at the station »Kaštelanski zaljev«, where 
the maximum appears at the bottom of the euphotic zone. If we compare 
the distribution of the bacterial biomass at the stations »Kaštelanski zaljev«, 
»Pelegrin «, and » Vis«, we can notice that the richest bacterial settlement 
was on an average in the Bay o,f Kaštela, and the poorest one at the station 
»Pelegrin«. The average quantity of the biomass in the unit of the water 
volume at rthe station »Vis« i<s approaching the one at the stati-on »Pelegrin«. 
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Adriatic. 
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Stali on ,Gargano" Station • Rovinj" Sta1ion • Lim• I June 1959 April 1959 April 1959 

Dcplh I 
Produclion 

I 
Prođu.:lion 

I 
Produciion 

I 
Production 

Dcpih I 
Producticn 

I 
Produclion 

mg C/m3 g C/m2 Depth mg C/m3 g C/m'l mg c ,:ma g C/m2 

pe r day I:.':_:_~ per clay per day per day per day 

' 
o 8,!!04 o 11,736 o 12,144 

10 6,480 10 16,632 5 13,728 

25 4,512 0,21 20 9,672 0,31 10 16,104 0,20 

50 3,936 29 5,9.52 14 15,672 

75 2,712 

'l'ab. 3. P,1ima,ry o;rganic prntliuotli.'on (mg C/m3/da,y a,nd g C/m 2/day) ait ,the stations 
»Gargia!Ilor<,(, ►►Ro1Vin1j<< and ►►Lin1.--(< . 

These findings o.f the bacteria and bacterial biomass distribution agree, 
according to the regularily of the distribution and the quantities, more or 
less with the up to present statement in this Tegion (C vi i ć 1965 and 1962). 

We have studied the bacteria and the bacterial biomass Teproduction by 
means of exposing the bottles with sea water at determined depths. The expe­
riment lasted 6 homs, and each time bottles with filtrated and unfiltrated. 
sea water were lowered down to a certain depth. This treatment was used 
to oibserve the difference tin the develoipment and reproduction of the bacteria 
iwithout the .influence of other various organisms 2nd, vice versa, under the 
influence o.f the phytoplanktonic, ZOO(planktonic, and other possible organisms. 
\Vhicch entered the bottle with the sea water sample. On the Tab. 4, 5, an:d 6 
are shown the results of our examinations. It :is cha,racteristic od: all tbe 
t.hree stations that in the unfiltrated sea water samples, at the beginning 
of the e~pertlment and after 6 hours, the bicmass of the bacteria,, as well 
as ihe very increase of the biomass ,per hour, showed great Yariations. 
In many cases in the un.filtrated ,:,amples after 6 hours no increase of the 
bacterial. biodass was noti.c:ed. The phenomen of this great dynamics can 
be •explained by the fact that in the unfiltrated samples ware found phyto­
planktonic and zooplanktonic organisms whioh !in different ways slowed 
down the reproduction of the bacterial flora. Even the very bacteria could 
hav8 had this slowinig down eiffect because c,f their auto1ysis , but .in any 
case the more pronounced effect was that o.f the zooplanktonic organiSllTI.S 
which take, as it is a well known fact, the bacteria as the:in food. In the unfil­
traied samples the slow:i.p1g down effect of the development od' the bacterial 
population could have had some Actinornuycetes whiah, as we already know, 
produce a consiq.ernble quantity of antibiotics ,(Gr e i n and Me y e r s 1958). 
Further, the slowing down e.ffect on tihe bacterial po,pulati,on :in tne above 
mentioned sa,mples could have had various planktonic agae which, liik.e 
ChlorelLa and some planktonic diatoms, produce antibiotics, and these stop 



Unfillrated samples Filtrated samples 

Station Bacteria Biomass Biomass Biomass Bacteria Biomass Biomass Biomass 
at the after 6 increasse at the after 6 increase o. number 

beginning hours per hour number 
beginning hours per hour ., per crna per crna Cl mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 mg/m3 

o 62.000 15,50 12,67 - 14.94~ 3,72 11 ,60 1,31 
• Vis" JO 2Q.987 7,47 9,87 0,40 16.171 4,05 9,07 0,84 

Feb, 11, 25 70.493 17,62 7,17 - 32.970 8,22 10,82 0,43 
1959. 50 75.517 18,87 19,65 0,13 23.557 5,87 7,77 0,36 

70 29.359 7,32 9,27 0,32 60916 15,2 27,62 2,07 

o 14.287 3,57 24.649 6,15 
• Vis' 10 63.899 15,97 13.502 3,37 

March, JO, 25 17.898 4,47 28 393 . 5,85 
1959. 50 27.318 6,82 23.707 5,92 

70 15.229 3,80 5.495 1,37 

' o 20.096 5,02 29.465 7,37 9,67 0,38 
• Vis• 10 19.154 4,77 32.813 8,20 15,27 1,18 

April, 15 25 123.402 30,85 45.530 11,37 7,80 -
1959. 50 18.546 4,62 22.069 5,52 8,60 0,51 

70 31.086 7,77 17.470 4',37 9, 15 0,79 

o 88.234 22,05 34,37 2,05 24.284 6,07 8,45 0,39 
.• Vis" 10 19.311 4,82 12,47 1,28 22.765 5,70 6,52 0,1.1 

June, 17, 25 56.834 14,20 4,67 - 24.489 6,12 10,90 0,79 
1959. 50 29.830 7,45 3,05 - 13 970 3,47 8,22 0,79 

70 22 765 5,70 5,80 0,02 21.431 5,35 9,90 0,76 

o 36.453 9,10 22.138 5,52 
• Vis' 10 28 103 7,02 24.492 6, 12 

August, 21 25 41.605 10,40 13 816 3,45 
1659. 50 41 919 10,47 127.671 31,92 

70 5.161 1,30 92.630 23,15 

Tab. 4. The ruumber od' baotmia (iper cm3), !b!iomass, and 1biomass inci·ease tn the Li.ilt11aited an:d ,un,fiilitlmted samples a;t the 

'Z 
~ 
<.o 

s.r!Ja1JiO!ll »Vis«. - ...... 
w 



Unfiltrated sample Filtrated samples 
..... 
,i,. 

Station Bacteria Biomass Biomass Btomass 
Baclerla Biomass Biomass Biomass 

..c: at the after 6 increase at the after 6 increasse a. numder number 
"' p~r cm" beginning hours per hour 

per cm 3 beginning hour per hour 
o mg/m3 mg m3 mg/m3 mg/m3 mg /m3 mg/m3 

o 21 509 5,37 10,35 0,83 21 509 5,37 10,35 0,83 
• Pelegrin • 10 51.182 12,80 4,35 - 17.182 4,JO 12,85 1,43 
feb, 12, 25 26.690 6,67 16,37 1,62 26.690 6,67 16,37 1,62 

1959 . • 50 52.595 13,15 17,92 0,79 31.595 7,90 13, 17 0,88 
70 25.905 6,47 6,52 0,01 25.905 6,47 6,52 0,01 

o 21.666 5,40 7,65 0,38 23.233 5,80 10,52 0,79 
• Pelegrln " 10 19.311 4,82 1,40 - 27.004 6,75 10,45 0,62 
hlarch, 9, 25 17.584 4,40 6,95 0,63 20 253 5,05 4,50 -

1959. 50 38. 151 9,52 5,45 - 14.287 3,57 4,27 0,12 
70 24 806 6,20 9,42 0,54 23.141 5,77 12,27 1,08 

o 35.796 8,95 11 ,50 0,43 9 820 2,45 10,22 1,29 
• Pelegrin • 10 42.680 10,67 9,22 - 3.765 0,95 5,60 0,78 
April , 16, 25 47 .100 11,77 3,67 - 18.369 4,60 5,72 0,19 

1959. 50 21.823 5,45 9,72 0,71 22.451 5,60 5,95 0,06 
70 39.721 9,92 6,60 - 11.304 2,82 6,75 0,65 

o 19 468 4,85 17,85 2,17 39.250 9,80 
10,60 0,13 • Pelegrin • 10 27.632 6,9J 10,15 0,54 17 113 4,27 2,90 June, 20, 25 10.990 2,72 12,35 1.60 51.025 12,75 -

1959. 50 19.468 4,87 49,52 7,24 5.278 1,32 12,00 -
70 26.376 6, 10 29,90 3,96 29.987 7,47 7,12 0,97 

--
o 13.345 3,32 28260 7,07 

.Pelegrin" 10 39.721 10,22 33.755 8,42 
August, 22, 25 27.789 6,95 20.881 5,22 

1959. 50 72.691 18,17 5.338 1,32 
70 51.025 12,75 47.571 11,90 

-

Ta:b. 5. The I11Umber of bacterfa (per cm3) , bilQm!aiss, and ujom .ass imcrease in the fi!Lllrated aind unfiJl1ti,ated s~mples at the ~ 
station ,-Pe1egri:n« • 

(0 



I 
i 
i 

I 

I 

I 
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UnfiLtrated sarnples Filtrarted samples 
--

-B 
Bacteria 

I Bimnass Biomass I Biom.ass Biomass Biomass Biomass 
Station ~ I at the after 6 I increase Bacteria 

I 

at the after 6 increase 
~ number 

I 

begirnning hours per hour number beglnning hours per hour per cm3 
mg/m 3 mg/m 3 mg/m 3 per cm3 

mg/m3 mg/m 3 mg/m3 
I --

I 
I I 

Kaštel. () 36.267 9,07 16,22 1,19 . 61.230 15,30 43,87 4,76 
zaljev 10 : 76.616 l 19,15 5,87 - 15.072 3,77 18,47 2,45 I 

Feb. 13, 25 I 80.541 20,12 23,65 3,92 20.096 5,02 5,22 0,03 
1959. I 

36 
i 26.533 6,62 27,35 3,46 54.322 13,57 : 

i I I K!aš tel. o I 70.493 17,62 14,10 ' - 18.683 4,67 4,62 -
10 

I I 
zaljev i 103.934 2,58 9,57 1,16 16.796 

I 

4,20 8,80 0,76 
March, 16, ' I 

25 ! 53.694 f 12,32 8,70 - 67.353 16,82 16,47 -
1959. ' I 36 i 33.562 

i 8,89 12,47 0,59 32.431 8,10 11,22 0,52 
-

Kaštel. ; o ! 56.991 14,25 16,07 0,47 27.912 I 6,97 8,40 0,24 
zaljev 10 44.588 11,15 9,65 - 21.509 5,37 11,30 0,98 

April, 24, 25 91.060 22,76 23,97 0,20 47.128 11,77 19,77 1,33 
1959. ' 36 54.950 ' 13,74 15,55 0,30 24.499 6,12 8,00 0,31 

: i ---

I 

I 

Kaštel. o 66.725 16,68 18,97 0,38 39.868 9,97 12,67 0,45 
zaljev 10 24.649 I 6,16 3,32 - 30.929 7,72 40,27 5,43 I 

.June, 23, 25 50.868 
I 

12,72 15,07 0,43 21.980 5,47 14,62 1,53 
1959. 36 28.260 7,06 16,20 1,36 16.799 4,,20 6,32 0,35 

: I 
: I 

I I Kaštel. o 36.581 ! 9,15 13.188 3,30 
zaljev 10 19.468 3,86 12.246 i 3,05 

August, 24, 25 ' 35.953 ! 8,98 8.949 I 2,22 
1959. 36 58.247 14,55 122.931 30,73 i 

I 

Tab. 6. The number of bacte1"i.a (per cm3), b.iiomass, and biom ass increase lin the fiil<trated and unfi1trated samples at the 
stati•on »Kaštelanski zaljev« 

t 
<O' 

I 

...... o, 
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considerably the bacterial adivity (S·t e e ma nn N i e 1 se n 1955). The flu­
ctuation in the reproduction of the bacterial biomass in the filtrated samples 
at all the three stations (Tab. 4, 5, and 6) is much smaller than in the unfil­
trated samples. The sea water was filtrated through dense filter-papers which 
kept back all the organisms which coulcl possibly have a slowing down effect 
on the reproduction of the bacterial biomass. 

If we compare the cross section of the biomass reproduction in the 
filtrated and unfiltrated samples (Tab. 7) we can see that there are no great 
differences. But we must always bear in mind that the sea water itself, 
while being filtrated through a dense filter-paper, has lost some definite 
quantities of bacteria with the result that the increase in the filtrated samples 
was in fact greater than in the unfiltrated ones. 

1· Unfiltrated samp,les Filtrated samples 
I 

I 
Biornass Bi.omass Biomass Biomass Bi.omass Biomass Slations at the after 6 at the after 6 me e~sc incre se 

] . i 
k ,ginni,ng h.ours per hom b0gin11Jing I houn; per hour 

rng/m3 mg/m'1 mg/m3 
I mg/1113 

I 

----

I 
I 

I I »-Vis,(< 
I 9,87 11,89 0,70 

I 
7,73 10,75 0,78 

I I 

I 
--·--

I 
» Peleg11in« 7,93 12,34 1.53 5,74 8,84 

I 
0,71 

---- -----

»Kaštelan- I 

I I 
I 

ski zaljev« 16,68 
I 

14,79 1,22 
I 

7,60 15,33 
I 

1,47 

- . . 

Tab. 7. Average values ođ' the biomass and the biom,ass i,ncreas•e afttY the e~pe­
rim,EJn t of six hours ·in the unfiltrated amd filtra-t0d sea wa,ter s,a,mples. 

I 

Tbe biomass increase per hour per sea water volume unit was from 
0,70 to 1,53 mg/m3 bacteTia (Tab. 7). Accordi:ng to the o'.Jtained data the 
greatest increase was at the station »Kaštelanski zaljev«, which we can 
explain by the abundance of this region in organic materials as well as by 
the reason that because of its little depth it has higher t emperature than 
the other regions . The general average bacterial biomass increase in the 
exarnined ·regi-on of the Adr,iatic wa.s 1,08 mg/m3 per hour -or 25,68 mg/m:3 

per day, which shows a rather high increase if we compare it with the 
data of K ris s and L a mb ine (1955) fo•r the o::eanic region round the 
North Pole. The average bacterial - biomass increase per day for tllis region 
was 3,5 mg/m3 . This great difference in the quantity of the reproduced bacte­
rial biornass per time unit can be explained by the fact that the sea regions 
are in various temperature zones, and that the bacterial biomass in the 
1vaters round the North Pole fluctuated between 7, 8 and 0,007 mg/m3

, while 
in the Adriatic it flu ctuated between 20,12 - 3,80 mg/m3, as well as by the 
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fact that the above mentioned authors used another method at the exami­
nat.ion of the biomass increase, i. e. the method of submerged glass plates. 

III. Discussion 

Acc.-oPding ;t,o some authors' opinion (K e t ch um 1947, and oth ers) the 
found quantities of nutritient salts in a certain sea layer d,o not necessary 
mean to and do not reflect the fertility of that environment. According to 
their opinion the found quantity is not important, but the rate of the rege­
neration of the consumed nutritient salts is. Yet we think that the found 
quantities of the nutritient salts in a determined region at a determined 
depth in their mutual comparison, and in the comparison with other factors 
could give an approximatc orienting picture of their mutual influence, effect, 
ci.nd dependence of differcnt ecological factors. 

On Fig. 4 are shown the dab of the vertical distribution of bacteria, 
the primary production, and the phosphates at thc stati-o,:is „Kaštelanski za­
ljev«, »Pelegrin «, and »Vis«. Although in tbe relation of these fluctuations 
any strictly determined regularity canno,t be found, yet it gives us a possi­
bility to draw a conclusion about the mutual relation between the abo-ve 
mentioned three foctors at the time of examination. 

The b,.icteria play a very important ro~e in the cycle of the phosphorus 
in the sea. By destroying the organic phosphorus components, besides the 
regeneration of phosphorus, the bacteria, with their activity, produce acids 
that hasten the dissolving of the phosphates (R e nn 1937). The dissolubility 
of the phosphates in the sea is in a great part due to, the function o-f pH, 
lhe pr-operty on which thc bacteria, with their activity, can have a consi­
derable influence by changing pH of the environment (C vi i ć 1956.b) . On Fig. 3 
the relation between the vertical distribution of the phosphate quantity and 
the bacterial population is very often in inverse ratio whi.ch means that the 
richer b8cterial population coming with an abundant phytoplanktonic po­
pulation uses great quantities o,f phosphates for its develop~1ent besides those 
quantities used up by assimilatio:1. The reaso n for the diminished or increased 
quantities of the phosphate could be the slow flow of the phosphates from 
the deep layers wherefrom they enter thc euphotic zone by the vertical 
currents or by turbulency. 

The relation between the bacteria, the phosphates, and the primary 
production according to Fig. 3 induces us to believe that the generally 
increased productivity dccreases the quantity of the pho,3phates present, and 
thus also the quantities of nitrates. Although the regeneration of nitrate and 
phosphate is done in the euphotic zone itself • through the effect of the 
enzymes, which are ocf' vegetable, animal or bacterial origin, yet the main 
phosphate quantities come from the bottom sea layers where their intensive 
regenerahon is being done. It is, namely, proved (C vi i ć 1956.a) that the 
bacterial population of the bottom waters releases 40 - 70 mg/m 3 of the 
free phosphates from the sea bottom mud, which represents a considerable 
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'F'ig. 4. Vertical distri1:mtion of the bacter ial biomass, primary organic production, 
and the free phosphates (P-P0,1) in the middle Adriatic. 
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amount of this nutritient salt. Accwdin,g to the findings of K e t ch um 
(1947) the total assimilation of the phosphates at the time of the production 
is considered to be 8 g P04 (=2,7 g P) per m 2. From this only two per ccnt 
has its origin in the unorganic phosphates present in the photosynthetic 
layer, 730/o has been transported to the surface fro m the bottom layer, and 
25% has its or1gin in the de~truction and the enzymatic acti-on inside the 
surf.ace layer. According to this author's data the computed daily con­
sumption of 14 mg P per m 2 per day corresponds to 560 mg of assimilated 
C per m 2. In the Sargasso Sea, which is one of the regions with the lowest 
productivity, the daily regeneration of uno-rganic phosphate is 0,01 mg Pim2 

and in the Danish fjord Iselfjord Ste e ma n Ni e 1 se n (1956) found that 
the concentration of phosphate is 1 mg P/m3, while the organic production 
in that period was very high and varied between 250 and 520 mg C/m3/day. 
If we compare these clata with the data of the phosphate and organic pro­
ciuction quantities in the explored area c,f the Adriatic, we can acertain that 
the Adriatic region, 2ccording to its phosphate quantities (which are from 
6,1 to 0,6 mg/t), its rate of the phosphate regeneration, the assimilated 
phosphate quantity, and the quantity of the production of the basic organic 
material (which is from 112 - 610 mg/m2/day), is more or less equal to the 
sea regions in the North Temperate Zone. 

The data about the basic organic productivity in the examined region 
show u.s only the euph::i·tic zone production according to the measurings with 
the Secchi disc, and do not denote the total productivity of the Adriatic 
waters. It has been, namely, proved that under the euphotic zone many 
autotrophic organisms, li_l{e cliatoms, flagellates and the photosynthetic bacte­
ria can be found. At the depth of 4,000 m cocolitophnridae have been fmmd, 
.:,nd in the Black Sea K ris s and Ruki na (1953) have found ~ome active 
photosynthetic sulfuric bacteria at the deprth o,f 2,500 m. Although some of 
ihe a bove mentioned organisms can also be heterotrophic (Le w i n 1953, 
and W ,o, o d 1956), mo,:;t of them are exclusively autotrophic. The pheno­
menon that the assimilahon processes can be accompli:shed without the 
prnsence of light in deep sea j,s explained in various ways by various authors. 
K ris s and Ruki na (1953) believe that the red and the green sulfuric 
bacteria use radioactive energy in their proces,ses . F e r g u s o n - W o o d 
(1959) thi.m.ks that the strictly autotrnphic organisms under the euphotic zone 
are either in the state of dylng out, or that they have a very low need of 
light, or tha t for the photosynthetic processes. they use another energy, not 
the sun's radiation. In any case, it has been stated that under the euphotic 
zone and the compensating depth the reduction of carbon dioxide, i. e. photo­
synthesi:s, is being accomplished. Its resrult is the production of organic 
material and only the total amount of the produced organic material in the 
euphotic zone and thai in <the deep fayern 1·epresents the to<tal production ,o,f the 
sea or oceamic water. 
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SUMMARY 

In this work are given the data about the pri:mary organic production 
and distribution, and the bacteria reproduction in the region nf the middle 
and north Adriatic, at the stations »Kaštelanski zaljev«, »Pelegrin«, »Vis« ,. 
,; Gargano«, »Rovinj«, and »Lim«. 

The prima.ry production determined with the radioac1Jive C14 method far 
the entire column of the euphotic zoine in the .region under examination 
shows us that the producbon g C per m 3 per day was the richest in June 
1~59, i. e. it was 0,40 g C/m 3/day, while for the ot her months at all the 
station.s it was mo-re or less the same with very httle fluctuation, and it 
was about 0,25 g C/m~/day. The average productivity for the above men­
ti•cned three stations from February till August 1959 was 0,29 g C/m3/day. 

It has been gen.erally shown that the prnductivity in the littoral waters, 
or in the w a ter s under the direct influence of the mainland or other fresh 
w ~:ters (the Bay o,f Kaštela, and the north Adriatic) was higher than in the 
opcn Adriatic region. 

Th e vertical and horizonta! distribution of the bacteria and the bacterial 
bicmass in the euphotic zone ,of the region under study has sho,wn its greate5t 
r ichness in the middle layer of the euphotic zune, while with the increase­
of deipth it decreased. The station »Kaštelanski zaljev« which is under the 
clirect influence of mainla·nd and fresh waters, during the examination from 
February to August 1959 had the richest bacterial flo,ra. 

The bacteria reproduction d 1owed tha t the biomass increase per sea 
water vblume unit w as fr.c,m 0,70 to 1,53 mg per m 3 ,of bacteria per hour. 
The greatest b acterial biomass increa,se wa:s found at the station »Kaštelanski 
zaljev« . The general average bacterial biomass increase -in the examined re­
gion was 1,08 mg/m3 per hour or 25,68 m g/m3 per day. 

The relation between the bacteria, phosphate, and the primary pro­
duction in the examin ed region as eco-logical factors mutually closely co,n­
n ected -and condit:i,oned has been discussed. The analysi,s of the relation 
of these factors ha-s shown that the bacterial population and the phossphate 
quantities found in a determined sea water layer are in inverse ratio, and 
the sam e r elation has been stated far the quantities o,f the found phosphate 
and the primary producti-on mg C/m 3/day. 

The quantity oif the phoisphate r egeneration and oif the primary pro­
duc-tion in the Adriatic, and in some other sea and ocean regions has been 
compared. It has been .stated that the Adriatic can be numbeTed among 
some regions with lower productivity in r egard to the oceanic producti.vity, 
but that some littoTal rngions with theiT productivlty apmach some more a,b,un­
dant regions in other seas. 
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OSNOVNA ORGANrSKA PRODUKCIJA, RASPROSTRANJENOST I RAZMNO­
ŽAVANJE BAKTERIJA U EUFOTICKOJ ZONI SREDNJEG JADRANA 

Vla ho CVIIĆ 

Institut za ,oceanografiju i I1iiban,tV'O, SpJiLt 

KRATKI SADRŽAJ 

U radu su izneseni podaci o osnovnoj ougansko j produkciji i rasprostra­
njeno,3ti te razmnožava1I1ju bakterija u području srednjeg i sjevernog Jadrana, 
na postajama "Kaštelanski zaljev«, "Peleg,rin«, "Vi,s«, "Gargano«, »Rovinj« 
i »Lim«. 

Osn ovna organska produkcija određivana metodom radioaktivn og C14 za 
cijeli stupac eufotičke zone u istraživanom području p01kazuje da je pro­
dukcija g C na m 3 n a dan bila najbogatija u junu 1959. god., tj . da je iznosila 
0,40 g C/m3/dan, dok je za ostale mj esece na svim postajama bila približno 
jednaka sa veoma malim kolebanjima, a iznosila je oiko 0,25 g C/m3/dan. 
Ukupna prnsječna p roduktivnosit za s,pomooute t ri postaje od februara do 
augusta 1959. god. iznosila je 0,29 g C/m 3/dan. 

Općenito ,se pokazalo da je produktivnost u priobalnim vodama, ili vo­
dama pod direktnim utjecajem kopna ili slatke vode (Kaštelanski zaljev 
i sjeverni Jadran), veća nego u pod1'Učju otvorenog J adrana. 

Vertikalna i horizontalna rasprostranj enost bakterija i batkterijske bio­
mase u eufotičkoj zoni istraživanog područja pokazala je najveće bogatstvo 
u srechijem sloju eufotičke zone, dok je sa povećanjem dubine bila u opa­
danju. Postaja »Kaštelanski zaljev «, koja je pod direktnim l¼tjecajem kopna 
i slat!ke vode, imala je u vrijeme i,straživanja od februara do augusta 1959. 
god. najbogatiju bakterijsku floru. 

Razmnožavanje bakterija pokazalo je da prirast biomase na sat na je­
dinicu volumena morske vode iznosi ,od 0,70 do 1,53 mg na 1 m3 bakterija. 
Najveći priras t bakterijske biomase nađen je na postaji »Kaštelanski zaljev«. 
Opći prosječni prirast bakterijske biomase u ispitivanom području bio je 
1,08 mg/m 3 na sat ih 25,68 mg/m 3 na dan. 

Diskutirani su odnoGi između bakterija, fosfata i osnovne organske pro­
dukcije u istraživanom području, kao ekoloških faktora međusobno usko 
povezanih i uslovljenih. Analiza odnosa ovih fakto ra p{Jlkazala je da bakte­
rijska populacija i kohčina fosfata, nađenih u određenom sloju morske vode, 
stoje u obrnutom razmjernom odnosu, a isti odnos je utvrđen i za količine 
nađenih fosfata i količine osnovne organske produkcije mg C/m3/dan. 

Uspoređena je količina regeneracije fo13fata i količina osnovne organske 
produkcije u Jadranskom moru i nekim područjima drugih mora i oceana. 
Utvrđeno je da Jadransko more možemo ubrojiti među manje produktivna 
područja s obzirom na produktivnost oceana; ali da pojedma priobalna pod­
ručja dostižu po produktivnosti bogatija područja u ostalim morima. 
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