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Quaintiitative p,resence of bacteria in tot;a,} plankton was 
studied i,n the coastal area and on the hi,gh sea of the 
centl'aile Adriatic in 1980. The results irrdicate tha.t the pro­
poirtion of bacter.i:ai 1n totaJ. pJanikton biomass is consideraible. 
In the coastaJ sea. bacterial ca't"bOIIl was, on an average, 
11.490/o and in the hi,gh sea 12.040/o of totaJ. planktonic car­
bon aiSsessed fro:m the A '11P quanti,ty. 

INTRODUCTION 

The role of bacteria in the biological production of marine envi-ronment 
is very important and complex. Planktonic ,bacteria are capable of utilizing 
diluted organic matter (DOM) and transform it in particulate organic matter 
(POM). Therefore bacteria are significaint link in the natura! food chain. 
Owing to their significance bacterial biomass has been the subject of many 
studies (M o r i a r t y, 1979; H o b b i e et al., 1977; W a t s o n et al., 1977) 
as well as the hacterioplankton growth (H a g str om et al., 1979; F u hr­
m a n and A za m, 1980). The results were compared with the distribution 
of nutrients, phytoplankton and other parameters on which the (quantitative) 
presence of bacterioplankton depends (Fer g u s on and Rub 1 e e, 1976; 
Pa 1 u mb o and F erg u s on, 1978; F u hr m a n et al., 1980; L a r s s o n 
and H a g str om, 1979). 

This paper is an attempt to determine the quantitative presence of bacteria 
in the centra! Adriatic total plankton in different seasons. 

MATERIAL AND METHODS 

Samplings ere seasonally carried out at 6 stations in the coastal region 
and at one high-sea station during 1980 (Fig. 1). Samples were collected from 
three layers (surface, intermediate and interface) in the coastal area and from 
seven levels (O, 10, 20, 30, 50 75 and 100 m} at the high-sea station. 
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Total direct counts of bacteria were made by filtering aliquots of sea 
water samples, using 0,2 .µm Nucleopore filters (sta ined by irgalan black 
colour), and staining the samples with 0,01 °/11 acridine orange for 3 min 
(H o b bi e et al., 1977). The filters were view ed by epifluorescence micro­
scopy, and 20 fields per samples were counted to determine total numbers of 
planktonic bacteria. 
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Fig .1. Sample locations 

ATP was extracted and analysed in samples after the H o 1 m - H a n s e n 
and B o o t h' s method (1966). ATP was extracted in hot tris buffer for five 
mi111utes and thereupon the samples were frozen until analysis. The analysis 
was carried out by ATP-photometer (JRB Model 3000) by the use of luciferase 
enzyme. 

RESULTS AND DISCUSSION 

Total number of planktonic bacteria varied within the 2.5-30.2 x 105 

cells ml-1 range (Table 1). Minimum mean values were recorded in the coastal 
area in winter (4,2 x 105 cells ml-1) and maximum in autumn (10,2 x 105 cells 
ml-1). In general, in the coastal area total bacterial number increased from 
winter to autumn whereas in the open sea a slight decrease was observed in 
the spring period (Table 2) . Further, total number of bacteria in the coastal 
area was higher what may be understood in terms of the higher quantities 
of available organic matter of mainly alohtone origin. Similar results were 
obtained earlier for this area, as well (C vi i ć, 1955; Ris ti ć and Let i ć, 
1972). 

The proportion of bacteria in total plankton was determined on the basis 
of assessed bacterial carbon (Fer g u s on and Rub le e, 1976) and com­
parison with the obtained ATP values transformed in total planktonic carbon 
by factor 250 (H o 1 m - H a n s e n, 1973). 

Mean seasonal values of bacterial carbon quantity varied between mini­
mum 2.57 mg C m- 3 in winter to maximum 9.63 mg C m-3 in autumn. The 
mentioned results a•re comparable with those of F e r g u s o n and Rub l e e 
(1976). 
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Talble 1. Total number of bac-teria for aH investigated staitions 

Total no. oif bae:tel'lia (cells x 105) 

Station Depth W!inter &pring Surnmer Autumn 

o 6.8 4.8 5.5 11.1 
1 20 5.4 3.4 5.6 10.3 

40 2.5 4.4 7.7 . 9.2 

o 3.4 3.3 5.6 7.6 
2 20 2.5 2.5 4.l 6.8 

40 3.9 3.3 6.4 7.7 

o 3.3 3.3 6.0 8.6 
3 20 3.3 2.6 3.8 8.3 

40 3.5 4.0 4.2 8.0 

o 3.8 7.1 7.9 30.2 
4 20 4.6 12.9 7.1 14.2 

35 5.1 16.7 6.3 12.4 

o 4.0 3.4 5.1 9.7 
5 10 2.3 2.6 4.1 7.9 

20 6.Q 3.3 4.2 7.1 

o 6.lt 4.9 4.4 9.8 
6 20' 3.9 4.3 4.5 7.8 

40 4.5 4.7 5.1 7.5 

o 5.1 4.7 3.9 7.4 
10 3.3 5.6 3.5 7.1 
20 5.3 3.9 4.2 6.1 

7 30 4.4 3.7 4.7 7.1 
50 5.6 5.6 3.9 4.1 
75 4.5 3.9 5.2 5.0 

100 3.8 3.7 5.9 6.5 

Table 2. Meain values oJ: total number bacteria 

No. bacterti.a, (cells x '105) 

Season Coastal sea Open sea 

Wirnter 4.2 4.6 
Sprtng 5.7 3.5 
Summer 5.4 4.7 
Autirnun 10.2 6.2 

Seasonal variations of mean ATP carbon in the open sea ranged from 
8.22 mg m-3 in autlllffin to 55,20 mg m-3 in spring. These values were con­
siderably higher in the coastal sea and an average quantity of total planctonic 
carbon varied from 36,39 mg C m-3 in spring to 83,02 mg C m-3 in summer. 
Bacterial carbon made up from 4.890/o•--44.770/o of total ATP carbon (Table 3). 
This range is similar to that recorded by P a l u m b o and F e r g u s o n 
(1978). The proportion of bacteria in total plankton of both the coastal and 
open sea vas highest in autmun. 
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Taible 3. Means of bacterial carbon (B-C), ATP carbon .(ATP-C) and proportion 
of bacterdal carbon in the total planktonic carbon (O/o B-C) 

Coastal sea Open sea -
B-C ATP-C B-C ATP-C 

(mg C m-3) 0/oB-C (mg C m -3) 0/oB-C 

Winter 2.57 38.63 6.65 2.74 20.40 13.14 
Spring 4.19 36.39 11 .51 2.68 55.20 4.85 
Summer 6.70 83.02 8.07 3.69 22.49 16.41 
Autumn 9.63 42.82 22.49 3.68 8.22 44.77 

Mean 5.77 50.22 11.49 3.20 26.58 12.04 

Lower bacterial biomass values and proportion in total ATP carbon were 
fourid by F u hr ma n et al., (1980) are due to the lower average bacterial 
volume (0,46 µm3) rather than to their greater abundance than that recorded 
by our studies. In this paper the mean volume vas calculated by samples. 
It was established that it varied considerably (from 0.07-0.13 µm3). 

The observations of vertical distribution of bacterial carbon and ATP 
carbon in the coastal area show that both values decreases going down from 
surface to the medium depth wherefrom they increase going deeper to the 
bottom (Fig. 2) . Bacterial carbon makes up 8.40/o of total plankton at surface, 
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Fig. 2, Vertical distribution of bacl t,r ia l 
and planktonic biomass 

12.40°/cr in the medium layer and 11.010/o· in the bottom layer. At the high sea 
station the perceritage of bacterial carbon decreases going down from surface 
where it is 22.320/o to 6.070/o at 50 m and increases going deeper to reach 
31.31°/o on the bottom. Generally speaking, the proportion of bacteria in total 
plankton is slight higher in the open sea. 
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The analysis of the obtained results led us to conclude that the bacterial 
number varies mainly owing to the geographical position and land effects. 
Bacterial number were not significantly correlated with ATP. The same was 
established by Pa lu m b o and F e r g u s o n (1978) and Fer g u s on and 
R u b l e e (1976) in the similar investigations carried out in the coastal area 
of northern Carolina. 

CONCLUSIONS 

Bacteria make up a substantial portion of total plankton biomass. It was 
established that both the biomass of bacteria and of total plankton in the 
coastal area exceeds considerably of that in the open sea. However, the pro­
portion of bacteria in total plankton is approximately the same in both study 
areas. 

REFERENCES 

C v i i ć, V. 1955. Dis•tribution of bacteria in the waters of the Mid Adria,tic sea. 
Izvješća-Reports, 4 (1): 43 p. 

Fer g u s on, R. L. and P. Rub 1 e e, 1976. Contribution of bacteria to standing 
crop of coastail plankton. Llmnol. Oceanogr., 21 (1): 141-145. 

Fuhrman, J. A., J. W. Ammerman aind F. Azam. 1980. Bacterioplankton 
in the coastal euphortic zone : Distribut>ion, actirvity aind possible relationships 
with phytoplankton. Mar. Bio!., 60 (2/3): 201-207. 

F u hr ma n, J. A. and F. A za m . 1980. Bactario,plankton secondary production 
estimates for coastal waters of Hritish Columbia, Antairtica, and California. 
Appl. Envirnn. Microbiol., 39 (4): 1085-1095. 

Hagstrom, A., U. Larsson, P. Horsdedt and S. Normark. 1979. Fre­
quency of dividing cells, a new ap,proach to determdnation of bacterial growth 
rates in aquatic environments. Appl. Envirron. Micrnbiol., 37 (5): 805-812. 

Hobbie, J. E., J . Daley and S. Jasper. 1977. Use of Nuclepore filters for 
counting ba,cteria by f:luorescence microscopy. Appl. Environ. Microibiol. 33 (5): 
1225-1228. 

H o I m - H a n s e n, O. and C. R. B o o t h. 1966. The measurement of adenosine 
tiri.phosphate in the ocean aind i-ts ecolog,ical significance. Limnol. Oceanogr. 
11 (4): 510-519. 

L a ,r s s o n, U. and A. H a g str om. 1979. Phytopfankton exudate release as an 
energy source for the g,rowth of pelagic bacteria. Ma[-_ BioL 52 (3): 199-206. 

Mori a rt y, D. J. W. 1979. Biomass of suspended bacteria over Coral Reefs. Mar. 
Bio!. 53 (2) : 193-200. 

Pa I um b o, A. V. aind R. L. Fer g u s on. 1978. Distribution of suspended bacteria 
in the Newport River Estuary, North CaroHna. Estuarine and Coastal Mar. 
Sci., 7 (6): 521-529. 

Ris ti ć, O. and S. Let li ć. 1972. Raspmstiranjenost sapmfitskih bakterija u Sred­
njem Jadranu. Drugi kong.res mikrobiologa Jugoslavije, Opatija, 775-785. 

Wattson, S. W., T. J. Novitsky, H. L. Quinby and F. W. Valois. 1977. 
Determi·nation of bacterial number and biomass in marine envkonments. Appl. 
Env,iron. Microbio:l. 33 (4): 940-946. 



52 N. KRSTULOVIC AND S . SOBOT 

UDIO BAKTERIJA U UKUPNOM PLANKTONU SREDNJEG JADRANA 

Nada K r s tu 1 o v i ć i Slavka Š o b o t 

Institut za oceanografiju i ribarstvo, Split 

KRATAK SADRŽAJ 

Kvantitativna zastupljenost bakterija u ukupnom planktonu istraživana je 
sezonski na šest postaja priobalnog dijela i jednoj pučinskoj postaji srednjeg 
Jadrana. 

Ukupan broj bakterija je određivan metodom izravnog brojenja pomoću 
epifluoroscentne mikI'oskopije. Udio bakterija u ukupnom planktonu određi­

van je na osnovu procjene b aikterijskog ugljika iz U'kupnog broja i prosječnog 
volumena stanica i upoređivanja s ukupnim planktonskim ugljikom. Procjena 
planktonskog ugljika vršena je na osnovu mjerenih ATP vrijednosti i pomno­
ženih s faktorom 250. 

Zapažena je da bakterije zauzimaju znatan udio u ukupnoj planktonskoj 
biomasi. U priobalnom moru bakterijsk,i ugljik je iznosio u prosjeku 11.490/o, 
u pučinskom 12.040/o od ukupnog planktonskog ugljika. 

Biomasa bakterija i ukupnog planktona bila je znatno veća . u priobalnom 
dijelu gdje je prosječna količina ba,kterijskog ugljika iznosila 5.77 mg m-3, 

ATP ugljika 50.22 mg m-3. Na otvorenom moru te vrijednosti su iznosile za 
bakterijski ugljik 3.20 mg m-3, za ATP ugljik 26.58 mg m-3. 

Analizirajući . sezonsko učešće bakterija u ukupnom planktonu zapažena 
je .da su najvećim -postotkom zastupljene u jesenskom periodu. 


