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Due to its geographic and hydrographic situation, Yugoslavia has
waters for the development of extremely varied flora of microorganisms,
The waters of Yugoslavia include: the Adratic Sea, many natural and
artificial lakes, rivers, canals, hot springs, mineral springs and fish ponds.

Before Yugoslavia developed its own staff of bacteriologists, the bac-
terial flora was, to a very limited extend, studied by foreign bacterio-
logists. The first studies were done of the flora of the Adriatic Sea. At
the end of the 19th and beginning of the 20th century, several types of
heterotrophic bacteria were described (Hansgirg, 1890, 1892) as well
as luminescent, purple and colorless sulphur bucteria in the water and
silt of the Bay of Tricste (Molisch, 1904, 1907, 1912), The study of
Marine bacterin in Yugoslavia began to develop after the Second World
War when the Laboratory of Marine Bacteriology was established in the
Institute of Oceanography and Fisheries in Split.

The ecological problems of the bacterial populations of the Adriatic
were studied with the aim of finding the significance of bacteria in organic
production, especially in supplyving the ecosystem with usable assimila-
tives. For this purpose the daily, seasonal, horizontal, and vertical distri-
bution of the aerobic and anacrobic bacteria were analysed in the waters
of the central and southern Adriatic, especially those active in the nitro-
gen and sulphur eyeles (Cvijié, 1955, 1962, 1963). Other studics are
concerned with the relationship of bacterioplankton 1o phyto and zo-
oplankton from the point of view of organic production in the central
Adriatic (Cwvijié, 1853; Risti¢ and Pucher-Petkovié, 1969).

Research on the flora confirmed some already known types, as well
as discovering some new types, of heterotrophic bacteria in the area of
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the Bay of Kaftela (Vlajnié 1955) and of sulphur bacteria from the
coustal region near Split and Dubrovnik (Klas, 1936, 1936a, 1938).
Sulphur bacteria were studied not only from the point of view of flora
but also from the cytological stand-point (Devidg, 1954).
Experiments testing the influence of certain antibiotics and various
pH environments on pure and mixed cultures of bacteria from the sea
were done in the Laboratory of Marine Bacteriology (The Institute of
Oceanography and Fisheries in Split), (Cviji¢, 1953a, 1956a).

A new Bacteriological Laboratory has been organized in the Institute
jor Marine Biology in Kotor in order to investigate the marine bacteria
and their activity in organic production of the southern Adriatic.

Salty lake water of some of the Adriatic islonds was subjected to
bacteriological researching, Of special interest was the explanation for the
phenomen of pink or reddish waters in the deeper layers of the Malo
(Little) and Veliko (Big) Lakes on the island of Mljet as deriving from a
special type of chromogenic bacteria (Cviji¢ 1955a, 1960a).

The bacterial flora of semi-salty (brackish) water and silt of the
hrackish Adriatic area (Lakes: Modrié, Kuti, Desne, and the Badine lakes
were studied in the Microbiological Laboratory of the Biological Institute
of the University in Sarajevo. The flora in various degrees of saltiness was
examined with respect to halotolerance and fermentative activity of aero-
bic and facullative anaerobic proteclytic bacteria and cellulose decom-
posing bacteria (Ristanowié, 1963, 1968b, 1969¢c). The quantitative
relutionship of physiological groups of microorganisms in the carbon,
nitrogen, and phosphorus cycles was established and the necessity of a
more complete explanation of the organic production of these waters was
indicated (Ristanovié, 1970).

In the oligotrophic fresh-water lakes near the Adriatic (Deran, Je-
lim) the participation of bacteria in the transformation processes of se
diment materials on the bottom was studied (Ristanovig, 1967).

In the far south of Yugoslavia near the Greak and Albanian borders,
The Ohrid, Prespa, and Dojran lakes have been under study by the
Hydrobiological Institute in Ohrid for the past two decades. The vertical
und horizontal distribution of the bacterial population of heterotrophs
have been studied both qualitatively and quantitatively (Ocevski, 1953,
1958, 1958a, 1960, 1966). The serobes and anaerobes of various physiolo-
sical groups of microorganisms have been studied in the contact zone of
water and various levels of the silt (Ocevski, 1969). Studies were also
done of the periphytic bacteria of Prespa Lake as well as of the rhi-
zosphera microflora in the littoral zone of Lake Ohrid (Ocevski, 1959,
1963).

The bacterial flora of the Plitvice Lakes, in the western part of Yugo-
slavia, have been studied mostily with regard to the sanitary aspect (Em i-
14, 1958; Pavletié and Stilinowviég, 1965).
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Among the earliest studies of microflora of the rivers of Yugoslavia
is the study by Protié (1933). Researching the Miljacka river in Sa-
rajevo the author showed the distribution of filamentous forms of bacteria
in relation to the population of river. Cviié (1955) analysed the hete-
rotrophic bacteria in the Krka and Zrmanja rivers which flow into the
Adriatic, to study the significance of river flora in the changes of com-
position of the bacterial population in the sea. A similar study of the
water and silt of the Neretva and its tributary, the Krupa, which also
flow into the Adriatic was done to gain insight into the participation of
microorganisms in the transformation processes of nitrogenm, carbon and
phosphorus compounds (Ristanovié, 1967, 1970).

Bacterial heterotrophic types from the Velgoska, Cerave and Stu-
denéitka rivers which flow into Lake Ohrid were studied by Ocevski
(1958) to establish the horizontal distribution of these populations in re-
lation to the autochthonous bacteria of the lake itself.

The sudden development of urban settlements and industrial cen-
ters near Tiver sireams presents important and immediate problems re-
quiring study by bacteriologists. There are two aspects io research in
this area: 1) sanitation and hygiene concerning the evaluation of the
quality of water on the basic of certain bacterial types (with legally
prescribed regulations) and 2) the significance of microorganisms in the
process of natural self-purification and in organic production. Research
with concern for the sanitary aspect has been done on the rivers: Da-
nube (Bulajié, 1960), Dobra (Emili, 1956; Hryby, 1856), Kupa
(Emili, 1965), Sava (Matoniékin et al, 1969), and others. Study
of bacterial activity in the transformation process of certain toxic ma-
terinls in polluted rivers and changes which take place in certain phy-
siological groups of microorganisms was done in the Veseofica and Vr-
banja rivers polluted by waste waters of the leather industry (Rista-
novié, 1969, 1969a, 1970a). Recently studies have been made of the
participation of bacteria in the processes of degradation of complex toxic
materials in equipment for purification of industrial waste and sewage
waters from settlements.

The artificial watercourses — i, e. canals — have also been studied
from the bacteriological stand-point. In the new biocenosis of the Danube
— Tisa — Danube Hydrosystem the dependence relationship was estabii-
shed between the bacterio — and zooplankton (Risti¢ and Pujin,
1969). In the far southern Adriatic area, in the canal and bay of Milena
near Ulcinj, a study was made of the flora of sulphur and iron bacteria
of sulphur mud used for therapeutic purposes (Ristamnovi¢, 1966).

The southern Adriatic area has many sea bottom sulphur springs.

Devidé (1957) found a number of a new types of sulphur bacteria in
this area.
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Yugoslavia also has many thermal and mineral springs, but they
have not been thoroughly studied from the bacteriological stand-point,
although study of the algae has been given special attention. Vouk
(1919) even set up a classification of thermal waters on this basis. Some
types of thermophilic bacteria were described in the thermal springs of
Vranjska Banja (Georgevitch, 1910, 1910a) and of Ilidfa near Se-
rajevo (Karlinski, 1885). Recent research on the qualitative compo-
sition of heterotrophic and sulphur bacleria at llidZa showed that this
florn consists of ecotypes of mesophiles (Te3i¢ et al, 1964; Todoro-
vié and Ristanovié 1963).

The bacterical populations in fish-ponds have been studied both qua-
litatively and quantitatively. A study of the composition of flora of the
bacterinl population in the Crna Miaka fish-pond (Ehrlich, 1953),
showed only a small number of nitrogen fixalors, nitrifying bacteria, de-
nitrifying and cellulolytic bacteria, which made for conditions of poor
productivity in the fish-pond. With the introduction of fertilization, ho-
wever, an increase was found in the number of species and of cells both
in the water and silt, c. g in the sJegritka« hatchery (Planéi¢ and
Ristié 1961). ln the sCuruge experimental fish-pond tests were made
of the stimulative effecte of organic and mineral fertilizers upon the
tempo of development of bacterial populations, especially upon the bio-
mass and the size of the cells (Risti¢, 1959, 1865, 1966, 1966z). The
participation of sulphur bacteria on the size of the biomass of bacterio-
plankton was shown. The same author found one new species of the
Thiothriz sp. (Ristié, 1966b), The significance of bacteria as the first
link in the trophic food chain was analysed. Special attention was given
to the correlational connection between bacteria and zooplankton (R i-
stié and Pujim, 1964).

The Yugoslay hydrobactericlogists apply stundard microbiological
methods in their work, but give special attention to the discovery and
perfecting of new and better methods. Among the first significant contri-
butions in this area was made by Cvii¢ (1955). He modified the J-Z
ZoBell sampler for taking test waters from various depths by replacing
the glass bottle with a large tube for capturing the water and by placing
a rubber ballon on the metal frame.

For tuking samples of the silt and contacl zone of water Ocevski
(1954) constructed a simple apparatus which consists of a part for taking
the sample and another part which carries weights and a mechanism for
closing the glass cylinder. Ocev ski (1966a) also developed a microcap-
illary glass cell as a replacement for the peloscopic capillary of Perfiljev
and Gabe. Ocevski's cell makes it possible to examine the undisturbed
structure of the microbe population in the waters.

A constant problem for the bacteriologist-ecologist has been how
to make the artificial alimentary media as similar as possible to the qua-
lity of the conditions in the natural environment, Ristié¢ (1958, 1964)
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contributed to the solution with the introduction of agarized extract of
silt for laboratory usage. Ristanovié (1965) proposed theuse of 0,8%
agar-agar in the composition of the media in order to bring to a mini-
mum the heating effect of the melted agar at the time of inoculation.

In addition to warious foreign codes, Yugoslav hydrobacteriologist
make use of a simplified key, for the dertemination of bacteria to the
genera, which was worked out by Te$ié (1962). The same author, with
a group of his colleagues, put together a manual (Coll authors,
1966) which aids bacteriologists to apply the methods on the basis of the
most reliable and recognized approaches in the world.

The future program of bacteriological studies of water in Yugosla-
via emphasizes the need for a more extensive study of baclerial flora
in a larger number of water environments and for the present concepts
to be made more thorpugh and more specialized. One of the ways in
which this can be achieved is by means of further and constant collab-
oration among Yugoslav and foreign hydrobacteriologists. Thus we can
together make hydrobacteriology a still more relevant and comprehen-
sive biological discipline.
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BAKTERIOLOSKA ISPITIVANJA VODA U JUGOSLAVIII

Bosilika RISTANOVIC
Zavod za biologiju mora — Kotor

Pre nego 5to se razvio kadar jugoslovenskih hidrobakteriologa bak-
terijsku floru su, istina, u malim okvirima proufavali inostrani bakterio-
lozi. Tek poslednjih dvadesetak godina hidrobakteriologija se kod nas
razvija kao veoma vaina bioloSka disciplina. Osnivaju se nautno-istrazi-
vadki centri u: Splitu, Ohridu, Rijeci, Beogradu, Zagrebu, Novom Sadu,
Sarajevn i Kotorw. U tom periodu dati su prilozi o ufelfn bakterija u
organsko] produkeiji, posebno u transformacionim procesima organskih
materija i odnosima kako medu &lanovima bakterijskih populacija tako i
prema ostalim biotifkim fakiorima. Saznanje o floristitkom sastavu bak-
terijskih populacija dopunieno je prilozima o novoopisanim vrstama bak-
terija, narofito iz Jadranskog mora. Postoje brojni radovi 1 iz sanitarne

U radu su dati podaci o bakteriolokim ispitivanjima Jadranskog
mora (Cwviié 1953, 1953a, 1955, 1956, 1958a. 1960, 1962, 1963;: Devidé
1954: K las 1936, 1936a, 1938; Risti¢ et Puchar-Pe tkowvié 1069;
V1ajnié 1955), zatim jezéra sa slanom vodom na ostrvu Mljetu (Cviié
1955, 1960a), te brakiénih voda u jezerima Nerctvine delte: Modrié, Kuti,
Desne | Badinska jezera (Ristanovié 1963, 1969¢, 1969d, 1970). Daljim
osvrtom prikazani su radovi o bakterijskim populacijama jezéra sa slatkom
vodom u blizini Jadranskog mora — Deran i Jelim (Ristanovic
1087). zatim u Makedoniji: Ohridsko, Prespanske i Dojranske (O cevski
1053, 1958, 1958a, 1059, 1960, 1963, 1966, 1968), te Plitvigkih jexéra
(Emili 1958: Pavletié et Stilinovié 1965). Bakterijska flora na-
#ih reka ispitivana ie Sirom zemlje: Miliacka (Protié 1933), Krka, Zr-
mania (Cviié 1955), Velgofka reka, Cerave, StudentiSte (Ocevski
1958), Dunav (Bulajié 1960), Dobra (Emili 1956, 1965; Hry bu
1956), Kupa (Emili 1965), Sava (MatoniZkin et al. 1969), Neretva,
Krupa, Desanka, Veseobica, Vrbanja (Ristenowvié 1969, 1969a, 1969b,
1970a). T bakterijske zajednice u veStadkim vodotocima proucavane su u
kanaly Milena kod Ulcinja (Ristanovié 1966), kao i u kanalu Dunav-
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_Tisa-Dunav (Ristié et Pujin 1969), Bakterioloski aspekt sagledavan
je i u sastavu biocenoza ribnjaka: Crma Mlaka (Ehrlich 1953), Jegrié-
ka, Zivada i Curug (Plan&ié et Ristié 1961; Ristié 1959, 1965,
1966, 1966a, 1966b; Ristié et Pujin 1964). Sumporna vrela i termalne
vode ispitivane su u ogranifenim razmerama: Sumporma vrela na podruéju
Juinog Jadrana (Devidé 1957), zatim u Vranjskoj Banji (George-
witch 1910, 1910a) i u Nid% (Te&ié et al 1963; Todorovié el
" Ristanovié 1963).

Jugoslovenski hidrobakteriolozi dali su svoj doprinos u iznalaZenju

i nsavriavanju veé postojeéih i pogodnijih metoda kako u eksperimen-
talnom radu (Cviié 1955; Ocevski 1954, 1966a; Ristié 1958, 1964,

Ristanovié¢ 1965), tako i u izradi uproSfenog kljuda za determinaciju
bakterija do rodova (Te&ié 1962) i, najzad zajednifkog priruénika za
bakterioloSka ispitivanja prirodnih sredina (Coll. authors 1966).
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