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The distribution and some properties of organic 
phosphorus decomposing bacteria were studied seasonally 
at three stations of the Central Adriatic during 1975. 
Their distribution and relation to other heterotrophic 
bacteria were analyzed by standard plate method on four 
media (Beef-pepton-agar, Tyler, Menkina and the medium 
with mud extract). Organic phosphorus decomposing 
bacteria were found in all the collected samples and their 
percent to other heterotrophic bacteria was observed to 
vary in different water and mud samples. Mean percent 
values in water environment ranged from 8. 1 to 14.8%, 
and in the sediments from 20.6 to 35.4%. 

INTRODUCTION 

Phosphorus is one of the mos,t ,important elementJs for the growth of 
many aqua:bic organisms. Together wiiith nit,rogen i•t is an :irnportant factor 
on wich depend thc biological proper•ties of the sea, producti.vity in the 
first place. 

Numerous s·tud-ies have been made on the cycle of phosphorus in the 
sea and lakes .in order to throw iSome light on the productivity of communi
ties in aquatic environmenits (R-i g 1 e r, 1956; Watt and H a y e s, 1963; 
R,iley and Chester, 1971). 

In aquatic enviromnents phoshorus is dis,tr,ibuted in the form of dis
solved inorganic phosphorus (DIP), dissolved organri.c phosphorus (DOP) 
and particulate phosphorus (PP). Aquatic baoteria are commonly held 
responsible for assimila:t,ing DIP and DOP and mineraLi~ing DOP and PP. 
Thus, there is no doubt about the role of bacteria as decomposers of organic 
matters in those environments. 

Taking into account the great importance of this baote11ia group, the 
target of our inves·tigations was to study their quantitaitive compos,ition in 
relation to other heterotrophic bacter,ia and thek dis,tribution in the centra} 
Adriatic. 
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MATERIAL AND METHODS 

Material for these investigations was collected from three permanent 
stations of the central Adr,iatic: from the coastal area at the Bay of Kaštela 
station, from the channel area between isiands at the Pelegrin station, and 
from the offshore area at the Stončica station (Fig. 1) . 
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Fig. 1. Area of investigation 
Stations: No. 25 - Kaštela Bay 

No. 8 - Pelegrin 
No. 9 - Stončica 

170 

The Kaštela Bay stabon in the shallow and enclosed area is characteri
zed by the cons,iderable osoillations of bjological and physical-chemical para
meters due to the direct influence of the ,adjacent land shallow waters 
(42 m). 

Pelegr,in station is close to the cape of Pelegr.in on the island of Hvar. 
Its depth is 78 m. The statJion is under the influence of both the coast and 
the open sea, thus that the temperature and sali.nity vary here less than in 
the Bay of Kaštela, and more than in the open sea. 

Stončica s-tatiion i,s south-eastern from the cape of Stončica on th island 
of Vis . Depth is 107 111 . It is under the :influence of the open sea, thus the 
fluctuations in hyclrographic parameters are usually less felt than at the 
above mentioned statiions. 
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Samples were collected seasonally: in January, April, July and Ootobe1 
1975. The samples were collected from three various depths of water 
column and from sediments. In the Kaštela Bay the samples were collected 
from 0,20 and 35 m, at Peleg11in from 0,35 and 70 m and at Stončica from 
0,50 and 100 m. Inoculation was performed by the standard plate method on 
four different media. 

1. BPA (beef-pepton-agar medium) 
Beef extract 2.2 g; peptone 5.7 g: , glucose 1.0 g; FePQ4 0.3 g; agar 15 g; 
sea water (aged) 660 ml; distilled water 340 ml; pH 7.6. 

2. Tyler mdium 
Yeast extraot 50 mg; Na-acetate 50 mg; agar 10 g; sea water (aged) 660 mi; 
distiUed water 340 ml; pH 7.6. 

3. Menkina medium 
NH4$Q4 O.S g; MgS04 X 7 H20 0.3 g; KCl 0.3 g; MnSQ4 X S H20 trace; 
FeS04 X 7 H20 ,trace; glucose 10 g; CaC03 5 g; sea water 660 ml; dis,tilled 
water 340 ml; pH 7.6. 

4. Medium with mud extract 
Glucose S g; yeast extract O.S g; CaC03 S g; agar 15 g; mud extract (O c e v
s ki, 1966) 500 ml; distilled water 500 ml; pH 7.6. 

Enumeratiion of heterotrophic bacteria and o.rganic phosphorus decom
pos!ing bacte11ia was performed simultaneously on all the medii.a. In fact five 
plartes of each medium were inoculated for each sample. Three of them 
were used for enumeration of hetrotrophic bacteria and other two were 
used for the approvement and enumeration of organic phosphorus decompo
sing bacteria. The production of bacterial phosphatase on BPA and Tyler 
media was proved by nutrient media wich contained Na-phenolphtnalein 
phosphate (Kra s lil n ,i kov and Kote 1 e v, 1957). Leoirt,ine was added 
to Menkina medium (Rod ina, 1956) and the colonies which produce the 
phosphatases are surrounded by the ringlike -transparent zone. This is apli
cable too, to the mud extract medium. 

Baoterial colonies wich produced baoter1al phosphatases weree isolated 
and testeed by »Mercko test« for alka1ine phosphatases and by »Mercko 
test« for aoid phosphaitases, modii.ficed by No r ris and Ri b b on s (1971) . 

RESULTS AND DISCUSSION 

1. Growth of orgarnic phosphorus decomposing bacteria 
and heterotrophic bacteria on different media 

The relatiion between hete:mtrphic bacteria and organic phosphorus 
decomposing bacteria was studied in various samples of sea water and 
sediments. Bacteria wich decompose orgaruic phosphorus compounds were 
found in all the ,investigated samples. They showed the relationship wO!th 
total namber of heterotrophic bacte11ia. Samples characterized by larger 
number of heterotrophic bacte11ia showed simultaneously larger number 
of organic phoshorus decompos,ing bacteria, and opposite. Inves1Jigartiing the 
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presence and dist1riburtion of this bacter,iai group iin the sediments near 
Porto Novo A y a kanu and Ch on drom o h a n (1971) obtained similar 
results. H a y a s hi (1972) also came to the s,imilar conclusions iinvestiigatring 
their di1striburt:!ion in the sea calumn and sediments on some of the Pacifac 
ocean stations. 

In order to study theiir relaroion as the best possible, both heterotrophic 
bacterfa and organ!ic phoshorns decompos,ing bacteria were counted simul
taneous1y on four different mediia. 1\hus we were able choose for further 
investigations the one which showed the best growth of bort:h heterotrophric 
baoteria and orgarnic phosphorus decomposing baoteria. 

Menkina medium where growth of organic phosphorus decomposiing 
baoteria which contained phosphodiesterases were 1investigated, showed a 
small 1mmber of heterotrophic bacetrua and organic phosphorus decompo
s,ing bacter~a. Similar investigations on the same medium were can,ied out 
by O c e v s ki (1969) in 0hrid lake and Ga k (1959) in various aquatric 
envfronments . They obtained beHer results with these medium. This may 
indicate that the composiition of this medium is more suitable for siimilair 
1investigations in fresh wa:ters. 

Organ.ic phosphorus decomposing baoterfa which oontain phosphomono 
- esteraises were investigated on standard BPT medium, Tyler medium and 
the medium with mud exitract. As expected, 1the least number of oolonies 
developed on Tyler med~um whose compos,ition ~s the poorest one. In addi
tion, one morphological type of colony mainly developed on thi,s medium 
what ,is ,indicative of the seleotivtiy. Far better results were expeoted from 
the medium wjith mud extract since :iit contained the substances which are 
closer to the substances of marine envfronment. In fact, in some cases 
organic phosphorus decomposi:ng bactenia developed in larger number on 
this medium than on BP A medium. Art rthe same time the number of other 
heterotrophic bacter,ia was almoust always far less. Therefore, the percent 
of colonies wich decompose organic phosphates was, in most cases, larger 
on this medium. It is probably due to the fact that on this medium organic 
phosphorus decomposmg bacteria, were determined by the zone of CaC0J 
decomposing, which doesn't show for sure organ,ic phosphorus decomposing 
bacterua, but also ,inc1udes the possibility that the transparent zones 
appeared under the inf1uence of aoid mert:abolites. Taking into acoount the 
number and morfological differences of colonies, heterotrophic and organic 
phosphorus decomposing baotenia, the BPA med!ium appeared to be the 
most suitable for rthis kind of investigations (Tables 1,2 and 3). The results 
brought out :in the text, will :therefore, refer to those obtained on thris 
medirum (Tabrles 9,10 and 11). 

2. Distnibut,ion of heterotrophic baoter,i!a ru1d organic phosphorus 
decomposing baoteria 

The coastal station the Bay of Kašrtel:a which is therefore under the 
strongest influcence of the coast, appeared to have the reachest bacterial 
population both in aquatic env,i,ronment and in sediments. This area belongs, 
according to Buljan (1964), ,to the most productive zone, called D, owing 
to ,its quanrtri:ty of nutrient sa1ts, it,s depth and pnimary produotion. In the 
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Table 1. Mean values of total heterotrophic bacteria and organic phosphorus 
decomposing bacteria on different media in the Kaštela Bay 

---------- --- ---------
Medium Depth H* /ml, g/wet/ PD** / ml, g/wet/ PD/H % 

BPA 

Tyler 

Menkina 

Mud ext. 

o 
20 
35 

sed. 
o 

20 
35 

sed. 
o 

20 
35 

sed. 
o 

20 
35 

sed. 

H• - Heterotrophic bacteria 

708.7 
344.0 
870.7 

100275.0 
126.0 
142.2 
410.5 

70700.0 
427.0 
143.7 
253.2 

43300.0 
504.2 · 
122.7 
532.0 

53800.0 

PD" - Organic phosphorus decomposing bacteria 

51.5 
37.2 
63.0 

35550.0 
2.5 

26.7 
20.0 

15150.0 
37.5 
3.0 

10.7 
4000.0 

36.7 
8.7 
3.0 

23875.0 

7.2 
10.8 
7.2 

35.4 
1.9 

18.7 
4.8 

21.4 
8.7 
2.0 
4.2 
9.2 
7.3 
7.1 
o.s 

44.3 

Table 2. Mean values of total heterotrophic bacteria and organic phosphorus 
decomposing bacteria on different media at Pelegrin 

Medium 

BPA 

Tyler 

Menkina 

Mud ext. 

Depth 

o 
35 
70 

sed. 
o 

35 
70 

sed. 
o 

35 
70 

sed. 
o 

35 
70 

sed. 

H/ml, g/wet/ 

333.7 
260.2 
493.7 

57250.0 
122.0 
38.5 

192,5 
56200.0 

126.5 
155.2 
185.5 

45275.0 
68.2 
86.5 
81.7 

57450.0 

PD/ml, g/wet/ 

43.5 
34.5 
83.5 

20075.0 
19.5 
7.2 

35.7 
15175.0 

12.7 
2.2 
8.2 

1250.0 
21.5 
4.7 

14.5 
23700.0 

PD/ H % 

13.0 
13.2 
16.9 
35.0 
15.9 
18.7 
18.5 
27.0 
10.0 
1.4 
4.4 
2.7 

31.5 
5.4 

17.7 
41.2 

periiod of •investJigations the heterotirophiic bacteriia density averaged 620 
oolonies/ml at all rthe levels (~mrface, ,inrtermediate and iinterface) of the sea 
water, and 100,275 colonies/g m wet sediments. The propor t,ion of the 
orgamc phosphorus decompos-ing bacteriia in the total number of hetero
trophic bacte11ia in the sea wa,ter counted only 8.1 percent and in the sedi
ments 35.4 percent. 
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Table 3. Mean values of total heterotrophic bacteria and organic phosphorus 
decomposing bacteria on different media at Stončica 

Medium Depth H/ml, g/wet/ PD/ml, g/wet/ PD/H% 

o 258.0 22.2 8.6 
BPA 50 300.7 16.7 5.5 

100 402.5 37.2 9.2 
sed. 48375.0 9975.0 20.6 

o 41.2 6.7 16.2 
Tyler 50 79.7 5.7 11.4 

100 179.0 14.5 8.1 
sed. 32000.0 2825.0 8.8 

o 63.7 5.1 8.0 
Menkina 50 58.2 5.5 9.4 

100 170.2 19.5 11.4 
sed. 58150.0 1750.0 3.0 

o 72.5 8.7 12.0 
Mud ext. 50 67;7 9.7 14.3 

100 168.2 39.0 23.l 
sed. 51500.0 21225.0 41.2 

Quant,itative values for heterotrophic and orgaruic phosphorus decompo
sing bacteria at the channel station of Pelegr,in varied within the range 
of va1ues obtaiined in the Kaštela Bay and Stončica. Heterotrophic bacteria 
dens,~ty mean -in the period of examinations was 363 colonies/ml for all 
three levels of water, aut of wich 14.8 percent refered to the orgarric 
phosphorus decomposing bacter,ia. In wet sediment, density mean was 
57,250 colonies/g, out of wich 34.9 percent refered to the organic phoshorus 
decomposing baotenia. 

The offshore station of Stončica was lin the pe-riod of !investigations the 
poorest one, both in heterotroph:ic and orgaruic phoshorus decompos,ing 
bacter,ia. This area belongs to the less productive zone with far less quantity 
of rnutrient salts and with lower productiion. Out of the mean value far the 
heterotrophic bacterfa (313 colonies/ml), 8.1 percent refe:rred to organic 
phoshorus decomposing bacteria, and in wet sed-iments out of the mean 
value of 48,375 colonies/g, 20.6 percent produced phosphatases (Table 4). 

Table 4. Mean values of hetrotrophic bacteria and organic phosphorus decom
posing bacteria (colonies/ml, g) 

Sea colurnn Sediment 
H PD PD/H% H PD PD/H% 

The Kaštela Bay 620 51 8.1 100,275 35,550 35.4 
Pelegrin 363 54 14.8 57,250 20,015 34.9 
Stončica 313 25 8.1 48,375 9,975 20.6 

As iit may be seen, the percentage of organic phosphorus decompos,ing 
baoter,ia ,in sediiments considerably exceeds that of other heterotrophic 
bacte11ia in aqua1Jic environment. This is probably due to greater quantities 
of phosphate -in the sediments. 

In the Kaštela Bay vert.ical clistriibutJion showed a regular pattern with 
minima in intermidi,ate layer, max,ima in winter and summer ,in the surface 
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and in spring and autumn in the interface one (Fii.gs. 2 and 3). No regular 
pattern of vertical distribution of heterotrophic and organic phosphorus 
decompos~ng bacteria was noted at Pelegr.in. At Stončica the largest number 
of organric phosphorus decomposring bacter,ia was, as a rule, recorded from 
the inte-rface layer in all the months of iinvest.igauions, and the least number 
appeared ,in the inte11111edia1e layer (Fig. 4). This is not in agreement Wlith 
some of earliier stuchles (C vi i ć, 1955). 
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Fig. 2. Vertical distribution of heterotro
phic bacteria in the Kaštela Bay 
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Fig. 3. Vertical distribution of organic 
pohsphorus decomposing bacteria 
in the Kaštela Bay 

Seasonal fluctuat,ions of organic phosphorus decomposing bacteDia as 
well ais of heterotrophic bacteria showed the pronounced summer maxima 
at all the stat,ions, and 1he pronounced minimum at Stončica and Pelegrin 
in April and in the Kaštela Bay in January (Table 5). Thus, the seasonal 
fluctuatiions occur, but since the minima and maxima do not coincide on 
all the stations there ,is probably no regular seasonal fluctuation due to 
the temperature. Distriibution of these bactenial groups can not be examined 
separately from the d,istnibution of phosphates, phyto- and zooplankton 
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Fig. 4. Vertical distribution of organic 
phosphorus decomposing bacteria 
at Stončica 

Table 5. Seasonal variations in number of heterotrophic bateria 
phosphorus decomposing bacteria (colonies/ml) 

I IV VII 
Station H PD H PD H PD 

Kaštela B. 390 16 956 22 978 128 
Pelegrin 529 93 139 4 552 105 
Stončica 117 16 8 2 940 52 

and organic 

X 
H PD 

251 35 
230 14 
216 32 

snice they are closely conneoted in the oiroulation of phosphorus. However, 
they are not the only oomponents which take part dn li.t. 

We tried to bring inrto connexiion the dis,tru.bution of both heterotrophic 
and organiic phosphoru:s decomposi:ng bactenia, with the content of phospha
tes. Densii,ty values of this bacteriial group, as well as the totaJ 
number of heterotrophic bacteria were on some occa,sions cornsiiderably 
greather thain might be expeoted according •to the phosphate oontents. 1n 
the Kaštela Bay the mea:n of heterotrophiic bactenia for all three layers of 
water were 978 colonies/ml in July, and of organic phosphorus deoomposiing 
bacteria 129 colonies/ml. P-PO4 mean for the same layers, was 0.069 µg 
at/1. Meoo.s of both heterotrnpMc (390 coloni.es/ml) and organii.c phosphorns 
deoomposing bacteria (16 colon.ies/ml) were considerably less in January 
while the mean of phosphates was considerably higer (0.123 µg at/1). The 
same wa:s recorded from Stončioa. Maximum number of heterotrophic 
bacter1a (940 colonies/ml) and of organiic phosphorus decompos,ing bacteria 
(52 colonies/ml) was recorded iin July when the mean of phosphates for 
three exarrnned levels was only 0.059 µg at/1. In AprH, mean of P-PO4 was 
0.118 µg at/1, and means of heterotrophic bacteria (8 colonies/ml) and of 
orgaillic phosphorus decomposing bacteria (1.6 colonies/ml) were extremly 
low. Joha ne s (1968) explains thii:s by the fact that the presence of a large 
number of bacteria is not always the tindicartor of a rap:id regneration of 
phosphates. Very often lit could be ,the proof of just oposite, that is to say 
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of a rapid assiimila1Jion of diissolved nutrients. In addiition, since i,t aJS known 
that phyto- and :woplankton play an imporitant role in the phosphorus 
circulation. The p,resence of phosphates should not be observed separately 
from these two groups. At the some time, these planctornic oomponents 
inf1uence the third one, i. e. the baoter,ioplanktonic component. In his . 
compe1Jitiion for nutrienit matters phytoplankton influences bacterioplankton 
by metabolic p,roducts which can pos-i,tively or negatively influence the density 
of bacter.ial population. On the other hand, dy.ing out of phyto- and 
zooplankton enriches bacter,ial residence (sea water) by nutrient substrata, 
and finally zooplankton takes bacteria as food. All this :indicates that the 
relatJi.on of organic phosphorus decomposing bacteria and hetemtrophic 
baoteria are .inversely related to phyto- and zooplankton. 

From rthe results obtaiined during the eleven-year period of mvestiga
tions (Ka r 1 ova c et all, 1974) it ii.s eviidernt that two strongly pronounced 
phytoplankton maxima occur li:n the Kaštela Bay, of wich first one during 
the whole auitumn, and the second one at the end of winter and at a begi
ning of spring. Duriing the period of th!is first maxunum, ·the values of both 
the heterotrophiic and of organic phosphorus .decomposing bac,teria were 
very low. During the per,iod of the second phytoplanktonic maximum a 
small quontity of or,ganic phosphorus decomposing bacteria was recorded. 
This was not ,the ca:se wd.th heterotrnph!ic bacteria. Ma~imum number of 
both heterotriophic and orgamc phosphorus decomposing bacteria was 
recorded ii.u July, the month known for the minimum of phytoplankton. 
Inverse relation of these bactenial groups to phytoplankton is more eV1ident 
at Stončica and Pelegrin. 

The relation of organic phosphorus decomposiing bacterfa and hetero
trophic bacteriia to zooplankton give the siimilar image, irrrespective of 
whether the data of the earliier long-1erm observations were used (V u č e
t i ć, 1975) or the more recent ones from •the period coinciding with the 
periiod of our li,nvestngat:ions (unpubl:ished data Vuče t ,i ć). Its density 
seems ,to be one of the factors iinfluencing dynarnics vania,t,ions dn the nwn
ber of bacterial population. This was clearly manifested in the channel and 
offshore areas where, with zooplan!Qton maxiimum .in Aprdl the lowest nume
rical values of •the above mentioned bacter:ial groups ·were recorded. Thus, 
in July together w1i:th the maximum va1ues of heterotrophic and organic 
phosphorus decomposiing bacteria there were recorded the low values of 
zooplanMon. Thii.s ,fa1terdependence was not recorded from the Kaštela Bay. 
Thds was due to the faot ,that higer quantity of organic matter was avaiilable 
to heterotrophic bacteria in th>i.s area than at Pelegrin and Stončica . There
fore 1the influence of zooplarukton wich fed on bacteria was less felt. In 
the iinves-nigations of ecologi.cal productiviity more aHentiion should be given 
to interrelatiions of planktoni.c communities, since than inffLuence of ab,io
gene factors. Thi,s kind of dnvesrtigations, however, should be carrii.ed out 
over a ,longer peniod. 

3. Some charaotenistics of organic phosphorus decomposdng bacteria 

From ,the total number of samples collected from the Kaštela Bay, 96 
colonies, wich showed phosphatase activity, were d:solated and analysed on 
microscope. The number of pure colonies amonuted 41 li. e. 42.7 percent of 
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the total number of the colonies examined. All the oolonies contaiined mainly 
matile Gram-negative rods. Thefr s,ize ranged from 0.3-2 µm in Wlidth and 
from 1- 7 µm iin lenght. There was recorded very ,small quanti,ty of the 
baoteria of coccal shape. They occurred -in mixed colonies, iif only. 

All pure colon:ies were tes:ted both Wlith »Meroko test« for alkaline 
phosphatases, and Wlith »Mercko test« for acid phosphatases. 80.5 percent 
colonies possesed phosphatases wich were active in alkaline enVikonment, 
and 19.5 percent coloniies showed phosplmtase act,iVliity both in alkaLine and 
acid environment. No colonies proved phosphatase actrivity in acid environ
ment only (Table 6). 

Table 6. Some characteristics of organic phosphorus decomposing bacteria 
isolated from the Kaštela Bay 

Strain: Form Motility Gram Size/µm/ Alk. ph. Acid ph. 

K-1 rod + O.S X 4.0 + 
K-2 rod + 0.3 X 2.5 + 
K-3 rod + 1.0 X 2.0 + + 
K-4 rod + 1.0 X 5.0 + 
K- 5 rod + 0.3 X 1.0 + 
K- 6 rod + 1.0 X 2.0 + + 
K- 7 rod + 0.5 X 5.0 + + 
K-8 rod + 0.3 X 2.5 + + 
K- 9 rod + 0.5 X 1.5 + 
K-10 rod . + 0.5 X 4.0 + 
K-11 rod + 0.3 X 1.5 + + 
K- 12 rod + 0.5 X 2.0 + 
K-13 rod + 1.0 X 2.0 + + 
K-14 rod + 0.5 X 3.0 + 
K-15 rod + 0.5 X 4.0 + + 
K-16 rod + 1.0 X 7.0 + 
K- 17 rod + 0.5 X 1.5 + 
K-18 rod + 1.0 X 2.0 + + 
K-19 rod + 1.0 X 4.0 + 
K-20 rod + 0.5 X 3.0 + 
K- 21 rod + 0.5 X 3.0 + 
K-22 rod + 0.5 X 5.0 + 
K-23 rod + 0.3 X 1.5 + 
K-24 rod + 1.0 X 3.0 + 
K-25 rod + 1.0 X 5.0 + 
K-26 rod + 0.3 X 1.5 + 
K-27 rod + 1.0 X 2.0 + 
K-28 rod + 1.0 X 3.0 + 
K-29 rod 1.5 X 4.0 + 
K-30 rod + 0.3 X 2.0 + 
K-31 rod + O.S X 3.0 + 
K-32 rod + 1.0 X 2.0 + 
K-33 rod 1.5 X 4.0 + 
K-34 rod 1.5 X 5.0 + 
K- 35 rod 1.5 X 3.5 + 
K-36 rod + 0.3 X 1.5 + 
K-37 rod 2.0 X 7.0 + 
K-38 rod + 1.0 X 5.0 + 
K-39 rod + 1.0 X 3.0 + 
K-40 rod + 1.0 X 2.0 + 
K-41 rod + 1.0 X 6.0 + 
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From the samples collected at Peleg11in, 68 colonies were isolated and 
analysed on mioroscope. 28 of ,them were pure colonies, i. e. 41.1 percent 
of all the colonies examined. Like .in the Kaštela Bay, all pure colonies 
contained mainly motile Gram-negative rrods. Their size ranged from 0.3-1 
µ m in w.idth and from 2-7 µ,m .in lenght. »Mercko test« showed that ,in 
85.4 percent colonies possesed alka1ine phosphatases, and 14.6 percent posse
sed both alkahlne and aoid phosphatases. No colonies, proved phosphatase 
act.iv,ity :in aoid emnironment only (Table 7) . 

Table 7. Some characteristics of organic phosphorus decomposing bacteria 
isolated from Pelegrin 

Strain 

P-1 
P- 2 
P- 3 
P- 4 
P- S 
P- 6 
P- 7 
P- 8 
P- 9 
P-10 
P-11 
P-12 
P-13 
P-14 
P-15 
P-16 
P-17 
P-18 
P-19 
P-20 
P-21 
P-22 
P-23 
P-24 
P-25 
P-26 
P-72 
P-28 

Form Motility Gram 

rod + 
rod 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod + 
rod 

yeast 
rod + 
rod + 

Size/µm / 

1.0 X 3.0 
1.0 X 2.5 
1.0 X 4.5 
0.5 X 3.0 
0.5 X 2.0 
1.0 X 2.5 
1.0 X 2.0 
0.3 X 2.5 
0.5 X 3.0 
0.5 X 4.0 
O.S X 4.5 
0.3 X 2.0 
0.5 X 2.0 
0.3 X 2.0 
0.5 X 4.0 
O.S X 3.0 
1.0 X 4.0 
1.0 X 2.0 
0.3 X 3.0 
0.5 X 2.0 
1.0 X 2.5 
1.0 X 2.0 
0,5 X 4.0 
0.3 X 3.0 
1.5 X 6.0 
4.0 X 7.0 
0.5 X 2.0 
0.5 X 3.0 

Alk. ph. Acid ph. 

+ 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 

75 colonies wich were :isolated at Stončica and analysed on microscope 
showed phosphaitase acui.vity. 30 colonies were pure, d. e. 46.1 percent. 16.6 
percent possesed phosphatases wiich were aottve both in alka1ine and aoid 
enwroment, and the other 83.4 percent of them were active in alkaline 
env,ironment only. Like iin the Kaštela Bay and Stončica stations there was 
no colonie with aoid phosphatase. The shape and size of cells were not 
different rrom those •taken in the Kaštela Bay and Pelegrin (Tabla 8) . 
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Table 8. Some characteristics of organic phosphorus decomposing bacteria 
isolated at Stončica 

Strain Form Motility Gram Size/µm/ Alk. ph. Acid ph. 

S-1 rod + 1.0 X 2.0 + 
S- 2 rod + 0.5 X 1.0 + 
S- 3 rod + 0.3 X 1.5 + 
S-4 rod + 1.0 X 2.5 + 
S- S rod + 0.5 X 2.0 + 
S- 6 rod + 1.0 X 2.5 + + 
S- 7 rod + 0.3 X 2.0 + 
S- 8 rod + 0.5 X 4.0 + 
S- 9 rod + 0.5 X 2.0 + + 
S-10 rod + 1.0 X 7.0 + 
S-11 rod + 1.5 X 5.0 + 
S-12 rod + 1.0 X 4.0 + 
S-13 rod + 0.3 X 2.5 + 
S-14 rod + 0.5 X 6.0 + 
S-15 rod + 0.5 X 4.0 + + 
S-16 rod + 0.3 X 1.0 · + + 
S-17 rod + 0.5 X 2.5 + 
S-18 rod + O.S X 1.0 + + 
S-19 rod + 0.3 X 1.5 + 
S-20 rod + 0.5 X 3.0 + 
S-21 rod + 1.0 X 4.0 + 
S-22 rod + 1.5 X 4.0 + 
S-23 rod + O.S X 2.0 + + 
S-24 rod + 0.3 X 2.0 + 
S-25 rod + 0.3 X 1.5 + 
S-26 rod 1.0 X 8.0 + 
S-27 rod 1.5 X 4.0 + 
S-28 rod + 1.0 X S.O + 
S-29 rod + 1.0 X 2.0 + 
S-30 rod + 0.5 X 3.0 + ---- --- ----

Table 9. Number of colonies of heterotrophic bacteria 
decomposing bacteria at the Kaštela Bay 

and organic phosphorus 

Depth BPA Ty I e r Menkina Mud e x t r act 
Month /m/ H/ ml PD/ml % H/ml PD/ ml % H/ml PD/ml % H/ml PD/ ml % 

o 763 34 4.4 43 o o 1,219 147 12.0 239 132 55.2 
I 20 181 o o 8 o o 92 12 13.0 25 7 28.0 

35 228 15 6.5 13 o o 107 32 29.9 27 7 25.9 
Sed. 125,000 3,000 2.4 71,000 o o 72,000 2,000 2.7 39,000 26,000 66.6 

o 886 38 4.3 376 o o 236 o o 1,632 10 0.6 
IV 20 135 o o 138 o o 138 o o 160 2 1.2 

35 1,846 27 1.4 1,296 25 1.9 541 4 0.7 1,720 5 0.3 
Sed. 77,000 1,200 2.5 20,800 1,600 7.6 11,200 o o 33,200 500 1.5 

o 1,062 120 11.2 62 10 16.1 186 o o 106 5 4.7 
VII 20 950 137 14.4 391 107 26.9 295 o o 246 16 6.5 

35 921 130 14.1 180 55 30.5 220 o o 143 o o 
Sed. 192,000 125,000 65.1 161,000 45,000 27.9 73 ,000 6,000 8.2 100,000 58,000 25 .0 

o 124 14 11.2 23 o o 67 3 4.4 40 o o 
X 20 110 12 10.9 26 o o 50 o o 60 10 16.6 

35 520 80 15.3 153 o o 145 7 4.8 238 o o 
Sed. 37,000 13,000 35.1 30,000 14,000 46 .6 17,000 8,000 47.0 43 ,000 11,000 25 .5 
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Table 10. Nurnber of colonies of heterotrophic 
decomposing bacteria at Pelegrin 

bacteria and organic phosphorus 

Depth BPA T y I e r Menkina Mud e x tract 
Month /rn/ H/rnl PD/ rnl % H/rnl PD/ rnl % H/rnl PD/rnl % H/rn! PD/rnl % 

o 986 147 14.9 357 46 12.8 384 44 11 .4 157 72 45 .8 
I 35 291 42 14.4 82 22 26.8 182 9 4.9 47 8 17.0 

70 310 90 29.0 143 38 26.5 200 5 2.5 53 37 69.8 
Sed. 55,000 2,000 3.6 39,000 o o 17,000 o o 10,000 6,000 60.0 

o 55 3 5.4 6 o o 7 o o 32 2 6.2 
IV 35 317 7 2.2 9 o o 110 o o 220 5 2.2 

70 45 2 4.4 1 o o 6 o o 16 2 12.5 
Sed. 6,000 1,000 21.6 6,800 1,700 25.0 2,100 o o 42,800 1,800 4.2 

o 100 15 15.0 22 o o 52 o o 17 2 11 .7 
VII 35 347 84 24 .2 27 7 25 .9 139 o o 29 o o 

70 1,210 215 17.7 330 77 23.3 346 16 4.6 53 o o 
Sed. 150,000 70,000 46 .6 170,000 56,000 32.9 151 ,000 2,000 1.3 170,000 84,000 49.4 

o 194 9 4.6 103 32 31,0 63 7 11.1 67 10 14.9 
X 35 86 5 5.8 36 o o 19 o o 50 6 12.0 

70 410 27 6.5 296 28 9.4 190 12 6.3 205 19 9.2 
Sed. 18,000 7,000 38.8 9,000 3,000 33.3 11 ,000 3,000 27.2 7,000 3,000 48.0 

Table 11. Number of colonies of heterotrophic bacteria and 
decomposing bacteria at Stončica 

organic phosphorus 

Depth BPA T y I er Menkina Mud extract 
Month /rn/ H/rnl PD/ml % H/rnl PD/ rnl % H/rnl PD/rnl % H/rnl PD/rnl % 

o 62 5 8.0 7 o o 40 14 35.0 55 23 41.8 
I so 51 4 7.8 5 o o 47 10 21.2 34 12 35.2 

100 239 40 16.7 100 5 5.0 260 57 21.9 162 115 70 .9 
Sed. 13,000 1,000 7.6 16,000 o o 12,000 3,000 25.0 10,000 2,000 20.0 

o 2 1 50.0 o o o o o o 6 2 33.3 
IV so 11 2 18.1 o o o 2 o o 7 4 57.1 

100 11 2 18.1 2 o o 4 o o 11 7 63.6 
Sed. 9,500 900 9.4 2,000 300 15.0 1,600 o o 8,200 4,900 59.7 

o 820 53 6.4 103 27 26.2 173 s 2.8 43 6 13.9 
VII 50 1,020 42 4.1 280 23 8.2 160 7 4.3 171 18 10.1 

100 980 60 6.1 297 31 10.4 254 o o 240 o o 
Sed. 160,000 36,000 22.5 103,000 11 ,000 10.6 210,000 3,000 1.4 174,000 76,000 43,6 

o 148 30 20.2 55 o o 42 7 16.6 86 4 4.6 
X 50 121 19 15.7 34 o o 24 5 20.8 53 5 9.4 

100 380 47 12.3 317 27 8.5 163 21 12.8 260 34 13.0 
Sed. 11 ,000 2,000 18.1 7,000 o o 9,000 1,000 11.1 12,000 2,000 16.5 

CONCLUSIONS 

1. BPA med!ium appeared rto be the most suitable med!ium for quanti-
ta1live 1i,nves1Jigart.ii.ons of heterotrophic baoteria and organic phosphorus 
decomposmg baoteria, as well as for ,srtudy of their dnterrelatrl.ons. 

2. Or,ganic phosphorus decomposd.ng baoteria were recorded from all 
the examdned samples. They showed to be proportrl.onal relarted to the 
number and diistribuitri.on of other heter.otrophic bacterua. The percent oi 
orgaTI!ic phosphorus decompoSling bacte11ia to heterotrophic bacteria in 
sedimenrts exceeded considerably of that in the sea water at ali the ~nvesti-
gated stations. 
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3. Organic phosphorus decomposiing bacterJa were Gram-negative rods, 
ma:inly mott.ile. Mos,t of them possesed alkali:ne phosphatases, the rest of 
them possesed both allmline and aoid phosphatases. No bacter,ia possesed 
acid phospatases only. 
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KVANTITATIVNA I KVALITATIVNA ISPITIVANJA 
FOSFOMINERALIZATORA U SREDNJEM JADRANU 

Nada K r s t u 1 o vi ć 

Institut za oceanografiju i ribarstvo, Split 

KRATAK SADRžAJ 

Kvantiitativna i kvalirtatrivna istraživanja bakterija koje ,razgrađuju organ
ske spojeve fosfora, te njihova dr.isrtribucija u odnosu na ostale heterotrofne 
baktevije vršena su na trii postaje: Kaštelansk,i zaljev, Pelegr,in ,i Stončica. 
Uzorkovanje je vršeno sezonski 1975. godiJne s tri dubine (površinski, srednji 
i pridneni:i sloj) i iz sedlimenta. 

U svrhu što boljeg studiranja njihovog odnosa, ,i heternrtrniii li fosfomi
neraliizato:ni su brojeni iistov,remeno na čet,iri različite podloge (MPA, Tylerova, 
Podloga s ekstraiktom mulja i Menkiina), kako bi za da1jnja !istraživanja 
odabrali jednu koja pokazuje najbolje re2illltate ,s obzirom na broj ,i morfo
lošku raznolikost kolonija i heterotrnfa i fosfomineralizatora. Najpogodil!ijom 
za takva isrtraživanja pokaza,la se MPA podloga. 

Fosformineralii.zatori su pronađeni u svim ispitivanim uzorcima i nalaze 
se u određenoj proporcionalnoj povezanost,i s brojem i di,stribuoijom hete
rotrofa. 

Prosječnrr v,rijednost za gustoću heterotrofuih bakte:nija u Kaštelanskom 
zaljevu za sva t ,ri nivoa vode u ispitlivanom razidob1ju iznosila je 620 kolo
nija/ml, u vlažnom sedimentu 100275 kolonija/g. Procentualno učešće 
fosfomineraliizatora u ukupnom broju heterotrofa iznosHo je u morskoj vodi 
8,1 %, u sedimenrtu 35,4%. 

Na postajama Peleg,r,in ii Stončica :mpažena je također znatno veća 
zastupljenost fosfomineraMzatora u sedimentima nego u vodenoj sredini. U 
sedimentu postaje Pelegrin procentualna zastupljenost fosfominernlizatora 
iznosila je 35% od 57 250 kolonija heterotrofa/g, u vodenoj sredini 14,8% 
od 363 kolonije heterotrofa/ml. 

Na pučinslmj postaj;i Stončioa, koja je u is•traživanom perfodu bila 
najsiromašnija heterotrof,rnm bakterijama (313 ko1onlija/ml u morskoj vodi 
i 48 375 kolonija/g u sedr.imentu), 8,1 % heterot!rofa je razgrađivalo organske 
fosfate u vodenoj sredini, 20,6% u sediimenrtu. 

Kvalii,tatiivna analiza pokazala je da su fosfominera~izatori Gram nega
tivne bakterije šrtapičastog oblika i uglavnom pokiretlj1ive. Većina ih posje
duje samo alkalne fosfartaze, manji broj ,i alka-1ne i kiisele, dok kod nii. jednog 
od ispitanđ.h sojeva nrije dokazana posjedovaoJ'je samo ,lcise1ih fosfat~a. 


