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The paper deals with theeffects of phytoplankton species 
(Tetraselmis suecica, Dunaliella tertiolecta. Phaeodactylum 
tricornutum) on the growth of bacterial strains (Vibrio, 
Flavobacterium, Moraxella, Pseudomonas, Alcaligenes, Ae
romonas, Acinetobacter) in mixed cuUures .ait varying ecolo
gical enviromental factors (temperature, salinity, light in
tensity, enrichment of media with yeast extract, glucose and 
vitamis B1 and B12). 

Bacterial growth was also observed in live and dead 
cultures and in the algal culture filtrate, as well as the 
effects of phytoplankton on bacterial growth in dependence 
of growth stage of the algal population. 

The algae T. suecica and D. tertiolecta inhibited the 
growth of all bacteria. The alga P. tricornutum stimulated 
the growth of bacterium Flavobacterium sp., did not affect 
Acinetobacter sp. and inhibited that of aH other bactena. 

IiNTRODUCTION 

Phytopl~n ,orgalillisms •as primary producers and heter,otrophic baicteria 
as decomposers of o.r;ganlc maitter and regenerators of prdma.ry nutdents, are 
closely connected w1th the complex processes of the cyclimg of matter in the 
sea. 

Ln add1tian to their relationship within food chruns, the ilnrteractioru o.f 
these orga.nii..sms rthrough their excretes are also oif ilmportanoe. It is well 
k,nown that excreti-on products of phytoplanik,ton and bactecial o.rgan,isms may 
have both stimulatiilve and iinhliJbitive effects on :bhe organlisms '.iJn thei!I' envl.iiron
ment (Lu c a s, 195-5). 

An ,intensive growth of bacter~a in the presence of some algae several 
authors arttrabuted to the dying of a1lgal ce.Ns which enrich thus the envđ.ro111-
ment with easily accessdble orga1nic mat-ter providimg a fav01Uraible subskate 
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for bacter1ial growth (W a k s m a 111 and H o t c h k ii. s s, 1937, S t e e m a n
N 1i e 1 se n, 1955; F u km ani et al., 1981). lt was als,o fou:nd :that the meta
bolic products of ,phytoplanlMOIIl may stimulate bacterial growth as potential 
nutrients (Hellebust, 1965; Brock, 1966; Fogg, 1966; Vela and 
Guerra, 1966; Berland etal., 1970. Alexander, 1971; Nii.ewolak, 
1971; Samuel et al., 1971; Thomas, 1971; WhJ.ttaker and Feeny, 
1971; B e 11 y et al., 1973; A 11 e n aind G a r r e t t, 1977). Many aiuthocs repo['
ted :tJhe number of bacteria and thek aooiViifty :to increase ii111 ithe viilail!lity of 
the zone of phytoplankton bloom (W o od, 1963; V a c car o et al., 1968). In 
the report by B e 11 and M .i t ch e 11 (1972) a term »phioosphere« was used 
to denote the zone in the v!i.ciniity of phyroplankto111 b1oom stimu'laitJive for 
bacte11ial growth. 

On the other haiilld, many authors estaiblished tha,t phytoplankton or,ga
rni.sms produced anti:bacterial subsbances having inhi.bi.tory or even lethal 
effects on individual bacteria (W a ks ma n et al. , 1938., Jo r g e n se n, 
1956; Sieburth, 1959, 1964a, b; Burkholder et al., 1960, Droop a:nd 
Elson, 1966; Duff et al. , 1966; Berland and Maestrini, 1969). 

In the pvesent paper we studied the effects oct' phytoplarnIDton speaies 
Tetraselmis suecica, Dunaliella tertiolecta and Phaeodactylum tricornutum 001 

the growth of severa,l bacterial stra~:is. 

MATERIAL AND METHODS 

Seven bacterial straii.ns of gencra Vibrio, Flavobacterium, Moraxella, Pse
udomonas, Alcaligenes, Aeromonas and Acinetobacter and axenic m,o,nocultu
res of three phytop1ankton species Tetraselmis suecica (Kylin) Butch (P.rasino
phyceae), Dunaliela tertiolecta Butcher (Chlorophyceae) ond Phaeodactylum 
tricornutum Bohlin (Bacillariophyceae) were used in the experiment. 

Bacterual strains were isolated foom the Kaš tela Bay (the Adriatic Sea) 
and lidenrtifiled by severai 1Went,iJicatiion schemes (S h e wan et al., 1960a, 1960b; 
He 1ndrie et al., 1964; Gib sonet. al., 1977). 

Algal cultures were grown d.n Walne's med\i.um (W a 1 ne, 1956) wii!th 10 
mg/1 Na2SiO3 added to the medi.um in which the alga P. tricornutum was 
grown. The medium .was pre-autodaved at 121 °C for 15 mi.n. for ster.i
lization. When algae reached necessary COiilcentrations of 3 X 104 to 1 X 10" 
cells /1 - T. suecia, 7 X 105 to 1 X 10r; ce1is/l - D. tertiolecta and 8 X 10" 
to 1 X 105 cells/1 - P. tricornutum, 100 ml 01f each aulture w,as placed run 300 
rnl E. flasks to which bacterial cells were inocuila,ted. Flasks where bactenial 
and algal cultures were grown separately under the same conditions were 
used as co:ntrols. Flasks w,ith cultures were placed 0111 the shaker throughout, 
the e:xiper.iment rt;o prevent sedlimentaiti.on of ce11s to ffask waUs. 

Phy;t;a:p1ankton and bacterJ.al g,11owth was observed every 24 h. Algal 
cells were counted on light IDJi-0roscope with the use of hemocytometer. Bacte
daI growth was observed by ~noaufation to ZJoBell's 2216 meddium (Z o B e 11, 
1946). 

Effeots of lim'd.ividual phytoplanrkton species on the growth of .isolated 
bacterial stra~111.s was studied under varying experimental cand,itions (Table 1). 
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Table 1. Experiment 

Parameter 
I Environmental 

factors 
1. Temperature 

2. Salinity 

3. Light 
intensity 

II Organic matter 
1. Yeast extract 

2. Glucose 

3. Vitamins 
(B1 + B12) 

III Alga! culture 
1. State of 

culture 

2. Growth stage 

Alga used in the experiment 

a) 17°C T. suecica, D. tertiolecta 
b) 21 °c P. tricornutum 

c) 25°C 
a) 15XI0-3 T. suecica, D. tertiolecta 
b) 25Xl0-3 P. tricornutum 
c) .35Xl0-3 

a) 800 Lx T. suectca, D. tertiolecta 
b) 2000 Lx P. tricornutum 
c) 4000 Lx 

a) O mgI-1 P. tricornutum 
b) 100 mgI-1 
c) 500 mgI-1 
a) O mgl-1 D. tertiolecta 
b) 50 mgI-1 
c) 500 mgl-1 

a) 10-1 + 10..a µg mJ-1 »Iow« 
b) 1 + 10-2 µg ml-1 »medium« 
c) 10 + 10-1 µg mJ-1 »high« 

a) live D. tertiolecta 
b) dead 
c) culture filtrate P. tricornutum 

a) Lag stage 
(A day old culture) 

b) Exponential stage 
(4 day old culture) 

c) Stationary stage 
(7 day old culture) 

The experiment was carried out under 24-h 'light regime (flourescent 
lamps of 40W, 5200 K-daily light). 

Filtrate of the P. tricornutum culture was obtained by filtering the culture 
in the exponential growth stage through a 0.45 µm Milli,pore HA filter. 

RESULTS 

Three types of algal effects on the growth of studied bacterial strains were 
established (Table 2). 

Table 2. M/C ratio (growth rate of bacteria in mixed culture to growth rate of 
bacteria in controls, duving the exponential growth stage) 

Vibrio 
Flavobacterium 
Moraxella 
Pseudomonas 
Alcaligenes 
Aeromonas 
Acinetobacter 

T. suecica D. tertiolecta P. tricornutum 
0.64 
0.79 
0.60 
0.75 
0.64 
0.72 
0.91 

0.69 
0.96 
0.85 
0.75 
0.86 
0.89 
0.86 

0.93 
1.20 
0.87 
0.91 
0.90 
0.91 
0.99 
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Algae T. suecica and D. tertiolecta inhibited the growth of all bacterial 
strains. Alga P. tricornutum, however, stimulated the growth of Flavobacterium 
sp. , nat affecting at all the growth of the Acinetobacter sp. and inhibiting 
the growth of all the other bacteria. 

Three types of a!lgal effeots on baoterial gmw1lh are $hown iin Jffigs. 1, 2 
and 3. It may be observed that the algal effects were most intensive between 
the thi,rd an:d fiith d!ay, ithat li.s iin the pedo'd of ~~gal e~onetn.rbiial growth, 
irrespective of the fact whether it stimulated or inhibited bacterial growth. In 
the initial growth stage (lag stage) and at the end of the experiment, when 
algae reached statioinairy sta;ge, thek, effects on baoterli.1al growth were consade
rably reduced. 
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Fig. 1. A) Growth of Alcaligenes in mixed culture with T. sue
cica (M) and in the controls (C) 

B) Relationship between the growth of Alcaligenes in the 
mixed cultu.re a;nd controls (M/C ratio) 
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Temperature increase intensified the influence of algae on bacterial 
growth (Table 3). 

Table 3. M/C ratio as affected by temperature 

T. suecica D. tertfolecta P. tricornutum 
25°C 21°c 17°C 25°C 21°c 17°c 25°C 21°C 17°c 

Vibrio 0.62 0.69 0.86 Ml 0.55 1.06 0.93 0.84 1.04 
Flavobacterium 0.58 0.65 1.09 1.06 0.85 1.42 1.26 1.17 1.16 
Moraxella 0.41 0.64 0.69 0.48 0.83 1.21 0.80 0.86 0.94 
Pseudomonas 0.78 0.69 0.65 0.66 0.71 0.90 0.90 0.93 0.95 
Alcaligenes 0.58 0.76 0.87 0.69 0.86 1.03 0.90 0.90 0.99 
Aeromonas 0.60 0.63 0.67 0.76 0.86 1.02 0.89 0.93 0:94 
Acinetobacter 0.90 0.90 0.90 0.81 0.89 1.07 0.84 0.98 1.08 

So the inhibitory influence of T. suecica and D. tertiolecta on bacterial 
growth was most pronouced at 25~C temperature, am:l much [ess pmnounced 
at lower temperatures (21 and 17°C) (Figs. 4, 5). 

At the same time stimulative influence of P. tricornutum on Flavobacte
rium sp. growth was intensified by temperature increase (Fig. 6). 
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Fi·g. 4. M/C ratio for Alcaligenes in the cultul·e with T. suecica as 
affected by temperature 
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Fig. 5. M/C ratio for VibTio in the culture with D. tertiolecta as 
affected by temperature 

At different salinities individual algae affected differently bacterial growth 
(Table 4). 

Table 4. M/C ratio as affected by salinity 

T. suecica D. tertiolecta P. tricornutum 
35%0 25%0 150/oo 35%0 25%0 15%0 35%0 25o/oo 15%0 

Vibrio 0.69 0.30 1.08 0.41 0.97 0.71 0.96 0.98 0.97 
Flavobacterium 0.65 0.72 1.18 1.06 0.86 0.92 1.29 1.26 1.02 
Moraxella 0.64 0.53 0.70 0.48 1.i37 0.89 0.80 0.85 0.94 
Pseudomonas 0.69 0.64 1.20 0.66 0.93 0.76 0.90 0.86 0.88 
Alcaligenes 0.76 0.32 0.91 0.69 0.93 0.99 0.90 0.87 0.88 
Aeromonas 0.72 0.69 1.02 0.76 1.20 0.91 0.89 0.90 1.06 
Acinetobacter 0.90 0.92 0.92 0.81 0.96 0.92 0.84 1.05 1.00 
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Fig. 7. M/C ratio for Alcaligenes in the cultuire with T. suecica as 
affected by salinity 
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It was found that T. suecica inhibited most the bacterial growth at 
25 X 10-3 salinity. At higher salinity of 35 X 10-3 inhibitory influence was 
reduced, while at 15 X 10-3 salinity no inhibitory influence was recorded 
(F~g. 7). 

As to the algae D. tertiolecta and P. tricorn-utum salinity variations were 
less important for the intensity of their influence on bacteria. However, they 
inhibited bacterial growth most frequently at 35 X 10-3 salinity. (Figs. 8, 9). 
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Fig. 9. M/C ratio for Moraxella in the culture with P. tricornu
tum as affected by salinity 
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Intensity of stimulative influence of P. tricornutum on the growth of 
Flavobacterium sp. was best pronounced at 35 X 10-3 decreasing at lower 
salinities (Fig. 10). 

Light intensity 
Increased light intensity resulted in intensified influence or algae on 

bacteria (Table 5). 

Table 5. M/C ratio as affected by light intensity 

Vibrio 
Flavobacterium 
Moraxella 
Pseudomonas 
Alcaligenes 
Aeromonas 
Acinetobacter 

T. suecica 

4000Lx 2000Lx 800Lx 
0.59 0.30 0.64 
0.93 0.72 0.58 
0.32 0.53 0.92 
0.68 0.63 0.81 
0.45 0.32 0.78 
0.59 0.69 0.91 
0.87 0.94 0.95 

D. tertiolecta P. tricornutum 

4000Lx 2000Lx 800Lx 4000Lx 2000Lx 800Lx 
0.71 0.55 0.82 0.81 0.86 0.98 
0.70 0.85 0.92 1.25 1.17 1.18 
0.72 0.83 0.87 0.85 0.86 0.93 
0.55 0.71 0.90 0.83 0.93 0.98 
0.78 0.86 0.91 0.88 0.90 0.84 
0.74 0.86 0.88 0.87 0.93 0.82 
0.52 0.89 0.93 1.12 0.98 0.95 

The most :intensi-ve mhibitocy (FTugs. 11, 12) and sti.mulartive {F1ig. 13) drulu
ence of algae on bacterial growth was recorded at 4000 Lx. The intensity of 
influence decreased with light intensity reduction. 
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Fig. 11. M/C ratlio for Pseudomonas in the culture with D. tertio

lecta as affected by light intensity 

2 

....... 
\ 

\ 

' -2 ' / ' / .,., 

-3 

4 

/ 4000 Lx 
/ 

6 / Da s 

·-
2000 Lx 
800 Lx 

Fig. 12. M/C ratio for Moraxella in the culture with T. suecica as 
affected by light intensity 
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Fig. 13. M/C ratio for FlavobacteTium in the culture with P. tri
cornutum as affected by light intensity 

Adding of organic substances to the medium 

Yeast extract 

Yeas,t extract added ito the mediiium affected better bacterua'l gI"owth nn 
the mixed culture with the alga P. tricornutum than in the controls as distinct 
from the med:ium without yeast extract, in which P . tricornutum inhibited 
the growth of all studied bacterial strains except that of Flavobacterium sp. 
(Table 6). 

Table 6. M/C ralio as affected by yeas.t extrnct concenbra,tion 

Vibrio 
Flavobacterium 
Moraxella 
Pseudombnas 
Alcaligenes 
Aeromonas 
Acinetobacter 

O mg/1 100 mg/1 

0.96 1.08 
1.26 1.23 
0.80 1.53 
0.90 1.19 
0.93 1.03 
0.89 1.42 
0.84 1.12 

500 mg/1 

1.11 
1.13 
1.48 
1.26 
1.61 
1.40 
1.26 

Growth of bacteria in the mixed culture with the algae was better than 
~n ibhe conrtrols wi,th the high concentmtilOIIl o:f yest extract iin the medi.um 
(Fig. 14) 
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Fig. 14. M/C ratio for Pseudomonas in the culture with P. tricor

nutum as affected by the yeast extract concentration 
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On the other hand, added yeast extract caused poorer stimulative effects 
of P. tricornutum on the growth of Flavobacterium sp. (Fig. 15). 

Glucose 

Glucose added to the medium considefably increased inhibitory influence 
of D. tertiolecta on bacterial growth (Table 7). 

Table 7. M/C ratio as affec1:€d by gluc~e concentrations 

O mg/1 50 mg/1 500 i:ng/1 

Vibrio 0.75 0.62 0.41 
Flavobacterium 0.80 0.72 0.54 
Moraxellci 0.78 0.71 0.52 
Pseudomonas 0.81 0.73 • 0.61 
Akaligenes 0.73 0.64 0.38 
Aeromonas 0.83 0.72 0.52 
Acinetobacter 0.92 0.88 .•• 0.78 

Inhibition of bacterial growth was more pronounced with the higher 
glucose concentration (Fig. 16). 

Vitamins 

Adding of vitamins B1 and B12 also intensified inhibitory influence of 
alga D. tertiolecta on bacterial growth (Table 8). 

Table 8. M/C ratio as affected by vitarnins B1 and B12 concentrations 

High Medium Low 

Vibrio 0.43 0.43 0.55 
Flavobacterium 0.78 0.79 0.85 
Moraxella 0.53 0.54 0.83 
Pseudomonas 0.47 0.65 0.71 
Alcaligenes 0.67 0.83 0.86 
Aeromonas 0.69 0.79 0.86 
Acinetobacter 0.68 0.74 0.89 

Inhibitory effects were better pronounced with higher vitamin concentra
tions (Fi.g. 17). 

Growth of bacteria in the live and dead (autoclaved) 
algal culture and in the filtrate of algal culture 

Filtrate of culture of alga D. tertiolecta also 'inhibited the growth of studied 
bactel'lia, oothmi.gh to a 1lesser eXJten,t :IJhan live a!lgru. culture. As shown by 
Table 9, only the goowth of he stm'ins of Flavobacterium sp. an'd Acineto
b.acter sp. was not inhibited in algal culture filtrate. 
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Fig. 15. M/C ratio for flavobacterium tin the culture with P. tri
cornutum as affected by yeast extract concentration 
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Fig. 16. M/C ratio for Vibrio in the culture with D. tertiolecta as 
affected by glucose concentration 
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lecta as affected by viitamins concentration 

95 

Table 9. M/C r.atio in the live and dead culture as well as in the filtrate of the 
culture 1of alga D. tertiolecta 

Live Filtrate Dead 
Vibrio 0.33 0.68 1.23 
Flavobacterium 0.84 1.02 1.39 
Moraxella 0.82 0.81 1.47 
Pseudomonas 0.86 0.95 1.44 
Alcaligenes 0.63 0.84 1.45 
Aeromonas 0.63 0.79 1.50 
Acinetobacter 0.75 1.01 1.34 

On the other hand, dead algal cells enriched the medi~m with organic 
martter ]iable to baoternial degra:dartJion whi.<Jh srtimulaited the growith of s,1Judied 
bacteria (Fig. 18). 

Growth of bacteria in mixed culture with alga P. tricornutum with respect 
to the growth stage of alga 

The ailga_ P. tricornutum affe<Jted bacterial growth much more aotlive1ly 
during the exponential (log) growth stage than during the initial (lag) stage 
(Table 10) . 

Table 10. M/C ratio as affected by the growth stages of the agla P. tricornutum 

Lag Exp. Stat. 
Vibrio 0.97 0.72 1.28 
Flavobacterium 1.27 2.35 1.93 
Moraxella 0.86 0.83 1.80 
Pseudomonas 0.94 0.91 1.38 
Alcaligenes 0.92 0.78 1.63 
Aeromonas 0.94 0.70 1.31 
Aci netobacter 1.02 1.00 2.12 

Aooordingly, both sibimulative effects on the growth of tihe stradn of 
Flavobacterium sp. (Fig. 19) and inhibitory effects on other studied bacteria 
were best pronounoed during e~ponential stage of P. tricornut.um growt h. 
(Fig. 20). 
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Fig. 18. M/C ratia far Pseudomonas in live and dead culture af 
D. tertiolecta 
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Fig. 19. M/C ratia far Flavobacterium in the culture with P. tri

cornutum as affected by the grawth stage af alga 

Hawever, growth of all studied bacteria in the culture with P. tricornutum 
was stimu1ated when this alga was .in the S'baitionary stage. Thi.s swnulatJiion, 
however, lis very likely only a passive reflectiion of the climax of the cu'l.ture 
and iintens.ified dy,i.ng of ailgai cells. 

These results poinit to the oonc1usion that the lintenswty of influence of 
algae on bacteria, irrespective of the fact whether this :influence is stimulative 
or linh~biiti.ve, ds directly dependent on the growt !illtensity of the algal popu
lation itself (Figs. 21, 22, 23). 
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Fig. 20. M/C ratio for Aeromonas in the culture with P. tricor
nutum as affected by the growth stage of alga 

Fig. 21. Dependence of the de~ee of inhibition of Pseudomonas 
(expressed as M/C ratio) on the growth intensity of T. 
suecica (expressed as growth rate) 
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Results pointed to the seleotiv;e inhiilbirtlion an:d stimulation of ibaoterial 
growth by phyto,plain'kton. The a1gae T. suecica and D. tertiolecta liJnlribi;ted the 
growth of ali s1rudiied bacber,ia, whii.le P. tricornutum stimulated the g.row.th 
of Flavobacterium sp, dlid not affect Acinetobacter sp., and liinMbiited the 
growth of remadin.iin,g ibactenia. 

Simi1ar results were reported by some other autho!J.'S. Ni e w o 1 a k (1971) 
established inhibito.ry effects of phy,toplamkton. sipecies Chlorella vulgaris and 
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Effects of pllytoplanlcton on bacterial growti, 
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Fig. 22. Dependence of the degree of inhibition of A eromonas 

(expressed as M/C ratio) on the growth intensity of D. 
tertiolecta (expressed as growth rate) 
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Fig. 23. Dependence of the degree of stimulation of Flavobacte

rium (expressed as M/C ratio) on the growth intensity of 
P. tricornutum (expressed as growth rate) 

Scenedesmus obliquus on the bacterital stra'iu1._s Azotobacter sp., Pseudomonas 
sp. a,nd Aeromonas sp. Selective i,nh::bibon of the genus Vibrio by phytoplank
ton was cliscussed by S i e b u rt h (1968) and S im ii d u et al., (1977). 

Results obtaruned by Kog ure et al. (1979) are almost lidentlical to the 
ours . They •repo['ted stJmulative effects of the daiatom Skeletonem costatum 
on bacteria -of the genera Pseudomonas and Vibrio rnnd stiimuJatiion of the 
genus Flavobacterium, findi1nrg no essen'biiail difference m the growth between 
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mixed culture aind col!ltrols as far as the genus Acinetobacter was concerned. 
The case of s1imul:atian of the geinrus Flavobacterium .by the alga S. costatum, 
which ldike P. tricornutum, used in our e:is,-periiment, belongs to dL:atoms may 
be of iinterest. This phenomenon. of stimula,tive effects of d11atoms on the 
gen'llS Flavobacterium was reported by a number of other authors. S ii e b u 'rt h 
(1968) found that the varrfations il!l the ,populatiion of bacterial genus Flavo
bacterium oorresponded to the var1iations in the ,diatom P,O!Pula,tion. B e 11 et 
al. (1974) reported S. costatum to stimulate se!lectively indiiv,~duaJ. ibacterial 
stflailltlS. Kog ure et al. {1979) repoirted thart microscopic examliinait!ions showed 
the tendency of Flavobacterium sitra;in to attach to the surface of rulgae what 
paints to the speci:6i'c mtemctions between these orga!Illisms. J o 11 e y 
and J one s (1977) men1Jii01ned a stiimulativ:e ilruteractions between the Flavo
bacterium genus aind ain,other diaitom, Navicula muralis. Some authors sugge
sted the symhiosis between the ;genus Flavobacterium amd some dd.atoms (S i e
b u rt h, 1918; S h ii b a, 1978). 

Results srhowed that the intensity of eiither .iinhihito.ry or s1Jimulatiive 
influence of aJ.gae was, in the frurst place, dependent on the lintensity of their 
papulation g,mw,th. Namely, more ,~ntensii.ve ,the growth of ailga;l 1popu}abon 
their overall cell actiivity was mo:r,e intensive and therefore, very ]i,kely, the 
excretion of some substances wlti.ch either iim.hibited or stimulated bacterial 
grnwth. The excretion of these substances to the IOUlter enVlironment was 
oonfirmed by the exper'iment w,ith the algal cuUu:re filtr.ate wlti.ch affected 
badem in the same manner as hlve algra'l ouiltwe. ,Si.mJi,lar results were obta
ined by Kog ru r e et al., (1979) who repo,rted that the growth of the gene;ra 
Vibrio aind Pseudomonas was miblirted m the foltrate of the culture of S . 
costatum. Intensity of 1'iin.Mhitory !influence of the fiatrate was,, hlke lin our 
expeirirnent, somewhart lower than that of the iLi.ve cultU['e. These autho,rs 
sugges'lle.d that this was cliue to the ,fact that baot.erdcide excretes were present 
in the :fiiJ.trate, but that the ,inhib!itioin was less .pron,ounced ,owiJng to the labi-
1ity of these substalnces. 

Tem[)era.ture, sal'i:nity and light intensity, as well .as some or,g,alillic substan
ces added {v,itaimiins, gluoose, yeast extract) affected p.riimar.iJy the growth 
i,ntensity of aligal populatiorn, amd ri.Jlid!i[-ectly the intensity of thedir either 
.ilnhibiltory or sdmwaiti.rve dnflunce on the baot.eriai growth. 

Temperatlll!re liincrease cons'.iider.a:bly iiJntensified ail,gaJ achlVlity, as reported 
by many authors (Jorgensen, 1968; Eppley, 1972; Golman and Car-
pent er, 1974; Goldman, 1977a, b). 

Similar may be sadd for the light intensity, the increase of whiich stimu
lated algaJ. growth .aind consequeirutly the tintenslity of both thetlir ilnhilbiitory 
and stimulative effocts on baterial growth. St:imulative effects of light inten
slity on a1lgial growth was reported by a mimber of authors (Ste e ma: n
N i e l se n, 1955; Haru:is aind Lott, 1973; Falk owsrki and Owens, 
1978). 

Sa1i.nity variatdons showed .i,ns;ign,ificant .ilnHuence on the growth amd acti
viity of algae. This may be e:xiplailned by the fac:t that aill studied •algae were 
euryha1line (B en-Amot z and A vro n, 1978; La ing and Ut tdn g, 1980; 
Fabergas et al., 198'4; 1985). 

Admng of viJtamii.ns B1 .and B12 also ca,used inte.n.si,filed influeillce od: algae 
on bacterial growth. This is iin agreement with the resluts gi.ven by D r o o p 
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(1957, 1958), Prova s o 1 i (1958) and B r a aru d (1961) who found better 
growth of algae i111. the media enrlched wdith vitamms. We established the 
same when added glucose. Yeast extract neuuraLized ,iinhi!biitory rim.f,luence of 
the alga P. tricornutum on bacetvila. An identical phenomenon was re.ported 
by Ko g u r- e et ai. (1979) for the aiLga S. costatum. 

Inooulation of bactel'lia ,to dd.ferent stages of griowth o.f the P. tricornutum 
growth since dead cells were a good substrate for the devel9pment of bacteria. 
Simhlar results wii.ith the dead ,a1ga1 cells were re,ported by Ni• e w o 1 a k (1971). 

Inoculation of bacter,ia to different stages of growth of the P . tricornutum 
p01pulation showed its most iintensive influence on baoteria durfr111.,g the exponen
t!Lal ,(1og) sta,ge o,f growth. During thi:s stage P. tricornutum s,timulated most 
the growth of Flavobacterium sp. a1nd at the same ,1Jime inrnbited most the 
g.rowth of other studii.ed ba,teria. More intensive ant~bacterlal ac1li.v1ty duI'lliilg 
the exponenti.aJ. stage was also reported by B e 1,1 aai.d Mit ch e 11 (1972). 
Lnfluence of algae Wias cans~der.ably reduced durimg the la.g stage, whlle 
bacte.cial growth was s1limulated ·Ln the culture with t he alga i.in the statii.on-a:ry 
growth stage, prolbaibly .due to the climax of the culture and progressive dyilng 
of cells. This agrees with the re„rults of Ni e w o 1 a k (1971) who established 
the 'i.1nhLbited g.rowth of bactaniial straims Azotobacter sp., Pseudomonas sp. amd 
Aeromonas sp. durin,g the exponential stage of growth of atlgae Chlorell.a 
vulgaris .a:nd Scenedesmus obliquus and sudden development of baderd.al popu
latiions after the imiri,atiion of stationary sta.ge. Simi1ar results wiith other alg<ll 
speaies were report~d by B e 11 et al., (1974), Kog ure et al. (1979) a,nd F u
k a m ii et al. (1981). 

CONCLUSIONS 

The resu,lts obta:ilned by the present study show the foLlow:ing : 

1. The ailgae Tetraselmis suecica and DunallieUa tertiolecta inhibited the 
.growth of all studied ba:eteria. The alga Phaeodactylum tricornutum stimu
lated the growth of Flavobacteriv,m sp., did not affect Acinetobacter sp. 
inhibi,tmg the g,rowth o,f all other studied bacterla. 

2. Temperature dincrea:se ca,used :iJntensiified ilnhilbti.tiOlll of bacteriail. growth. So 
the strongest inha,blitio111. of baooteriaJl growth was reoorded rfor ali three 
stud,ied a1gae at 25°C; i,t was sLightly -lower at 21 °C and lowest at l 7°C. 

3. Increased light intenslty also ca,•.1s:ed an iincrease of timhibito,ry effects on 
bactevial growth by all three algae. So the degree of d,nhiib:ition was htghest 
at 4000 Lx ,~tght lirntensi.ty, s1ightly 1ower at 2000 Lx and lowest att 800 Lx. 

4. The strongest inhibition by the ailga T. suecica was found •at 25%0 Sat 
whdle the inhiibitian. was less intensive at 150/oo and 350/oo SaL The ailgae 
D. tertiolecta and P. tricornutum inhibited most intensively the bacterial 
growith ,at 350/oo Sa:l, whi'le tihe d!lltensiity of li.o:lb:ibfrtdion decreased at 1ower 

• sal!in:iittles (25 and 15%0). 

5. A:dding yeast ex,tiraot to the mediium caiused better growth of baoteria 
in mixed cultures w,ith phytoplal11kton than in the oontrols. 

6. Addiing gluoose to the mediium as well as adddng vitamins B1 aind 
B12 ca.used increased 1inrrilb1i1:iioin of bacteniall. grnwth by algae. So the degree 
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of ~nh~biit:ion was hi,gher at glucose concentration of 500 mg/1 thain at 
50 mg/1. Ln both oases inhibition was mocre iiinte11s,ive than when th er e was 
no g,lucose in the medi.um. 
The highest degree of mhibition of bacterial growth w as recorded a t the 
concentrntion of 10 µ,g/rrtl - IO.f vti:tamin B1 and O.I µg/ml of v,itami:n B12, 
than at two other ooncentratLons which w ere lower for two and one order 
of ma,gni.tude respecti:vely . 

7. Algal cult ure ftlltrate less ,i:nhibi ted bacteria'l growth t hail1 live oulture whi•le 
dead algal celils stimu:1ate d bactel'lial growth. 

8. Inhi:bitory or stilmulartive effects of a,lgae O[l bactenial growth were most 
.imtes:nive duning expon011Ual stage ,of .algal gr,owth, being con&tderaibly 
lower duci!n.g the lag stage. Duci!n.g ~ts stafunary stage algal cultUI"e stilmu
lated bacetrtial growth. 

REFERENCES 

A 1 ex a n d e r, M. 1971. Microbial Ecology. Wiley, New York, 509 pp. 
A 11 e n, M. D. B. and M. K. Ka r r e t t. 1977. Bacteriological changes occurring tlu

ring t he culture of ,alga,e in the liquid phase of animal slurry: J. Appl. Bacte-
riol. , 42: 27-43. 

B e 11, W. H. and R. M ri t ch e 11. 1972. Chemotactic and growth responses of marine 
bacteria to algal extracellular products. Biol. Bull., 143: 265-277. 

B e 11, W. H., R. Mit ch e 11 and J. M. Lan g. 1974. Selective stimulation of marine 
bacteria by algal extracellular prođucts. Limnol. Oceanogr., 19: 833-839. 

B e 11 y, R. T., M. R. Ta Đ se y and T. D." B r o c k. 1973. Algal excretion of C14-
-labelled compounds and miarobial interactions in Cyanidium caldarium mats. 
J . Phycol., 9: 123-127. 

B e n-A mo t z, A. and M. A v r on. 1978. On the mechandsm of osmoregulation in 
Dunailiella. In: S. R. Cap lan and M. Glnzburg (Editors), Energetlcs and struc
ture of Halophilic Mioroorganisms. Elsevier, Amsterdam, pp. 529-541. 

B e r 1 a n d, B. R. and S . Y. Ma e s t it' ini. 1969. Study of bacteria associated with 
marine in culture. II. Action of anfilbiotic substances. Mar. Biol., 3: 334-335. 

B e r 1 a n d, B. R., D. J . Boni n and S. Y. Ma e strini. 1970. Study of bacteria asso
ciated with marine algae iĐ culture. III. Organic substrates supporting growth. 
Mar. Biol., 5: 68-76. 

B r a a r u d, T. 1961. Cultivation of marine organlsms as a means of understand!ing 
environmental influence on populations. Reprinted from: Oceanography, Ame
rican Association for the Advancement of Science. 

B r o c k , T. D. 1966. Prlnclples of Microbial Ecology. Englewood Cliffs, Prentice
-Hall, 306 pp. 

B u r k h o 1 d e r , R. R., L. M. B u r k h o 1 d e r and L. R. A 1 ma do v a r. 1960. 
Antibiotic activity of some marine algae of Puerto Rico. ;Botanica mar ., 2: 
149-156. 

D r o o p, M. R. 1957. Auxotrophy and organic compound in the nutrition of marine 
phytoplankton. J. Gen. Microbiol., 16: 286-293. 

D r o o p, M. R. 1958. Requirement for thiamine among sole marine and supralittoral 
Protist a. J. Mair. Biol. Assoc. U. K .. 37: 323- 329. 

D r o o p, M. R. and G. R. E 1 s on. 1966. Are pelagic diatoms free from bacteria? 
Nature, 211 : 1096-1097. 



102 M . šolić 
Effects of phytoplankton on bacterial i,;row·h 

Acta Adrlat. , 29 (1/2) : 83-104 (1988) 

D u f f, D. C. B., D. L. B r u c e and N. J. A nt Iii a. 1966. The antibacterial activity 
of marine planktonic algae. Can. J. Microbiol., 12: 877-884. 

Ep p 1 e y, R. W. 1972. Temperature effects on phytoplankton growth in the sea. 
Fish Bull., 70 :1063-1085. 

Fabregas, J., J. Abalde, C. Herrero, B. Cabezas and M. Veiga. 1984. 
Growth of the marine microalga Tetraselmis suecica in batch cultures with 
different salinites and nutrient concrentrations. Aquaculture, 42: 207-215. 

F a b r e ga s, J., C. Hr r ero, B. C a bez a s and J. A b a 1 d e. 1965. Mass culture 
and biochemical variability of the marine microalga Tetraselmis suecica Kylin 
(Butch) with high nutrient concentrations. Aquaculture, 49: 231-244. 

F a 1 ko w s ki, P. G. and T. G. O w e n s. 1978. Effects of light intesity on photo
synthesis and dark respiration in six species of marine phytoplankton. Mar. 
Biol., 45: 289-295. 

F o g g, G. E. 1966. Alga! cultures and phytoplankton ecology. The Univ. of Wis
consin Press., London. 

F u kami, K., U. S im idu and N. Ta ga. 1981. Fluctation of the communities of 
heterotrophic bacteria during the decomposition process of phytoplankton. J . 
exp. mar. Biol. Ecol., 55: 171-184. 

G i b s on, D. M., M. S. H e n dri e, N. C. H o usto n and G. H o b b s. 1977. The 
Identification of Some Gram Negative Heterotropi]ic Aquatic Bacteria. In: F. 
A. Skinner and J.M. Shewan (Eds.) Aquatic Microbiology, Academic Press, 
London, pp. 

Go 1 dm a n, J. C. 1977a. Temperature effects on phytoplankoon growth in conti
nuous culture. Limnol. Oceanogr., 22: 932-936. 

Go 1 dm a n, J. C. 1977b. Biomass produotion in mass cultuires of n1al·ine plytoplank
ton at varying temperatures. J. exp. mar. Biol. Ecol., 16: 161-169. 

G o 1 dm a n, J. C. and E. J. C a r p e nt e r. 1974. A kJinetic approach to the effect 
of temperature on alagal growth. Limnol. Oceanogr., 19: 756-766. 

H a r ris, G. P. and J. N. A. L o t t. 1973. Light intesity and phoitosynthetk rates 
in phytoplankton. J. Fish. Res. Board Can., 30: 1771-1778. 

H e 11 e b u s t, J . A.' 1965. Excretion of some organic compou:nds by marine phyto
plankton. Limnol. Oceanogr., 10: 192-206. 

Hendrie, M. S., W. Hodgk ii. ss and J. M. Shewan. 1964. Considerations on 
organisms of the Achrombacter - Alcaligenes g.rou.p. Annales de l'Ins.ti'tut 
Pasteur de Lille, 15: 43-59. 

Jolley, E. T. and A. K. Jones. 1977. The inte-raction between Navicula muralis 
Grunow and an associated species of Flavobacterium, Br. phycol. J ., 12: 315 
-328. 

Jo r g e n se n, E. G. 1956. Growth inhibiting substances formed by algae. Physiol. 
Plant., 9: 712-726. 

Jo r g e n se n, E. G. 1968. The adaptation of plankton algae. II. Aspects of the 
temperature adaptation of Skeletonema costatum. Physiol. Plant., 21: 423-427. 

Kog ure, K., U. S J: mi d u and N. Ta ga. 1979. Effect of Skeletonema costatum 
(Grev,) Cleve on the girowth of marine bacteria. J. exp. mar. Biol. Ecol., 36: 
201-215. 

L a i n g, J. and S. D. U t ti n g. 1980. The influence of· salinity on the production of 
two commercially important unicellular marine algae. Aquaculture, 21: 79-86. 

Lu c a s, C. E. 1955. External metabolites in the sea. Deep-Sea Res., 3: 139-148. 
Ni e w o I a k, S. 1971. The influence of living and dead cells of Chlorella vulgaris 

and Scenedesumus obliquus on aquatic microorganisms. Pol. Arch. Hydrobiol. , 
18: 43-54. 

Prova s o I i, L. 1958. Growth facoors in unicellular marine algae. In: A. A. Buz
zati-Travers (Editor). Perspectives in Marine Biology, Sympos!i.um, Scripps 



M . šo!ić 
Effects of phytoplankton on bacterial growth 
Acta Adriat., 29 (1/2) : 83-104 (1988) 

103 

Institution of Oceanography, Berkley, 1956, Univ. of California Press, Berkley, 
California, pp. 

S a mu e l, S., N. M. S had and G. E. F o g g. 1971. Liberation of extracelullar pro
ducts of photosynthesis by tropical phytoplankton. J. Mar. Bio!. Ass. U. K., 
51: 793-798. 

S h e wan, J. M., G. H o b b s and W. H o d g ki s s. 1960a. A derminative scheme 
for the identification of certain genera of Gram negative bacteria, with spe
cial reference to the Pseudomonodaceae. J . appl. Bact., 23: 379-390. 

S h e wan, J . M., G. H o b b s and W. H od g ki s s. 1960b. The Pseudomonas and 
Achromobacter groups of bacteria in the spoilage of marine whlite fish. J. 
appl. Bact., 23: 463-468, 

S hi b a. T . 1978. Ecological studies on heterotrophic bacteria attached to seaweeds. 
Ph. D. thesis, Tokyo, 154 pp. 

S i e b u rt h, J . M c N. 1959. Antibacterial activity of Antartic marine phytoplank
ton. Limnol. Oceanogr., 4: 419-424. 

S li e b u rt h, J . M c N. 1964a. Antibacterial substances produced by marine algae. 
Devs ind. Microbiol ., 5: 124-134. 

S i e b u rt h , J. M c N. 1964b. Role of algae in controlling bacterial populations in 
estuarine waters . Symp. Pollut. mar. Microorg. Prod. petrol. Monaco. Avril, 
1964. : 217-233. 

S i e b u rt h, J . M c N. 1968. The influence of algal antlbiasis on the ecology of ma
rine microorganisms. In: M. R. Droop and E. J. F. Wood (Editors), in mlcro
biology of the sea., Academic Press, London and New York, pp. 63-94. 

S i mi d u, Z., E. Kane ko and N. Ta ga. 1977. Microbiological studies of Tokyo 
Bay. Microbial Ecol., 3: 173-191. 

S te e m a nn N 'i e I se n, E. 1955. The production of organic matter by the phyto
pLank<ton in a Danish lake reoeliving extraordinary great amounts of nutrient 
salt. Hydrobiologia, 7: 68-74. 

T h om a s, J. P. 1971. Release of dissolved organic matter from natura! populations 
of marine phytoplankton. Mar. Biol., 11: 311-323. 

Vaccaro, R. F ., S. H. Hicks, H.1 W. Jannasch and F. G. Carey. 1968. The 
occurrence and role of glucose in seawater. Limnol. Oceanogr., 13: 356-360. 

V e I a , G. R. and C. N. G u e r r a. 1966. On the nature of mixed cultures of Chlo
rella pyre'noidosa TX 71105 and various bacteria. J . Gen. Microbiol., 42 : 
123-131. 

W a ks ma n, S. A. and M. H o t ch ki s s. 1937. Viability of bacteria in sea water. 
J .Bacteriol., 33: 389-400. 

W a ks ma n. S. A ., J. L . S tok es and M. R. But 1 e r . 193!!. Relation of bacteria 
to diatoms in sea water. J. mar. biol. Ass. U. K .. 22: 359-373. 

W a 1 n e, P. R. 1956. Experimental rearing of the larvae of Ostrea edulis L. in the 
laboratory. Fish. Invest., London Ser. 2, 20. 

W hit ta k e r , R. H. and P. P . F e e n y. 1971. Allelochemics: chemical interactions 
between species. Science, 181: 757-770. 

W o o d. E. J . F. 1963. Some relationship of phytoplankton to environment: 275-285. 
In: C. H. Oppenheimer (Editors), Marine microbiology. Thomas. 

Z o B e 11, C. E . 1946. Marine Microbiology. Chronica Botanica Comp., Waltham. 
Mass., U. S. A., 240. pp. 

Accepted : December 28, 1988 



104 M. Solić 
Effects of phytoplankton on bacterial growth 

Acta Adrlat., 29 (1/2) : 83-104 (1988) 

UTJECAJ FITOPLANKTONA NA RAST BAKTERIJA U 
!EKSPERIMENTALNIM UVJETIMA 

Mi1aden š o 1 i ć 

Institut za oceanografiju i ribarstvo, Split, Jugoslavija 

KRATKI SADRŽAJ 

U radu je dsipitiv:an utjeoa.j fitopLanild.ons!ka.h vrsta (Tetraselmis suecica, 
Dunaliella tertiolecta, Phaeodactylum tricornutum) na rast balkterti.jskih sojeva 
(Vibrio, Flavobacterium, Moraxella, Pseudomonas, AlcaLigenes, Aeromonas, 
Acinetobacter) u mješov:itdm kulturama, pri promjenri. različitih ekoloških fak
tora okoline (temperatura, salinitet, intenzitet svjetlosti, obogaćivanje me
ddj,a kvaščev:im ekstraktom, glulmzom :i v:itaminima B1 li B12). 

T,akođer je tis;pitiv,an rast bakter,ija u živoj ii mr.tvoj kuJ.turi, te filtralu 
kulture alga, kao ,i utjecaj fatop1anlkt011'1a rna rast bakterija u ovisnosti o fazi 
rasta u ,lmj,oj se ,naJa2Jila populacija alga. 

Alge T . suecica i D. teritolecta inlribirale su rast sviih d.spi1Ji.vanih bakterija. 
Alga P. tricornutum je stimuJira[a rast bakterija. Flavobacterium sp. a inhi.Jbi
rala sve ostale !bakterije. 

Poveća1I1je temjpernture imalo je za posljedicu i pove6anje stupnja dnhibi
cije rasta bakterija. T:aJ:m je kod sve trii ispifo.vane a1ge zapažena najveća inhi
bicija bakterijskog rasta pr-i temperaturi od 25°C, da ~i kod 21 °C inMbicija bila 
nešt.o manja, a kiod l 7°C najmanja. 

Povećam:i -intenzitet svjetlosti također je uvjetovaio povećanje stupnja inhi
bioij,e baktenijskog rasta od strane sv,ih tr:iju d.sip.Ltivainruh alga. T:ako je stupanj 
ilnhibicije bio najveći kod rinten2Jiteta svjetlosti od 4000 Lx, nešto manji kod 
2000 Lx, a najmanji kod 800 Lx. 

Najveći ,stupanj :imhibiaij.e alga. T. suecica pokazala je kod sailliniteta od 
25%0, dok je kod salimri.teta od 15%0 a. 35%0 inhilbicija hakterijskog r·asta bHa 
slabija. Alge D. tertiolecta ,i P. iricornutum su najjače iiil1hibira:le rast baikterlija 
kod saliinliteta od 35%0, dok pri n:ižim salmitetima (250/oo li 15%0) stuparnj ii.nhi
bd.oije opada. 

Dodatak kvaščevog ekstrakta u medij imao je za posljedicu bolji rast 
bakterija u mješovitim kulturama s fitoplarnktonom nego u kontroli. 

Dodavanjem glukoze, te vitamina Bl i B12 u medij, stupanj inhibicije 
bakterijskog rasta od strane alga se povećao. Tako je stupanj ihibicije bio veći 
kod koncentracije glukoze od 500 mg/1, a u oba slučaja inhibicija je bila jače 
izražena nego kada u mediju ni-je bilo glukoze. Također je najveći stupanj 
inhibicije bakterijskog rasta ustanovljen kod koncentracija od 10 µg/ml vita
mina Bl i 0,1 µg/ml vitamina B12, nego kod dviju drugih koncentracija koje 
su bile za jedan odnosno dva reda veličine niže. 

Filtrat kulture alge manje je inhibirao rast bakterija od žive kulture, dok 
ubij,ene stan!ice a,lga djeluju stimulatiV!Ilo na rast bakterij<a. Inhiibicij 1siktl od
nosno s1Jimula'tiiivnli utjecaj ,alge na bakteridski rast '000 je i11ajj 1a& kroz ekspo
nenoija1nu fa011 rasta alge, dok je kroz l.ag fazu bi:o zna·tno manji. U stacioni
ranoj fazi kultura 11tlge stdmufati.vno je djelovala na bakteTijski mst. 


