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1. On Relationshops of Dominant Species between Marine Bacteria
and Phytoplankton
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Pusan 608-737, Korea
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Monthly distribution of marine bacteria and phytoplankton in Suyeong Bay were
investigated with laboratory experiment of dominant algal species and bacterial flora.
During the periods of study, the highest density of phytoplankton and bacteria occurred
in May with the number of 3.3X10°ells// and 1.93X 10%ells/ml, respectively.

10 genera of bacteria and 22 genera of phytoplankton were isolated and identified. In
May when phytoplankton bloom occurred, dominant species of bacteria were Acinetobacter
calcoaceticus(29.1%) and Bacillus subtilis(22.9% ), and dominant species of phytoplankton
were Chaetoceros spp.(62.8% ) and Skeletonema spp. (19.4% ). Pseudomonas spp., which was
the most abundant bacterial species during the study periods, were rapidly decreased in
May. In laboratory studies of culturing bacteria and phytoplankton isloated in May, the
growth of Pseudomonas vesicularis seems to be influenced by the concentrations of
excretion matter of Chaetoceros spp.

To examine the result colsely, the problem of pure isolation for phytoplankton must be
solved and more experimental process have to be conducted.

A 2 FANA AEZHIAEL vYEL YHT BAE
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trophic bacteria)®] 8% JU4LEL AFsmz o A%Ho g M35l (Rheinheiman, 1985), A&
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A4 4=(VC; Viable bacterial cell counting) & A
& ImlE PPES-I18) 2} (Taga, 1968)(Table 1)ol] 3
T (Buck ef al, 1960) 2.2 HFste e
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Fig. 1. Location of sampling stations in suyeong Bay.

Table 1. Composition of PPES-II medium

Polypepton 2.0g
Bacto Soyto(Difco) 1.0¢
Protease Pepton No.3(Difco) 1.0¢g
Bacto Yeast extract(Difco) 1.0¢g
Ferric citrate(0.1% ) 10.0m!
Bacto Agar(Difco) 15.0¢
Seawater 1000m!
Final pH 76~78

wn millipore filterE A#GA o A& 5 Al
imiol DAPIA 2F(0.01ug/ml) 01miE 7}t
583F A8t o (70mmHg) 3t ¥ HHw|

(x 1%)(())0_) o2 A5a9ch(Porter and Feig, 1980).

F 1+ (No/ml) =
AAZEE W] Had g Xfiltere] o 3
Naggeo gt F(mDXZALE

22 dFATY 22l ¥ 54

PPES-11Hi Rol A 793 vlYgd 53 UE co-
lonyE <4 283 %, T, Gram A4,
SHA7AAL, Hnga Gegs, Asietdde] 2

#E Shewan et al. (1960), Shimidu(1970) 2 Krieg
and Holt(1984) 53 wlmste] FHsAL, $HF

oM o

WA
5

A

447



r_‘{g

9} 53L& MacFaddin(1980)& #z3l A3}3t4
A2HAE 53t FHNA TAHAL
HBEFAEY B F L AASF 2H

AT X

T2A4H NAFE 248 9

o
@98 & d¥dE &7 9§ HAFANA 3~4%
Z = 213 cap tubeol 10mI7}
g t Sedgwick-Rafter SlideZ o} &
100, 400, 1000¥R 2] &AWA wj &3l A Al
i, Fo FLE BAREHETSIT 7 b oBEEQU
¥, 1984) 0.2 3Patgch.

24  Chaetoceros spp.o} 3 FAMw ] vl

TEF WA /2" 82 (Guillard, 1975) (Table
2)8 vt & 593 680l 2 phytoplankton
net(¢p=45cm, mesh size=50~60uwm) 2 A& T
ZHE 4849 vl A Pasteur pipetteZ
A A2t £71(24Hole, Coming iit) ol &
F 88t 2X 3000lux, 5 18~20CE £33
A gt WdH Chaetoceros spp. B 1)
2w A o uldd & F2Fe g
AFBAE 2ASA S FA ARHNTL Chactoce-
ros7t W 23 590 28 & &5 2%
o] Nutrient broth(Difco)oll ®j%ate} B#3gTh
(Fig. 2).

Table 2. Composition of ‘f/2" medium

Major nutrients

NaNO; 75mg
NaH,PO, - H:0 5mg
Na,Si0s * 9H,0 20mg
Trace metals
Na; - EDTA 4.36mg
FeCl; - 6H,O 3.25mg
CuSO; * 5H0 0.0lmg
ZnSO,07H0 0.022mg
CoCl; - 6H:0 0.0lmg
MnCLO4H,;0 0.18mg
Na,Mo0,02H,0 0.006mg
Vitamins
Thiamin - HCI 0.1mg
Biotin 0.5ug
B 05ug
Seawater 1,000m!

- o] A7

Sample
}
Isolation
J
Culturing
I 12" medium at 3000lux, 18~20C
Filtration(0.454 membrane filter)
J
Filtration(0.2y sterilized nuclepore filter) X2
}
L1 broth
}
Dilution with sterilized sea water(0, 30,50, 100%)
V' <90ml L1 broth+10ml nutrient broth
Inoculation each bacterial cell
} «<Culturing at 18~20C in BOD incubater
OD measuring at 660nm

Fig. 2. Pure culturing process of the isolated algae
and the process of bacterial culturing in L1
brothe.

25 =39, 334 8732
F2E FALEAZ FHAA ZHAYT I8

L
(salinity) & Salinometer(Tsuri Seki Co., LTD)Z
AMgste) 38R E, $E2420D0)E ARE ¥
FolA AF F Winkler Y (Strickland and Pa-
rsons, 1972) 2.2 A@ Ao &4t} 383
22 FH(COD)L A48 WolA FgtdF
G7 Y Ok, 1983) 02 SAHSHo, 4%
o B =W (Strickland and Parsons, 1972)2.
¥3353 =7 (Model; Shimadu UV-160) & ] &3}

A& alchlorophyll. )& A& YA %F(1000ml)
2 membrane filter(¢ 0.45pm, 47mm dia) 2 o3}
3la] 90% acetone H7FSH T WgaolA 2447
WA 3te 23 42 F£298 3500rpmN A 155
% 750, 665, 645, 630nm

7t 94 BEstn HEds
daA FBEE &4 chl. a8 Y& Strickland

and Parsons(1972)2 2.2 A4+l o)

& o}
1. Mol 22 ¥ SH
1958 8279 MEA T YA FHau)A
Ao BAHE colonyE ERFEE %

Qag A% ¥
B

23 AA colonyF= 303MA 2 £H7A FAHS
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A F 1070 E0ln. B AA #FY 442
TE Table 30 Vet on A4 wiakol AH&
F F8 AF9 43T test AH= Table 491 U+
etttk £2ld @FF Pseudomonas spp.7t 304%
2 74 8%, 2.2 Acinetobacter spp.(18.8
%), Vibrio spp.(L‘Z.S%), Flavobacterium spp.(12.2
%) Bacillus spp.(8.9%) S #o2 el 4

HEEE Hd 248 49 83 629 Pseu-
domonas spp.”t 40% o] 3L bloomo]
dojd 58 Acinetobacter spp. %t Bacillus spp.,
Flavobacterium spp., Vibrio spp.9t Acinetobacter spp.
9} Bacillus spp.”t 60% ©|% %33t} P spp.9
A. spp., Bacillus spp., Flavobacterium spp., Vibrio
spp.© 8¥7A A& el oW Aeromonas
sppe FAIY 487 587 i =4 JYehun
R AT} Vibrio spp.s bloom®] golttz] e =4
VeI THZL bloomo! oyt 5ol AAdta 694
B A& 719 (Fig 3). 5€) 24938 8 o
&2 Pseudomonas vesicularis, Bacillus subtilis, Aci-
netobacter calcoaceticus = VFEFGTH

Table 3. Number of bacterial flora identified in
Suyeong Bay from Jan. to Aug., 1992

Months /
Total
Jan. Feb. Mar. Apr. May. Jun. Aug,

Bacterial flora

Pseudomonas spp. 1 15 15 14 7 13 17 92
Acinetobacter spp. 7 7 3 5 14 10 11 57
Vibrio spp. 1 1 6 8 6 6 12 40
Flavobacterium spp. 6 6 7 4 2 3 9 37
Bacillus spp. 2 1 2 211 5 4 27
Moraxella spp. 5 3 1 2 1 12
Aermonas spp. 2 4 5 11
Arthrobacter spp. 1 2 11
Staphylococcus spp. 11 1 2 5
Micrococcus spp. 1 1 2 4
Unidentified 1 2 1 2 3 2 2 13

Total 35 36 39 42 48 42 61 303
2. NEZUAAES| BF U NS

EZoMe U AEEYFAE 9¥ FHZ
7AH4& Table 50 L}E}Lﬂ Rt AA 6748
EFAM 2¢8~69 Z, 8d AAE NsE BF
i A A 224 OIQi—v TFZEe 98 Ly

Yol F 62X10°M /! 5 Skeletonema spp.7} 4.23

Sone) AYATH NEEFIE $3F 0 45

707

n
<

50+ Flavobacterium spp.
Acinetobacter spp.
40 Vibrio spp.
Bacillus spp.

Z Pseudomonas spp.
D Others

[8)
[=

(=]

Bacterial composition(%)
W
o

abundance
bacterial flora.

Fig. 3. Monthly and composition of

X10°H E(68% )22 713 B Th&od Thg
lassiosira spp. (11.6%), Chaetoceros spp.(8.7%),
Eucampia spp(64%) T2 2 el 3dele &
L50X10°M X% Skeletonema spp.(52% )7} $-A 3
il th& 2 2 Chaetoceros spp.(15.3% ) Nitzschia spp.
(10.7%)0] 1, 482 F 8.13X10° A E Z Skele-
tonema spp.(314% ), Chaetoceros spp.26.6% ), Tha-
lassiosira spp.(13.6% )<=l A t}h. bloomo] ol 5
ol T2F 33IXIWHEZZAN AQAE el
3L ©1% Chaetoceros spp.7} 62.8% 2 A2 3ty
ou th-Fo 2 Skeletonema spp.(194%), Melosira
spp.(6.65% ), Nitzschia spp.(3.5%), Eucampia spp.

(27%)w22 JebR 549 693 88 olE Ni-
tzschia spp7t 242t 539%, 458% 2 $HIACH
(Fig. 4).

: 357

3,

% 2 [] Totat

E 5l [ Melosira spp.

'g Wizs Niteschia spp.
,§ 15T ) Chaetoceros spp.
g Thalassiosira  Spp.
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Fig. 4. Monthly abundance and composition of

phytoplankton.
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Table 4. Characteristics of each bacterial species
Test Pseuglomorgas Acinetochter Bacil(zfs Vibrio
vesicularis calcoaceticus subtilis Spp.
Gram stain - - + -
Mophology rods short rods rods comma
Spore forming - - + -
Motility + - +
KIA/TSI K/NC, K/K
TCBS yellow
KCN NR \%
Oxidase + - +
Catalase + +s + +
Galactose - + -
Nitrate reduction - - + +
Urea - - \'%
MacConkey agar G¥ G
Citrate - \% +
MR - - +
Voges-Proskauer - +
Argn + + +
Lysn + +
Orn - + +
Glucose(O) o) 0 0 -
Glucose(F) - F F
Lactose - - -
Mannitol - - -
Inositol - -
Sucrose - - -
Sulfur production - + -
Indole - - - +
Motility, 37T + - -
NaCl(%)
0 - - +
1 + + +
3 + — +
6 + - —
+; assimilation, fermentation or growth —; not assimilation, fermentation or growth

G¥; growth weekly V; variable +°

strong K/NC; upper alkaly down no color

O; oxidative F; fermentative NG; no growth NR; no reaction K/A; upper alkaly down acid

+5; strong +"; usually

o

2 AAUI olF Provocentrium  triestinum©|
A6X10° A £ (84 %) 2 $HFom 8ol vehd A
68T thgsiA e HA HE
182% & AP, £8% HEx

du e

% Katodinium spp”t 45.1% 2 -3t 2€8 %
B 49712 t2Fe SHEFL Skeletonema spp.R
o2 ploomel Yol 52€9i= Chaetoceros spp.”7t
SAstgdend dAel 6¥FEl Nizschia spp.7t %

Het7) s
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Table 5. Species and number of phytoplankton identified in Suyeong Bay from Feb. to Aug.,

G HEERI

ot

TAE 2o H3aA

1992
(unit; X100 cells/!)

Phytoplankton Feb. Mar. Apr. May. Jun. Aug.
Skeletonema spp. 4230 780 2555 6436 3236 388
Thalassiosiva spp. 720 110 1105 24 24 -
Chaetoceros spp. 540 230 2165 20756 140 88
Eucampia spp. 160 160 390 1163 1744 1137
Rhizosolenia spp. 100 30 230 408 12 2
Coscinodiscus spp. 30 20 20 68 40 -
Pleurosigma spp. 20 30 45 504 32 -
Melosira spp. - 110 678 2200 - -
Leptocylindrus spp. - - 845 - - 9
Ditylum spp. - - 5 - - -
Thalassionema spp. - - - 64 48 -
Lauderia borealis - - - - - 20
Thalassiothrix spp. - - - 32 - -
*Prorocentrum triestinum - - - - 316 88
*Ceratium fusus - - - - - 204
*Katodinium spp. - - - - - 72
*Ceratium furca - - - - - 72
# Scenedesmus - - - - - 62
*Chroomonas salina - - - - - 56
*Dictyocha fibula - - - - - 12
*Distephanus spp. - - - - - 8
Unidentified 20 30 45 504 - 212
Total 6200 1470 8088 32555 3236 2483

*: Flagellates, #: Green algae

3. Mot ASEEIES

EHd AFATF 5 %
cularis, Bacillus subtilits, Acinetobacter calcoaceticus
9t Vibrio sp& FTHo® A 2 (Nutrients
broth, Difco) oA diFAL, TE2F F o5&
8t Chaetoceros spp.B W W Fstd 23 o3
Aqg ol Aol AHEdte FAd M= FTFS
ZAF3FA tH(Guillard, 1975). Chaetoceros spp.8l 2
=7} 10004 X /miol ¢ = %1& W) Chaetoceros spp.<
o # M (L1 broth) & 7t =4 0%, 30%, 50%, 100
%)2 8282 AT B%AQ nutrient brothZ
10mi 7}3F 100mi2 TE A Alztdg 2
g 4o NEEsEd ¥3e 23 29 Fig
59 o] ypERRtTE

Pseudomonas vesicularis

2h S BhA
A% Pseudomonas vesi-

A% L1 brothd] 5=

7} Z7bge] wek vl4=7]) A o] 154170l A 304

o g Ao AFE =3 wopxa g} wkd
ol A. calcoaceticus$t B. subtiliss= L1 broth® F%
7} #ob a4 & OD(optical density at 660 nm)Fkol
EolAe 2 AFAE By

Vibrio spp.= U& @59 vls] A& =7} w

ES ¢ & Utk S HEF SATRE dF)0)
AlZEE g4=F2A7] AR 8AZ Az ®on
B4717F 2 dEo) v 6~24413F wa A
H3 Qo

Fig. 6& 2t #% 59 L1 broths =l w2 A%
0Z #ZE9 ¥EA L1 broth 100% 5= A A
ol =% WA A calcoaceticus®} B. subtitilis, Vib-
, 30%, 50%, 100% 2] L1 brothell A =
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AEd - oldA
P. vesicularis Vibrio sp.
.25
—4A— 0% O+ 50%
.2" 4
-0 30% 24— 100%

A. calcoaceticus

Bacterial growth(OD at 660nm)

Time(hour)

Fig. 5. Growth of some bacterial species with L1 brothe concentrations.

2 ARE Holm it

L1 brothd =l W& AZME Pseudomonas vesi-
cularis T4 W3tol A L1 broth F% 100% of
MNE FT5 Alzkol & wWalEoe] FAA eyt
o™ (Table 6.), B9 L1 brothol A Pseudomonas
vesicularis colony9] W3= L1 broth®] FXol
mel FRE 2ol g eI Jded s=7F 5§
F& colonyd 4%¢] =gl £AE 3L Ao=2
Bol 592} Chaetoceros spp. bloom®l P. vesicularis
of A dEFg F A ZH(Fig. 7). Fig. 8&
FT9 chlad] €HE XL S el 28z
A 9EEs dgol %/\}?—é‘*‘" & & eH Vaita
nen(1980) & A FE FL&, #7118, chlas] B3l
oF 50~60% FFL W a3k B A}
NME FF5 2o + £, 4%, chla, COD
o AdYE dTg FAFA o2 =S A COD

T l'
T LE:

:E—n

9} chlaol W3 FdF9 HaFE 40~60% I
welton gt FHE57t oA 2 9%
w9t} (Table. 7).

filo mlo

~r

4. 22|, &3ty g#ER0l
19923 19%-H 89714 ZAlH HE9 B
4 Z#}E Table 69l GeEbAtH €8 92 HE
21.93~314 %A EE Wss} Hate 53] 8¥<] 7
S Ao FF2E Aoyt ZA VGERET
B3 d¥FEe #9294 dFer {945

[e}
= A7 93-S Adideg e FA 1, 2004
o #3e ez Qo €9FE B oA,
A, dEEYE 20 FAEE 8de A=
13k ?%%391 F7IR & FTEE BolA e

Jﬂsﬁlwﬂ 2 5.55mi/10]
e EZ AL 47miNE YEET
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Table 6. Total cells of Pseudomonas vesicularis counted with time at various L1 broth concentrations

Time 0 1 14 24 48 70
(hours) X
L1 both Con.(%) Total Bacteria(No. cell/mlD)
0 1.29X1¢7 3.08X7 1.04 X 108 3.87X10% 4.88X10° 525X 10?
30 1.25X 107 2.52X 107 477X 107 2.01X108 3.73X10? 4.04X10°
50 1.33 X107 1.68X 107 3.36 X107 1.29X 108 3.08 X10° 3.39X10°
100 1.28 X107 1.61X107 196X 107 i6.45X 107 9.12X107 1.05X 108
Table 7. Seasonal correlation coefficients among 10
the variable in Suyeong Bay _ —=~ Beginning
Dependent variables(R% %) g ~&— 70 hours after
Independent - g ot
Winter (%gr/l\l;(g:) Summer § e 8.61 5.
Temp. 39/40 39/25 26/34 3 s 8.
Sal, 53/32 40/42 35/53 :e_:!' f
9
COb 55/43 69/56 47/39 S 11 M - o
chl.a 57/45 64/53 64/52 f 7+ -
[
°
=
25 s
2 0% 0 30 50 100
A5+ Concentration of L1 broth(%)

E A4
£ o5t
®
a o
QS o 15 30 45 60 75
§ 25
£
so 2
g
g 157
[}
R a4
05
) 15 30 45 60 75
Time(hour)

Fig. 6. Growth of bacterial species with L1 broth

concentrations.
A P vesicularis (O A. calcoaceticus
|V s A B. subtilis

Fig. 7. Total bacterial cells conunted at the time of
beginning and 70hours later.

8.5 8
- TC

= 6

8 L]

E PN

Ei 8 s BT

g2 £EE

= £ g

g o~

5 2

=

75l . . ~ . A g
Jan Feb Mar Apr ‘May Jun Aug

Months

Fig. 8. Monthly value of total bacterial number and
chiorophyll a concentration during study
periods.
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Table 8. Mean value of environmental factors
Months  Temp. COD DO Sal Nutrients(gat/l) chla
(0 (mi/1) () NO,"—NNO;”—NNH,* —NPO# —P Si0,—Si (mg/m?)

Jan. 10.72 1.82 5.64 29.54 3.26 454 3841 4.53 29.89 0.86
Feb. 1048 3.19 7.05 3140 344 5.65 22.35 4.53 24.89 0.19
Mar. 1413 3.36 5.54 28.70 0.94 513 52.03 3.22 58.40 122
Apr. 15.52 3.20 6.29 29.05 2.37 821 43.69 2.96 41.24 3.89
May 1818 4.19 5.80 28.40 2.36 414 32.33 4.07 20.57 5.82
Jun. 1843 3.66 6.65 30.35 1.82 282 7245 4.97 35.71 2.13
Aug.  24.67 5.55 4.77 21.93 7.70 8.65 105.20 3.06 58.11 1.63
N2 22ug-at/l, 2057ug-at/lE HAE 5.5 NH4-N A

Yetii e £&844e 72F7T tF fe 54 %0

Bt} 6o 665miIZ F7HEHEL WtHE 383
A g FEe A8l Gilbert(1982), Carpen-
ter ef al.(1984), Park et al. (1986)2 &gl A 2=
EGAE] AxA 449 8 T7FS dEE T
Hedegsy Reudeod AGE A
FFHAG Bustn led 2AVIZD
] bloome] YEYotet Fardel TR
g 2 2o (Fig. 9).

oX,

ﬁ_

l")‘ O{N fo o ox

1]
B N

RO

d
o

2

I

ZAE g RElE 303 F F F W0H &
datgoen, o] 5 Pseudomonas spp.(30.3%), Aci-
netobacter spp.(18.8%), Vibrio spp.(125%), Flavo-
bacteritum spp.(12.2%), Bacillus spp.(89%) %°I
$¥&or veEged, 4 §(1992)0 HEAZ
7 AR = oM FAE Flavobacterium
spp. Moraxella spp., Micrococcus spp. Bacillus spp.7t
2Hg A7 & g o), o 5(1986) 9]
Bojorsl sl Asurol el AT} AR (1974)
7} dB9 A9t sHAA AR A& T2
= 3 S BAY A EEFIE 9 bloom©)
Foez 590 o FATH AEZSIFAES
SAFAs = 7o A Acinetobacter calcoaceti-
cus®t Bacillus subtilis7} 50% )78 $43tA 1 2 &
EHAEL Chaetoceros spp.7t 628% = 838X
o ol2id AAe o] 5(1986) 9] HilollA Fawk
9] A% A BAN Acinetobacter spp.S} Flavo-
bacterium spp.”F Bol E¥3H ¥ F(199D ] €
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Phytoplankton cells(log no./ml)
w
in

Nutrients(NH4™N, SiO2 - Si ; pg-atl)

3 (1]
Jan Feb Mar Apr May Jun Aug
Months

Fig. 9. The value of phytoplankton cells(log no/m!) and
concentration of ammonia, silicate during study
periods.

Brbol ] F=A o Pseudomonas spp. ) Acineto-
bacter sp.7t GA $4dthe B9l YA, Au-
stin et al.(1979)¢] 7 77 Chesapeakeoll A &
ek AT Bl LA Acinetobacter spp.$+ Pseu-
domonas spp7t $H 3ok B9 7 5(1985) 9]
w57 st F 9K 2AE AT F Pseudomonas
spp’F 42% 2 AF SASThE HudMAE &
ZAN G T 27k 2 g Ve A
th ZYEE o] A HAEZHIAEC HFAT
o] Aol dFE v AT HEEFIE
= A AV} e AoB AdHY, FFA
T FHFe) He =3 AESHIE +FFI A
3ol BAVE dv A2 A4 53] Riquelme
et al.(1989)2 A(oNA ANEEFIES Asterione-
lla glacialis®] bloom®] ¥ Pseudomonas
spp.ol AElAow FFE FH, A glacialsd] )



o YE AEZFAEY 43 L $9
E-°] Pseudomonas spp.8 BFE A E1
Fged, 2 RAMAE dR2E 7]kl BH Pseu-

domonas spp.7t AP oY, NEELZEY Chae-
toceros spp.2} bloome] dojid 5€of HA=Z Vel
Mo g Hol Chaetoceros spp. “373°] Pseudomonas
vesicularis®] 373 BHT I & & A0Z A%
i, o] Al71o] vElbd ©E MR Acinetobacter
calcoaceticus®t Bacillus subtilis, Vibrio sp.2] 23780
= %L WAA @A

AA FZFY Chaetoceros spp.& MFdte 43

Aol Al w A3 F2F wFY (L1 broth)
9 FX 0, 30, 50, 100% o] F2lF< Pseudomonas
vesicularis, Vibrio sp., Bacillus subtills®] 335§ 2
zr A8 H P ovesicularise L1 broth® ¥ =7}
718 $% Aol == Wi B subtilis$} Vib-
rio sp.E 3 FE7F ¥L 50%, 100% ANA F&
A2 B AoF Hol Chaetoceros spp.ol 1)
B4o g 3 2
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