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Microbial Ecology in Coastal Systems

Ichiro Imai
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There have been remarkable developments in the studies on aquatic microbial ecology in the last
decade because of the recently improved techniques such as epifluorescence microscopy. In this
article, ecology of microorganisms in coastal ecosystems is discussed from the viewpoint of food
webs. Concerning marine bacteria, a review was made on the methods for enumeration, size
distributions, cell concentrations, and productions in coastal waters. The important role of bacte-
ria and bacterial grazers of heterotrophic microflagellates in marine microbial food webs were

discussed mainly focusing on “microbial loop”. Finally, microbial ecology in sediments of intertidal

areas was referred dealing with biomass and productivity of bacteria, and food webs.
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Fig.1 An epifluorescence microphotograph of
DAPI-stained bacteria in a water sam-

ple collected from Suo-Nada. Bacteria
are seen as blue spots with clear outlines.
(x1,250)
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Fig.2 Size frequency distribution of bacteria at Om and B-1m (1m above the bottom)
at 3 stations of Suo-Nada, in May, 1983. Bacterial cell volumes were deter-
mined by microcomputer-assisted image analysis of the fluorescent cells on

Percentage of the total number of bacteria

epifluorescence microphotographs.
in each size class is shown by hist

ogram.

Table 1 Eatimates of mean cell volume of bacteria measured in coastal

waters.

Area Methods* Mean volume (gzm?) References
North Carolina, SEM 0.047 6)
U.S.A.

Suo-Nada EFM 0.041—0.126 9
(Grand mean, 0.098)

Ohmi Bay EFM 0.083—0.091 12)
(Grand mean, 0.088)

North Atlantic, EFM 0.033—0.399 15)

off Portugal (Grand mean, 0.14)

Baltic Sea EFM 0.08 17)

California, SEM 0.046 23)

U.S.A.

Lim fjord, EFM 0.015—0.146 24)
Denmark (Grand mean, 0.060)

* SEM : Scanning electron microscopy
EFM : Epifluorescence microscopy
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FFEMAEA XN T X T BI2I671822)
BEGE (EE) CikvT, EBRCHED
4 XEERL = fi% Fig. 2 wrd., Mg TR
R E CER0.2—1.0 um OEBICH D, &
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Table 2 Bacterial number and biomass in Suo-Nada, in 1982,

Number (10¢ cells/ml)

Biomass (mgC/m?)

Date Min. Max. Mean Min. Max. Mean
May 0.6 — 2.58 1.24 4.8 —20.4 9.9
July 0.47 — 2.79 1.3 4.3 — 255 12.3
October 0.45 — 3.03 1.48 3.8 — 25.4 12.4
Mean 1.36 11.5

D3130.4—0.7um DD H DKL % 5D
T7e®, ¥ gk Elk o M E o SF M AR
RIS, 1982485, 7, 108 0 EFE#IC k-
T130.041—0.126 pm® OFHFEOMELE I T\
%9, Tablel iz, FHDORREHR THIE &M
Bl EHEBEAL R L, FESLHEBCI 5T
&) (0.015—0.399 pm?®) RE S h B DD, Fy
B3 40.05—0.15 ym® BE OB H 5 k
5TH5.
HAEEYER T AR, Mg, Tk
B, BIUOEBRFEROBEILETH S, KEET
HAETAHEE, REELRFBAVLZ LK
50, BE—BCER ST 5 EIRT75—560
fg*?C/pm3 ' L Ntk o Tinie h Riv s, Btk
¥z, RRKFPOME,LSBLREIRIEE
LWwekZzbhad, HHHAKHILELRICHDT
i3, 106 fgC/pum?® fE™ pE I h T\ 5, B
REIZOWTRESBR IO IBFVLELEbR
5.
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25.5mgC/m® ©th -7 (87 fgC/um?® D REEE
BRECY #FH L 7). van Es and Meyer-Reil
(1982)* 12, BRKBICK T 5LEE D50
BEBHLTEY, MOo<T5 x10° #pa/ml L
b, BEET1—5 X10° #fa/ml, yhEikc0.5—
1 X10° fifg/ml L RART B, ZOXGIZHES

2 fg(7zar2758)=10"¢g
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132°E
Fig.3 Horizontal distribution of mean cell number

of bacteria (x10° cells/ml) in water column of

Suo-Nada®. Samplings were made in May,
July, and October, 1982.
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By, ZoFERRELTR, BERHRETHV bR
HEEHOERYWEE (5g/18E) 23, BRKFD
RE BI2XEF0RPEOREBKICIETL.58
—2.08 mgC/1 D FH D B2 BE X T 5)*
IDLELLGWEYD, Tk 5 hEARYERE
B CHEH R VIS WD 2 LA
Fohad, CoX)BMAEDIEXREMS
(Oligotrophic bacteria) & /i, 19804F 1 B4k
MR RS RAMEDERES) DEXE
MBS E2 1\ T, TOligotroph 13 1 mg/l »F
B r S EmcEET s MEY, LT LT
EEIR TV, 3 EXEME R, LA’
WEESG T CHETE 2 BN EXEME L, K
ARYBETTOXME L BREOEEY OHFE
TCHETE RWREEXREMRED 2 FRIC KA X
hB30 REBMEOERBL TR, BE
YEKETHIFTAT 7437 4 1 F —FIR
¥, “C-MPN #, M-MPN@:E,RELZIhTE
D, #oONDKIBETHENERI TV 5372,
MC-MPN & F W EREBEME O S, X
BHEBTHHETFE L EXELDRBR TH»S=
BERBECSWTHANLR TV A, Z0/FER,
BEBEOHHNEETE L v LB EEMEEN1

Him<, B CRERBEME I EEIh, T
FBEMEOF T L REESEEMEOEE KL -
fo. —7, RREETIEBREME DI LA
REEXEME T VD, T, KX
HERFKOGEEEBTOAKMBELD 1—2H=
WESNE SR TV, EEEMER, B TR
BEOCERMSGH T CHECTESL (BRI - T
ZFREEKE D X ) e BEEYBRELE Y LK b
BT X 5%) o3 - EHEY AL T
WMOERBRICKEVCTEELRFEYELTWAHDD
EEZbR B,
3.2 EHEXFEOMEOE
wkhoME LMK LHE T L, B
B REC L - THEWETHS., TOBEHETHK
LriARsl, £EOWM Y ALSLHERED AL
EMrm 5 hk L latbe T, "EER R
HE" DEZEFABDRAAONATV5, KELHT
T3 2ODHENRD B, Tiebb, OB R
TET TN LIcHEY % MM i D A A
BB TA~A 7t — 5047574 -k
546 QIEBRIZLI DT+ TV ) v ARBILER
TAREBMD 7 + L= v (B HHBRRCE
REeTrhrEt+5ETS & LU0
DNA &BHER - BREABYSHML, BXEL
foffar 35 DVCEY Tthsb, chbnl
EYHAWEESF =4 v — 27 Birck v, Tabor
and Neihof (1984)5 (3 “iEM 2" MEOK %
EHHNCRN, TORER, 2, 3AOXFERK
FiEd e < &b L ED50% L o “active” TH
H, 6—9 FIXEI8%ULED DMBEIEN X #F
S TWABZENELMMER s, o T, LIETX
BRKFOFEYEBENMENZ &L, KETD
L RE AN RE: oA TR (RERIRAR) 12
BhhTwaond Lk v HRPY 3 5
STehy, EEITKFOKRTS O ME IS Y B
STREETHB EEZDND,
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ERETOMEICFEI X EEHCH LM T ST
DI, MO MWIEE H 5 W IIAEERE * JIE
THEDEERBE LD, MEOHBEERE (B
HEYEThIE4GERL D) *»RBCAETS
DEIABRETH DD, ZhHETWL 2D
ErRLbRhTETW5, BETTIBEEINT
WBERFEE LT, OCO, DREEE™, QM
FEEEESY, QRHAZE LR\ KT ToMEM
B OB, @7 v —> 27 AT TOMEM
fagi o8 m*®, @RNA GEEE o flE™*, ® *H
_9:. 3 {/ V@EX O Q&EEOEU%SLSQ,GO)’ @ SSSO4
DO D ALEE ORIES, @MIH 2T O M
sk st Lchod b E 4 (Frequency  of
dividing cells: FDC, %) o #ilE», @ *H-=a 1 =
VO Y ALEEORES, FRETHND, Th
boFEOF TR AR IESBVWLRT
WBDE, ®n*H-7 3 o vikE, ®» FDC kT
b5,

BHrECTIEE, BAERMCTROBEG TOME
FAPEEL SR IhTWwbied, *H % C ciZg
ENTYWEOE Y AR HAK L3 % BEREEE O
TR R H D, —J5 FDCER, BBTo
BEREYNRELET, ZEOROWTHEDOHE

— BB

FEEE D Z ENTEDH,FDC #RD HIEER
e EETSHH, R o FDC &2
HEEREORHECHEETHS LBbh 3,

FDC Bz X 23 EE (u) ORIE DRI,
FDC & p t ORIOBARAS K ERRBESA L -
T 5., BE, MA»OHREC L - CBEBRAL
RKDBOLRT VBT Lalishd, chbok
DRMAPIREDOZEYERE L TR WBENRSL
v+, Hagstrom and Larsson (1984)"V i x % &,
FDC & p L oBARREEC LI s T KX hEEY
%}, AU FDCoETchBEI&EL thiEth
Lo THELND p DERXKRE S LEERAND
LR T WA, F-FDCEY AW AEE,
WX Fifc VMR D EI & D %\ & u DA/
FESET 5P, FDCHRIZ X > Tu KD HE
AR, SHINODOEXEBICANRTWLLE
n"hHhHY,

PEEEIC RS W THIE S R B EEDED B
% Table3 /R, ZOFETRIWTEEED
#F120-178 mgC/mé/ATH b, H-+ 3 o vk
EFDCEDELLDOHETIA - F—DR S
IohhEXREDLRR, MECLIEERE (O
WEE) W77V 7V VIR D —REEE L

Table 3 Estimates of bacterial productivity in coastal waters.

Area Productivity
Methods* Ref
(Season) ethods (ngC/m?/day) eferences
West coast of Canada *H-Thymidine  6.6—71 54)
(June-August) ’
California, U.S. A. . .
H-Th T—
(March-August) ymidine  0.7—53 54)
Georgl.a’ U5 A. FDC 19—178 64)
(Spring)
Baltic Sea FDC 10—30 65)
(Summer)
-N
Suo-Nada FDC 3.7-19.3 67)
(July)
Osaka B
saka bay FDC 0.2—136.4 72)
(four seasons)
West coast of Canada oy 1y midine  0—36.9 70)
(Annual)
West coast of Canada FDC 0—13.0 70)
* See text
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B LICHE, FHRCERI0%GRIRI S & &
hT\w5™, B OF B FRRER I EHII
#950%™ LHME IR TEY, COZ LuEETS
O E—KREEOHL) OEIMEXEHAL TV
HT ElLleh, 65T, MERBEORREYE
EREOHT, HYEERVEXL-HD TS &
Ezbhb,

4.2 WEOWESE

M TEEREFCEHCS S FEL, BRI
Rt WHESHYEE L5, Fig. 2Rl k
HIZHME DY A XKV BEDOERET 1 um AT
EBOTHNTHY, BEDOX v VBT 7 v 7
PRI SHEBERXEITARELE LIS, Lol
b, MASEZAL TRYMEOF~ALBALT
Wi, EXRAEMEERE S T, B
AEVITERL->TLES, ThET, MED
HWRELLTE~OEHWIHL DR TELS,
ME>ECHBETAEEREYRLEE T TH
LoTisl, BHEORYHE (BWHEE) OFT
“Missing link” & 7¢ - T 72377,

5O, HKPIRAERL T3 REEREN BN
E W3 (Heterotrophic microflagellates : HMF)
Al & LclUNe R EBY s, MEYEHE LT
ERICHAELTWVWAZ ENELNICI T,
¥ 7o, HMF 380 K P ii4210® #ke/ml
DA —F—OFETHEREL TSI LRSI
VC g T \/‘ 681—84).

Zo X 5w HMF B4 5 & B e fF R 23w
BEIC it ol ik, MEOHE LR, HHOLE
BEOBA LG A AV REEDORETH
5L ANKkE, BlEE Tiw HMF oftHucH
Wb o e ek iz @Acridine  orange®?, @
Proflavine®®, @Primulin®®, @FITC (Fluores-
cein isothiocyanate)®?, ®FITC+DAPI (&%
BN ETH L, WThoTGES, XEaRBaRD
HE2#ERTHZ LN HMF o8 %217 5 £ XK
tiroT\uwb, £#i1X, ®o FITC & DAPI»—
B2 HMF o G ECBHCTWA 0, 2o
HETcBE I hi- HMF o gl % Fig. 4 x4,
FITC %tz X - THifae & r & GBI E T Tk

Fig. 4 Epifluorescence microphotographs of
heterotrophic microflagellates in water
samples collected from Suo-Nada, in
May, 1983. The samples were stained
with DAPI and FITC. The cells of
heterotrophic microflagellates are seen
as green fluorescence when observed
under blue-light excitation (A, C, E).
Nuclei of the same heterotrophic micro-
flagellates shown in A, C, and E are
clearly visible as blue fluorescence when
observed under ultraviolet excitation (B,
D, and F, respectively). Several blue
spots of probably ingested bacteria are
observed inside the cell of choanoflagel-
late (F). (x1,250)

e 2 % (Fig. 4, A, C, E), ®ARTHET 2
LMilaR oA E EBH Y L (Fig. 4, B, D,
F), WE»ELUL LR T (BxEiciow)
EDFBANNES E B, ¥, Fig. 4, FicdR
Shi ko, WA Eh T HMF offapicE b
AEFhCHEOEE S, TOHETIEAETHS
84,87,88)

1983 5 AR L 07 Ao R #ic kit 5 HMF
DR FESHH Fig bR L, REBE ER
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T2—4um O FTEOKZZIDIDONKIASEY HMFRFh2»ERCHEARL TS EEEIR
md T ie, AROBEMEEEK (BEH kv 3,
THREDOLRTNB, 4 XD/PNEHIELE 4.3 Microbial food web (B4 AYHE)

kBfE L THRARBEYEUHMF L o T, BEERSTCKLT, BETAL CEES AL

PHEROBGERLIBEDOL-DIITID L ST/

WA X Q0 um PTF) ThB I ERNEERME 40 VoY

BT H 5™, -
HMF o 5% & % B B\ TR R = V(mean)

% Table 4 12574, 19834 5 B12130.5—3.5X 10° =57um?

Mifz/ml, 7 BTi30.9—4.5X10° #ifg/ml TH - 204

7o, BRI X7 M B o M e 0 HMF o 8
1,00005Cch b, BIFE (REE) X2—3f5Th
o te, B ORREY FOIRIE 2 i HMF o
MRELZOWTI, B #EOBE LR, Bl
ME/ml DA — & — DIES IV %0
ZThTREBCHMF R & h 2o ®EE T
BxHALTWADOTHA D> »? Fenchel
(1982213, 6 ¥ o HMF iz >\ T K X N
(Clearance rate) % EEfjick ®», 0.14—7.9X
107° ml/Ksfs}/MERR D & D E % 872 (207C). Bz 204
Lo THIFRD K & R85 7o DI LBRYIA &
BOMEE L -> T 50, FEOFEHMREE TR
E35 &, HMF i3 1 K247 b BH DR OH
10°fEDKFUBTEE b D, Fv—=

(%)

o
|

July

n=720

V(mean)
=29um3

Frequency
»
(@]

e _ 0

— 7 BRE® Lim fjord tZ DfEXE B LB E, 0 1 2 3 4 5 6 7 8 9 10

HMF iz X %2 1 BY47: 9 o /KEBRIX12—67% Size class

(E#20%) & BES Shictt i, MEO4E (equivalent spherical diameter : um)

ELHMF iz 2 HREBERI LWV ERZRT EWD Fig.5 Size frequency distribution of heterotrophic
£-93,.94) 4 20 O LS s _ microflagellates in Suo-Nada, in May®* and

L5 ?#& = N b@BDOND, AT L July, 1983. Percentage of the total number of

SIEHOAERBRICE T, B IHERCHEEL, cells in each size class is shown by histogram.

Table 4 Number and biomass of heterotrophic microflagellates (HMF) and
bacteria in Suo-Nada, in May®* and July, 1983.

May (18 Sts.) July (8 Sts.)
Min. Max. Mean Min. Max. Mean

HMF
Number (10® cells/ml) 0.5 — 3.5 1.4 0.9 — 4.5 2.1
Biomass (mgC/m?3) 1.9 — 13.9 5.5 1.9 — 9.0 4.3
Bacteria
Number (10° cells/ml) 0.4 — 2.2 1.4 0.3 — 3.6 1.5
Biomass (mgC/m?3) 3.2 —17.4 11.2 2.5 — 30.8 12.8
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Fig.6 A schematic representation of marine plank-
tonic food web including “microbial loop”.
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HI it d, 0Ok 5 i EBE L “Microbial
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Dk 5 7= H 6 Sherr and Sherr (1988)1°7
X, Wb AHBRESCHRIIFEDREEES LUVUHE
o BAE Y %, ¥ C Microbial food web 1249
ELTLES LRI mERREL, £LTZ
» Microbial food web 2%, #%4BME EHE L L
o, TOBRORYWHEEY L2 2BICD L),
—REEDKBDH, KBOBYHW 757 + VI
BEFRATE RIS /NIy A XOEY 7 7
VIR VIREoTHDLRTV A5G, WMEDM
ol link & LTRERESLSHMEF D X 5 /¢
HRXEBEAYWHIEELREALZBT 57 THA
5 EMMBICEEL Tov, Thobh, MECEM
H, N oY F 75 v 2 vER, BRY
BLUTEHAkEW3 4 X0 HMF E REA~
LEHBMI N 0THS, ZOBRIY, & 2Rk
TR NE L 7r - T %, Microbial food web 238 U
b DDOHZNEROBYWBATEDLLEZD
nX 5V, EREKKTHSHARBCENTI 2
b, EEIICE - TR em LT D ONLHEY
75 b vOR#80%H B I LThEU ERED D
TEDPRE IR TR, 5T, BRBUCET
HIEREYEERAEY, SRR LIcX 5 kBla
"HH S —ERFHLETZ X, BROSDHZ L
EEbNS,

5. FBBowmED
5.1 FEBRICETAMEDS

- K

FERBERRBEOBEMEH TH Y, BlLoFL
LTRG T, BRKEEYWONMDOEESD
HVIEARESHMABHOIERERDOH L L
TEETHA., FLTREBRIMEDEES O
FiFLE L THEBIhTVS,

LorLichb, BOEREOTEEIICES VLTI
BEIZ O WTOEERN A RITED TH I,
Table5 iz, LA BABBEOFE(FIIBILL 5T
BRIND) KW THEANCHBEO M Y, o
FELEEWRE COMBR EHEBEL TURLE, X
W B\ TS T0.62—2.92X10°/cm?,
BAEE 1L 18.0—40.5 ugC/cm® D EMRE b h
7o, TRBEN Lo AERE, 3cm R TS
BETH-TbDD, TREOEIIEFEELL
i o te, MO KIBOHEREY T O RIEE & T
5E, RRERWCITOMERRL TS, #REYHO
MEO S AEEL, BRETOY A XCHEYZ
3, BTN CERENEL RAEHAND D &
EhTWB?D, F R OB O K5 36
FRECHZELTHFEL TS L5,

Table 5 L b X 510, HEBRYHIZITIE
W10 M /cmd D * — X — THELFELEL T
%, @AKFTRECRAR X 5 110° M/ ml o
*F—F—DEETH -1 (Table2 2fR), WHED
BICIZ3HTOELD S, Tbb, 1cm EOHER
Wy K10 m A MM T 5 M E A VE R
LTWAZ EIZisd, TEREITEMICERNLHE

Table 5 Estimates of mean cell volume, number, and biomass of bacteria reported from different types

of sediments.

Sampling Mean cell

Number

Bi Ref
Area deph(cm) volume(gm?) (10°) iomass eferences
Salt marsh 0—21 0.09—0.26 1—14 14gC/m? 109)
U.S.A. (cm™3) (Annual mean)
Sandy sediment 0— 1 <0.3 1.7—7.2 12—169 xgC 110)
Kiel Bight, 18m (g7, dry sed.) (g7%, dry sed)
Intertidal area 0— 5 0.13—0.14 2— 5 1.6—2.8gC/m? 11D
Bay of Fundy (cm™%)
Intertidal area 0—20 0.105—0.226 0.62—2.92 8.0—40.5gC/cm? 12)
Ohmi Bay (Grand mean, (cm™®) 2.22—3.76gC/m?
0.159)
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g, B H-7 3 O VvETEEERRTARG A
TW5H, Zo®EH% Table 6 w3, £EE
E LT3  1-800 mgC/m?/ B o&EOENE
BbohTws, BEWHOMELEERIR, 0
BREYPOEBYWEELHEBETALEELh TV 5
o F—2 b3 Y7 OB R\ T Moriarty
et al. (1985)"® XM X 24EEZRNEL, [
Rricll b ic B RE O —RAEE L B L
LA, BRI FDI—40%ICHY Lc s,
FROMBYHPLEZOREICAERL TV 5ME
2, BRYBEBLTAA ARV FRABHD W=7
RARY P RAELRSFEOVE-THBLDEELD
ha, MEOHAREL LT, A ClEs
DEEHRE"Y PCHERE, #1 4V AT
GEBEME, R, SEHEE, =s eV bR
CEBWTIEAB D =5 1 2, 5 12id = 2 {Ho
£33 5 5, Montagna (1984)129 11, kE oD
EBECTH 5 Salt marsh D F B\ T 2 1 +
NV MARIDMEOHAEY AN, FOHE,
SERIRIERCHEXHEL T\5HZ 0¥
L7, Fh, A4 AV 2eE&Ti3 1 BEREY
KOHOICHMERFEDOHWIREEBRLTEY, o
T2, MO EIERRFE A 30BN T i

LXDOBFEYMRTERVC ERERLT W
5, ZOPEE, TEEOARYMHCK W THEN
BEWNICHELCEECHDL L2 RBLTWALE
25,

Fig. 71z Fenchel (1970)'*? o\ 725 + 5 4
2 ZARF LD, ME, B EREE E60KE
RENBINEERSE, BIOBERESOMNE
WX > TEBRINS/NEBEY L., Kb
CHELMARE S, V4 XL ERBEELRLD
WAEYED, —EOERACELEHCEAEL T
Wb, ZOL)RBUNeEwI X LR, TB
BOHBYFCLEBMC RV TIRRRT L 514 %
AP ELTHRIRTHWA3DEEHEINS,
RV PRI, FhI422°BRTFRERT R

Fig.7 The microbial community on a detrital parti-
cle (Fenchel, 1970)!?%. Scale bar = 0.1 mm.

Table 6 Estimates of bacterial productivity and turnover time in sediments of intertidal area and coastal

sea.

Productivity Turnover
Area Season Depth (ngC/m?/day) time References

Seagrass beds March, June Surface 12 (March) 20d 60)
Australia (June)

Coastal sea October 0—25cm 100—800 170—4,400h 115)
Georgia, U.S. A.

Coral reef flat Summer Surface 120—370 1— 2d 116)
Australia Winter (-5 mm) 1— 78 4—16d

Intertidal flat December 0—15cm 55 10d 117)
Oregon, U.S. A.
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