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Seasonal Fluctuations in Abundance and Production of Bacteria,
and Quantitative Relation with Heterotrophic Microflagellates

in Northern Hiroshima Bay, Seto Inland Sea
Ichiro Imai and Mineo Yamaguchi

From March 1984 through to September 1985, seasonal fluctuations in abundance and
production of bacteria, and the quantitative relation with heterotrophic microflagellates
were investigated at a station in northern Hiroshima Bay, Seto Inland Sea. The mean cell
volume of bacteria measured by image analysis ranged between 0.074 and 0.115um?3 (mean
of total measurements = 0.094um3, n=1260). Bacteria measured with DAPI—staining
and epifluorescence microscopy were 0.9 X106 ~ 4.8 106 cellsml~! in number and 7.6
~ 40.44gC-1-! in biomass. Bacterial production determined by the FDC (frequency of
dividing cells) method ranged between 5.5 and 63.3ugC-I"!-day~!. The bacterial biomass
and production were more abundant from May to October, and averaged 15% of the
phytoplankton biomass and 26% of primary production, respectively. Heterotrophic
microflagellates (HMF) were 1.0X10° ~ 8.8 103 cells*ml~! in number and 1.8 ~ 20.1
4#gC+1-! in biomass, and were more abundant from June to September. The mean ratios
of HMF/bacteria were 1/613 in number and 0.47/1 in biomass, respectively. Grazing rates
of HMF on bacteria estimated from HMF densities and water temperatures ranged
between 0.007-h—! and 0.127+-h~! with the higher rates in the summer. The ratio of the
grazing rate to the bacterial growth rate (grazing/growth, %) was estimated to be 15% ~
162% with a mean of 67%. It is inferred that bacteria utilized about a half of the primary
production and then bacteria were vigorously grazed by HMF in the food webs of coastal
seas such as Hiroshima Bay.

Bacteria, Biomass, Production,

Key words: Hiroshima Bay, Heterotrophic

microflagellates, Microbial loop

SEEQBEHRMNE L WRZIZL Y, BHED
ERRRICH T BFEMEEOETIREITHLH
ZEh-ookh, L) bITHERROP TR
THREDEERIFBBEINE L ITLH-TE
2o ThbbiiEid, X3 - WAEESHEALT,

EEEREPHAEMBIEI BB L LTok
HEET L2503 TEH L, BEOBMIC L ARk
ERMOERELZL L THORAZLRLLTWS
NDTHbH, WRLLHEEIT, ERFREGEIE
FE ¥ (Heterotrophic microflagellates : LI#%
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HMF %9 %) 290§ 2800 EEEM
KHIEINT, EYEEEE L TEMRILI N,
HLiImRBREOBY~LixAZI L Z LIz
b, 2D &9 WERIIBAERIL—7 (Microbial
loop) &MEiEfL (Azam etal. 1983), KHE DY
BPER L B (B 2HMT 5 LTk
OTEELBEL % 2 (Sherr et al. 1986, 43
1989, 1990, #0 1990a, b, kH1993b, K&
1994a).

W - HMF3Emn — 7 D8 2T,
BRELEMEHTHL, LeLLrs, BPXFEH®
gz BT, ZhsEMBEn B K
R EFANHER, BOTLL LB
ThHb, £ZTHRMATE, ALWLESBIHNE
T 5 RETAERRKEREHMOFBIIBNT,
BEEICH 72 D ZEINIC, BEREOEE, HE
B, FDCi% (Hagstrom etal. 1979) 12 & 2%
WAEEE, BIUEEREZHZEL 2, 361,
HEOWEETHLHMF®D, BEICLL%
ELHEFROFEHELEZTAR, WHHREE
HHLT, 2O6DBUEMN—TI251T 51%E
BEELL,

MBS LUFE

HERECRTR
19844E 3 A26H A 519854 9 A10B £ T, &

N
1

3a” |
20N

L1 Hiroshima P A b oi 5

Institute

Iwakuni

132°30°
Fig.1. The sampling location at the pier of the
Nansei National Fisheries Research Institute
in Hiroshima Bay, Seto Inland Sea. Water
samples were collected from 2m depth.

Hle UTHEA 1E, 210, ALHMLSEICAE
¥ 5 EWEERAKETFROEE (Fig. 1) isw
T, 2mBh LR ET - - kRt O
HEEICNELT, Vs —=ATAFEFE2H
WTHEIE L (HRIBE 0.5%), WlRE L7z,
AR OEMERIZ, HELEBEBDAPIT (46
-diamidino-2-phenylindole) # f\»7z i (&%
#UREE0 . 5ug-ml~1) #1T-7:1%, Sudanblack
BT 72L& 0.2um ? Nuclepore  filter
(Zimmermann ef al. 1978) B @fE L, &
WA -2 a AL NTHAL TESTEE
SIS I L DEBERBIIC L - TR E T - 22
(Porter and Feig 1980, 4 1984) . F 72 &R
Tk DR O TR (KoK To0MIBEET
) 3, EURMNTIC L - TRD (438 1984),
RERBERMKRKE L Ti20.087gCcm 3
(Ferguson and Rublee 1976) % Fv», Lo
FHE RO EBK P O FERIE B » HE R
EERIEL S, REBRE L TOMBERGERELE
L7z,
FOCEHIZL MM EE - £ER
FDC& (SrRmiagEi®) 11, fiasgs
HEATHOME MBI SRICK LT h 2814
(Frequency of dividing cells: FDC, %) ##l|
ET LI L), FRPOMBEOMEEE %
HWET S HETH D (Hagstrom ef al. 1979,
Larsson and Hagstrom 1982), A%z L 9,
kp OB EAEERE, 3 5ICE3EERERD
AN
HE XK ET ARG D 2 mE kil hs,
#910C (19844- 4 A 3 H), 15C (5 A11H),
20°C (6 H29H), B X 1r25C (8 H1H) 2
ELRRRICHRKRZ T, B ok e fLE 2
#m@ Nuclepore filter CiB L T, HEMHAEEL
PR ERATAR L2, ERICIET, MR
BEBRGICZTTOEK, BIUREEK LR
0.22umD A > 7 Z e 74 N F —TifR) TS
ngAkE1/2, 1/5, /10 HFERLL D2 HW
72, £72,1/2 /102 HR L2 Diz>nWT
13, KEEAEEW® (Trypticase peptone
500mg & Yeast extract 50mg# 1 liter?ifgzk
2@ L 72) (Ishida ef @f. 1980, Imai 1987)
# M2 T, Trypticase peptone EEH 5mg-
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1-1, 10mg+1-1, BLUF20mg1-Hc% 5B L9
FRLAERYY) - X2FR T, Ubkbh s, &
BENERICE VT, ERBHBFOMBEEE
WA YEEOMARICL Y, 108 »RE
AN LT D, DL HBEL, Bro
WMAEEZBL72HICT-72bDTHSB, ZH
5 NIEHITII, 450°C THRAL 1 RefE RSB L 72
REE2 AV, YFEEICBWTHERSETT
EEL, 4~ S BHHEBICLEORAKZRINL
T, ZVF—=ATAFTE FCEEL: HBRiE
BE0.5%), BIRODAP 1t & HaTHESEM
EERHCCEBEREEEICL - T, SHER
DR FTHAEE (1) ZFFET
5 LRI, FDC#2RZELM GOREFLLE).
Ml hRIAEI { U B E L T Sl
Ml #HFEEITFN LD L L7z (Hagstrom et
al. 1979,

FBEERMICO T, HNEEAEMYIIAD FD
CLZDBEDuOBORIFERRZEIEL, o
NEFDChRbubitE T 570hnEARE L
1 MEDBEICBITSZFDC & w nBERII,
FOEREIGEC 2ROEE R 2 HEAREL
TSz, B, BEHI0CLITOHHAIZIC
DEFER %, 25CLU EDHAII25CHEHERZ
BwT, p ZrtEL7
HMF®EE:REFR

HMF (10em LITF) o %3, DAPI -
F I T C (Fluorescein isothiocyanate) _EQ
o & it BRMEE 2 Bl o IR SRR B I
& -7 (Sherr and Sherr 1983a, b, 43 -
i 1984), 1RGS> LB EERKE, R
BEHDVIIEER=MA7F X 225~25ml&
D, DAP I #HB®EK0. lyg-ml~]l, BIUW
FITC#1~2ugml~ 2% d L& 2MZ
72, Sudan black BTgufh L 72FL#EL.0umD
Nuclepore filter biciBIHE L, REFE %
1T - 72, BRaFhHE L R & a9,
IR (10x10) WIcR 2 5HMF 22585
Uik, A#sosmlall B35 L THREE
(cells*ml—!) 2Kz, £72, 1HEIZDESD
Mg FREZHIB I 7o -7 —THIEL,
kb 5V 3R L U TR 2 K7,
REBERFELE L T0.07gC-cm~3 (Sorokin

1979) # vy, ZHUCTFHIRE B E e R
LT, REBLLTOHORERZHEE L,

HMF 2t 2@ AEEE L, DToloi
L THeE L 72, Andersen and Fenchel (1985)
g L BRiEKRPOHMFE OEAE]0X
10-5ml-h—1-cell-! (IBFE15C) DfE% H\, &
KREDHDQOEZ 2 £ LT (Fenchel 1987,
Nagata 1988), ¥H#B7Kif & HM FHila & HE A
L, MEWEEEEEMNL .

BRELUER

HEOMMEEEFDC

10°C 4 525C F THRM, 5CHEIC 4 RRFEIIR
BERIBEICE TS, MO FDC &R
B (p) OBFEEFig.2icm L7, BEDEN

Growthrate (u:h™)

Relationship between the FDC (Frequency
of Dividing Cells) and growth rates at four
different temperatures.

Fig.2.

B, EREROEE»KEL, A—aFDC
DETHLEu2 55 bbb, Th0
2, FDCIIITLHLIREDL, u2B 52000
HNNWNFA—F =2 TWbIEFHLAPT
H5, HZBEIZBITEFDC LunBRAI,
Table Lic/R L72#®& 0 Th 5,

Newell and Christian (1981) (%, FDC & u
DEBER Ine=0.299-FDC—4.961 2 24 L 7=,
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Table 1. Growth rate equations as a function of FDC (frequency of dividing cells) at four

different temperatures.

Temperature Equation
10T 2 = 0.0174 - FDC — 0.0421 (n=10, r=0.83*)
15C g = 0.0296 - FDC — 0.0615 (n=10, r=0.93**)
20C ¢ = 0.0395 - FDC — 0.0249 (n=10, r=0.96**)
25T u# = 0.0731 - FDC — 0.0507 (n=10, r=0.89**%)

* significant at the 1% level
** significant at the 0.1% level

Table 2. Range and mean of bacterial data obtained at the sampling station.

Minimum Maximum Mean
Number ( x 108 cells-ml~!) 0.9 — 4.8 2.1
Mean volume ( 2 m?) 0.074 - 0.115 0.094
Biomass ( zgC-171) 7.6 - 40.4 16.8
Growth rate (h™1) 0.018 - 0.150 0.060
Production ( zgC-17'-day™") 5.5 - 63.3 24.7
Biomass ratio (%) 5 - 31 15

(Bacteria/Phytoplankton)

Production ratio (%) 3 - 197 26

(Bacteria/Phytoplankton)

IHUBIRE26~29C DEMGTTHEM LR T
DN, BB T TOLDI DT, u DEHEL
FIET DI LIIATETH S, A3 (1985)
19834 7 RO TR EEIC B\ T, Inu=0.408"
FDC—4.281(r=0.80, n=31)EERX%2HT
WAEH, TN LREED 2 A2 5, Hagstrom
etal. (1979) & Larsson and Hagstrom (1982)
T 5~15C o B 4% ;X ¥, Hagstrom and
Larsson (1984) (30 ~20C DRMER ZHEH L
T AR L - TAREF 6 N EERE (10
~25C) TOFDCEut DBFERICE - T, #
FRED L BB KEOBEICHI 2 MED
HEREIR JE O W E AR BEIC T - 72,

IR OB DOWALER IR L Tld, SHTER
L 72thymidine DB D AARE 2 FHARIC L2 H
i# (Fuhrman and Azam 1980, A% 1994b) 7%,
BRI —BICHAVLR TS, L LY
6, FAHEBBAKEIC BT kGHESE O
HHPE L {HRENTWI2DT, THFiER
HEHREETH 2, FDCHEIZ, Pz ER

INdH, BEHEWMEOERASES TCoOEESE
BEELwd, FDCiuoBERsHE
LTBITE, Z2EORBICOTHFEOMAEE
EEBHACHEE L TES (Hagstrom
etal. 1979, 43 1989, AE 1990) v ) k&
TR D,

HEORGREEER
EEEXOREFFRTDOEE ZmB It 3,
19844 3 A26H 2 51985 9 H10H F T/
N, HHMEK HEFER £EE BIUKED
ZHMEENI 2 Fig. 312, £ L THBEICET 2450
EEIOUE & FHEE % Table 2ICE#H L TRL 2,
7KiR139.0~27.6C DB TEH L 72 A E g

0.9x106~4.8x106 cells-ml- DB TEHIL,

KENERBIICA L {, WBRIPKED &V
iz -7, RUBFBHT, 19907 A4 H
~19914 7 A 2 HOM4:8 1 [, Om, 3m, #BE
EImo&ER» S8AL T, RRRICEEE &K
TR, 1.01X106~4.89X105 cells*ml~!
OB TEHL, L3N EKREICE KRR
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Fig.3. Seasonal variation in the number, biomass, production of bacteria, and the water temperature at 2m
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AT HErBREINT-% (Iwamoto et
al. 1994), —RENZIFRARIZE T, 1X
106~5x106 cells'ml- 1 DHIE % E 2 /R § L2
HINTWwaEH (Es and Meyer-Reil 1982),
Fig.3 DHERITIINICRCAB LTS, 72
MHIERIIERBBICES WEES B 70 h, K
EF =z E—28BIcB T L RO EE» EBE
INTv»% (Ducklow and Shiah 1993).

BFRERFO R G OMFE O P AL, 0.074
~0. 115m3DEEF O fE (F190.094pm3) % 7R
L7z(Table 2), RN FHiFEE RATI9824 5,
7, 10RO REBGEEIC B 5 B/Kkh D O FH)
FHEFHMEINTEY, 0.041~0.126pm3 (F
%) 0.098um3) DELFHL 5N T3 (43
1984), /2 L0 B KEED» 5L, 0.083~
0.091m3D T FEAEFE A 5 LTy B (Imai
1987) . i > PO BIE ICB L TidfE~ 1
Bh bH° (GkH 1993a), BHMDGRFEE» 5
(3, HE420.05~0.15pm3 0 M & F3¥ i DO E A
WMEINTHZ (43 1989).

REREE L TOMBEHFRIL 7.6~40.4
ugC-lrlofEoOE#H 2R L, MHRKOBAL
FlRRiCEKIBRICZ -7 (Fig.3). 198249
P B B> T3.8~25.5ugC 1" 1 DB R
B2, 198340 L0 B KB TId4.8~21.1
pgC I L DEFHREINT 5 (5FH 1984,
Imai 1987), AFRICBWTII, HBEORER
FEHETAIMICREEERMGELE L T0.087
gCrcm~3 (Ferguson and Rublee 1976) #* F\»
72o CTOMEIZINZ TICEE SN TV BEOH
BT N3VHITMHET S (kH 1993a). 4
W2, RFETELNHBERERENHEI, *
RLBPMNCREONT VBT H S, LA L
G, EEE LT "D Ihii
FREELTVS” W) TROERICR S &
# 2 5115, Nagata and Watanabe (1990) (3,
KARDHMBEHEIRERBI 2D LTRE
B/ REOLFMBRRELTEY, ZO#E
D ERFEERMBAEL L T0.14gC-cm ™2
DEEREL TS, CHEEx W54 561,
MBI 1312.2~65.0ugC-1-1 (EH 27.0
ugC-17Y) RIELN S, Bk, AR LE L
A 31 Alwamoto et al. (1994) OHFHIRTFE

ROREN ORER (REBLHBHRE0.12¢C-
cm3FMA) 2 SMT 2L, 11.9~57.54C-
I"IDEXB LN TEY, ERROEEFBY—3L
Twb,

[F B CRIBFICERE S e 7 7 7 b
VICBAT AR (19844 3 H26H ~19854
THI2R) ik 3k, RA—KPDr7ov7 4
Nagi3l 1~7. lug-1-1 CGE¥ 3. 3ug+1-1) TH
o7z (U AEH 1995), T, REBRFHRREK

(C/Chl.a) &L T40 (1bDO - %% 1984) % &
CTHBT 7> 7 b ORGEREREMT S &,
42~283ugC 1-1 (P4 132ugC-1-1) £ 7, &
FERFOMERGFRLESD 777  VHER
EHET B &, 5~31% (PEI15%) ISHEG LAz

(Table 2), 19824 7 H 108 O FIBFEIZ BT
LB ROWY TS > 7 b ricxtT 284
i3, FNFRUBL18% LBHINT WD (5
H 1984), WEMIT T 7 b Tk T B AAEIE
BoOgIaiE, BIErELTIICENTEL LS
HmaH 5 & 3N, BiEI25ugC 1 LITFic%
3L MERGFROSPFRES L L bl Tw
% (Simon etal. 1992), M IZHEMEDEL 5
b, BEOEBRICBWTHYSICKELRES
HHTWE LW LI,

MO ERIL, 5.5~63.3ugC-1"*day 1o
MTELWEHEAERL, EARERIZNE
EAREBHICKRZWERPR L »TH S (Fig.
o ZDL) LEHIENOMEIL, KEF <«
TE—7BCEYTLHEEINLTW S

(Ducklow and Shiah 1993), FD Ci:# Fv»
THOBRBRTRHES N HEEERL LT
i3, BOXKEY 2 — 2 TN TI9~178ugC-
1-1-day~! (Newell and Christian 1981), EZ
D3N MFERITE W T10~30ugCe 17 1-day !
(Larsson and Hagstrém 1982) , 9, 108 7~
P—=7DV LT 4 INFITENT2.6~14.5
ugC+1-l-day~! (Riemann et a/. 1984), 1983
E7TRHDOEET3.6~19.2ugC1"1-day !
(&9 1985) DIEZE D EHRE I N T\ 5, Bk
BT 2RPETHFDCHER I Z2HERZ
AbE, EEMD ¢ H~10A T9~33ugC-11-
day~!(Nagata 1987), RIL < EE#MD2~6 A
T4.1~33ugC-1"1-day~! (Nakano 1992) ®#
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EErH D, AKRICBITAMEEERIT, Bk
0.4~150pgC-1"l-day LOFBIcH 2 LR S
Tvs3 (Cole et al. 1988),

F LB TRIRICER S W75 7 F
COFRBEEREICIAT AAERAR (19844 3 A26
H~1985% 7 H128) #4535 &, 26~915ugC:
1-1-day~! ("F39266ugC-1-1-day—1) TH 3 (1L
MiZd 1995), MEEER T EBAER & X
5E,2.6~197% (F#%26%) 1A% L 72 (Table
2), ARFIBITAMMEEERIL, AW EERD
H130%TH B EHMINTEY (Cole et al
1988), AR DERITFHRI LA & - 72, #
BMOEEWEIEIRTIHNBEINTEY

(Payne 1970), FEBEAERE DK ES D, IRBEBT
BB EZRAL TV Ik b, ME DM
DIHDEE L e ZEMAYI, EREEEICL
kst HE A (— A ISR ED S
~15%7%2R ; Larsson and Hagstrom 1982, 7k

T Number

103cells-ml™"
D
1

FH 1993b) OAICHRT R L TE46ITDZ
LiIBHAEEETH ), EYELEDL LHER
P28 L CHEBMPEIEEINTwB EHE 2L
RIS WTHA) (Jumars ef al.
1989, &k H1993b). 4% DI J L HE»PHD
WROEBFLEZI NG,

HMFRE:rBRER
X K EN R ORE 2 mBI2B1T 3,
19844 3 H26 0 519854 9 A10H £ T/
», HMF ofiiafk &L HERHOEE # Fig. 41,
HMF BT 57— 7 DE#H % Table 3ITRL
720 HMF#Ilai31.0x103~8.8%X103 cells-
mli-lOEHETEH L, LFEVEAKRMICESE
B, SREHICEEETH-7, BLIEFIT,
19904 7 A 4 B~19914- 7 A2 Ho &A1
E, Om, 3m, #EL1ImEHSHEAKLT, [
BICHMF & 2FER, 1.01X103~10.0
X103 cells*ml~ 1D TEEIL, T ) Sk

0 T i T T I T T 1

1Biomass

1984

MAMJI JTA'sSTOTN D[UTF MTATM UTu"A"S’

1985

Fig.4. Seasonal variation in number and biomass of heterotrophic microflagellates (<10xm) at 2m depth at

the sampling station.
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Table 3. Range and mean of data of heterotrophic microflagellates (HMF) obtained at the

sampling station.

Minimum

Maximum Mean

Number (x10° cells-ml~?) 1.0

Mean volume ( 2 m3) 25.9

Biomass (zgC-171) 1.8

Numerical ratio 193
(Bacteria/HMF)

Biomass ratio (%) 15
(HMF/Bacteria)

Grazing ratio (%) 15
(Grazing/Bacterial growth)

- 8.8 3.2
- 4.2 33.7
- 20.1 7.4
- 1587 613

- 134 47

- 162 67

WA WM EINL T35 (Iwamoto  ef
al. 1994), —f&BIICIHRARBKICE W TE, 103
cellssml~1DA —#—THMF#HELTW3
Z s TB Y (Fenchel 1982, 43 1989,
Sanders ef al. 1992), Fig. 3IM&ERIINICR
(A2 Twd, BPERFKRICBNTLHM
FoOsEE I cMl{d 27 -2 r M3 25
N, RI3INEERL0 cells ml 1A — 7 — L &
PINTW3E (B - B 1984, 4 1990,
AATA 1993, Iwamoto et al. 1994,
Nakamura ef al. 1994, ER - FF 1995),

SHEEoRKRPHOHMF o FEH R IL,

25.9~44.2pm3 (F¥433.7um3) DEETH - 72

(Table 3), 198345 L 7 AOEB#IZ B
THMF O PR EHE» MEINTED, £
NENSTumMS, 29um3DEAFBLNT V3 (&
3 - ik 1984, 4F 1989),

RER L THOHMFIRAERIZ, 1.8~20.1
ugCe171 CE¥IT7 4ugC-171) ERE R, Mk
& Rk EARRIC £ E/KIBRIIC D W@l
W L2 TH D (Fig.4, Table 3). [ UBATT
M Iwamoto ef al. (1994) DREFHRTIZ, HM
F 5178 (35.2~51 8ugC 1" 1DET H - 72,
19834 5 RO RIBF#ET131.9~13.9ugC-171
HMFREFERBFREEINTWE (5 - 7
1984),

n=21
r=0.24

®
1

[+2]
1
®
®

n
1

Heterotrophic microflagellates (103mi™")
°

N
1

Q 1 2 3 4q 5
Bacteria (108ml™")

Fig.5. Relationship between the number of bacteria
and heterotrophic microflagellates at 2m
depth at the sampling station.
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® Growth

o Grazing

1984

MTATMTUTUTATSTOTN DIUTEFTMTATM U TUTATS

1985

Fig.6. Seasonal changes in the growth rate of bacteria and the grazing rate on bacteria by heterotrophic
microflagellates at 2m depth at the sampling station.

MM E HMF O RBHBDE
ZFEHOMEMIa X HMFilak x o8
%13, Fig 5icR L@ TH 5, AELEMRI
ZEHLN WA, HMF 1884 ) oE Ko
e i3193~1587 (GE¥y 613) owfuBEicd - 72
(Table 3). %I LIBAFCERE N-FER
R (Iwamoto etal. 1994) 12& 5 &, TDkid
3U~27IOFENE LD, EHII8BITH -7
L9, 19844 5 H oo FIRHEEC 8 T3 FEME
ELT, MI000DEF#RESNT WD (53 -
i 1984), e OKRFICBITL2HMFEFE L
HEOHEIT— 2 2H D £ L, Sanders etal.
(1992) (3 LR > He 4210000 A TH 5 L #i
LTwab,
HEBRERICHTI2HMEFRERAIL (%)
I3, 15~134% D& (EH47%) TH - 72
(Table 3), 198345 A DEHE BT, =

DD EHHEDB0U TH T EREZINTW B
(A3 1984) . JHERTHA 5 L HMF (34
BOXFFRRESF HEHTE), BICEELE
MEETHLZ by b, 72, BBTH HiHH
WIRFERYE L THEZCH LRI BELELLNS
, BOHHEEE (LER) *FETLILLE
HHNTHHPTREEP D LI v,

Fig.6ic, MEHEONMEE L, HMFIC L
DABE DI REHE &5 L 22, I O BREE R 13
0.018-h=1~0.150*h~! (*F#0.060-h~!) TH
) (Table 2), EFOEKBMICE S LF0KE
KRBT & W) SRR L FHEEF»AD S
72 HMFIiZ X 2 i o R EE (S, 0.007~
0.27-h-1oRE L RE S, RIFY LIS
CERZKREVEWHSFLWEHE/AFA LR
72o RIT, MEORMAEE ICHT S, HMFI
& I REE O (grazing /growth © %)
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PETE L2 A, 16~162% (¥ 67%) T
HY, HEOBWMEE & HHEEEIIHEIC
SCEINA-TwudEn )y HERICE -1

McManus and Fuhrman (1988) % Sanders et
al. (1992) O#EIC L B &, KROERRICE
WTHIE DR E R (B LICTHMFEFIZ L 5)
I3EREIN Ao TWvd Evn), FRICETFICIIM
BOBMEEIFHEFITH DL »2bLT,

WEOHE BRI E — & — 2% b 25T (3
KELLZwDid, ZORHHIZCZO LS ICEW
WRIENDPP->TEY, BEVPEIKEL B L
TWwbHEREFEZ LMD HHERIZE T,
COLDITHIBEIZERICHEL, —HFTEVE
ETHREINTEY, KREMEEREBLAL
TOWEMRERIE, HYICHEETEBL T,
2L EBBEING,

wm

19844 3 H26H 72 519854 9 H10H »f, 4t
WIABBIET 5 HEBXKENRAOXRE
D2mBIcBEWT, BFEHEORLERE, £ER,
Ze HUNICTER A E M N EE B OFHELE
A7z,

M OMBEEE RS5O FD CiEzREtL,
10~25COBBEICBITAFDC GllusZ
B, %) CHERE (u) LOBERER
T LD, FAEICHZZHEDOuDOWEHTE]
MRS R AR

R 202 DAPL (5 & BT HtSImsR I &
DEEMBIRICL - THHER, 0.9%108
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