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The Temporal Variation of ATP Concentration as an Indictor
of Total Microorganism Biomass in Funka Bay

Mitsuru Yanapa?, Yoshiaki Marra? and Isao Kupo?

Abstract

The temporal variation of ATP concentration was elucidated in order to clarify the
temporal variation of total microorganism (phytoplankton, microzooplankton and bacteria)
biomass in Funka Bay, subarctic coastal region, from pre-bloom to post-bloom.

The ATP content during the pre-bloom showed nearly homogeneous vertical distribution
with lower values. In contrast, the ATP concentration during spring bloom showed high
values at the upper 50 m depth, and decreased with depth. The ATP concentration at the
upper 50 m depth during the post-bloom were also comparable to those during the spring
bloom. These results implied that the total microorganism biomass was remarkably varied
both temporally and vertically in Funka Bay.

Judging from the combinations of Chl a/ATP ratio, POC/ATP ratio and POC/Chl a
ratio, the high ATP contents during the spring bloom were mainly due to phytoplankton
produced actively in the euphotic zone, and the high ATP concentration during the post-
bloom were greatly caused by the biomass of living sub-micron organisms ; e.g., bacteria.

Key words : ATP, Chlorophyll ¢, POC, Temporal variation, Funka Bay, Total microorgan-
ism biomass, Subarctic coastal region
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N, BEOVAEERDZ VERAYEHCIHT I ZSI U7 b BLUNZ T T RSN
INEVIBEEDOBRENEF I N T 5 (Williams, 1981 ; Ducklow, 1983 ; Karl and Knauer, 1984 ;
Cho and Azam, 1990), —f%ic, BFEBHE CIXSRTEREINRE EH S5 2 by) »
ZORBT—N b5 WIEIYERRICERE R E%RL (Eppley and Peterson, 1979), ZhzxflL
T, ERBEER TR N2 7V T OEYELERE LB %ERL T3 (Cho and Azam, 1988, 1990 ;
Fuhrman et al., 1989),

WEFNFER THIBABRIEMEEDOE VI TH Y (Maita and Yanada, 1978), Z D4
WA RDIEN TS 7 VU BLUBNE TS 7+ v OBEBE L UF RS DEYED
RRZEEIIBE S L e o T 5 (Maita and Odate, 1988 ; Odate and Maita, 1988), L L %4t
5, BKBCBI 2NN 7 )7 2802/ NYRCET IMREIREE CTbhThuln, %
Wz, X277 EEUMINEYBEOEYEICET IMREZMA 2 2 LiX, BXBIZBIF

Y ILEHER PR E AL i e AR
(Laboratory of Chemical Oceanography, Faculty of Fisheries, Hokkaido University, Hakodate 041-
8611, Japan)
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LZYERBRD 2 I AYEHERAT 2D CBOTEETDH 2,

TF/yv )Y VEE (ATP) BIRTOEETWARINEY W75 > 2 b >, BN
MFI o v, XIZFVT, BEEY) Dic—BRCEET 570, BATO ATP &34EE Tw»
Z2eBNEMOEME R RS ETHED TEX R E Lo T\ (Holm-Hansen and Booth,
1966 ; Karl, 1980 ; Hewes et al., 1990 ; Simon et al.,, 1990 ; Karl et al., 1991), 7-, #Kkfn 7
ono74Na (Chla) BEIEYW ST 27 b v EMBRORKS LCEHZEETH Y (Redalje,
1983 ; Booth, 1988 ; Riemann et al., 1989 ; Cho and Azam, 1990 ; Simon et al., 1990 ; Kirchman
et al., 1993), ¥kthORrRE#EREE (POC) BIZLMNEVMRBIUTF 517 AR EMS b
TEXIETH S (Eppley et al., 1977), Zh®z, Zh oD IEOLAHOHENE (Chl a/
ATP, POC/ATP 8 X t* POC/Chl a) i, #AKPRZEETBZNNITVT, BTS2, &
INT T 7 VU BIUT N4 Y RABOFEEHASLHET A EEL LB,

2T, AWRE, EVEESBVEERREROBAEB TN, BUMNEMRSEL (KB
TELEEIN—LE2RLIC, TV TNV—28, TV—2HBIURZ P 7 V—28icB % POC
BE, Chle BEB LU ATP BEORMZEEI2HO Iz L, ATP BOXEICRIZTEVNER %
®2HETITo 7,

BERb L UBE

1988 £ 12 A 2> & 1989 4£ 8 Bz iy ¢, LI AR AL T 2 A H (S6.30: k92 m) Tik
PE AP A ELETRFIEME “5 LB 2HWT/NY F VAR TR 2T L 72 (Fig
1) BARBIARBMFS > 7 bV RRETZDICEDIC0mDAy b 2EAI R,
ATP BEOHIE D » DHFAFE (200~500 ml) %2 LB/NEWREHS »IC T 52D ICFLE 02
um DA I VART 7 4 V5 —THBL, BHETImlOBEL- PV AL Fusy 2F L7 3
2% s (pH1.15) thT 3 50 ATP 2 L7-%, 20K E —30C THEERE LY., %
72, 1,000 ml OFFAKFE % WhatmanGF/F 7 4 L7 — (EFEE: 0.7 um) THEL, X2 FY
T A XDEYESFEHE L7 Chl o BEESR & U POC BEDHIZIZH LT,

140°E 141°E
1 t
&3‘
- 43'N
'unka Ba;
St.3e
®
< 42°N
Hakodste

Fig. 1. Location of sampling station in Funka Bay (St. 30).
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ATP B2ORIFE X, Parsons et al. (1984) ZfEvy, VI 7+ b X —F—(5RY A x> A TD-
4000) 2BV TITo72, 200 ]l OHHHEENZ 100 4]l DFRHEEE (V¥ 7V v—NY Tz 5—
¥) #inz, Delay time 5 #% X ¢* Run time 10 B O&M T CRMEMERBIE L2, 8, ATP
DOREBIEROI:DOEEMBL LTT T/ r-0-ZVU B+ M) AE—KY) (FIEs
FET 2 No. 017-09673) 2z, ZOSHREEIR, BWABEKSEE2HVTRD IR, 88,
(n=5) ThHo7z, 7z, Chla BITHNE (F—F—FT¥ A4 v#: £7001) CHEL, POCE
ik CHN 475t (B3 026 #) THIEL 7o

5 F

AFRIc BT ATP BEIZ 0.1~3.7 ug-l™' OBWEARNCH -7 (Fig.2), 2 B TALGET (128 3
HBXU2ATH) kB2 ATPEERZ 1ug - 1'UTOETIEIZY—2HBEIHERL T

123 n 223 an 323 40 5» 5729 822

d e
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Fig. 2. Temporal and vertical variations of the concentrations of ATP (A), Chl a (B) and
POC (C) in Funka Bay (St. 30), the subarctic coastal regions. The units are expressed as

pgel™
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7o SATH (2H23H) Ick b, ATPBEIZ, 50mBUET 2 4g - 17 BILEIKEML, EEE
ELTEOT ANESHERL T, 20, 0m kB2 ATP#EER, 3H BHTHSB
FU3H23H) ic2ug N UTWCHA T2, 48 WHI0H) BIXUS5H GHIHABLUS
H29H) KHEU2ug 1 L EBINLT:, RS DORIICE T 5 ATP BEIIEE - L b 2B
TEHMESHER LTz, 88 BH2H) 2875 ATPEER Lug- 1" UTOMTIEIRE—%
SLESEERL TV, —F, Chl e 813, ATPEESSWEE2TT2H 282538 THD
50m BB LI U4 H 10HD 30 m BTHED TEWE (>10 ugel?) Thotz, LL, EWy ATP
BESEDSNIZEAIALS5H29HD 30m MFicB1) 5 Chla BEW, 1ug-1"' LTOE
WETHY, ATP BEORKEL RBic-> Tz, 72, POCEEIX, ATP BEXEHESET2AH
2H»S3ATHDOmPEB L U4 HI0HD 30m BTE\VME (>300 4gC 17 THo7z,
LirL, B ATPEBESZEHONL-5H9H,»55H 29 HD 30m BIEIicB8 1) 3 POC B I,
200 1gC-1"' LT DEWETH - 72, POC BE DMER S & VN ESZ, ATPEEOFDE
Bk bitrL 5 Chl a BEDOZOEH - IZIZ—HL T,

‘§l29 822
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Fig. 3. Temporal and vertical variations of Chl a/ATP (A), POC/ATP (B) and POC/Chl a
(C) in Funka Bay (St. 30).
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2SO BEE, $7bb Chla/ATP i, POC/ATP 8 & U POC/Chl a Hid, Zh %
1 02~7.2, 35~910 B & UF 27~1,300 DHEHN TE L LEN S L CRENE# 25~ L Twik
(Fig. 3), Chl a/ATP [hi3, 2 A TR C2UTOENETHY, 2A2A» 53 THOLE
KBOLTHEHE (BAMET8; 3HTHD30mME) L&E<,5H 9 HUBETE 1ATOBVEET
L7zs —75, POC/ATP Hiit, 12 H3H5 5 3 5 23 H % TD 50 m BB IZ B> T 200~300 TH >
2L T, ZHEEED 30m BRI BT 200 A FTOEWESETR L, %7, POC/Chl a K
12, 2823 H» 5 3HTH®D 0 m LIRIZIB VT 50 LITDEWESERL, 589 AUBETRE
fE (200 LLE) 2L Tz,

% =

EFFEIZ BT, HAkdo ATP, Chl e 1 & UF POC EE IZHENC N OELVWEE R
RLle 2OZ LR, RAEHES, BNETBEDZVIET T4 7 AORFRVSIVERIC B
Rz b ZE UL EBT 5 2 L B/RL T3, BAKBZBI BNV — LRI, FickoT
ETEET 25, 28ha»5 4B Ths L EL SN TS (HlZ21E, Maita and Yanada,
1978 ; Maita and Odate, 1988), X WSTE 21T- 72 1989 £ DIBE, MWW/ 7 > 27 + » OiEEL
¥WETH2 Chl o BEOKEEES» SHITT % & (Fig.2), B2/ V—2ix2 ATA~3 AL
HTholzrEz1ohd, -7, 2BTEH 12B38~2H7H) @7V 77— aflicigy
L, 4 ALl G B9H~8H 22 H) BFA M V—AsficfiY T2 &2z 603,

B2 BMT- - & FAEHE BT 22 LAMBEROBFEEA 5 £ (Fig.4), WTFhoBKyE
BREOHBEBEELED S hizd (P<0.05), ATP & ORMOMEBIES (Chl a 5t ATP 8 X U
POC 3 ATP) it POC 3¢ Chl ¢ OAEEMEE L D bR dro T, ZHIEMLT, 7V T — L
SH/EEZTN—LH (12A3H~4 B 10 B) 2575 ATP & & OO HLE B WAHE
METR LI SOOI L, VT A—LNn BRI N — L% TO ATP #E OZEEH Chl o
BEEIUVPOCEBEOEER L —BT 2, KAMTN—A4IZBT2 ATPBEOEEBHIZLITLY
Chla BEBLIUPOCEBENLTHERAFBL TRV EE2EKLTWS, 22T, Exid, /v
Th—iri (12H38~2H3H),BE7V—L8 QH28H~4H10R) BIUEX 7 v—
LH8 5 H9H~8 A22H) O50mlRizB T 2/ LAMBEDOFHES Tablel IKRT, SV
Th— LB B2 LEMOEDEIZ, HorKEETIN—LHMKBIZ2ZLL6DHLY HE
VW, —H, RA NIV —LHIcBWT, Chla BEB LU POC BEOTFYENEZ 7N — LB
BUI2ZhSDEO—HUTBI VU /3BERBRIT IO T, ATP BEOTHEREETS
N—2HDOZFDEEHT 2EWEERLTWVWS, ZThoDERE, 2 ATA~3ALEO50m
ETEDon-Ew ATP EBESZDOE W Chl ¢ BEB L U POCBEIHIGL TV, 4 A
hig~5 A TFTADO 0B TEDONEBEVWATPEENLFLLZDOChlaeBED LV
POCEELMEL THELI EEEHELTWS,

£LESWOMERH (Chl a/ATP b, POC/ATP tb5 & UF POC/Chl o 1) 13, BFEIRY S & USRE
B bBELLEEETRL TV (Fig 3) I OEBIREKFORSMNEMHOFEEANSOE
BEERT 2, EE7A—LHHOB0m BB 5 POC/Chla HIZFHTHL6 Tho7
(Table 1), WM 7F5 > 7 b &I B} % C/Chla ki, W 75> 27+ v OBH LI ENS
DEBREE & > T 25-100 DEFTES T 5 £ H 2 5h T3 (Redalje and Laws, 1981 ; Salk-
shaug et al., 1989 ; Cota et al,, 1990), # % i3, BABO ZOHICB I WS 7> 7 + V&K
D C/Chla b2 BET 27:DDOBRMD 27— F 2E o> Ty, Lrl, BABTRDOH
1857V — A BT 2580 POC/Chl a ki, Hewes et al. (1990) i2 X 2FHBO 7N — L4
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Fig. 4. The relationships between respective parameters during total observation periods (left)
and the spring bloom period (right) in Funka Bay (St. 30).

KDEDMHE (46) % OMRBC L > TRAZIK TV 3EYM TS > 7 b Y REEVBOTHE
# (40-50; Eppley et al., 1977; Redelje, 1983 ; Fuhrman et al., 1986 ; Booth, 1988; Cho and
Azam, 1990 ; Simon et al., 1990 ; Holm-Hansen and Mitchell, 1991 ; Simon et al., 1992 ; Kirchman
etal, 1993) CEIBAWETH 3.7 2b b, BEE 7N — LMD 50 m L% 8w THES vz POC/
Chl e thid, 'BABC B B3EFZ NV —LH0 POC OXFSSHEY 75 > 7  vEETED SR
T3 Ze2RRLTW5,POCOKIAVHEN ST v 7 AR THH LE 2N BETS
WV—LFAD 60 m LAz 813 5 POC/ATP thid, W57 203+45 TH D (Tablel), BEAVWSH
TWaHEYM 77> 27 b > ® C/ATP=250 (Holm-Hansen, 1969, 1970 ; Karl, 1980; Laws et al,
1984) fEL D B RREWETH S, L7z, ZORFEHERIE ATP BE D S M/NETRFLEY
BEFIE T2, ZO4EMEIL680 4gC-1' E RS h, BUED POC BEF (450 4gC-171) %%
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Table 1. The mean values of content and ratio for respective biological active compounds
in the upper layer (<50 m) in Funka Bay (St. 30) during pre-bloom, spring bloom
and post-bloom.

ATP content Chl a content POC content Chl a POC POC

Periods (uge™) (uge1™) (ugel”)  /ATP /ATP /Chla
Pre-bloom 0.7+0.3 1.6+1.1 125+ 61 24+19 191+74 110465
Spring bloom 2.3+0.7 13+2 448+ 79 60+12 203+45 35+ 6
Post-bloom 2.2+0.6 0.7+0.1 164+ 37 0.3+0.2 83+33 265199

REILTW3, LL, 2MNEYRCT 2E WS 07 VEMBOEIGE 2T TEEBEER S
Chl ¢/ATP Hid, EF7 N — A0 50 m LS T 6012 THY, B SF7 > 7 b D C/
ATPHB LU C/Chl a sz hZh 250 BL U 36-50 TH 2 LIREL TREShIEYM T >~
2 h > @ Chl a/ATP HLOEHE 6~7RE) CERELw, 202 ki3, BEESNV—LHOD 50
mPBeBI2EEO ATPBESEY /S5 7 b O ATPETCIZIZHETCE 5 I L 2 REL
T3,

BEN—LBEERT28VATPEES2RT KA M7 AV—AHO0mEAIKRICBEWT,
POC/Chl a L {EIXE Wl (F1J265) ThHo7: (Tablel), b LIEABDORA b 7 —LHOHE
W75 7 b vEESRD C/Chl a thdt 25-100 DEHENICH S LIKET D L, R M T —2H#
D0m BB 2 POC I 5D 3 M TFT > 7 + v REEMBOHEIZ 10-40% L REioh
2, COMER, BEEINV—LHEHETS L, Wor i POC I EDIEMT T 7 b EHKOD
BEHPPS O L BRELRLTWS, £77, FHED Chl a/ATP I3 ¥ T 03+02 THY (Table
1), Z O&D TEY Chl o/ATP i3 &M/INEMB T 28 W7 T > 7 + Y EMEROEIEISEBD
TEWZ EETRBRLTWS, —F, B0 POC/ATP iz ¥ 8333 THY, ZDHEIREZET
N—AHIC BT 2BBOMED 2 EBNEYOEL D BV, L b, 20 ATPBE»SEHHE
N 2RMNEYREEYEIL, 550 ugC-17' L RESh, FHiFED POCRE (164 4gC-17") %
EDBELTVD, Tbb, HBD ATP BE L S BEH S hi- 2V NEMRREV B IINEY) 7 Z
YOV, BTS2 N BIUTF RS A I A RED I POCRERII 2 HWCEZ 2HE
T, WINE TS b it T 5 ATPROFER /N EwWEFE L oS, AR KCBT S
ATP B RELFAZE02m D7 4 VY —2FERLLETHD, ThicL T, POCEBERZT
BWAHZEOTum D7 4 VT —2FERLIETH S, T2bb, ZOATPBEIIEY S 7 >
BLUB/INEY TS V7 v DEYRIIAZTIVITREDY 7 I 70y (<0.7Tum) YR EMN
I EMBTHY, FRINLT, ZOPOCEBEREFOV /I urEREERALUIEL
3, Thwx, ATP #E» > B IW M IMNEMRFEMBRBTIBO POCBELE L 28R
2, B0 FITHEOY T I 7urEoEBRcERT EEL NS,

HRmESO L, BABIBIS ATP BESAENICDRENICLELIEH L, £0 ATP
BER, WSS by OEENEREEEINV—LHO 00 DRIZBWTEDTEL, &
Voo BWIT5 07 bV OEESKTLIERA P V—LH0 0 m PRICBHOTOHFET NV — LA
BRI ICET 2 WEE TR Lz COBE/N—LBOEWATPBEOS  BEKICEELT
WABE TSIV 7 N EMBCEZVDTHY, TORA M IV—L2HICBI 28w ATP 8%
DELBNNIZTFVTREOY T I 7urvEYR I BbDEE LN,
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