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Abstract Urea is considered to be one of the most biologically available form in dissolved
organic nitrogen (DON) compounds in marine environments, and it is therefore important to
clarify the dynamics of urea pools in order to understand the marine nitrogen cycle properly. In
the present study, the distribution of urea and the uptake by phytoplankton in seawater were
examined to elucidate the contribution of urea to the growth of phytoplankton in a eutrophic
coastal environment, Uranouchi Inlet, Kochi Prefecture in Japan from 2002 to 2004. Urea-N
concentration in surface seawater was <0.1-48.6 (average 2.87%=SD 5.58) uM, while dissolved
inorganic nitrogen (DIN) concentration was 0.16-22.7 (average 2.26=SD 2.88)uM, and DON
(including urea) concentration was 2.61-185 (average 14.0=SD 20.4) uM. Urea-N concentration
was, on average, 18.0% of dissolved total nitrogen (DTN: DIN +DON), 21.9% of DON, and 114% of
DIN. Urea concentrations tended to increase in summer. Urea-N uptake (UP) rates using '*C-urea
of phytoplankton, which were calculated by subtraction of bacterial UP under DCMU treatment
from total UP, were 2.57-55.1 nmol-N{~'h~!. The contribution of UP by phytoplankton to the
total UP in the seawater, was about 96%. Chl a-specific urea uptake rates were 0.58-8.70 nmol-N
u1g-chla~!' hl. Photosynthetic rates calculated using *C-NaHCO; were 243-5,345 nmol-C [~! h™L,
Assuming that the C/N ratio of phytoplankton was 7.8, assimilation rates of total nitrogen
calculated from the photosynthetic rates were 31.2-685 nmol-N /"' h~'. The contribution of UP
to total nitrogen assimilation by phytoplankton was 2.3-29 (average 10)%. The present results
show that urea is distributed at a relatively high concentration level throughout the year in
eutrophic seawater and the urea is mainly assimilated and used as a nitrogen source by the
phytoplankton communities. Therefore, this suggests that urea significantly contributes to the
occurrence of phytoplankton in eutrophic coastal environments.

Key words; urea, nitrogen, phytoplankton, photosynthesis, coastal eutrophic seawater

200645 11 H 14 HS2A), 2006427 H 21 =8



78 HAT S v h vigat

#

il |

CHET, W7 vy b kRS LTRSS
% DIN) 2 A HCRAHLTWE EEI SNTE K
(Eppley et al. 1979, Paasche & Kristiansen 1982,
Takahashi & Fukazawa 1982). L& L7H 5, WY~
Sy yBERICHIEY 2HRI T VE ST B L O
B AREET AHEIICH B 2 Eh D, DIN DATRKEOHE
W7o v YBEAHMET S S EELY Flynn &
Butler 1986), & ¢, HERFERICE O THE Tha-
lassiosira psudonana & % 3/~ 7 » # Emiliania
huxleyi i v 7 v vid, RE, 7/ BBk
UCTr I FftamEomKhIcERET A EREER
(DON) 2 EHF L U CEERMARGETH 5 L nilts
INTW3 (Antia et al. 1977, 1991, Berman et al.
1991, Palenik & Henson 1997). Zh oW~ 5 v o
N R RE S E SRR E R O T, RERED D
P s o NESE I L ZRICRBESh TV D
(Pl « =HHAF 1995). #hwz, REIWEW TS 7
FrOBFRFEE L TCDINKEHMT 2B EBETH B &
Wh N TW3 (Remsen et al. 1972, 1974, Carpenter
et al. 1972b, Harrison et al. 1985),

Mitamura & Saijo (1975) %, =AZ#/KDOREHE
HRBEEIE 13~59uM TH O, BEELEHE (DTN)
D 69~25% FEH BT &, HICEDIREA L ZEY
Ty VICE VD AENTV AT EERELTO
%. %7z, Remsen et al. (1972, 1974) 13, Georgia /M
Savannah, Wilmington & Ogeechee #[JI1 & L % D
BRI 38 1 B iEK T O PR ERESE IR 3 B <
170~179uM, EHRFDEEAENDIIFZOIEY 7 5
YR VIREDEGATEATVA S EAHELTVS, L
L, INOOERIBEDOEHICE T BREON AL
FURBICAABME AT bDTH Y, FRERL
o AR ME DBV, X510, RENERT L X
S UTEBNBERIC B WCRENEY T S v o b v DER
BELTHBLESLTVZ0hEBEEAEDE>TY
W,

Z CTABIRE, KEBBOMEITL 2 SHEH , B
B OTHERDORFBEEOEHEE L L UOAEETHN
BEEbic, ABTRAETLIEY TS v b v DIRFEA
ABHE, Lo EOREOSERFELER ST 5
HESEMT L, ChERALTERFL LTREOEE
2 3 U 7z,

634 H2E (2008)

g -

BUE I DS K DEEEL &SI

i NE R B RS hRIcE L, BOWL OB
B % o EEEEER 12 km st LIEEH 05~1.5
km &, = CEASHEE IR < KR E Y (Fukami
et al. 1991). CORYEBTCEIN NTFRBIU I AL ED
G o h 3 P E OB Z W KEHENHETL,
FAED X S WCREIDFAE LTV 3 (Patel et al. 2000).
200242 A 520042 HE coEE 1Bl SHE
T, T/ NEER OKE 16~17Tm) OEE (2 m)
B L UERBAK (16 m) 2AUEEBABcRIL, Ch
SO#KIE, BT R 7 oo T 4 ba B L URER
BEBECHW, BKE 4C KBBREL 2D 2~
SEHILINICERZ IR B - ik, & 55 UDREE
(450°C, 3R L7 GF/F 7 4 w ¥ — (Whatman; .
BO7pm) WXOEBEL, M T —20C IKTHRIFL
fo. JLERGEE B X OREHGA S IEHERNE FH oK,
2002 12 B 5 2004 1 HE <ic A 1 BHE T
WL, SfFigdd 2 hEcL iz k.

von7 . iba BORAE

995% = ¥ / — VR iCBfERE L GF/F 7 4 v
g = AC TBBEL &L 7 un T o va B
H L, SCOR/UNESCO (1966) D HEEAWRE L hik
(PE4% « ZHIAT 1995) Itk b HEaER L 72,

BEEEZOTEE

FREREE R OMIE 1d Newell et al. (1967) O V7 & F
WE A F VA EEERE LUK - PR (1972) @
HHECLDIT- 7. BREKEES (DIN: NHy, NOs 8
LU NO) ORFEIZA— T+ 54 % — TRAACS 800
(BRAN+LUEBBE) # B\ TiT- 2. DA GHKEER
(DON) i, LAl UClbRiEs ) v 252 H 05 Ny-
dahl (1978) O A X b Ry EFERELER (DTN)
5 DIN 222 LE[\WTsko /2,

FREREGAHIEEDRE

BB 200 um F A a2 v A o ¥ 2 TREY 7 5
Yo b vEBROKEK 50 ml ARV, FLE 022 um
IYRTF 45 A7 7 407 — (Millipore Millex-GS
type) THREBBE L 72 “C-Urea (Amersham; sp act,
2.15 GBq mmol ™! Ak 1 ml WA ER =
nZh 7.4kBq “C-urea 2 &L KIEE 66.8 nM-N T/
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pEHEKCEIMUE. W7 s v b itk BIREW
ABTEEANES & LT, MIER X2 RERAS 2 H
ET A0, BAKICKRER 100uM &7 3 &5 EARE
HH D 1FE 3(3°,4-Y 7 nn 7 2 =)11-Y 2 F VR
Z (DCMU) %ML 72 (Webb & Haas 1976). 4~
5 vy k& BREIGAS R, BRI K > TRRE X
Nz & DCMU MERG/K OIS0 EM» HRD e, i
B, BB 296 ke ) YARINT A I &Kk D
WAEMOBLAL A B IS ERRK 22 v bo -
E Lt WBE200uEm 2s ! BXOBBKEDOSEHET
2RI TTHELRIT- 7. 4 WK, T~ToRBRXI
Iml OF=) YERMNLU TEYIC X 3B0A BG4
i, 20%, FF2273 /28 —VETHEEE
72 GF/C 7 4 v % — (Whatman; FL£% 1.2 um) % 4 —
5 AEICARN, IhEieciKcgintsnksicmL
(Z5F 1990), 2 HEIZERE L < &ogdicazukn
SUEEE L #2 MCO, 2 2-7 3 /2 ¥/ — PRI X &
fz. Bonk&XOMAKEILE 022 m SV RT 7 4
g — (Millipore GS type) ZHWEBL 2. 7 4V
g —FoEHEA Y vFL—Ya vy NS TIZAR, Th
12 10 m! Scintisol ALX-2 (WAKO) £RINL 7. 7 4
N — FORETEM: 13 Multi-Purpose Scintillation
counter LS 6500 (BECKMAN) #H W THIEL 7, &
Wi 100ml o=frs2aficELi. 2.7y /2%
)= ETSEERILCF/CT 4Ny — %Y —5 0
AN, ChEHSTHERBICHNESVE K7 523N
WWHA L, S0i, 79 23O 05ml @ 1.5
M BB Z AL 2B EH L, 4 AMERCEL T &ick
DB D OMEEL 2 1COy 2 2-7 3 2 2 ¥/ — A
W& "7, s MCO, 2GANCF/CT7 4V —
2, YvFr—va g 7IRicEE, 10ml Clear-
Sol I (Nacalai-tesque) % 7N _Fid & BRI “C %
BIFE L7z,

W75 v b vidREE TN THIBNICIDIAA T
SRS B T & 5 (Price & Harrison 1988, Antia et
al. 1991), DCMU MLEX ® COy 12 ¢ <N CHEmRD
o &R L, REPGALEL I, CoMlaN *C
EHRaD S E N IE R D MCO; & DEEHUNTE
e & Silva (1985) DA L D RD 7.

REBAATSEORY

SERELEEIC 50 2 IREHOA A3 E OE|E % R
WALFEEREEL . 2EREULREE, PIT ek~
LHEREEONERERICHY TS v b VEEC/N 1
® 7.8 (LUARIES» 2002) THRT 2 &TRD I,

KEHEEORE

YA BGHE (3 4C ¢ (Shimura et al. 1978) THIE L
fz. #7Kk 50 mi iT 370 kBq "C-NaHCO; #7inL, K
FHGA A HENEER & R OLE R L. BEE
4RI TITOV, 55 2 RIIRERETIT - fo, BB TR,
HAE 045 um 3V E 7T 7 4% — (Millipore HA type)
THBL, 74y —EEMAKTUEL T 'C
EpELL, FUr—- S RTHBRBR IS Vs~ %
YVUFL—Ya g 7TathicEx, 10 ml Clear-Sol 1
(Nacalai-tesque) % FRhN%%, LI &R "C B4 HIE
L7, B#I 05 ml @ 1.5 M BREg %R L TIEH O
MC ZBRELLE, 1ml &Y v FL—va v, 7k
AN, ZHiC 10 ml Scintisol ALX-2 (WAKO) %R
ML, HIED oA S N AR e BERIE L. &
Ko ZEB LR FBIBE G 2B BAREST TOC 5000
(Shimadzu) TRIFE L fo. SEEEOHRE LLIT 0Tk
7z,

HEEERE (COmgl 'h )
=aUkh o2 LR FRE (CO,mg 1)
X (BHOY A D FUTEYE — B O A O FEHEY /
GRUK N A 72 B X RS2 IR R

007 4)baBOEE)

W/ ONBEEBIUVERBRBIA o0 va &
DERIZEEAE Fig. 1 LR Lz, BEOI7 007 4 0a
Bix 1.29~700CEE 87 Dug 17! Td b, BEOKD
DIr GBI TEL L BMERAIERL, 20024E7 H
19H, 200386 A 13 ABLTTH I8 HItBWVL TR
HOFENS LN, KBTI 0.75~6.17 CE] 2.48)
pg ' THY, BB AE L TRELEFHIA LN
ot

WKPORFRERRE

FEORRESHERE 0.1 £iF (RIBHEA)~486
CEYg 28T uM, ERB T 0.1 K% BRERRA ~102
(P 2620uM Tdh - 1z (Fig. 2). REREZER, WE
KBWwe, BZE (6~8 ) gl nr@Emrdh, BEE
EXE (12~2 H) DETREEN A O (BB p<
0.05, [Ef@: p<0.01). DINEBEEF, £BTE 016~
22.7(FH 2.26)uM, ERET 0.16~22.5CEH 5.83)uM
T®H -7 (Fig. 2). DIN@X, BBV TEBULRER
FEohh, BENEZHNRIEZEAEL P> DL, E
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Fig. 1. Seasonal variation of chlorophyll ¢ in surface and bottom seawaters of Uranouchi Inlet.
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Fig. 2. Seasonal variation in concentrations of urea (upper), DIN (middle) and DON (lower) in surface and bottom
seawaters of Uranouchi Inlet.
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Fig. 3. Seasonal variation in the proportions of dissolved nitrogen present as DIN, urea and urea free-DON in surface

and bottom seawaters of Uranouchi Inlet.

BTEs Ao 9 BehrdTEL, 10 BLUIEEL 15
fHRIA A St £ DONBEE, EElIBWVWT 261~
185CEH 14.00uM Th b, EKBIcBWVWT 1.90~262
(P15 10.2)uM TH - 1z (Fig. 2). Fig. 3 2 DTN &
oo A REEFEEE (DIN, REBLUORELR VT
DON) O#E[& 4R L7z, 4 DON BE® DTN EBE o3
T BEE 1, REICBWVT 47.1~98.9(F14 85.0) %, JE
BlzB\\T 7.89~986(FEH 66.2)% TH 7. —HA,
FREEEESHREE L, FBICBWVWT 0~68.0(FEH 18.0)%
BLUEBIKEWVWT 0~66.9CH 17.1)% =2 hE1
Ewi., X512, £ DON e 2 REEELZOLIS I,
FBITBWVT 0~100CF 21.9)% BLUOERBICB W
T 0~99.8(F1430.0)% TH - 2. [KFE: DIN iz, #
BIBWT 0~16.00321 1.14) B L UERBICBE VT 0~
21.2(3¢15045) TH - 72,

REBUA&EE

W NBICB T 3 2RRPAAFE FRBT 2.99~
55.4CEH 19.3)nmol-N [T h™' TH b, BIEHrOEFE
KB 7 A AR L (Fig. 4). W75 v + vic
& BIRFBEUA A HE 1F, 2.57~55.1CEH 18.5)nmol-
NI'h ! T& 0 (Table 1), FHTLEKD 96% %+ 5D
te. —7h, BBk 3 2REPAAFE L 0.16~24.8
(GE¥ 550 nmol-N I 'h™' Th b (Table 1), BAERZE
HIKZEBIA SN h -7 (Fig. 4). W75 27 + v
T X BRFENGAAEE L 0.14~24.8 (EH5 4.78)nmol-
NIthtTchh, FHTEAERD 87% % Ll AHEER
D, YT 5 o b RN RRERRO "C kiR LA
ER->THELS, MCO, & LTHRIEhTWAE T &b

O, IRERRBEE LTTREL TERERFES LCHHAE
ENTWBZ Lo rTH S, WHEgchid sy S
v VIRERGAABE S, 7007 4 ba®H BN
Bl g 2 EERE & OMICEELHEMIIED Sl
o,

FEEEE

T/ Wi B 2 0G0 OE B % Table 1 IR
T RBONEEGHE T 2483~5,350 nmol-C{~'h™! T
ZHL, BEFErORFILYTRELBAMERAERLC
», ERIBT 3 EaEEE L 10.3~946 nmol-C !
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Fig. 4. Seasonal changes in urea uptake rates of
bacteria and phytoplankton in surface and bottom
seawaters of Uranouchi Inlet. ND shows as no data.
See text for the detail.
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Fig. 5. Relationship between chlorophyll ¢ concen-
tration and photosynthetic rate in surface and bot-
tom seawaters of Uranouchi Inlet. The inset displays
the same relationship in the lower chlorophyll a con-
centrations.

h™! o#Eifichy, RBOZFhEHET 2 E/NEh-
fo. F1, MBEBIOLEREEE /o7 4 VaED
RiC B IEOMEREL A S (Fig. b).

LEBRFAILEES L URENAATER

NEBERE R 75 7 b YEEC/N o 7.8 TR
LTk eE2RmLEER ZhFh 31.2~685
nmol-N ! 'h™' (F&B) XU 1.32~121 nmol-N [}

o5 53 %

%25 (2006)

h ' (B sEEn, Y75 v b vosEREL
I B IRFEHOA S H#E O R (FE5H) i 2.25~
28609 % <Th b, EHWERIEAONLL -
fo. BB 048~36.9(CF 124)% T&H - /o (Table
1)

z =

BIGHKH OJRBEERIRE L 5 Fic 2 09T, <
NE THEOMBKEEL THENLbOBZ VD
(Remsen et al. 1972, Harrison et al. 1985, Mitamura
et al. 2000), il z® U BEEE o amE L
DFMEAHTH B, DIEBRNEBYD, BERBEREIRA
/ WN#ETIE42 DON & 3\ i3 DIN JBE I L TIREN
HEABCEHETEEL TS EEHELMITLE
(Figs. 2, 3). fho7Kigic s 0 3 JRFEREERIBME & k9
% &, W NEBEAKPOBE R, @E Mankyung &
Dongjin N[ 48, Great South /&, Savannah, Wil-
mington & Ogeechee )11 « RIS & U Mississippi
Mo sowliEL, £hLAOREN, # X oinEKD
OEREL DFHYEE W (Table 2). F71, ./ WEEEK
fick i 2 FERABERLDINEBE L O (1.14)
3, T—ANEFHL TS Great South ERE/KH
D 2.07 I IFHEEE WA, ZEEO 0.30 8 & UK
HD 027 LD bR 2 0ICREWV., LI - T, BREL

Table 1. Contribution of urea uptake (UP) rate by phytoplankton to nitrogen assimilation rate in surface and
bottom seawaters of Uranouchi Inlet. P.R. is photosynthetic rate.
Surface Bottom
. . Urea . Urea
Sampling P.R. N assim. UP rate contrib P.R. N assim. UP rate contrib
3 ~11,—1 ~1 1 -1 1 - 11 =11 -1 11,1 -
date (nmol!™*h™") (nmoll™"h *) (nmol{~'h %) ation (%) (nmoll " *h ™ (nmoll"*h™!) (nmol!l~'h™ ution (%)
Dec. 6, 2002 243 31.2 2.79 8.95 229 29.3 0.14 0.48
Feb. 21, 2003 304 39.0 7.09 18.2 194 24.9 9.18 36.9
Mar. 6 393 50.4 2.75 5.46 231 29.7 1.81 6.10
Apr. 25 1957 251 41.7 16.6 864 111 16.7 15.0
May. 23 1500 192 55.1 28.6 89.3 114 1.60 14.0
Jun. 13 4414 566 13.8 2.43 361 46.3 0.52 1.12
Jul. 11 5345 685 40.4 5.89 20.4 2.62 0.75 28.6
Aug. 22 2785 357 8.05 2.25 10.3 1.32 0.15 114
Sep. 19 2207 283 7.87 2,78 3563 45.2 2.86 6.33
Oct. 17 553 70.9 114 16.0 213 27.3 5.15 18.8
Nov, 14 4545 583 40.6 6.96 946 121 20.7 17.1
Dec. 18 764 98.0 2.57 2.62 288 36.9 1.34 3.63
Jan. 16, 2004 391 50.2 6.43 12,8 475 60.8 1.17 1.92
Average 9.97 12.4

N assimilation rate (N assim.) and urea contribution were calculated as following equation 1 and 2, respectively.

Equation 1: (N assim.)=(P. R.)/(C/N ratio: 7.8); Equation 2: Urea contribution=(UP rate)x 100/(N assim.).
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Table 2. Summary of urea, ammonium and nitrate concentrations, chlorophyll a (Chl @) concentration, urea uptake

(UP) rate in marine and freshwater environments.

ND: not detected.

Data only from surface sample were compared in the literature.

Urea-N

Ammonia-N Nitrate-N

Sampling site conc. cone, cone. le al [;l;rlat?h | Source
(M) (uM) () (&L {nmok )
Marine
Uranouchi Inlet:
Surface water ND-48.6 (2.87) ND-224 ND-1.71 1.29-704 2.99~-554 This study
Bottom water ND-10.2 (2.62) ND-19.5 0.06-6.37 0.75-6.17 0.16-24.8
Off Peru 0.00-0.67 (0.28) McCarthy (1970)
Savannah-Wilmington-
Ogeechee coastal 1.70-9.78 (3.70) 0.50-1.82 484-112.4 Remsen et al. {1972)
water
New York Bight:
Sept. 1970 1.06-4.98 (2.48) Remsen et al. (1974)
May 1971 2.00-7.00 (4.58)
Estuarine system of
Mankyung & ND-12.5 ND-75.9 1.33-33.1 1.06-9.28 Shim et al. (1994)
Dongjin rivers
Estuarine system of
Mankyung & 1.34-8.66 4.0-75.9 1.3-15.9 0.8-11.8 Cho et al. (1996)
Dongjin rivers
Great South Bay (5.35) (1.94) (0.65) 1.0-27.0 Kaufman et al. (1983)
SW coast of Finland 0.28 76 Tamminen & Irmisch (1996)
Hiroshima Bay* 0.08-3.32 (0.67) ARE D> (1994)
Etauchi Bay* 0.00-5.01 (0.85)
Suo Nada* 0.15-2.50 (0.91)
Osaka Bay ND-2.22 0.07-12.8 0.12-255% Tada et al. (1998)
Harima Nada ND-2.49 ND-6.24 0.11-9.09%
Hiroshima Bay ND-1.18 ND-2.56 0.03-8.05%
Iyo Nada 0.01-4.22 ND-2.00 ND-5.99%
Suo Nada ND-1.42 ND-1.84 ND-2.65%
Mikawa Bay 1.3-5.9 02-24 42-7.3 3.33-133.3 Mitamura & Saijo (1975)
Freshwater
Lake Biwa:
Oligotrophic 0.77-2.24 1.24-2.56 3.4-8.4 5.20-8.62 1.1-4.6 Mitamura & Saijo (1986)
Mesotrophic 1.37-2.08 1.66-2.57 11.6-14.4 3.33-5.68 13.4-33.0
Eutrophic 3.03-3.66 10.9-13.1 204-21.1 33.2-506 32.2-35.2
Lake Nakaumi 0.9-2.5 1.0-11.2 0.2-5.4 7.8-157.6 5,1-350 Mitamura et al. (2000)
The Ohta river* 0.23-3.15 (1.49) A3 A (1994)
Savannah, Wilmington , 50179 (7 g9) 0.30-1.82  054-152  Remsen et al. (1972)
& Ogeechee rivers
Mississippi river 2.32-15.0 (5.62) 11.6-53.4 Remsen et al, (1974)
Lake Kinneret* 0.0-10.7 Berman (1974)

() average; a: NOy+NOg; *: surface~bottom.

L 7278 2 NiE#HE/KIZ1E Great South /5 & ElREICFREN
ZLEENTVB L &b 3,
KEPDREOREFIZEM, 4« sAEZOAEBL

CEY 5 v 2 b vtk BEEH (Harrison et al. 1985,
Mitamura & Saijo 1986b) & HHYIOME I L 2 7R
K& BHER, LWvwbNn T3 (Cho et al 1996). /N
B, REUWHEBLAETAmARNGE L, AFEEE
HOEENZLHBBINTVEONKRYMTH S (Patel

et al. 2000, [LTiEA 2004), ABHEKBOREE, <
D &S L EEEROEER £ 2 FREOBE I L b
BEMGE NS, & 5VEEBERROBESHEO
FEMARCHEE - s h 30TV RLEEZ LN
%,

W75 v b v DRBEIOAS AR & B &%
WH BT EMBEEESNTWS (Mitamura & Saijo
19756, 1986a, Webb & Haas 1976). Webb & Haas
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(1976) 13, K75 v 7 b Vi X BIREBHGAA1E, W%
HToiaTiibNE L, HERMEEHR DCMU DA
X oMflan s ZEEMELTVWA, LIchi-T, K
92Tk DCMU 2 4fH 9 6 C &I & b iR & & O
75 vy b v ORBIASBEE AW « BIE LA, K
R T1& bntm/W%@m¢®éﬁfwk ﬁﬁﬁ

fikiBics i 2 b0 LEBEOHMANICH D (Table
m,éém,ﬁ@%@*$m£ﬁéﬁ%i5y7bym
£ B RFRGAH BERFECAS D 31~99%, EHT
96% % vt T OFERI, KB TE S o (054
~350 nmol-N ' h™)) O#IFRNICH 2D THY
(Carpenter et al. 1972a, Remsen et al. 1972, 1974,
Mitamura & Saijo 1975), #g/RPORIFIFIERAEL

FITHEM 7 v 7 b VICKDIRDAENA TV S T & AR
LTWa, %/, Bz oo 7 ¢ ba B4k ORER
A BRI 0.58~8.70 nmol-N ug-chla™ h™' O HiFH
}2® 1, Savannah, Wilmington & Ogeechee 1|
D 1.26~81.5 nmol-N ug-chla ! h ! (Remsen
et al. 1972), Mankyung & Dongjin JI[F [IiH® 0.074
~1.91 nmol-N gg-chla ' h™! (Cho et al. 1996) B L ¥
g o 1.31~7.39 nmol-N yg-chlg ' h ! (Mitamura
et al. 2000) & @A E CHEANTH 5 T bbb - .

IhoDT o, EYWFS v b vEEORERIGAA
HE R TREREN RV LDLREEIN S,

i/ NEREIC B 5 MR O JRBERIGAAHAE L 0.088
~564nmol-NI"'h ' Thbo, WYrs 7 0%z
NENBEREPITPNEVEDTH - 1D, kT
S 5N fEIE 0~0.88 nmol-N "' h''! @ Mankyung
& Dongijin I/ 3 (Cho et al. 1996), N.D.~1.94
nmol-N 7! h™' @ Southern California /& (Cho &
Azam 1995) 8L 2 nmol-N [7! h™! @ Georgia M
Sapelo Island, Marsh Landing (Wheeler & Kirch-
man 1986) TH VD, B/ NBEREBLEIELALSEMIV
T EMDh ot m®ﬁ%%wiﬁgcomf,&mm
Island, Marsh Landing OfREOHUAAHE T 7 5 =
YO 4nmol-NI'h ™l 77U v v®d 8nmol-N[ ! h™!
BEUT I/ BREAY® 167 nmol-NI th ™! TH -7z
(Wheeler & Kirchman 1986). <115 &5 &0
ORBZEGAAS DI ED S, MBERRELERR L
LTEEERH LT EEbi S,

W75 v r itk BIRFHCGASHEE, 7 oo
74 va®B, AREEE X URERE & EOHEEER
T EMME SN TWS (Mitamura & Saijo 1975,
19864, Silva 1985, Park et al. 1897). L 4 LAHIFIZ
BOTROTNGHEBERBED SNBh -7, TOERKE
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, TS5 v o s v ORBRBRESE I &L > TR
% (Antla et al. 1977, 1991, Carpenter et al. 1972b,
Price & Harrison 1988) & & F o NnN5, THbb,
KFETESNIMEY 75 7 b BB L TORFER
ABE, TORHFEET BT 5 v+ VEORENHEE
BRMENIEDEZEZ Z0PEYTHE, B/ WET
3, W77 v b volER (Voay g val) &
IR O VW TRIRROIGAS bRE (AR L TV
fotcdd, PR UIGHEBEB A LN b0 EZBL LN
5.

WY s 7 b v OBRFABRBICE Y 3KROHS
RRENBICH - T, SEREMLEE T 3 FREH

ABREOLBAETMT 2 EBEELODHWATH 5,
IhE TRERREER, v rE=T, BB L UR
RO 3EFDORIUAHA D 53R 5T & f2H% (McCarthy
1972, Kaufman et al. 1983, Harrison et al. 1985,
L’Helguen et al. 1996, Kudela & Cochlan 2000), it
F, W75 v b ik BN 7 3 /8B (DFAA)
EOHUAA D, DIN BLUORKRWLHT 2845085 5
(Berg et al. 2001, 2003) C & bBHLICENT WV 3B,
ZLTAHTE, L0 FHCeSERE(LEEEARD S

Wiz, W75 v b v OISR RFELEE & 25K
rJﬂj FiRFoEE4RT < & Mitamura & Saijo
1986a) ICiEH L, JoABGEE £ in BB T 2 Y
75 vy b v O C/N L (LARED 2002) kDR
T52ET, 2EZRRMLEREAEH Lz, chick bR
DI NIBHEKPCB S 27 5 v o b VIt K BIR
FOHFER CEEHN 1 HIEE 1, thinREsTH 5
Southern California & 2 @ 28% (McCarthy
1972), #9 FBE® northern Baffin & ® 32% (Har-
rison et al. 1985) B L U4 ¥ Y X MEIEFEH O French
coast @ 13% (L'Helguen et al. 1996) K bk, U
L, B L 7o &5 oo S 5R iy, M7 2
Y7 h & 5 DFAA S DRUAHPZER I LTV W
fo, WBAFES N CWIARERREZ S h, 4% & 5
BARNPSHEEEbLN S, 7, BRRLE S IEY
75y b MCRRRERBEREE b0 ERHTERL
b @ (Antia et al. 1977, 1991, Carpenter et al. 1972b,
Price & Harrison 1988) A\ 3 2 &5 E@ET 5 &, /#
JWEICBY BT T v 7 b VI X ARBEOES N
2Bl TRECEHLCOWAEEBE LT, KELZFH
ARERB D LESENT 2 EMFERTH L EEZ LN
7z

PLEDZ o, T/ Wk, Szl
B EAEOHIIICEB W T DIN LS 3 Wik e h b
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OREVHBELTBY, FOREAEREY TS 2 b
VKOO ATATVWAC &, SoIcEZORLIc S
D LRFBORGAS I ARECEFHL, Bk -TRY
30~40% BEICbET L EWHLLER > Ep
5, H/NEERILUDE LEEREEAETLAE
WIcB I ABY 7 v 7 b v OREMEAEZE L 210K
L, RBROHELEAZEET L IBOTEETH L L&
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