B A 2014 4F 524 4 51 .55 ~64

doi;10.3772/j. issn. 1002-0470. 2014. 01. 009

Bio-Argo [FHR MMt X AXEBESHHNYNETH%H"

LR HRERT EAROT

("HEBEAF NEBFRFARELLRE  FH 266003 )
(T"ENMA% A EMFERERLRE  EIT361005)

fli % i — & Bio-Argo W AR AL K V¥ (UK B Mf2T) B AT 2 48 (2008 4 6 F -2010
F5 A)REMUMEYE, 2R EFRT ZERXAHEF a RE([Chla]) BR G w4
(b, (532) ) F R R A B (e, (660)) B FF R MR L AN F X R, FHEEWN, LA
BEHEENRFLEFENE LB ARN TN 04, Ld K E [Chla] K FH AL 2mg m ™7,
RAKAL H 0.05mg m ™ 5¢, (660) ty 37 & L W &, 15 £ 43T 2 AN 4CE % by, (532) T
T~/ R ey R AR, 4909 0.00065 m ™ T gk — A Ak 3 K R A 0 A SR R IR T X
M ER Z ;[ Chla] ¢, (660) LL K by, (532) 2 [l 3 & RAF oy 45 KA K K &R, (EAE G =
BT B EX(>0.004 m ™), A b¥X RME, T EM TLABERNILSZFHEY
RN

Ryt Bio-Argo W AR, LAV, PR F a IR, BB G B AT R 2, BUR A O R R R

0 3

-

H SRR A4 v UKL ) ) [ A ' 2% 5 P (inherent
optical properties, I0Ps ) N H. 5 M- &t & a ¥ &
([Chla]) Z Rl AED O F R R, — HIAE % 30 4
WP 5 K (0 R A BT s PR A
YRGS RGN EZEY R R a 2
TR AT C G E TG E 8 AR L SRR
HY L) B 0 T AR AR R B ) G
RS AR K T R ) B [ e
EtakaR a WREE (I W I AT i Ve AR AR 2 R
H Rk 2 DA K A BR G PR A e R AL T A5 . %
UL ES I HEATIRA ST, K BB I LA TR A
PRAR PR A S AR 5 A Yy M BER b2 B Rk 1Y
WIS . AR Bio-Argo PEFRTEIL K VPY ¢
DXEAT LI ARAT A Btk , TR AT T R S5t R
A TE W) 5 2 oA RO A YD R AT T A =
AR

1 BFRHE=

SRR AR e URL ) 1) 1A D'~ R M T2 A A I
It Z %X (absorption coefficient, a)  HUHT & 21 ( scatter-
ing coefficient, b) | 58 % il & % ( beam attenuation
coefficient, ¢ ) DA M J5 [a] 85T & X ( particulate back-
scattering coefficient,b, ) , FH:H, JURL M) 19 6 3R = 08
FH e, TR TR YOG b A Ry BOR A HL ik
(particulate organic carbon, POC) B & AU 24, @
it e, RIEAGH] POC ¥ B2 B A W)t 2 Bk B &l h
P POC fi = B Ae 0 | ke K o ) 3
HH 5 1) B RBOR YL SE | B 021 o0 P 1 SRR 1 i
SR P, R T AR POC BN EES
ﬁ[14-16] .

SR, B AR 7 G2 10 3037 SO0 H 0 A o5t i
BOEMUAEY RPN g 07 X MREGE M EE maE
B i — T D (HH N [R) 23 B ] AN 5 4l R PR A
FREHEAT R E S WL, {H Bk = 25 (8] 73 PR, fEad

© HEK AR (41206028 ,41076114,41023007 ) , ST HHEFE R SERL 24 E 5 i S0 80 % (TR PRl 34 2k 4 (MELRS1220)

WA 2 PEAT AL BHIE& 1T (201005030 ) % By H

@ 55,1982 4EA: Pl @I 0F 587 18] PG, K (8 I, T Lk W BR A2 ; E-mail : xing@ ouc. edu. cn
®

3B AMES , E-mail : hwang@ xmu. edu. cn
(Wi H #1:2013-04-01)



BRI 2014451 H 24 % 551 1

2520 AF YN T] HL R IERR A R R4 TR Y HY
BERIAETH T AR 23 RZ_EXEYDE e S
UL 3 RO R AL R B T i
1T, HLA ROWIN K5 52 = =2 MDE IR S AR K. 76
B IR SR A 2 1 e 2 L 10 X, LI 25 03
FARKEEE T

T, — MO B R E R B ——E )
T TR A (Bio-Argo) B HYUBL, e 0652 R R
Py R b7 9 B2 LA R 1 S A R A R TRER
B AT LR R gt A7 KU B8 A s e, B2 5
MBRENZ=T L AR PRy e S i a] ], H AR
[EIUE DR 2 W NSRS § 37 R s WU e S
SR AR AR I 55 I 25 20 B A 2 19 ) At i L
B AA 0 R th 2 1 R SR I b AR

AR H Bl — B R R P A T
VR AR Bio-Argo 1 b5 LI (14 4 W10 ~A 50 , 4
BOMIRIZIF X283 a R B2 LI RAIURE ) 1] LR 2
BRI AU 2R R e 6] 3 A1 AR R AT
ALY FSRZ KR, U7 H APy Bk
e U . A, 3 45 5 i b At g 22 e LR
PHAER AR I A LE ML

2 MH5F%E

2008 46 H , vk E I H Ol 0T R S0 g %
( Laboratoire d’oceanographie de Villefranche , France )
TEIE R PG VK 5 P TR T — 15 Bio-Argo A1 (Z
S“NAT_IB_B03”) ,7£ 2 4EmF[R] N (F 2010 £ 5 A
SEFOUIN) HRAE T 123 47K S5 A W2 5 TR
f5 " B4~ 10d WL —K, 2K SCBHCF 1000m 4k
A=W Z0A 400m b I X 28 Vg 3% 1T, 3 )
IR Im, FERRIBATHIGE B 1R
T YOI AL T VK B i #8 (20°8,59°N) T bn
TEVK B 4% (Teeland Basin ) 55 8 K2y 1 4Emf ], T

62°N 4
60°N {{:g gfﬁ IIEJJ -5‘"
&
58°N Y 4 5
30°W 20°W 10°W 0° 10°E

1 BFAXHZREE Bio-Argo JFHrFEIL XA FE
(7K B BHE ) iIB1THLE FA X L B

2009 4 5 H -G kE s ARy m#£ 5,8 A A%
#f 5 (Faroe Islands ) AU AR , I1-7E 90 JE T L
W TS 1 AR ]

ZEEbR E 45 A 3 [E Wetlabs 23 w4 7 (1) Eco-
Puck {848 (FH T M M- 28 2 a 90 B A i
J65 532nm J5 [ EUS R %) A1 C-Rover 32 it 11 (
T 660nm S o 5 Uik 22 %5) DL K42 K Satlantic
NEAEERY OCA AR5 CHF WM 412,490 ,555nm
TATHR R .

M2 R 9 CEHE 1 e 2 IR B8 12 1E (offset cor-
rection ) , Jif F% 12 HCA 4 Y #1014 S5 /M (— i
HIAE 350 ~400m ) , P28 P KA IE (FH DARE JE i3
FEM SR DI KR ) 0, B J il 1 B R 4k
J ( combined treatment ) J5iEM IE M M4t 2 a WE
([Chla],#if mg m )" 660nm ¢ 5 2 L
WA HATIMEE K IE , [ B 23 B T 2 7K i S 0 3R 5K
CHE) AN (T UL U0 R 7 A S 3 T i = A
() ARSI 152 2% , 15 EI UKL ) 208 R 5 (e, (660)
By m™') o AN IRAJZIREE (Mixed Layer Depth,
MLD) i@ i % FE # m it 5. b LR ER)Z
( <10m) B EE BRI 3, LA 10m 4k 1Y) %5 BEMEAE N
SHAH W RER N B (EEHE h 0. 03kg m

3 HEREAA

3.1 HEZEFTHRYHETTL

7E Bio-Argo #5902 BT, 75 R — KA
BT A S R 2= A R D, R
MRECT B I 7 AN BRI R] (1 ~ 2 &) N
A7 e S UL, e = PR AR AR R AR 5 R
WL Kt K AT B0 9 2 RUBE A5, (EDULI
B B L, ME LU B s A ot S i s
B 2004 4F, Boss 212 3 GE 1 — 4 Bio-Argo
FEARAEPE AL R PE I (30 —50° S,45 = 55°N) KL
T [Chla] 55 b, (440) 245224k, A SCHT HIAY Bio-
Argo IEFREMLIN S B A P55, 55 17 B idE
TRIEWRLA PR (POC) 511 ¢, (660) £ .

M2 2R a YRIE [ Chla ] ORI IS [n] B R AL b,
(532) JBURLDG Ul R EL ¢, (660) Y[ 5 2547
WA 2 Bis, Horp Rt R RRIRG B R E
MLD, MEIHRTLLE 1, =Fh A Y 2w i A8 4k
A ST — B T ) 3 A1 R, WEIU{ELAT A 22 B
L IRE BN AR R, IR G 2 2 T s
i Nk E, EE(6 -9 J)IREGERE



T/ A5 < Bio-Argo PR AR UL LR P i (5 28 55 0RL 4 1) 245 7 A

12 F -2009 4¢3 H IR GRREECBEEY
2 T B e KO R BE (400m )
Chla

( <50m) /EMpereiim, 2% (1 -3 A)RGZE
IR, ARG 8 B AR fR AR AEL, A5 7E 2008

' T= E T=2-L
100

200

Depth

300

Ocean Data View

400

100

200

Depth

300

Ocean Data View

400

Jul Oct Jan Apr Jul Oct Jan
2009 2010

cp660

100

200

Depth

300

£
]
z
a
g
8
S

400

v]ul I Oct o Jar; vApr' ' Jul ' 'Oct I Jan'
2009 2010
()
2 MEEaRE (R mgm™’) (a)532nm FHYEE ST R (AL m ™) (b)F0
660nm BN RFERB AL (B m ") (¢) WEEFT(BPRERKEERRE)

IR =M YDA S I TR [0 AT RIE 5 2
AL AR IR — B, (B —SE AR 22 51
4, 75 2008 4EH %= {5 )= N EJ[ Chla] Fllc, (660)
FE7 -9 A4y ¥ARes {5 by, (532) {0FE 8 A9
AT IR R h TaR 2 RG] A FIRGZ
WML Chla ] Fil by (532) ZEASAEN I — 734 (HER)Z
¢, (660) WIWT R T TR 26 ; A\ 2009 4 4 A IT R, b

RPGFEHEA A 2= R 0], iR 5 /2 A [ Chla ] A1l
¢, (660) W EHNN, by, (532) HANA R, (H3 fi7IF
AW, B 6 A A TR K IE 05 55 2008 4F 1§ 5
FHIA] by, (532) fBL-F L[ Chla ] Fil ¢ (660 ) f) 3 4 1]
T 28,7 HRIIFR AR, 107 [ Chla ] 71 ¢ (660)
R R 9 H o

H T =MAEYDL S RAER SR N A —/Y



BRI 2014451 H 24 % 551 1

SPARFEIE, K 3 R TIRGZ NI FYE S R)IZE
AR5 (R ZE B 10m N /18, T A H
surf TR IR G2 FE TR ML 2oR) , X B
WRITE B by, (532) FEECR T 10 £, kR
HPORUEE SR 1 o M R SO 132 2% | KT T A TR A
JEVHER R ZEM ST T 3 585 8 408 ik 4b
B, IbAh, IR A2 TR B R 20 38 U Ab B O 22 i
B 3(a)h, ATLLEH, IRAEREE 2 k8
T, Horb 2009 4% 2 HIRA 2R (MLD) £ 28 i
600m,2010 4 2 H ik F] 300m, F KR A =102 5
FHSRYE T X 2% 55,2000 4F 2 H WA 5 BB AE VK
A 1 AR Z R Bk AREOEE . SR, X TR
H2ES MR A 2 BE, X Pl X 1) 25 AR /N
WAL HAKT , [ Chla ]y Fl e, (660) \ B g AH L :

PN 2008 4 9 H Tt [ A, 2 2009 4F 1 A
IRFIRARE (ML a REEZY 0. 025mg m ™, ZE)5
FH90.0025m ™) B2k 2 AN EUE S B S
SERER AR 4 H B A, — A A U
TRZI10 455 AR 6 HA0, Zil R8O — KR
FI, M2 AR N6 HZE8 A3 4
HTE], [ Chla]y Al e, (660) A UL 284k, B3 9
FITIG MBS IHIE L N9 HZE 1 H 48R
a Y 5 IR B ER D/ FRIR A A 2 B
RZAE 1 A BB AR, 58 B— IR PEE 36
2R 2K a e R N e A KA KR T I A L
by, (532) v I AR AR — A i il Az, A
i, 3 AR T 1) B AR T S A A7 AR T 2L
ML 3.2 FT4.175)

9 (532 *10 |
Cp( 660 ) |
B 1
e
=y
T 01 o 5
5 £
E g
= =
S 001
0.001
t—+F & + & t ¢ & & ¢ § § & & & & i & & t & & &
Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr
2009 2010
(a)
10 bop(532) suis*10
p( 660 )suer
g 14
o=
=y
T 01+
&0
£
o
S 001
0.001
I T T I I 1 I I I T T T T T T I T T T T T I T T
Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr
2009 2010

(b)

B3 BARNTEH(a)MRE(b) WHEEE a iRE (4 mg m™) (10 54 5320m BRI /S 8 85
R (B m™") 660nm B HRFEB R (LA m ™) WRESRRENKEFFI

FEEEI 3 (a) 5 3(b) TLUR L, RIZH SRS
JZF B 9 % R AR o8 4 — B A B L
by, (532) 5 by, (532) vy AR, 5L W 0K ) )
[ UM R B RN R B TR WA R, FEAS S 4 —
oA (S5 2(b) =50 ;[ Chla ], Al ¢, (660) . FE 5

F IR Z P EEEAAR R (E7E 2 Z 0 B 3 e
Horpr, [Chla]  fE 1 K EIEAK 0. 05mg m ™, 2%
RAETVHER 2 £55¢,(660) el K 0.015m ™",
FR S FMER T 5 /%, i T [ Chla] Al ¢, (660)
PR FARIF i Ay (e R PR AR ) ) 2 ) i



T/ A5 < Bio-Argo PR AR UL LR P i (5 28 55 0RL 4 1) 245 7 A

M EZES R, RIREUR ULV Y 2 Bl R
JZ MAEAZEJC N W, 31X 32 2Rty TR A 9 4
RAFEPER
3.2 MEEa SHHMHNENKEXR

TR 851 A7 D't ek 28 A ) — i Dot o 2 ph 7K
PR rh 32 B e Wy Bk BE R DR B9, IR R — 2
KPR IR B AR T T J2: (BRI K Z 50 ) B
BRI 5 o M T I8 2 2% ol TR KT 1Y
ez ONESUNIES N NS5 VAR k7B~ N/
W AL Ji 1) UM RS AR 3K a W Z MY SE 5%

B4R T R ER R 0 D2 S R
(A T FERAFE 3 O T M P R
MBI H1 TR AL RO BE A BURS (0 R [, AT
e i 52 5 OB 4 (B 56 R K0 LB 4
TR, 22 6 R L 2 ek ™,
G R X 7 19 2 2 X 2 AR ST il e
Vi X SRRV 10 6 2 b T HE 255 15 58 X
22 SR AT B T VR A SR ) R ER A2 o B
R

4 4] T [ Chla] b, (532) L% c, (660) ]

08 ] bup(532)M1=0.00063+0.0021[Chla]s’ (bop(532)pr <0.004)
R’=0.94 .
bup(532)5u=0.00053+0.0021[Chla]%/# (by,(532)1.<0.004)
R?=0.93 o%ﬁg%&
= ¥=0.00053+0.0019x°! o ol -
] apd e
= 0003
)
_:_S'
0.0003
T T T T
0.01 0.1 1 10
[Chla](mg m™)
(a)
0.03 - 071
Dp(532)01=0.00065+0.0050¢,(660)3;;" (byp(532) 31 <0.004)
R*=0.95 )
bop(532) 5ut=0.00050+0.0054¢,(660)%,7F (byp((532)r.<0.004) )
R’=0.95 og% .7
= ¥=0.00065+0.0079x" 14 aS 290
=} (Fm 0
& 0003 - s
[32)
e}
=
0.0003 |
T T T T
0.001 0.01 o (660) (m) 0.1 1
(b)
1 -—
~ 01
B
=
N=
S
< 501 - ¢p(660)p=0.292[Chla]}
R?=0.98
¢p(660),5:=0.293[Chla] .2
R?=0.97
B y=0.189x%7%!

= 4

[Chla](mg m™) 10

(e)

BEENFHURRE[Chla] 5b,, (532) B RS HE (a) VEAERNTEHURRE c,(660) 5

b,, (532) WE =2 HE (b) VEEERFHUKRRE[Chla] 5 ¢, (660) Fy# = 5 7 B ( ¢) BB 8 /7 51 (
FRERRBEARTHNEYAFEONEXR, XBXKRREEYAFENODEAXR, BEEASEL)



BRI 2014451 H 24 % 551 1

MIHC L B AR ARIR G2 N, R alE e
IRERZH, 5N, R AR AL HIER
REENFHHEMEZEREIHIER , %[ Chla]
b, (532) MK FR (K 4(a)) ,REZESERZE
ST AT AR W R, A 22 B (1) &R
by, (532) ZAEA K, 17 [ Chla ]y AT [ Chla ], 7]
i50.025mg m B ; (2) HRLEMLRE a IRER =
fAX ([ Chla] >1 mg m ™) %2 by, (532) R F IR
HENFEME, [Chla]F1 b, (532) 24K R+
TERIN: (1) b, (532) FEM 4R a Wk B2 AYIRAEL X
([Chla] <0.1mg m ) AR ( ~0.007m ") , i}
HIURL ) I 1] B 5 3R 8O AE — A W) B Y 7 SR
(b, (532) o) , XM TEPIH HUAH K R P RN —
AMEREE . OCT 5 1a BUR A9 5B, Z FT 2 A A
AR S TS, X B FRATT B 2 i T I FR AR Y
TR 272 g A S P 9 ) AR £ R ) 4 7
FE220  BARMICISHE WL 4. 1 45, Jeig st bk
TR DL, FAT T 5 5 A 1 A G OC R 1 [l 05 73 vh
g HAE Ry — A EE I 2, DhAS 3 s 1w s &R 8o
BETEIFAE D AR R 50 5 4R R a WREEZ I AEY)
MR FR (2) 78 )5 M 89 & B K EH X
(b,,(532) <0.004m ") , P # BYMI X EAR 55 (R >
0.93) T b,,(532) b WAFLE , A SCRHT T — A&
B BREIE X AT P& 1Y 1A 2307, 45 B Y AH G5
ESilvF
by, (532);, =0.00063 +0.0021 [ Chla]y”
(b,,(532) . <0.004 m™") (R* =0.94) (4)
by, (532),; =0.00053 +0.0021 [ Chla]%}
(b,,(532) ,;<0.004 m™") (R*=0.93) (5)
ATLUE RG2S RZ I SRR, (L
TEBUE SH6 80 EAFTE A G225, AR by, (532) 46
(922 51 5 [ Chla ]y, L [ Chla ], fe /ME SEARAT G
Kl 4(a) 2% ik (y = 0. 00053 +0. 0019x™°")
FEREA S B R JZ by, (532) 4 (0. 00053) 55
Huot 2575 g K V- L3I 1) 14 255 A 06 o6 22100 2 Iy
B, A R TAEH TS S EAFTE GO T 5 Z A Y
WL A5 R FEAT o8 . NIRRT DU Y, J6 R VS Y
BIASCER 5/ R EIE I, (3) 1Ak, 72 )5 19
HIUF A AL (b, (532) >0.004m ™) T A G
PEREAR, H by, (532) ({3558 T E R AH X A 7 14 1]
HCFR , ATRESE H T E R 2= AR I, K A 1 kL 47
R AR A R A T BRI AL, B 1 BN &
BB R

Kl 4(b) WoR i ¢, (660) 5 b, (532) Z [E] Y
KAEL 5K 4(a) K0, HERG)Z 5RZNHUN
o3 A AR 2 3, ME — 09 22 i D B AE IR (E X
¢, (660) v I/ MARKALT ¢, (660) 1 Fe/MH
M e, (660) 5 by, (532) AR K RKFE by, (532) 4
5 3 (a) 251, W2 78 5 ] #0509 (% X
( <0.004m ™" ) HISEHEAR LS, A A -5 57 30— E A9 115
5 MK FR TR -

by, (532) ;, =0.00065 +0.0050 ¢, (660)5;/"

(b,,(532);, <0.004 m™") (R* =0.95) (6)
by, (532) ,; =0.00050 +0.0054 ¢,(660) %
(b,,(532)_,,<0.004 m™") (R*=0.95) (7)

H5H(4) (5)FA, ¢, (660) 5 b, (532) FEIR G
EHSRBRCRIEF IR, AU I S S EA —
SE 2, R (4) ((5) Y by, (532) 5 AT LA
HHERRAZE R 5 [ Chla ] 5 ¢, (660) 1R /MEAT
RKHIKR, BT ¢, (660) /N ik F]0.0025m ™"
SEOTA R JE 17 B 5 E 5K (000065 ) , 1
R B by, (532) oo 5 LA E 4 (D) 1Y
MR (y =0. 00065 +0. 0079x" ') WK 5+
5 Antoine ZE7E Hb o i W0 (49 bhp(555 )5 ¢, (660)
(ARG 2 B B, 7T LA B, b 7 i g Jal
IH 5 2R 5 1l v Y 45 SR SR LU AR 1

fJa, [Chla] 5 ¢, (660) 9 C & s T 4 (c)
B A S B (R >0.97) o SR A Sy
FRB 37153

¢, (660),, =0.292 [ Chla]y;* (R* =0.98) (6)

¢, (660) ,,=0.293 [ Chla],*(R* =0.97) (7)

HRFEENE, WA ERG)Z 5 RIZHEIEE
ENIVER @ ICIIR(EREE il e s ST IOF =37
(7) 8%k 1. 04 4R T 1, R ETER)Z
RELW KR, BHML (y =0. 1892"7")
Loisel il Morel ™ 3 zf 4> BR A PE A (4145 K- |
RV Pt ) 00N BCH i 2R 45 00, I vhe] LR
X g R SR PR RE 2 R I B AT, i
BGKFP 25 S5 s R AT RS R T[ Chla ] 5 ¢, (660) [y
A R AT ) 5 23 [ ROBE FOR A S 350y, HLAR T

W 4.2 797,
4 7t #

4.1 BRYEEEHRENERE
ST ORI ) UM AR RO T S AE, H AT AR



T/ A5 < Bio-Argo PR AR UL LR P i (5 28 55 0RL 4 1) 245 7 A

PRI BRI RS, Horh— T B PR R AR B R YY)
MIAFTE , 25 T 5 I A A A8 5C R AR ek
UKL (4N 5 37 40 B8 PE 8 e 1 DA R kL) Y S
[ 105 2R BOH  T X — #F S  o Behrenfeld
261200 3 sk T UL AR S PR, 7 I 1) O S e
a WA OC R R AR — DAL B S 0] B
Sl MRZMGE a WE/NT 0. 14mg m i,
by, (440) AN& A AR, 4ERFTE 0. 0012m ™', Boss Fl
Behrenfeld" " TEAL B Bio-Argo VE 4R WL A9 bbp (440)
Bl iy, W5 ) O AEAE TS S5, Az E B
0.00035m ™", J& 3@ i b,, (440) I i K% £ 200 ~
300m () H Al P E . B OE W —MIEBI R A T
Brewin ()5 [ LR AR IR 0 268 R0 00 ) 17 15K
BN ) g0 R - i L B N Sl K BU NSRS i)
( >20pm) /NEIPEJFREY) ( < 20pum ) LA KGR 328 0
RLRETEREE . BERIEE IR B, AR5 S BORLY) ) 1)
S REOE — DS AFTE R H B (b, (470) 5 297
0.00068 ~0.00076m ", b, (526) %)% 0.00054 ~
0.00063m ") , - FLif 3k 3433 5 il 10 A %
P SRR T HOR WO, At , X — 1Rk B
BTSSR AEAE AR, 1 Huot 4610 5 P-4 8 FR 16 X
AU E R b, OF A TE 2 R a WRE Y IRIE IX Kk
X —FF ST

T3~ P REME I 2 AR B WL 5% 2% . Dall” Ol-
mo 4527V 38 3 AR A3 SRS AR A AT 0 UL R
iy L JtaE X ( flow-through ) WL 28 ¢ v P 1 AH [7) B
5 1) IS A S WL ) K30 o 3, W 25 AR AR AR DX
AT 0, T 7E S T I AR G b Y S AR R
P AR —A B 0 IR, VR A X 2 th T
F 58 Y J 1) B EOHE T BE AR G HL IR Y A R 2L
o

ItAh , Martinez-Vincente 255 75 H %5 37 20 41 i
X (flow cytometry ) I 52 45 S| (Y 77 i 4 1) Bk & 1t &
by, (470) i}, o % B J5 ) 85 5 5 (8 09 A7 TE,
by, (470) o295 0. 00076 m ™", SR 1% 3O 5 S AH 1
RIFTEARMEE 2 A5, Wkl EIR WP AT gk
HAFTE . A, AR 5 FRGIR T LU B,
JE R VE ¥ Bio-Argo HUHE 73 iR B W SEH S
Brewin"*"! FI Martinez-Vincente ™ [/ 45 5 4E % #5538,
H ERIFAE RENEPRHEA B2, i,
AU 5 1) O AR 8 | AR SCARDME B o ik — 75 SH(EL Y
7oA 2 T AR S TORE ) (0 A7 AR I 2 ol T B I
HLITL IR RS , FRATTI0 5 2 0 22 S 6 3 55 A5 R 40 ) 47
ko

4.2 FHYARERRZBEHRE a i REXREN
FEFEN
H T ¢, (660) il FHAE S POC 1B ES B (i
FAAELNE R ) Y AR AE SR i X POC 597
TR e 15 it 22 () 1 ER A AR AR K, H el DL
¢, (660) 5[ Chla | () Fb Al B 1F 2 77 IEAT 40 40 A 9 1)
W B SR a HE (C: Chla) PR AU S4L, T
J5 % FAE T IR WAL 4 4 BRSO GIE e 1
FIHZC(6) L (7) Wy EIEZE R FRATAT AFS 5 .
¢,(660) /[ Chla]y, =0.292 [ Chla 5"  (8)
¢, (660) ./ Chla],, =0.293 [ Chla]%%  (9)
FEFRISCHTTIE, AT AR BRI 250 2 73R
JZ,C:Chla ()X R K, WX FIRAENET
¥, C:Chla ¥ 5[ Chla ] lUIEAHIG K R, G561 3
(a) AT, C: Chla 284kt 5[ Chla ] —3, fA7E4
R R ZETERRIE . T2 B PR A A A B
FER FEE SRR 7 R IS LT, C: Chla [ HL(ERF 28
PEASE TR i, 2 (8) FAEAY C: Chla
ZEAT R 2 R G HR AR Ak L R PR IR ) ) D
PP E . AERTSCr, FATE BIA TR
cp(660)5[Chla:| M2 5 Loisel Fil Morel ! 45 511
2 F B A TR AL, Voss & FEdb K
VU B A8 VYRR DR AUV A R 25
FHgie, (490) =0.314 [ Chla]™, Loisel 45" 75 Hl
HRIAE A ORI 45 54 e, (660) =0.499 [ Chla]®”, 7
RPN KR LK Loisel F1 Morel ) fi 45 B vpr | [] )5
BERE/NT 1o s Bk S RS Kt (8)
B, FATHE KB ¢, (660) 5 [ Chla ] (% HLAEKE 171
O FITERE a MR, TS 5 A SCHER A Y
S5 SR, T BT R AYJ2 , Z H UL 25 SR 35 2ok
BT MECEA L 5 T =X IR AE W22 R I
B P 2 225 [B) 43 AT R AIE 5 100 A SR FH 2 7 [ X
T O P 5t , A ' 2 DG 2R R B g U2 s ]
OIIARERIE , R A TEAR A X 51 25 (R4
LR EE a MR 1) R 1 — M R A B AR X TG
(BN 3 A5 6 308 FR M X (e Mg ) o fh R O
FEY) A FR2AREARI AT 1, C : Chla 58 37 58 7K B 7 A
I FEL C: Chla 725 [A] 40 fii b5 [ Chla] £
IR TR A R T, TR — 1 X
C:Chla 232 FDG ANE FREE LR g, H 2 —
MOR A RER VB R A R (B s )
P el B G R Y A K AR RS
([ Chla 555 s &R BRI VB IR AR,



BRI 2014451 H 24 % 551 1

R A 55 | i A ) A ) i — B I ([ Chla ] 4
i) o H1F C:Chla 5562 IEM K, 55 FEEIKT
SRR T D R R AR A, AT S
[ Chla] B9 BRIEAHC L &R o
4.3 XA FETBENEZENS

AP FESEAEIR A )E P ) R B R
HENEESIEA 20 E N RBEE, BRT
E5 . nJLUE AR R a WS il R AU
S3E 5 HIE 0 ZE 1 3 A R AR LB R, B AR A

MBI AL, Ao W fH A — E 220,
Y [Chla],, Fl1¥c, (660),,7F 2009 4F 4 -5 J] &,
i [ Chla ]y 15 ¢, (660 ) \ BB ISR LE BT, IF M 6 H
£ 9 HEl—H RS ER R R YK B ST
ERE  REBRE SE X by, (532) , E4F B
SEH BTN, MLER T8 SAE (PO 0.00065) )7, )
] BT R B BUME S AR a AR R B 2
TARIEA— 2

1000 —

g
I

2[Chla](mg m™), Xb, , 3.c (dimensionless)
>
|

Tbup(532)pe*10
¥ep(660 )y

/ Z(byp((532)r1—0.00065)*10

2010

BS5 BAERNMSMMEE aRE (B4 mg m™?) (10 {549 532nm BH ¥ /5 5 8051 R 41
( BA{iL dimensionless) ,660nm FAI ) 3 3R 3= 8 R £ ( B2 (L dimensionless) X% 10 X BR L

S{EJF 532nm FHL ) 5 16 BL 5T 2 B A B 18] 51

FAE 19 e, AT E IR AL RV &
PRI, HOC T 9K 8 HORZ AR YW - RSP
2 AT BF IS AR, Sverdrup T~ 1953 442 M 1Y
Z B N, BEAE R S T IR A R R
Tl SR I B, 3 — R U PR A Sverdrup i
TGRS o it , Behrenfeld ™ i 1 TLE$5 %
AR BT BRI T4 Z=(1 H) |, R
RGP R AR IR B IR E MR R e . Wt
A1 ARG KA N A W s T a2, T e
FBERIE LK REREWI(S -6 )4, T
XK A T Fa Be TR AL R
VU A A8 B R ——" Wi B — F-HE 5 B ( Dilution-
Recoupling Hypothesis) ” , 1% — & ¥ I\ fy Jb KP4 7
ZFRBEWING, MR T IR G RN
G341, WITBER T IR S5 i s 2 R AFi &
MR ORI A ) A ) 5 DA T AT AR 4 ZE T
IR, MR AR, BE RS R AR, A
WERIEh Y LB R A CR (S
Boss F1 Behrenfeld ! | fl— £ Bio-Argo V4% - Wi

— 6 —

£ 3R a W 5 i 1] B AR O, SR Sk 1
AR, PRI A 0 AR )RR S AE 1 ik B B i
FEAL BT RSN, EE 6 A sk

ARG 1 Bio-Argo A5 £E A6 K P i 14 WL £
i, FRRSAIE Tix —Hig . M H, =MAEYDLr S
(PSR ER a YR EE B0 R 2R 2 A B 1 B
Z R0 AU HBUMEAE | H IR e 4R iR A%, I ar
RIS, WA R R 25 2 A 0 A 1k B e 4F iR
ik,

5 % #

F SRR PR BRI A [ A DL B S AR a
JEE B BRI Ay T e A A5 o AR W M ERA 2 DL J 4
PRI RIBE SRR B T EAE B, YL R
14 R i 55 = AR AL RO N TE A B - A A e A
e H AR i B2 R I T

AICH— 17 Bio-Argo FFARAEAL KV I X i
P17 2 AR A 2 B B, TR e A T BORE A S



T/ A5 < Bio-Argo PR AR UL LR P i (5 28 55 0RL 4 1) 245 7 A

ORI 5 Z 10 A R AEYDE R R JF
[T AT T 2308 3, SR e TR 1 EUR &
BT AE e, (660) 5[ Chla ] 5 F AL A2 T SCLA
FACKPG R R KA PLH . T RIE Y, H AT
TEAEWIIE2 5 B T TE AP AT SR AT A — L6 1 R A L1
(LR A D8, DRI A1 ) 7 20 o B 22 1 52 36 28 A
TS usy, R A AT 5 Ui AL 1) 't~ e v B LA
AR CER Z= 0 AR RESF) igAEfl
M, Bio-Argo IFARAY HH UTCEE N FATEAE T —A>
SRAT IR B I T H o X OB AT IR AR
Br, R IH eI AR A i i AR S R S
AR A B R AR OR RIS BT S R SR
e

S E 3k

[ 1] Gordon H R, Morel A. Remote assessment of ocean color
for interpretation of satellite visible imagery. A review.
Springer-Verlag, New York (USA) ,1983

[ 2] Morel A, Bricaud A. Inherent optical properties of algal
cells, including picoplankton. Theoretical and experimen-
tal results. Can. Bull Fish Aquat Sc,1986,214.521-559

[ 3] Loisel H, Morel A. Light scattering and chlorophyll con-
centration in case 1 waters: a re-examination. Limnol
Oceanogr,1998 ,43 .847-857

[ 4] Bricaud A,Morel A,Babin M, et al. Variations of light ab-
sorption by suspended particles with the chlorophyll a
concentration in oceanic( Case 1) waters;analysis and im-
plications for bio-optical models. J Geophys Res, 1998,
103:31033-31044

[ 5] Morel A, Maritorena S. Bio-optical properties of oceanic
waters: A reappraisal, J Geophys Res, 2001, 106, 7763-
7780

[ 6] Huot Y,Morel A, Twardowski M S, et al. Particle optical
backscattering along a chlorophyll gradient in the upper
layer of the eastern South Pacific Ocean. Biogeosciences,
2008,5 :495-507

[ 7] Loisel H, Vantrepotte V,Norkvist K, et al. Characterization
of the bio-optical anomaly and diurnal variability of articu-
late matter,as seen from scattering and backscattering oef-
ficients, in ultra-oligotrophic eddies of the Mediterranean
Sea. Biogeosciences ,2011,8.3295-3317

[ 8] Antoine D,Siegel D A, Kostadinov T, et al. Variability in
optical particle backscattering in three contrasting bio-op-
tical oceanic regimes. Limnol Oceanogr,2011,56:955-973

[ 9] Boyce D G, Lewis M R, Worm B. Global phytoplankton
decline over the past century. Nature ,2010,466,591-596

[10] Behrenfeld M J, Falkowski P G. A consumer’ s guide to

phytoplankton primary productivity models. Limnol Ocean-
ogr,1997,42 .1479-1491

[11] Claustre H,Morel A,Bahin M, et al. Variability in particle
attenuation and chlorophyll fluorescence in the Tropical
Pacific ; Scales , patterns , and biogeochemical implications.
J Geophys Res,1999 ,104 :3401-3422

[12] Bishop J K B. Transmissometer measurement of POC.
Deep-Sea Res 1,1999 ,46.:353-369

[13] Bishop J K B,Davis R E,Sherman J T. Robhotic observa-
tion of dust storm enhancement of carbon biomass in the
North Pacific. Science ,2002,298 .817-821

[14] Loisel H,Bosc E,Stramski D, et al. Seasonal variability of
the backscattering coefficients in the Mediterranean Sea
based on Satellite SeaWIFS imagery. Geophys Res Leit,
2001,28:4203-4206

[15] Stramski D, Reynolds R A, Babin M, et al. Relationships
between the surface concentration of particulate organic
carbon and optical properties in the eastern South Pacific
and eastern Atlantic Oceans. Biogeosciences 2008 ,5:171-
201

[16] Vantrepotte V,Loisel H,Mélin F,et al. Global particulate
matter pool temporal variability over the SeaWikS period
(1997-2007 ) . Geophys Res Lett,2011,38 . 102605

[17] Loisel H,Nicolas J M,Sciandra A et al. Spectral depend-
ency of optical backscattering by marine particles from
satellite remote sensing of the global ocean. J Geophys
Res,2006,111:C€09024

[18] Claustre H. IOCCG report N°11 ; Bio-Optical sensors on
Argo floats. Dartmouth ; International Ocean-Color Coordi-
nating Group,2011

[19] FB/NEE B & %, Claustre H, 25, —Fft 35 (14 1 1 A 40 i
BRAL2E [ E UL 4 : Bio-Argo TR AR, VG EE IR EE R 2E
2012,31:733-739

[20] Xing X, Claustre H, Blain S, et al. Quenching correction
for in vivo chlorophyll fluorescence acquired by autono-
mous platforms: A case study with instrumented elephant
seals in the Kerguelen region ( Southern Ocean). Limnol
Oceanogr ; Methods ,2012,10,483-495

[21] Xing X, Morel A, Claustre H, et al. Combined processing
and mutual interpretation of radiometry and fluorimetry
from autonomous profiling Bio-Argo floats: Chlorophyll a
retrieval. J Geophys Res,2011,116.C06020

[22] De Boyer Montegut C,Madec G,Fischer A S, et al. Mixed
layer depth over the global ocean:an examination of pro-
file data and a profile-based climatology. J Geophys Res,
2004,109 :C12003

[23] Gardner W D, Walsh I D, Richardson M J. Biophysical

forcing of particle production and distribution during a



PO 2014 4E 1 H 524 3 1

spring bloom in the North Atlantic. Deep-Sea Res 11,1993, space. Global Biogeochem Cycles,2005,19 . GB1006

40.171-195 [30] Brewin R J] W,DallOlmo G,Sathyendranath S, et al. Parti-
[24] Boss E,Swift D, Taylor L, et al. Observations of pigment cle backscattering as a function of chlorophyll and phyto-

and particle distributions in the western North Atlantic plankton size structure in the open-ocean. Optics Express

from an autonomous float and ocean color satellite. Limnol 2012,20:17632-17652

Oceanogr,2008,53 :2112-2122 [31] Stramski D and Kiefer D A. Light scattering by microor-
[25] Boss E,Behrenfeld M. In situ evaluation of the initiation of ganisms in the open ocean. Prog Oceanogr,1991 ,28.343-

the North Atlantic phytoplankton bloom. Geophys Res Leit , 383

2010,37 . L18603 [32] Geider R J,MacIntyre H L.,and Kana T. A dynamic regu-
[26] Westberry T K,Dall’ Olmo G,Boss E,et al. Coherence of latory model of phytoplanktonic acclimation to light, nutri-

particulate beam attenuation and backscattering coeffi- ents, and temperature. Limnol Oceanogr, 199843 679-

cients in diverse open ocean environments. Optics Express, 694

2010,18:15419-15425 [33] Voss K J. A spectral model of the beam attenuation coeffi-
[27] Dall’ Olmo G, Boss E, Behrenfeld M J, et al. Particulate cient in the ocean and coastal areas. Limnol Oceanogr,

optical scattering coefficients along an Atlantic Meridional 1992,37.501-509

Transect. Optics Express,2012,20.21532-21551 [34] Sverdrup H U. On conditions for the vernal blooming of
[28] Martinez-Vicente V,Dall’ Olmo G, Tarran G, et al. Optical phytoplankton. Journal du Conseil International pour

backscattering is correlated with phytoplankton carbon 1’ Exploration de la Mer,1953,18:287-295

across the Atlantic Ocean. Geophys Res Lett ,2013,40(6) : [35] Behrenfeld M J. Abandoning Sverdrup’ s Critical Depth

1154-1158 Hypothesis on phytoplankton blooms. Ecology,2010,91 .
[29] Behrenfeld M J, Boss E,Siegel D A, et al. Carbon based 977-989

ocean productivity and phytoplankton physiology from

Seasonal distributions of pigment and particle in the
North Atlantic observed by a Bio-Argo float

Xing XiaoGang® ™ ,Qiu GuoQiang™ , Wang HaiLi ™
( * Key Laboratory of Physical Oceanography,Ocean University of China, Qingdao 266003 )
(™ State Key Laboratory of Marine Environmental Science ,Xiamen University , Xiamen 361005 )
Abstract
Based on the in situ dataset observed by a Bio-Argo float deployed in the North Atlantic ( near Iceland) from
Jun. 2008 to May 2010, the seasonal variations of chlorophyll-a concentration( [ Chla ] ) , particulate backscattering
(b

sea area,were studied and analyzed. The results showed that,there existed very obvious seasonality for all the three

1 (532) ), beam attenuation coefficient(c,(660) ) ,as well as the bio-optical relationships between them in the
bio-optical properties , higher in summer and lower in winter. The [ Chla]at surface varied from 0.05 to 2 mg m ™,
the ¢,(660) had a more strong seasonal fluctuation over 2 order of magnitude, and the b, (532)had an obvious
background value( ~ 0.00065 m ') ,owing to either the presence of non-algal particles or the uncertainties of in-
strument. The mutual relationships between the [ Chla],c, (660)and b, (532) ,were fitted well by a power func-
(532) >0.004 m™") ,their correlations declined , per-

tion, but in the region of relatively strong backscattering(b,,
haps owing to the change of algal community in summer.
Key words: Bio-Argo float, North Atlantic, chlorophyll-a concentration, particulate backscattering coefficient ,

particulate beam attenuation coefficient



