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Relationship Between Chlorophyll a Concentration and
Water Transparency in the Seas Adjacent to Japan

Hiroshi NAGATAY

Abstract

The present paper examines the relationship between chlorophyll @ concentration
and transparency in waters adjacent to Japan. The results show that it is possible to
estimate seasonal changes in chlorophyll @ based on variations in transparency in seas
adjacent to Japan. Moreover, geographical distribution of chlorophyll @ can be estimated
in many sea areas based on the degree of transparency. Over all seasons, transparency is
a useful and practical indicator of the concentration of chlorophyll ¢ in waters adjacent
to Japan.

Key words : chlorophyll @, phytoplankton biomass, regression equation, transparency,
water mass
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Fig. 1. Observation lines for the Hakodate (PH-line), Kobe (PK-line), Nagasaki
(PN-line) and Maizuru (PM-line) Marine Observatories with a schematic
representation of the current flow patterns and water masses adjacent to
Japan.
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fiF5, Fig. 2 mbHAL DI ENTEB LI, 7rr 74 LaBEBWEDEIL FHIC
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Table 1. Hydrographic characteristics used as criteria to classify the seas adjacent to Japan into

ten waters.
Waters Criteria Authors
Pacific Ocean
PH-line
(1)Oyashio waters 5C =Ti00® HATA(1969)
(2)Perturbed waters 5C <T10e<15C and S;0,”<33.8 KAWAI(1958),
HATA(1969)
(3) Tsugaru Current waters 5C <Tip0<15C and S,50=33.8 KAWAI(1958),
HATA(1969)
PK-line
(4)Kuroshio axis waters 15C =T,p,9=18C KONAGA et al.
(1967a,b)
(5)Offshore waters of the Kuroshio 18°C < Tsp0 KONAGA et al.
(1967a,b)
(6)Coastal waters of the Kuroshio 15C > T KONAGA et al.
(1967a,b)
Japan Sea(PM-line)
(7) Tsushima Current waters T10026C TANIOKA(1962)
(8)Northern cold waters T 100 <6C TANIOKA(1962)
East China Sea(PN-line)
(9)Kuroshio axis waters 16.5C=T,,,=19.5C NITANI(1972),
INOUE(1981)
(100Coastal waters T00<16.5C NITANI(1972),
INOUE(1981)

@ temperature at 100m depth ® salinity at 100m depth © temperature at 200m depth

Table 2. Seasonal changes in the coefficient of variation (CV in %) of chlorophyll ¢ and
transparency in the ten water masses adjacent to Japan. Numerals in parenthesis
denotes the mean value of chlorophyll ¢ (mg/m?®) and transparency (m).

Chlorophyll a Transparency

Waters Winter Spring Summer Autumn Winter Spring Summer Autumn

Pacific Ocean(PH, PK-line)

(1)Oyashio waters 35.9 88.5 75.0 41.8 16.2 47.5 30.9 24.2
(0.37) (6.51) (0.79) (0.88) (20.3) (10.00 (13.00 12.7D
(2)Perturbed waters 34.6 85.5 78.9 43.5 21.2 50.5 29.5 26.4
(0.36) (3.68) (0.65) (0.89) (19.4) (12.2) (13.8) (13.5)
(3)Tsugaru Current waters 28.9 30.8 101.6 54.8 17.1 16.1 29.8 31.9
0.2 (1.23 Q.07 (0.98) (2.7 (14.2) (14.5 14.5
(4)Kuroshio axis waters 38.8 51.1 87.3 68.0 30.3 23.6 22.2 35.2

(0.38) (0.32) (.14 (0.2 @2.60 (0.3 (29.5 (@28.7D
(5)Offshore waters of the 29.8 55.7 54.9 60.2 18.1 18.6 19.3 17.6

Kuroshio 0.300 (0.22) (0.12) (0.15) (26.4) (25.3) (31.6) (31.4)
(6)Coastal waters of the 34.8 62.9 66.6 56.6 25.1 25.5 25.7 19.9
Kuroshio (0.51) (0.68) (0.29) (0.45) (21.1) (7.4 (@22.2) 21.6)
Japan Sea(PM-line)
(7)Tsushima Current 45.5 84.8 42.1 46.1 23.9 17.9 17.1 16.4
waters (0.42) (0.61) (0.13) (0.22) (20.5) (14.00 (23.6) (21.0)
(8)Northern cold waters 59.0 58.4 38.6 41.0 23.6 20.7 16.5 19.7

0.67) (0.53) (0.13) (0.25) (18.2) (13.0) (21.8) (19.2)
East China Sea(PN-line)

(9)Kuroshio axis waters 21.5 46.6 73.1 66.6 13.3 24.2 14.9 13.9
0.36) 0.19 (.15 (0.1 @4.7 (@25.8) (30.2) G1.D
(10)Coastal waters 39.3 84.4 100.3 87.6 37.8 30.8 28.8 27.4

0.5 (0.97) (0.23) (0.46) (15.2) (14.6) (23.5) (20. 8)
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Relationship between the chlorophyll ¢ content (mg/m?®) and transparency (m) with fitted
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as C and transparency as 7" in regression equations. Chlorophyll @ content is defined as
the mean value taken from the layer above the depth at which the visibility of the Secchi

disk is extinguished.
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X o CEHT 2BHALHMRISEL > T\ % (Table2). ZoZ i, BHEXHAVT »
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FBREAINIER, 7rre 74 Vv a BRRBERK L LT, WEOBKRLY AR L (Fig.
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EERx pfF8 TP L.

BRI, XFXEERHEBERR bRV, EFRICIL]1 %BOBRECHE MR LD
N5, ZDOLEOFEHEOEBEHIZ4~20m, 7 v v 74 a BEOLEEEHIL0.27~20.67
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m*TH 5. MBI BDOERRTEETHY, BHE, 7re 71 v BOEHREHEIZ, Th
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BEAKRTY, LFIEER AR AELHEBEZALRR. EFRCIHBEIEETHS
DD, TOERERI%E, LPKE . BYE, 7rr 740 BOEBEMEI, ThF
4 ~22m, 0.85~8.08mg/m*THh b, ez rr 74 L a BRBEERCXCEHEBETH .
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Fig. 3. Relationship between transparency (m) and chlorophyll ¢ (mg/m?) in the four seasons : winter,

spring, summer and autumn. Regression lines and equations are shown for significant relation-
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HEEL%OEREKLELLERTHY, EYWHE, 7rrn 74 L a BOEBRMEE, ThZh9
~20m, 0.13~1.59mg/m*TH 5. HKFEW, TBRES U TEETHS. EHE, 7w
a ODEEEE, FRFRI ~19m, 0.42~1.45mg/m*ThH 5.

BRERE T, £F3EEE, BilKE L R FERHBEALR v EFECR, 5%
DEBRECTHBEREETHD. TOLEOFERE, 7e v 74 Lo BOEBFEMAL, ThTh
12~18m, 0.62~1.55mg/m*Ch 5. BEFL1%DEBRETEETHY, BHE, rrr v
LVoa BOEEEHEL, FhFh8~23m, 0.16~4.09mg/m*Chsb. HEL, G 1%ThH
BChDH. FYE, 7rerw 74 a OFBEE, FhFh 8 ~24m, 0.41~2.24mg/m*Th 5.

BEEHENER T, LT, BRLKRE L AE ARLHBRA LRV, BFIL, 5%
OERRCHBERERETH Y, BHE, sev 74 BOEBHEEL, FhZh13~33m,
0.11~0.61lmg/m*TH 5. EFEL 5 %DEHRETHETHY, BHE, 7ree 74 v aBOE
BEIFL, FhFh17~44m, 0.05~0.49mg/m*TH 5. #EDH, GHRES B THETHD,
FYE, 7ar7 40 a OFEEE, ThZhl5~47m, 0.06~0.53mg/m*ThH 5.

BEMMIR TR, XTI %OERECHEETHY, BYE, 7ern 741 a BEOEBIRE,
FhZhl7~42m, 0.15~0.57mg/m*TH 5. HFE L 1 BoEERCHBEIAEETHY, EH
B, 7aew7 4l BOEEHHHEL, FhFh17~40m, 0.03~0.58mg/m*TH 5. EFEH 1%
DERRTHEETH Y, BYHE, 7 v e v 4 4 q EOFEEHIHL, ThZh17~45m,0.04~0.31
mg/m*Th 5. MKEL, BHRIRSUTEETHY, BHE, 7ve 74 L a OFEBIRE, ThT
#18~44m, 0.05~0.36mg/m*TH 5.

HEAAER T, AFIAEMEBRA bR, FFEE, 1 %0fBECHBIEETH
b, BUE, Z7vev s g BEOEBEBI, ThFhll~26m, 0.23~1.63mg/m*TH 5.
EEL 1 %OGEHRECHEETHY, BHE, 7ern vt a BOEBHEBEL, ThTthl2~34
m, 0.09~0.74mg/m*TH 5. KT, GRERS B THEETHYH, EHE, rrrr4lad
FEE, FhFn15~30m, 0.14~0.96mg/m*TH 5.

SEBRE T, £F35%0ERRcHEEMHE AR SD. BYE, 7rev s ra B
OEBIEL, FhFR8~32m, 0.07~0.94mg/m*Th 5. EFDL, 5%0GEEECHEIIES
ThHh, ERE, 7rr 74 BEOEEEEIL, ThZh9~20m, 0.15~2.65mg/m*TH
5. BFRCIABRRHEBEZALDh . MER, GEELS B TARTHY, ZUE, 77
Aoa OEEEE, FhFhld~33m, 0.09~0.52mg/m*TH 5.

JEHEKBE TR, £FR 1 BOERRCTEELHEBELAbRS, BUHE, s7envi ek
OEBIEE, FRFRI2~28m, 0.23~1.81mg/m*Ths. HFIL, 5%0GEHRECHEILE
BEThh, BHE, 7rr v BOFEBHREEL, ThTh8~2lm, 0.15~1.59mg/m*T
H5. BE, MECIAEELHEZAL R,

W o RS T, 4 B, MEREREHBERALRV. FFI, 1 %ok
ECHBIEETHY, FHE, 7 v r 7 4 Lo BOTERAIIL, ZThF18~44m, 0.08~0.43
mg/m*Th 5.

KEERIBFAKIBE T, £FESYORBETHETHY, BVE, 7e e 71 v a w0 XEHIR
X, FRFRT7~28m, 0.23~1.26mg/m* TH%. EFEXIYOERECHBEIEETHY, &
WE, 7re7 s BEOEBHEMAIZ, ThZh8~23m, 0.13~4.1lmg/m*TH 5. BEEL
1%DERERCHETH), BHE, 7ee i e BoTHTEMEE, FhFh 7 ~36m,
0.07~1.72mg/m*TH 5. MEL, GRE 1B TEETHH, EHE, Z7ev 741 a DEE)
Wi, FhEh6~31m, 0.12~2.60mg/m*TH 5.
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DX KB, BEHC s rr 74 L aBEBWEEOHBYRANIERNS D, &<
DEE, BRGHEIRD LR, BHENRZ ee 7 4 L aBOX\IEEL DB L LB
hEilcoste (Table3). 2 C, THETKBMIE, EHT LR L, BHEE 2 ver 74
N aBORRRICERND D E V2 BNE D EFANDL DL, FKRBICEKT 5 ERR DR
DEXIEGEOITIC L - T, EHZ L TBRE L (Appendix 1). FOfER, £FMHie bic, E
RROTF T OWTRERBRENALNLGE S DTy, HERCOWTL, 3EAEDEA,
EREREIALAEI T, ZOZ LY, 7rr7 4V a BOHEEIL RUBHETH-T
b, KBABRBNERRLZEELEDHSOD, BHEOEELITE27 e 7 4 1 aDEAL

40 T T T T 40 T T T T
Winter Spring
CAl B
> 30r 1 5 30r .
. :
8% a7 52 .0
] 60 [ o5
% o 10 %
g 204 4 1 g 204 -
« « o2
3 2 8 5 6 el
°
T B % S 18,
o 10r° o 10r .
% 9 * Significant B 5
L]
2 o Not significant &
00 1 2 3 4 5 00 1 2 3 4
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Fig.4. Relationship between the range of chlorophyll ¢ (mg/m?) and the range of transparency (m)

in the four seasons. Solid circles indicate that the regression is significant ; open circles not
significant. 1: Oyashio waters, 2: Perturbed waters, 3: Tsugaru Current waters, 4:
Kuroshio axis waters in the Pacific, 5: Offshore waters of the Kuroshio, 6: Coastal waters
of the Kuroshio, 7: Tsushima Current waters, 8: Northern cold waters of the Japan Sea,
9: Kuroshio axis waters of the East China Sea, 10: Coastal waters of the East China Sea.
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BIZOoWTABERY, F, B, KEI, KX 2688 LERLALREVT EAXRL TV 5.
DT END, BHERBIZEZDELEEZD /7 r e 7 4 L a BOHETEICHEINL DI T T, 7anr
7 4 v a & OWIR AR RN e BBy A IR T kg, FHliT AL LA A TH B &
I+ 5Z ENTE D,

—77, 7rr74a@EEREEOBREAKME, FHINCH BT S &, EANI
XHE OBICHBABIR A B B b oD, K, FHEIC X - TiE, BHTLLHEBEBRER A LR &
EROEWEEL DD Enbns (Table3). 2T, HBEXEETH - kM, FHiL
BE T otokl, FBEHET, o2z er 741 a8 EBWHEOLETIE R HE LTzt L
7o(Fig. 4. %3, AESHBENRA LK TE, WTFhOEHTL 7 e e 7 4 Lo, HY
EEE D, BEENAKE LI Ebrs, Hie, AEAEBERE bR -TAKBTE, 720
7 4 v awEBEREOEBEIEN/NSVWBENRL L, Bicz vr 7 4 4 a BEOEBIFHIVN
v, zmre 74 vaBESEHEOHENALNWERE L T, £F0EALKE, BERER
BoXoie, 6~10E, 77— 28D EbFE2ON5D, Fl 2 EH > F 5o B
HoXsie, zeezasna@&hiPicd, Land, HABEORGEBANTLMEEL T\
WS ICHBISA DR WEHAIZ R L TWbH EFE 2 bR 5.

SEELNICERENEDRE, Z7er 74 b aBOEIEX LI <ELTVE0EKATS
eI, 7 mr 7 4 b a EmOERIEEHEEEOZEDOERERZETH HEMER%E SE) #HRiFLL
(Table 3). BEXERRFET, £ZF130.11~0.21mg/m?, FZ130.08~0.31mg/m?, EZF130.21~0.31
mg/m?, FkFE20.12~0.25mg/m*DEFHICH b, FHIIC X 5 ERIHERH/INI V. 2o &3,
7mR740a BEPEATHERGE, HEMHEEEMEOEPHEMIIT/NEL Y, HRII
HEHEOKENSTAEARLT WA, Mz e e 74 4 a BODRWERICIE, HAtiyc
BENKEL DI LICERTHALEND S, Hil21F, BEfEs, BEMESEcr, 2=
r 74 a BOERENE, KEZ0. Img/mUTIETTs2E bbb (Fig. 2), BIUER
NEBETHENDEVST, FBHENHELLZre s v a B, LTFLLIEKRDODHH
fEE T2\, 20X 5, BEKHEIMELRTL, Z7ee 74 4 a DERERVIVE
Ko BEIREISR S BEAMIR T, 2ee 7o v a3, BWUENSHEETSHI0D, &L
AR L, FRZED7erT7 4 L aBTDOSDODFHE (Table 2) AL H KM
MR ETHHEHZLLNS.

FRPEXH Tz e 74 L aBYHETHHE0RE, BRI VT, HEET5HK
L CH D IEEETHLELD D ERE > T ThHi. LaLiab, KAMOKRIL, /63K,
ERT = 223 BDHTZ Lo, BARIBRICETS 27 v e 74 v a BOFEHELHIEL
SA, ELIRRIEHZHONCT S5 2T, BWUENEIFEL LTHATEs %
AL T\ 5.

& B

BHENL//re 7 4 L a BHWETHZEOREXHLMNCT 570, MEOBEFKRY, H
ARLOWEHRADERIZIES TG LI0DKB I L ickitLic. 2re 74 v a BOER
BB R B THIE, EOKBITBNTH, BHE N7 rre 74 L a BEHETH I &
DA TH D, T, HHFEMCBFHAKMAD 7 v e 7 4 L a BEOWBR LS MERNL S
ETBEHAETH, £<OFH, BEICkWT, ZHENSZ re 7 4 o BEXHRO/NE R
ETHETES. EHENSZ e 74 v amHHETHHEORE, BRCOVTE, #E
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DBHCIL U T T HREEETLIUNEND L OO0, Aind &b BARLEE 3, BHER Y
e 74l g BOWTEIENIIEETHD.

#t F3

KD DI DI, IROTTHEFEZFC O TRBICEALE R E 2B - E
dbkFHEAOBELCES BB L EFEd. $, ERo IRME V2 W e BARER K
EMRETEERER R/ NIFEE L, BEBEMAERPHATETCBILE L EFE T, #
ST X AERA O B, BREESAFEEERRERRERE LR O 7w 7 5 A
FHEAIE TR EE L, BLTUERHOELELET. AR CHEALLT — 213, &%
TOBHBEUER N LE 0 THH, HELBHEBYRECH > THBEERIh T35
HfE, 7, RE, BREOSEHEIRBEON A KHEEXERLET.
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Appendix 1. Results of the comparison of covariance of the two regression intercepts (lower
left), and covariance of the two regression slopes (upper right) of two waters
adjacent to Japan. 1; Oyashio waters, 2 : Perturbed waters, 3: Tsugaru Current
waters, 4: Kuroshio axis waters of the Pacific, 5: Offshore waters of the Kuroshio,
6: Coastal waters of the Kuroshio, 7: Tsushima Current waters, 8: Northern cold
waters of the Japan Sea, 9: Kuroshio axis waters of the East China Sea, 10:
Coastal waters of the East China Sea
Winter
Waters 1 2 3 4 5 6 7 8 9 10
1 XXX - - - - - - - - -
2 - XXX - - - - - - - -
3 - - XXX - - - - - - -
4 - - - XXX - - - - - -
5 - - - - XXX - 0.36 5.36* - 3.75
6 - - - - - XXX - - - -
7 - - - - 0.62 - XXX  2.13 - 0.85
8 - - - - 7.13* - 5.36* XXX - 6.83*
9 - - - - - - - - XXX -
10 - - - - 10.37** - 2.43 3.54 - XXX
Spring
Waters 1 2 3 4 5 6 7 8 9 10
1 XXX  4.45* 0.01 1.96 6.01* 3.38 3.73 5.47* 5.28 3.24
2 0.04 XXX 0.25 0.03 0.02 0.03 0.01 0.15 0.09 1.24
3 0.03 1.54 XXX 0.27 0.31 0.30 0.19 0.49 0.78 0.07
4 10.94** 19.28** 11.90** XXX  0.08 0.01 0.02 0.27 0.24 0.39
5 11.81** 20.38** 11.21** 0.34 XXX 0.08 0.02 0.08 0.02 1.59
6 4.58* 10.61** 3.94 9.39** 11.72** XXX  0.01 0.30 0.23 0.70
7 42.56** 22.34** 10.64** 0.08 0.79 7.00** XXX 0.14 0.07 0.83
8 63.07** 37.33** 19.24** 0.01 0.26 11.29** 1.01 XXX 0.02 2.09
9 10.58** 29.91** 22.45** 1.74 0.61 17.79** 1.51 1.20 XXX 1.92
10 20.56** 12.94** 4.86* 5.61* 7.26** 0.29 15.25** 27.24** 9.24** XXX

*p<0.05

**p<0.01
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Appendix 1. Continued

Summer

Waters 1 2 3 4 5 6 7 8 9 10
1 XXX 1.41 3.57 2.19 0.62 0.96 - - - 0.10
2 0.64 XXX 0.07 0.04 0.98 0.22 - - - 2.15
3 1.47 3.10 XXX 0.01 2.86 0.82 - - - 2.81
4 6.35* 0.03 0.64 XXX 1.71 0.61 - - - 3.28
5 14.73** 1.93 8.13** 0.01 XXX 0.28 - - - 0.50
6 2.75 0.13 1.18 1.82 6.25* XXX - - - 1.21
7 - - - - - - XXX - - -
8 - - - - - - - XXX - -
9 - - - - - - - - XXX -
10 19.38** 3.71 20.73** 3.24 9.16** 2.48 - - - XXX

Autumn

Waters 1 2 3 4 5 6 7 8 9 10
1 XXX 0.23 0.22 0.51 0.09 0.64 0.35 - - 0.02
2 0.40 XXX 0.32 0.01 0.24 0.06 0.55 - - 0.19
3 2.95 0.68 XXX 0.54 0.03 0.69 0.20 - - 0.01
4 1.75 0.80 4.51* XXX 0.82 0.02 1.54 - - 0.87
5 8.14** 5.71* 13.08** 1.20 XXX 0.73 0.05 - - 0.06
6 0.02 0.04 1.13 2.49  11.32** XXX 1.33 - - 0.72
7 25.85%* 16.49** 37.77** 2.52 0.08 30.63** XXX - - 0.29
8 - - - - - - - XXX - -
9 - - - - - - - - XXX -
10 2.51 2.00 7.08** 2.84 17.78** 0.94  39.58** - - XXX




