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Environmental factors influencing Porphyra (Nori) farming in Tokyo Bay: Long-
term changes in inorganic nutrients and recent proliferation of diatoms

Mitsuhiro IsHi'", Ken-ichi HASEGAWA' and Yukihiko MATSUYAMA?

Recently, fishery damage in Porphyra (Nori) farms due to discoloration has frequently occurred in Tokyo Bay. Diatom
blooms cause depletion of the dissolved inorganic phosphorus (DIP) concentration in seawater and subsequently cause
the discoloration of Porphyra. To clarify environmental factors underlying Porphyra degradation, we carried out inten-
sive investigations on long-term changes in the nutrient concentration in Porphyra farming grounds, seasonal changes
in the vertical distribution of DIP concentration from bottom to surface layer, and occurrences of diatom blooms. Since
the 1980s, phosphorus loading to Tokyo Bay has markedly decreased due to administrative efforts to regulate total
emissions, and these efforts have probably caused selective reduction of DIP concentration in Porphyra farming
grounds. During the harvesting period of Porphyra (October to April), source of phosphorus for Porphyra growth de-
pended on release of DIP from bottom sediments and collapse of the pycnocline since freshwater inflow is lowest. The
DIP supply from bottom to surface layer gradually decreases in the late harvesting period. At this time, diatom blooms
occur and subsequently reduced the DIP concentration in Porphyra farming grounds.

Key words: Porphyra, discoloration, DIP, diatoms blooming, Tokyo Bay
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Figure 1. Location of the sampling stations in Tokyo Bay,
Japan. Data sets at open square stations were collected from
1977 to 2001 and closed circle stations were collected from
1999 to 2001. Direct observations on a dominant phytoplank-
ton species were carried out at closed circle stations. Shaded
areas denote Porphyra farming grounds.
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Figure 2. Temporal changes in the annual total number and
number of discolored Nori Porphyra product sheets cultured
in Tokyo Bay.
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Figure 3. Horizontal distributions of the DIP concentration in the surface water of Tokyo Bay, 6 January 2005 and 3

February 2005.

L, SCORE/UNESCO#:THMIL 72,

DINJEE & DIPYREOMIEIE, idKE 7 Fxy 7 v 24h
BD0A4Sum 7 4 LA —TWEAB\L, FHHEIEHEBL
HO MBS (Traacs800, 77 VL —XtH#) THH7 L 7=,

WHIBIZ 1) 5 DIPIRE D EHZ(LIL, 1995~2004 112
Ffie X 7o HAREKEHFHE TF 5 1 /- DIPIRE O A I
BEHWZ, 205 bR EBEHIE D Sm. D (Fig. 1) D
T = AT DWTIT KRG L IERE O DIPIRE O HRlZ LR L

7o, ERHFBOmMILICAE T % SFEES (Fig. 10D Stn. A

B, C, D, E) O, K%5m, 10m, 20m, ¥ & UV
K25 Im FOKE B+1m) O DIPEE DA S, e
A EHEE L, ZDORIE L PERE O DIPIREE D1 & it
BOUGEIE 2 S HEE U 7= R & hIRE O KK S 5, i
&R ORESmPIIR) LWk (SmPE) o DIP
WEERD-., £7-EHNADINEE L DIPRE A A5 7
WIZ, Stn. CIZH) 5 197047 5 2005 4F-D DIN YRS, DIP
%R, DIN:DIP D 36 » ARBEFSE A K L 7.
T2 N ODRE

B THE L W AT I v o by OBEZICIE, THEEK
MW A H2~315 2 % SR ERED TEHA N
(Stn. A; 7m, B; 11m, C; 18m, D; 26 m, E; 18m, F; 11 m, G; 20
m, H; 15m) OFKS v T &Hn7z (Fig. 1), v L%

B ERNE L, SHOEE T OB SR A BB L 72, 200 ml DK
B EH T 27 4 L4 — (Whatmanth %!, GF/C) # 3%
L7=ABEICAL, 7402 — kDT 570+ VikBhE
)R TG L, Z OREARO 50 % SHMMEE N TR
L7,

BEBEZO OHE

) OEFE BB, TERWGEZO D EIRICHWT, @
BERNE ENZZHO D DERBAHDE OO E L=, H
i@ 2 A0S 1E, 1 AR 2EMIC 10
fribhdn, ZoORIKICHE S0 0 IdIRHO 2
H~14 HAfIZHR X M7= D TH 5. LKA, 6 @ESH
AU W A e 5 72, R A 6 HIRH £ T
B s THh 5 7THM 2 KA 2 5l > 72 H & @i 5 L
727 ) OWHER & A U THERL 7.
HERAOREMHLIHT

HRBIZ B DATBE ORI HAEL H0ER HR R
BRI AR 2005) [@H4 ) — TG~ EG, BWEHR
1.5mBLF, 2997 4 J)Las SCORE/UNESCO #: T 50
mg-m P LIE, IATFBRRAIAE 2 150% 2, pHAY 85Dk
BE] L& Thwa, LiL, ZOHEEREAN: X &<
T & EMORTER UG IZ K B KD E @B Td 278137
£$5ZL25, Han et al. (1992) A (1998) &7 0w

4



WRUED /) ERELC

T 4V a R % IS B O REIUE A E R L 2.

AWRIZE VTS, LFEORENNZADFTBL LD FEHE R
BFLEUTREEERWVIGAND 572, F72, FHIZOW
WICAR e R0 EEFRORMTH S, 22T, 4F

DA, WEOHFED [Af] XL T [HEA

ELTH|S 2z, ThbB, 1999~2001 412D T
&, 2 VIR TH B 10 H~¥94 Ao, BWE 3
mEL N CpH 8.4 LN EOWISM A W7z U2z % [ FESR
EREFL 2, BEOHEFERMORBEMFLKIL, 19774 12
H~20024F-2 Hi2 2 ) IR [-EIUERAL] 23 10840
(Fig. 1) THHFEHL =2 AKEFEERO L2256, 12~2H
O AT bl U 7= Bl o0 ) i KL e & G 72 U 72 & DI HE
DWTHEEL .

Gk [HEGRE] B OFEERORK T 7~ 2 b I
DWTIE, 19994F 7 5 2001 FF I HNIT BAMSE T C o268 5
TEAERBIL, TOIREAENHEHTHEEhTWAEZ L
EHEGAEL T3, ZhURTOBEIZ >V, BEMEEICE
W IR L 7zitgk s ey, FAER IR0 KA & HEE
LTUFEALEDGADPHEEHTH -2 ELEN 5.

B 2

REERE, yO07 1J)vakE, WIS 7 OH
REL/ UDBESHBOERFZEL

1999~2002 £F-0 11~3 H D FRUIEBRMHIRIZ B % 7 an
7 4 b aiRE, DINYEE  DIPHEE, 2/ ) OEE B
D%EAL % Fig. 412 L 7=,

BAYE ) EEROERE ) Y OEHERIE, ThTh
W IR R mg & 72 1 P4 8.6+ BEUME(RSE 0.8 ug-at, 0.32+0.01
ug-atTHH (IS, 2003), V) VISx$ 2ERDMIT26:
I3, 7 )PMERICERT 27291203, BGERICE
WTEHEE) YOLAENBEEE L, Fig. 4 TIEDIN
RE L DIPIREOHBKD DA 26:1 THRL 7. DINE
ELDIPREDEH #5225 ZLIZL-T, BREVVDE
5607 )V DERFERIRL 2202 TE 3.

1999 4E3HIE, 12 AhAlicr v e 7 4 L aiE e T I
5L, DINJRE & DIPIRE X —HIRD L7222, 11A» 5%
F1H E CIIMHMEAREEREIEED a7z 27
H 12 B3 Melosira sp. & Eucampia zodiacus % F 1K & 9 5 H
EAMSEER I (yuu T 4 LalBE D 12mgmT), Z
D#H2AMIE I aa 7 4 L a2 20mg-m 3 FEEEIZHE N
U, E. zodiacus DRI SMEGE L 72, 2D & Z DINIRE
13 10uM, DIPYREZIZ 0.4 uM AT E VTR EINRE L 5>

72h, ZOHDINERE IZ20~30uMIZ ERH LA, ULk
25, DIPIREIEIMASuMEL FCTR#E L. 3HSHIC

13 E. zodiacus (3PP {HIAI T r aa 7 4 L alRE & 10
mgm LTI T 52, 3H21HIZIE 7 aua 7 ()l
TREE AU 20mg- m 12N U CRmlEAkRE L 72 (Z O
DEST 7o EOKREIZRHED. 2A L~ 540 1

R BT TEBRIREN

B

o
3

35 r 25 [ 1999-2000 9 500

»
3

@
3
©
S
T

—Salinity
Nori sheets

~A- chla(mg'm™)
]

Number of discolored

B

=Y
)
a

se0f = o
=2 F 00 ®
250 f 2 200 ®
£ a a
5 LU = 3
30 i Z
1 100 5
I 20 F‘ T
10
0 0 0

50 35 25 [ 2000-2001 7 500
2 40 2 f 400 3
& z e S
Eal 2 <15 b {30 ¢
K] 3 & 2%
Zfb ¢ 2t 200
‘u | = 4 A 22
o 5 A Ve \A\ £ o 100 2
W e W A [ 7 >
) 25 0
300
0 b
s = o
5 p 2 200 ®
4 o
ERT - z
o o
Lo T Z
° G 100 5
roo b f
10 b
10 0
50 35 By 2001-2002 7 500
A
2 40 20 7[‘ 400 3
. D() o>
Pl 2 S5 b a00 §
K SO § 2
52 / 1o} L0 5
< A €
Cio 5 bl ad 100 2
LA ] aa)
A 1A l_lA\A/‘l/ ATTA I—]I—]
0 25 0= 0
3 300
0 b
sef = o
25 fF 22 1 200 &
4 a
Zwf o z
o o
Lo T . 1100
rof T ?
10
0 0 0

11/30

12/30
2/28
3/30
4/29

Date

Figure 4. Temporal changes in surface concentration of chloro-
phyll a (closed triangles), water temperature (bold line),
salinity (thin line), dissolved inorganic nitrogen (closed cir-
cles; DIN), dissolved inorganic phosphorus (opened squares;
DIP), and DIN : DIP ratio (thin line) observed at Stn. G from
1999 to 2001, and in the number of discolored Nori sheets
(open bars) due to discoloration was estimated from official
record of an auction market held bimonthly.
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Figure 5. Seasonal patterns of the DIP concentration at Stn. D,
total DIP amount estimated from the section data (Stn. A, B,
C, D, and E) and differences of water temperature between
Om and Bottom+1m (DT) in Tokyo Bay. The figure was ex-
pressed by the mean value calculated from 1995 to 2004 data
sets.
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Figure 6. Temporal changes in the cumulated number of diatom
blooms estimated during the Porphyra farming period (from
December to February) at the 10 stations in the surveyed
area. The diatom bloom was defined from seawater condi-
tions in which the pH value in the surface layer exceeded 8.4
and the transparency was less than 3 m).
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Figure 7. Long-term variations in concentrations of dissolved
inorganic nitrogen (DIN), dissolved inorganic phosphorus
(DIP), and DIN : DIP ratio at Stn. C (0 m).
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Figure 8. Change in transparency at Stn. C.
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