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Amount of Pigments and Daily Production of Phytoplankton
Occurring in Acidified Lake Toya

Teruyoshi Kawamura** and Satoru TagucHI**

Abstract

Lake Toya (Fig. 1) is a large caldera basin in the southwestern part of
Hokkaido. The surface area is 69.6 km? except for three small islands. The
average and maximum depths of the basin are 117 m and 180 m respectively.
Since 1939, the water of the Nagawa River which contains acid deriving from
sulphur mines flows into the lake after generating electric power. In 1968, a
decrease in pH value as low as pH 5.1 near the surface was observed (Fig. 2).
The number of phytoplankton species was extremely small, 5 species only:
Fragilaria crotonensis, Fragilaria sp., Synedra pulchella, Oedogonium sp. and
Peridinium sp. were remaining in 1968 (Kawamura 1969).

This paper deals with an amount of pigments, chlorophyll @ and pheophy-
tin, and a daily production of phytoplankton occurring in Lake Toya, in which
the measurements were carried out concurrent with previous studies (Kawamura
1969).

The amount of chlorophyll ¢ and pheophytin in an euphotic zone showed
6.01-10.24 mg Chl.a/m? and 3.02-12.76 mg Pheo./m? respectively. The ratio of
pheophytin to chlorophyll @ in the euphotic zone ranged from 0.5 to 1.6 (Table
1). The daily production and the mean of chlorophyll a activity of phytoplankton
in the euphotic zone measured by in situ C!* method showed 40-150 mgC/m?/day
and 3.8-24.5 mgC/mg Chl. a/day respectively (Table 1). Furthermore, the light-
photosynthesis curve of phytoplankton sampled from three depths corresponding
to 1009, 509, and 19, of incident light intensity was measured in the laboratory.
Tt varied from 7.63 mgC/mg Chla/hr (0 m, 1009 light intensity) to 0.95 mgC/mg
Chla/hr (44 m, 1% light intensity) in the stagnation season. On the other
hand, it showed 9.52 mgC/mg Chla/hr (0m, 100% light intensity)-5.03 mgC/
mg Chlajhr (22.5 m, 19, light intensity) in the circulation season (Table 2).

In comparison with that of Lake Shikotsu (oligotrophic lake) and Lake Onuma
(eutrophic lake), the high ratio of pheophytin to chlorophyll & can lead to the
conclusion that the phytoplankton occurring in the present lake contains a large
amount of useless pigments to primary production. The daily production and
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the chlorophyll a activity of phytoplankton in this lake are generally smaller than
those of Lake Shikotsu and Lake Onuma. On the other hand, the photosynthetic
activity of chlorophyll @ in this lake is not always low as compared with some
oligotrophic lakes of central Japan. In short, it seems that the small amount of

chlorophyll a of phytoplankton is responsible for the low degree of primary
production in Lake Toya.
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Fig. 1. Map of Lake Toya, showing the location of Sta. 2 in 1967-1968
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Fig. 2. Drop in pH value of Lake Toya in recent years
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Tebb, 1968 ERICiE, DTLREWMTS L o 28, WHTS I 2 by 5BPET 3DAT,
2, INGOHBEELEDTH 5 LidFmicad~1: GcH - fi 1967, 1968, 1969; JII#T 1969) ,
FRE TR, EROHRE ELITUTITE > BRSOy S 5 2 b BARR ERRERRIRD
VTR B,

wpIsvorani

W7 502 o BREOHIECHU IR, BIOERT B 2L RKEEEIR RIHEMERT &
b DR % s st Lic BRI 1284 Sta. 2(Fig. 1) TERAL 23 DTH 3, KHURIZKER 160m
DETHT, HWEHe MCHEAL 283K (pH3. 0) 2 LA 2 BIK LREAL, BRINZHLER
U, COMB2EBT 205, BOGEKCE 37B8R2RETIHATH 5, BcEET YT
PO P ROWTR, TTIRBELUNE 5 (JIIF1969), Fragilaria crotonensis, Fragilaria sp.,
Synedra pulchella, Oedogonium sp. ¥ %X Peridinium sp. @ 5 ETH 5,

BENREOES TS 2 b vaad qval 7 237 4 FLrEBLUMAEDR% Table 1iZ757
To BRBADOZva 7 4 Ve BIZAEOERM2BL T, 6-7mgChl a/m*BEDHEHE L (19674
108250, 1968 410 H21H, 11H27R), $ > LBD L 3 T4 (196748 H12H) 10mg Chl. a/m?
POTHICEA BRETH %, 57 =% 7 4 F 2 Eid 3.02mg Pheo./m?(1968 4£10 B 21 {)-12.76
mg Pheo. /m® (1967 4£10 H25H) iH b, BE{EOD 3.02mg Pheo. /m? 2[&iTIE, WIShoOoBREicd
6.5 mg Pheo, /m? 28 A T\ %, MAFEDK (Pheo. /Chl.a) i3 0.5-1.6 2;7 L T, HBOXEWH,
KB EBIL T (Table 1), U TEWNERZRL TV 3, METIE, Ficiz EBCES L0
M752 2 BRI EN T L 5, COBRRRBKOMEICE 3L 0 EEbh 525,
HRZEEL T (Table 1) KD pH ffi L WGAFEOK & OIS L ABRTELWERSEL
TV, TRERETOMEY 75 > 2 b o OEFERYIOHER L RA T 38K OBMEEI K-> TE
CIEROBKMEBETDHH, EBIIFE 1k 1969) iwo~1zid, pHEOKENHKTIRZ =
7 VOEEMBED T AEE S FKOBELS I nn T 4 v REECES TV T A T4 F
CEBEIRIDTHS 5,

Fig. 3 3ABBRCRB I 2200 7 4 va BRI 7 24 7 4 F L EOBRESF 27T, MARE
DEIFTHFR DI T 2 TR WK DSAE L Ty 2B (8 B-108) ik 3 § BB HBLAR O Rk
BBV E CAILEET %, T70b b, 196748 A 12 HRIZ 6m T, FHE10 A 25 AiTid 10m iz, $12
1968 4£ 10 B 21 Hizit 25 m b bh, ChEDEOLUEB TR Zun T 4 a7 47 4 F L %E
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Fig. 3. Vertical distribution of chlorophyll @ and pheophytin atSta. 2 in Lake Toya.
(....19% light intensity depth)
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Table 1. Amount of pigments and daily
lakes, Lake Toya, Lake Shikotsu and Lake

Depth L P‘;gue
Lake Date of . e(I:IC% in
sampling euphotic
(m) zone
1967
Aug. 12 0-70 24.6- 3.9 6,3
Oct. 25 0-70 13,9- 4.3 6.4
Toya 1968
Oct. 21 0-150 13,6- 4.3 5,1-6,4
Nov. 27 0-100 9.4- 4.2 5,8-7.38
Shikotsu 1967
Oct. 13 0-50 14.8- 4.4 7.5-7.7
1967
Onuma Aug. 27 0-10 23,0-16,5 7.8-617
Nov. 2 0-10 10,1~ 9.9 7.1-7.0

BicBEL, JETEHR 7374 F v EBhrunT g B FE->TW3, 11 Bidikicst
B Ch, ETEREKOBENIDARZZE, HREBCNTYH, 20TBLRBE 72745
YR7vu T VvERLONT, RE»LERIEHMUTN S, CHEEHPCEBETI =47 4
FURERBCELTWIEM 750 7 U diic X b ERBRICR T L S h TR LI b
DTH5 He BB 2 ARG ERORZNIEE OEVERIL Pheo. /Chl. ¢ OEEE S
=T, FXYOBREEEFT IO LEDR S,

WIS o b okaRR

FAHRBT CHUILic X 2KHOEM T 5> & + VB ER Table 1107, AAERIL 40 mg C/
m?/day (1967 42 8 A 12 A) -150 mg C/m%day (1968 411 H 27 B) OfFicdH, 2 OF#
112 mg C/m¥day Th b, F1ZDEEXDOFHREHNDRM 2ua 7 40 o BE1HY b ONERRER
3.8-24. 5 mg C/mg Chl. a/day T, 3 16.5mg C/mg Chl. a/day% 1L TW> 3,

Fig. 4 ZBAE4HE 1/2 BY Y OXARE (mg C/m¥/tday) OBEESE 27T, REREORKI
1967 428 A 12 B 2.2 mg C/m%% day, [F4 10 A 25 H 3.2 mg C/m%% day, 1968 410 § 21 |
4.1 mg C/m%% day, FILE 11 B 27 H 6 mg C/m%% day %571, #HFH 5m, 10m, Om L8
10 m IZfEAEL, 19684210 A 21 HO Om %[R\T, Tis OB -Sh & KSIREER 209 OJE
RdHtcbo 1, BURUERELTN% 196748 B 12 HE X 10 B 25 Bicid, RAEREEKEIR
WERSMEMOLRT T AHEECHYL TS, ULbL, st d-T, 1968 4£ 10 H 21 Bizig,
AKPREE 20 9% J& (25 m) EHRAREBEHEAE Om) L3ABLLV, COMEIZZOHOWEIC I
ZRBRENMLOBHAE L Y 3T sholclzy, EEOHEHFS L 2 b suuTy, N HR IR E
25UTIRESLIER L EbN 5,

— 204 —



(1970 NFE - B BEG L 2-FARROEM 7 7 7+ v BREB JURERE

production of natural phytoplankton in three
Onuma, in southwestern district of Hokkaido

Mean amount of Mean of
pigment in Ratio of two | Daily rate of chlorophyll
euphotic zone pigments production esgltg;li?zl;ne
Chl. & Pheo. (Pheo./Chl. &) | (mgC/m?/day) | (1eC/mgChl.a
(mg/m?) (mg/m?) [day)
10,24 6,56 0.6 40 3.8
7.80 12,76 1,6 140 17.9
6,01 3,02 0,5 120 20,0
6,14 817 13 150 24,5
14,39 4,90 0.3 351 24,4
39,48 2430 0.6 - -
15, 656 8,36 0,56 730 46,4
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meCirtiédayg 0y 30,0 10203040 50 0 10 2030405080
5t L
10
15
E 20
£ 25 =o—o0-Phofosyrihesis
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Fig. 4. Vertical distribution of incident light intensity and half day photosynthetic
rate at Sta. 2 in Lake Toya

WHT 500 P REREE

1968 4£ 10 A 21 His X * 11 H 27 Hiz/KBHBE 100 %, 50 % B3I 19% @ 3 @hb6 2hFh
AU BRI DWT, ALETT, sve 7. vORESREBR%ZRNE LT (Table 2, Fig. 5), &
EREEY 20 m-30 m ZFEFET 3 10 B 21 Hic i ARGt MFbERE) (mg C/mgChl. a/hr) i
0 m 7. 63 mg C/mg Chl. g/hr, BEREREAND 25 m 6.67 mg C/mg Chl. o/hr %5 U TR KZEZ <,
Ik $ 372 0m 2,500 lux, 25 m 2,200 lux CHEBIZFELIL TV 3, lih, 44m BATREERIENE
0.95 mg C/mg Chl. a/hr 3 X 1k 500 lux 2R LT, EBO O0m 3L 25m EKicHEL T3
NHEETHZ, COBOEH TSI 7 P BBRELIm BI0 25m BOBE L& Bz s o,
Eikogn{ Tk5001ux i3 EEO Zhic#iXTELL BV 5, LBRIFTIEHMF S 2 R
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Table 2. Chlorophyll a activity and Ik of phytoplankton from three depths
(100%, 50% and 19, light intensity) at Sta. 2 on October 21 and November 27,
1968, in Lake Toya

Chlorophyll a
Date Depth pH value activity Ik
(m) (mgC/mgChl.a/hr)
0 51 7,63 2500
Oct. 21 25 5 8 6, 67 2200
4 6,4 0, 95 500
0 6,8 9,52 2000
Nov. 27 15 7.3 6,15 2100
22,5 7.3 b, 03 2000
10 (
9
—8 Za= 0Oct.21,%68
E om
E 7 \ —
i : —=— Nov. 27, 68
58 N
is o 15m
Zaflf ®
3 25m
.:E‘ 3 225m S
&
£2
S . . Om
s ) ) 44m
0 10 20 30 30 50
Klux

Fig. 5. Chlorophyll activity of lake water from three depths at Sta. 2 on October
21 and November 27, 1968, in Lake Toya

HEOTHIE & b BA LN 3, FBRETIL LTI L OBOIHERIEHE 0. 95 mg C/mg Chl, a/hr i3
EEOZNL D BELS TES, 3206 UmBOWEHFIL 2 bR EBOLDLFERET 335,
BEBEUZR KB b-T, SFRLTVNS, saa7  VEECARD LA TV AR
CHERIIN D, 11 A 27 HiZiZ Om, 15m, 225 m D 3D 5 5, Om 3HARIER 9.52mg C/mg
Chl a/hr KBWTTREL O  LOBOEAIS 6N 325, 1k2,000 lux 13 FT/ED 15m 8L 22.5
mDENEIFFELY, CORFHICIZEED? S 30m 3 THVKIIRIZE HYIBEL TV 34 (KBS, 4
-9.0°C), KB TIZ, #u bBHAUREFKOESE® 51, TRI O HEL pH58 #RLT
Vo, LOISKRBTTREL HWKOMEIRO DIHARIEESTEL BT Ebmbh 3,
RREHBOWEM T 7 2 2 Tid pHE.8 UTOWKIC Ch 2INAEL S, ZORARERZEL
CPEPT BT L, b ->T0 3 (IF 1969), HBROEHF 5L o i Th, Yikinsk
7S50 2 b ORE PSRRI AL ERIILHTHS 505, BMEBKT TS TETEL
TaIHIEY, #7532 2 b iid sBEDIERE2EA TV A E VAL EERBLTV 300 b
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U, HRCHIABSBEELUIZ1ILBRASRBL T8 A-10AX b b, RERFEEM—BiT
Bl ChisZ 5 (RFic S bEB» S RBANERL T X L BBERBOEECKELIZLOTH

NiE - @O BECL -RARHMOMBT S 7t v EREB JURSRE

55, EET 11 Aid/NRIsH 5, TOFREMSEML Tz,

A E OO DIBRL XS WB LU KB TR (Fig. 6), BXBLBRbDI:-T, Zne 7y
AN a BRI T 1 FUERREL, BAREOEESHHRORREEBOIN HELBOTR
PRiCFEET 3, ARWTRAGROM L MAREINHRORTNEE RFEOTRELRICHFET 3
TENE, CORTHIZHLIBR L 5, TR OBMRIEY T 7 2 b o, K, B8

fiE ol

Lo TRIEBTHS 5%, FARHOBRETLEROERENTED Shiz,
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801  Octf 13,67
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Fig. 6. Vertical distribution of chlorophyll a and pheophytin in Lake Shikotsu
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XEHWB L OKRBTHR, BEBERXBHRD 7 v o 7 4 VOIBHEVSHAGRNAL D 50, izsun
TaNaBIZT AT 4 F &L D bHETEICEL (Table 1. Figs. 3,6), WfkRkke &nid, #
7Rt 0.5-1.6, XZWIL 0.3, KIPI20.5-0.6 =L T, WRME LRIV, T4bb, HEHT
BREECDSHoREM TS 7 o BRBKISEATERET 3L EHBRHETH 5,

TRFREO BAERZ DN T L 2X W SOKBIC BT 5 &, H LN H Y (Tablel, Figs.
4,7, EERBPZLGWO 1/5-1/7, EFRBWREBO 1/6-1/IBBRETDH S, Telh2THBEELDH
SERMOFAY, FEMSTH~RTRIR DT (Ichimura 1958) , HREROB I v 7 40
aB1HYYHERE (mgC/mgChl o/day) ZERERF 2EL T AR D ORBEREHL T3 (3.6
-24.5 mg C/mg Chl. a/day), T OHIRKBREOEICE > THRE 25, AWTEKRERLIZEE
2, XGWEFAURBEITHME -1, UL, KBLHIBELL Tk, FERPIO 16.5mgC/mg
Chl. a/day (EHE) %P EABEOFLBHNODIEY 8 mg C/mg Chl. a/day (Sakamoto 1966) iz
HERd 5 LRI ULAEWDS, L L, TEEADEFEN (Sakamoto 1966) X b & AW AN
BRBHFATE 7007  VOMERENT L Z20DT, ULzB-oTBEERENT5LT 5,

= ©

1. 1967 4E#s & OF 1968 EICBE L L HTRARBOMEM 7 5> 2 b o BRBENRAREZRIEL 1

2. BXBRESIB3EHSS 2 rm87 400 g BT 6.01-10.24d mg Chl. a/m3, 7 =4 7 4
¥ o &id 3.02-12.76 mg Pheo./m? %RV, WEFEDM (Pheo./Chl. a) i3 0.3-1.6 25RL 12, W
REOBENFHRORN T 23 RERELBOPBUBEEL I,

3. BEXRBRNOHEYF 5> 2 b RABREIR 40-150 mg C/m¥day, Bfizwvu 7 40 o B 1HY
Y DA EIL 3.8-24.5 mg C/mg Chl a/day Th b, W H OEERRLI,

4. NIRRT T - 2RO EERMES 6 R D 12 BARIELER 0.95-9.52 mg C/mg Chl. a/hr i€
bh, REBRBLUECEL, PUECUEL, WASHETREL T 3BEICZ ETHEOEY b
VWi,

5. HRPREH SIS 2o ruw7 40 a BBIEREREBECHSOTHBEOIZDICAEL 12X
BB L TRBIVIEUL TRV, INEBDO7 2474 F v B/ un T 40 o BREHHS
LORBIH RIS EERBIIEECEN ISV S5 2 o AR RIBATET 5,

AHFEit JIBP-PF Project D—#B & U TfT2zbhic b DT, HEAMEELE LEERFKEFTH
BAEBZMLICARORRICOWTHEFR L HBE2R O Uite 2 I2MEDRERILIEERFKER
AR BhEE, RAESERSRLOER L 5205 KThs, LLIRINLDFH X ITHUERE
OHERET 5,

X [
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