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Application of Carlson’s Trophic State Index to Japanese Lakes

Akira OTSUKI', Morihiro AIZAKI?, Takayoshi KAWAI' and Takehiko FUKUSHIMA?

Abstract

Applicability of Carlson’s trophic state index was examined for. 24 Japanese
lakes, involving a series of trophic states in summer period. The trophic state indices,
calculated from Secchi disk transparency, chlorophyll-a concentration and total
phosphorus concentration, showed excellent linear relationships each other with each
correlation coefficient of more than 0.87. The present results suggested that
Carlson’s trophic state index can be applicable for Japanese lakes with minor
meodifications and the index number should be simultaneously calculated from three
parameters because they have individually, complementary property.
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Table 1. Morphplogical data of surveyed lakes and time of survey

POEE X B B oH oM

7 I T B0 # i 1 FERIREE SRR HAETA
(m) {(km®) {m? {m)
¥ W M e 248 76.2 363.0 255.9 Jun. 1978
+RE# G 401 59.05 3340 71.0 "
= MO ah &) 902 4.9 1260 65.3 Aug. 1879
[T - IR TTIE 898 2.1 56.5 348 “
S (AR 1271 11.63 161.5 946 Aug—Qct. 1977
B8N i 260 4.34 147.5 105.0 Jun. 1978
WOk @ (R B §22 1.86 58.0 29.0 Sep. 1979
L # (& ) 654 3.9 375 208 o
i ) 83 0.0 . 1792 117.0 Jun. 1978
MEE R 815 0.14 12.0 5.7 Sep. 1979
B il gg 85 674.4 96.0 41.2 Jul. 1980
B (& 764 1.4 29.5 17.9 Sep. 1679
LA T 982 6.5 13.2 — Aug. 1979
#HoM B 1084 1.23 12.5 — Sep. 1979
B(F 450 0,05 15.0 - Jun, 1978
I R TR 822 6.1 15.4 9.8 Aug 1979
PN & (b 130 5.1 136 59 Jun. 1978
¥ R ¥ (ki) 270 0.0045 18.2 4.4 ”
B o MOl 5 896 0.65 11.2 — Aug. 1979
oW A 1478 0.33 125 — Aug—Qct. 1977
= 4 @ W 0 3.6 40 — Jul. 1980
] (kOB 3 12,0 35 — Sep. 1977
O OE(E B 759 14.5 7.0 4.1 Sep. 1979
B oy (& 1 178.0 7.0 4.0 Jun-—Sep.1977-79
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Table 2. Transparency, mean concentrations of Chl-¢ and T-P in euphotic
layer of surveyed lakes

i i # P B 13 yoozn-a T —-P

Cm ) (mg/ 1} (mg./ 1)

¥ & M (db g ) 23.5 0.2 0.005
SR | ! (5 # 18.0 0.4 0.005
* W@ QTSR ) 1.2 1.2 0.003
m O W Cr &5 9.0 1.9 0.002
TR C# k) 10.0 1.7 0.003
% Code i i) 13.6 1.0 0.008
oA M (& 5.2 1.5 0.003
F R W (& ) 8.5 2.0 0.007
mof W Cdb # 38) 3.0 2.3 0.004
th @ & (& B 4.5 2.3 0.0086
# B o dtW (¥ 1) 5.4 4.3 0.008
" mEi@ ¢ 22 0.016

A M (E ) 5.0 7.3 0.009
(TR Cih &H 2.8 6.9 0.009
% o @A (B B 3.1 4.1 0.008
[£3 s Y 4.3 4.5 0.011
Hoo M Ciy & 2.9 8.7 0.010
PN fict Cdb # i) 3.7 6.0 0.015
x5 @ (dtig i) 4.0 13.3 0.033
¥ i 85 1.7 210 0.067
W/ M 8 &) 1.8 24.0 0.066
= F M (& 9B 0.95 28.0 ©0.0458
i# i (& B 0.67 76.0 0.075
W™ oM (B ) 0.48 160.9 0.172
o il i (& 5 0.96 44.0 0.062
o fEA O o7 ) 0.39 189.0 0.302
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Table 3. Carlson's TSI numbers of surveyed lakes during summer

it il 2 TSI (Chly TSI (Sb) TSI (TP) SR ERAERE:

¥ moM (iL i) 5 14 27 (29) 186+ 1.2
+ fr oM () 22 18 27 (29) 223+ 45
o oM (GTTE- 3z 25 20 22 BY+ 6.0
oo @ QI 37 28 14 (16) 263 % 11.6
o % (F A 36 27 20 (22) 2716+ 80
£ 28 (e g a) 31 22 34 (36 20x 6.2
A (R £ 35 36 20(22) 303+ 9.0
H A (E ) 37 33 32 (34) 40+ 2.6
I (b g o) 38 44 24 (286) 353+ 10.2
oW (&g ) 39 38 30(32)  3B6E 4.9
B B #4E G 45 36 34 (362 3|3+ 58

“ = N G 51 49 44 (46)  480x 3.6
A # M (& ) 50 37 36 (38) 41.0+ 7.8
i QTR ) 50 45 36 (38 436+ 7.1
B A # (B % 44 41 36 (38 420+ 5.5
B B s &) 45 39 39 (412 41.0+ 3.5
e | QT3] 52 45 37(39) 446+ 7.5
N i (k. #3a) 48 41 43 (45) 4.0% 3.5
¥ A # (At g 8 ) 56 40 56 (55) 50.3 + 4.0
W o M Gl &43 60 52 65 (66) 59.0+ 6.6
B s M (A 62 52 65 (66) 596+ 6.8
R (/\ 3R 63 61 59 (61 610+ 2.0
i A (| B 73 66 66 (58) 683+ 4.0
M FH oW (& %) 80 71 78 (79) 63+ 4.7
B oy (& 8 68 61 64 (65) 643+ 35

L =7 T N G g2 74 B7 (87 1.0+ 6.6
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Application of Modified Carlson’s Trophic State Index to Japanese Lakes

and its Relationships to other Parameters Related to Trophic State

Morihiro AIZAKI', Akira OTSUKI?, Takehiko FUKUSHIMA®,
Takayoshi KAWAI?% Masaaki HOSOMI' and Koji MURAOKA' .

Abstract

Carlson (1977) proposed 2 numerical trophic state index that incorporates most
lakes in a scale of 0 to 100. The index number was calculated from Secchi disk
transparency, chlorophyllw, and total phosphorus. We examined the possibility of
the application of Carlson’s trophic index (TSI) to Japanese lakes and the
relationships beiween this index and other parameters related to trophic status of
lakes. Twenty-four fresh water lakes and six brackish lakes in Hokkaido, Tohoku,
Kanto, Chubu, and Kinki in Japan were surveyed in summer time during 1977 to
1980. In fresh water lakes, the modified Carlson’s TSI calculated from Secchi disk
transparency, chlorophyllw and total phosphorus concentrations showed linear
relationships each other. Modified Carlson’s TSI also showed linear relationships to
other parameters, such as concentrations of seston dry weight, particulate organic
carbon and nitrogen, total nitrogen, chemical oxygen demand, and total number of
bacteria. However, these parameters showed less correlations each other in brackish
lakes. It was concluded that the Carlson’s TSI can be modified and the modified
trophic state index is useful as one of water quality criteria for trophic status of fresh
water lakes.
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F7o, ALOBUOCABMEREEZWET IENICOTAICHIET 5T EMNTEN LV, Carlson
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Gy oV IyA Ly IKBETHRE L TRES Y, EREICEG D #EEERE T L., COD
Hoatkid 1 BOEMTETE LEBREICHR - oo MMBEEUTO®EY TH S, POC, PON I
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Table 1. Morphological data of surveyed lakes and time of survey

Altitude of Surface Maximum Mean Date of
Lake lake surface area depth depth
(m) (km?) (m) (m) survey \
L. Shikotsu 248 76.2 363.0 255.9 Jun. 1978 \
L. Kuttara 260 4.34 147.5 105.0 »
L. Tova 83 70.0 179.2 117.0 "
L. Hangetsu 270 0.45 18.2 4.4 "
L. Onuma 130 5.1 136 5.9 "
L. Tsutanuma 450 0.05 15.0 - "
L. Towada 401 59.05 334.0 71.0 »
L. Hinuma ' 3 12,0 3.5 - Sep. 1977
L. Kasumigaura 1 178.0 7.0 4.0 Jun.—Sep.
1977-79
L. Chuzenji 1271 11.63 161.5 94.6  Aug.—Oct. 1977
L. Yunoko 1478 (.33 12.5 - "
L. Haruna 1084 1.23 12.5 - Sep. 1979
L. Aoki 822 1.86 58.0 29.0 #
L. Kizaki 764 1.4 29.5 17.9 "
L. Nakatsuna 815 0.14 12.0 5.7 "
L. Nojiri 654 319 37.5 20.8 "
L. Suwa 759 14.5 7.0 4.1 "
L. Kawaguchi 822 6.1 15.4 9.8 Aug, 1979
L. Motosu 902 4.9 126.0 65.3 "
L. Nishinoumi 898 2.1 66.5 348 "
L. Shoji 896 0.65 11.2 - "
L. Yamanaka 982 6.5 13.2 - "
L. Biwa 85 674 .4 96.0 41.2 Jul. 1980
L. Mikata 0 16 4.0 - "
Brackish lake
L. Hamana 0 73.5 15.8 - Jul. 1980
L. Inohana 0 543 121 - "
L. Suigetsu 0 43 34.0 - "
L. Suga 0 0.9 - - ”
L. Kugushi 0 1.38 2.5 - "
L. Hyuga 0 0.9 38.0 - "

BEHREESE R, MEEEROA — T HIAFAFAL TN LA (B AEHRK, 1979),

COD RBAMIZ>VTRM~ Y7 VEEh ) 9 A OBMES, AR>SV TETAR Y EERL
foo @%3% (TN) HBHEARERONELITOUP - OTT v = 7 EEHE, BHMEER,
MEEEER B LU PON OfITH LT,
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Carlson {1977) RHEWEMEM T 7 b YRIZFERIKET LEEL T EHETSRELL
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ERTVE, £, BFIFAKOAFERETR 200mg- m™ EBEL TV 5B, ZHOOEH,D, &
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Table 2 Physical, chemical and biological water qualities of euphotic
layers of surveyed lakes

Lake Secchi gﬂiﬁfg P e, TN POC  PON  COD P

(m)  (ug/?) (mg/e) (mg/?) (mg/Q) (mg/R) (ug/v) (mg/®) (No./mg)
L. Shikotsu 23.0 0.2 0.005 0.07 0.088 0.08 11 0.15  1.3x10%
L. Towada 18.0 0.4 0.005 0.36 - 0.10 16 045 1.2x10°
L. Motosu 11.2 1.2 0.003 0.22 0.087 0.10 15 0.27 2.3x10°
L. Kuttara 136 1.0 0.008 0.40 0.222 Q.19 33 044  1.7x10%
L. Chuzenji 10.0 1.7 0.003 0.55 0.076 0.17 30 032 2.6x10°
L. Nishinoumi 9.0 1.9 0.002 0.43 0.044 0.20 10 047  3.2x108
L. Aoki 5.2 1.5 0,003 0.88 0.130 0.16 26 0.32  5.4x10°
L. Nojiri 6.5 2.0 0.007 0.73 0.062 0.27 39 0.68 4.9x10%
L. Nakatsuna 4,5 2.3 0006 1.24 0.195 0.28 45 - 7.5x10*
L. Toya 3.0 2.3 0004 16 0222 (.21 29 0.54 4.0x10°8
L. Biwa (N) 54 4.3 0.008 1.9 0.108  0.63 78 1.1 6.0x10¢
L. Biwa (S) 2.2 1.7 0016 4.7 0.158 0.69 90 1.1 1.1x10°®
L. Tsutanuma 4.3 4.5 0.011 3.1 - 1.15 120 14 6.3x104
L. Kizaki 5.0 7.3  0.009 1.0 0121 0353 84 073 l.1x10*¢
L. Yamanaka 2.8 6.9 0.009 1.3 0.110 049 75 1.1 4.9x10°
L. Haruna 3.7 4.1 0.009 1.4 0175 049 71 1.4 1.2x108
L, Kawaguchi 29 87 0010 1.7 0.155 066 84 1.3 1.7x10°
L. Hangetsu 4.0 13.3 0.033 29 0.837 0.85 179 2.8 1.8x10%
L. Onuma 3.7 6.0 0.015 2.0 0.297 0.38 82 23 1.2x10%
L. Shoji 1.7 21 0.067 24 0.519 1.18 156 1.8 2.5x108
L. Yunoko 1.8 24 0.066 34 0375 1.9 157 — 1.7x10¢
L. Mikata 0.95 28 0.046 9.4 0.241 3.56 230 3.8 3.4x10°
L. Hinuma .67 T6 0075 240 0632 2.90 447 — 2.8x10°
L. Suwa 0.48 160 0.172 35.2 2.06 10.4 1725 8.0 6.1x10¢8

L. Kasumigaura
T 0.39 189 0.302 476 236 9.8 1603 14.4 7.0x10%

L. Kasumigaura
©)

Brackish lake

L. Hamana 1.6 25 0.044 362 0457 2.1 370 133 5.7x10°
L. Inchana 21 23 0.056 395 0.775 2.2 350 96 4.5x10¢
L. Suigetsu 2.5 83 0580 78 0215 1.7 210 1.8 3.0x10°¢
L. Suga 24 6.7 0350 43 0129 094 120 1.9 2.4x108
L. Kugushi 1.7 9.5 0027 88 0200 1.5 195 2.1 3.0x10¢
L. Hyuga 4.0 37 0.026 186 0117 0.5 67 1.5 -

HEr L AL W ERBOhTH DB, 7007 o MEEE, BHE, 20 vBEolliciiEhER
BUERMESS 5 SO mIZN o428, ChoD TSI e bR bEL i LW
FEoMEAHOMIILTEB T @B ORA TSI DEHEML2EHDI /- DICHETE S, T,
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Table 3. TSI values calculated from surveyed data of concentration
of chlorophyll+4, total phosphorus, and Secchi disk
transparency in Japanese lakes.

Lake TSI (Chl) TSI (SD) TSI (TP)
L. Shikotsu 7 (15} 12 (14) 31 27
L. Towada 15 (22) 17 (18 31 @27
L. Motosu 27 (32 25 (29 25 (20
L. Nishinoumi 32 (3D 28 (28) 20 (14)
L. Chuzenji 30 (36) 26 (27 25 (20)
L. Kuttara 25 (3D 21 (22) 37 (34)
L. Aoki 29 (35) 37 (36) 25 (20)
L. Nojiri 32 (3 34 (33) 35 (32)
L. Tova 32 (38) 47 (44) 29 (24
L. Nakatsuna 34 (3% 40 (38) 34 (30)
L. Biwa (N) 41 (49) 31 (36) 37 (34)
L. Biwa (%) 47 (31) 52 (49 46 (44)
L. Kizaki 46 (5B 38 (3N 3% (36}
L. Yamanaka 46 (50) 48 (45) 39 (38)
L. Haruna 40 " (44) 43 (41) 39 (36)
L. Tsutanuma 41 (43) 41 (39 41 (39)
L. Kawaguchi 48 (52) 47  (45) 40 (37)
L. Onuma 44 (48) 43 (41) 45 (43)
.. Hangetsu 53 (56) 42 (40) 55 (55)
L. Shoji 58 (60) 56 (52) 64 (65)
L. Yuncko 59 (62) 55 (52) 63 (63)
L. Mikata 61 (63) 66 (61) 59 (59
L. Hinuma 72 (73 72 (66) 65 (66)
L. Suwa 80 (80) 77 (T 76 (78)
L. Kasumigaura (C) 66 (68) 66 (61) 63 (64)
L. Kasumigaura (T) 82 (82) 81 (74) 83 (87)

—_

j: TSI values calculated from Carlson’s equations (Carlson, 1977).

Wiz, L TSI Lff 4 ORT & Ok —EOMFYS 5 L 41U, &ORIENES TRMENEY
BEplEd Al i L-TH+OMOEL L OREEMET A LETEIRSTH 2,
SS¥MRTER., POC. PONRIHEHOBREERTLOT, MW7 7 v 7 + Y2HUHEMES
LUFR ) 7R, MRERRNRETSEETH S, 1, ZLOWETRY »EULATERY
B OREEF &S5 L CAD D TN EEBREREE LTHELLDEEALNS, COD
TRENSHRGR O BELSHEMI NITYRE B E L TR, BRRICHERILZOKRER
DHEBRMAEMEL TZALF —2BTVELIELS, BRYOZLIITRE WEERNHHS
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Nd, Lickis-T, ThookEEE & TSI &OMIT S0 HEMEEN TR ENE,E31TSI
(Ch) LzhonkEEEEDMFELRT. TSI(Ch) &EnFN ORETEICE CEHAED &
hd. £/, RALZTNThOKERAOREED QA & - LA DR T £ — 5 B O
BfRETRT, Bro 7 4 - JMIRGBOBBBIENS LT o b, fic, 7ou7 1 LBE,
SSE®EE, POC, PON, £2EHOMicEEVHIEMFENAOND, $1, RIGOMEEER
OFEEALET S L, SEBOVHERGER L LHHFE L OEAHOBBAGRENE LN, i
COD, £RAMBEEROESMAEH 35 LthO/KEHE & BOERMEESG NS T Edibh
Ste THODERNG /o T 4 -aBE LB A -7y OBICELUTOL Y BBGENEEC
Edbpofo,

#F 4 FEXRFCBEL o AKEIE M OMEER O EE Jhiml, Yt
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LB, EEADT—5 0 TE EEMOTHOT -5,

Table 4. Comparison of regression coefficients between surface layer (Om)
and euphotic layer

Data of 22 fresh water lakes in Hokkaido, Tohoku, Kanto, and Chubu were
used.

Secchi 38 Chloro-
disk dry wt, phyll cOD T-P T-N POC PON

0.972
S8 dry wt,
0.964
0.965 0.940
Chl hylil
OOV g965 0953
cOD 0.878 0.869 0.864
0.911 0.954 0.941
TP 0.868 0.880 0.879 0.893
0.864 0.869 0.901 0.916
T-N 0.880 0.878 (}.828 0.797 0.921
0.832 0.866 0.844 0.859 0.919
POC 0.956 (.960 0.970 0.918 0.925 0.870
0.939 0.956 0.968 0.948 0.929 0.872
PON 0.957 0.960 0.958 0.907 0.943 0.906 0.984
0.928 0.951 0.958 0.950 0.951 0.907 0.981
0.922 0.869 0.926 0.892 0.807 0.796 0.925 0.905
Total bac.

0.936 0.913 0.956 0.921 0.870 0.835 0.929 0.926

Data of surface layer (0m)
Average of euphotic layer
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In (chl) = 104 In(SS)+ 112 ((SS) :mg 1)
In{chl) = 1.231In(POC) + 2.44 {((POC) : mg 1)
In{chl) = 1.19 In(PON) — 3.49 ((PON) : mg-17")
In {chl) = 1.351In (TNJ +3.93 ([(TNJ : mg-17")
In (chl) = 1.36 In (CQOD) + 1.50 {(COD) : mg-17")
In {chl) = L35 1n (TB) —16.63 ((TB) : mg -1

CHOOMERAE > T TS EFOEFECTHENLFDOKEE XS ITRT . {FHANMENT 5
WLt CEMEE, 8 1848 (T-P), #1221, (S8) BBRER, #2445, (POC),
2 14E; (PON), #2.24%; (T—NJ, #120{%; (COD), V204 £EH, H20fEd
s HRENEH O,

C Ofth, BIART & AEROESICHK4CRT LI BEEAL L0, BHEO 25 £PEEROD
& & —F L+ (Hogetsu & Ichimura, 1954),

(3) Hiki~oD#EH

IhETlRTERTECHMBomA#MIIECTIR, 2on7 0 A3YE, &) ViBE, SHE
DRl L OFIMEBESS SR, 70, Mophdd 2 EEE O LERMRES o 2T LD
Matie L=, ZH0DEASHIESNZERBREELSL, MOBRERELZMIVE
kT e LM » 7, Linl, AFRICRE L OFkE, MAREH BESHEnRLL
AOHBMBBEIELTED, ChoOEBI LT 6B OMIE & FRIC Carlson OB KK B
FAEEHTE P ESPRIABURETH L, 20T, KA THMUAEL LTRE, S8ty

# 5 EXRBERHIEEYTSKERAL OB

Table 5. Trophic state index and its associated parameters

roi Ol S Towkp 455 0 POC PON ToulN  COD Totalbac.
(ug/?) (m) (ug/®)  (mg/®) (mg/} (ug/e) (mg/R) (mg/®) (No./me)
0 010 48 04 004 002 30010 006 4.2x10°
0 026 27 09 009 005 6 0020 012  83x10*
20 066 15 20 023 010 13 0.040 024 L6x10°
30 16 80 46 055 021 29 0079 048 3.2x10°
0 41 44 10 3 044 62 016 094 64x10°
O 10 24 2 21 092 130 031 1.8 L3x10°
60 26 13 50 77 19 290 065 36  15xI0*
0 64 073 10 19 41 620 12 71 4.9x10¢
80 160 040 250 45 86 1340 23 14 9.6x10°
9 400 022 555 108 18 2900 46 27 L9xI07
100 1000 - 012 1230 260 38 6500 91 54 3.8x107
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Fig. 4 Relationships between TSI (SD) and euphotic depth

DRODETKIIARY, TNOOB~DIEECarlson HEEROBA LR L1, K 6 1A L /o KHEIA
B OMBERRERT .

AR 2 007 VS, POCTERIY, PONBIR & EGAIBE R 9 24, ok BEEE & OHIBE
Wi, you7 MEBAE, £%RE, POCEE, PONBE, SEH LGS HEREGRE T,
&y, COD EORBIREN, £ YBIEL T~ ToXRETRER LA H e HEBEBMGRRED O
Bipat, COEIN, TNHE2OXHERRENGERBLKEERKS 574 -5 &L
TRENTESLEIRDONE, $f, CHODOMBTE, 7007 vBRELSFREEICS
VARBEBLE AT A DAL, &Y YR & EHMBEREAMEN £ & A SRR AERUI R OB AT LS 5T
ZAIEEHE SV —RRICHFETREHMFRKE T L2 T EME 0N, HKHITL LD XK I EBR
PHONEEITH B, £, MELAKEREOTTILREMHIOKEER & HEHE A0
EEERL T D, dokill, AKEIIn Lok EsRE L TERGERICES O L BHN S,
LEOFEH i3 Carlson JEEAFRKM~ERTAILE, ZLOMMMELH S LEbN by, #ifi
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# b FUKBITOERTELICEIE L 2K HE IEE M O MB R O kg
Table 6. Regression coefficients of each parameter in euphotic layer of surveyed
brackish lakes

Secchi S8 Chloro-

disk dry wt.  phyll COD T-P T-N POC PON
S8 dry wt. 0.162
Chlerophyll 0.800 0.623
COoD 0.043 0.947 0.498
T-P 0.085 0.608 0.129 0.611
T-N 0.587 0.757 0.938 0.593 0.189
POC 0.799 0.446 0.920 0.228 0.057 0.876
PON 0.831 0495 0.966 0.314 0.012 0.900 0.988
Total bac. 0.625 0.962 0.975 0.958 0.574 0.875 0.865 0.958
5 ¥ &

(1) Carlson OREFE/LINEREOEL
CIRET, BHOKERZCEL TS oMENSHS (G £, 1979 ; Hillbricht-Ilkow-
skA, 1979). TG OWT, Carlson DEREREEER U TOLINETENTVE, (1)
R =il 0o 100 F CORENERTTETLENTE S, O &iF, EEBRECET/LE
Y H DA THEROHE L DFMETRHAHETE D, (2) A r— i@ Zo0Mir L5 A
=¥ (Zoo7 . n-a @3, &) VRE, BUE) »oitBd+ sl &0 TE, $1, FREFNDS
7 A - S EIRBOMBMESGELET AL D50, IRBUCUE L TROAUL T 2 — 5 2:8IRT 5
TemTEd, (30 HMIZL» T, LM - BT, £NTHITA BRERELHETH S BERL
DRFEMED ST HETIREORLNTE, £ OINE{ OFMTTRELERT L0 LA5nlhEs i
Ho =N, ITEHNCEDBOREEZBELE 3 2GR, FIEiO=20/% 2 — 2 BLUZ hicft
BT 2IMOKHBEOREIR L » T, EREFBIRELERT A EMNTE L, LOLHILEN
tﬁé%5ﬁﬁ.Cm@m@%%ﬁwﬁ%m%m,%@z#—w@gﬁ&tfﬁmﬁ%mwtc&
KL BRMEEERICR > T A, Mb, HIEN 75 7 + Y OBBIERS 2 W UADEE Ok+
HOEFYE BT 7 v 2 b YEAOWEY) ICE AHEBER LD 3o hicRE KT 7 v 2
MYLAOHEIL L ANOBMEHATE R LEE L TERT RO T v by REERLE
75, Sakamoto (1966a), Lorenzen (1980), Megard et al. (1980), # & U Edomondson
(1980) BHM 77 7 + v EIAOWE ic L2 MEIFRAHEY 7 5 ¥ 2 b v OZRICHNTHRLT
SRR T & BT L & AISTEL TV B, Sakamota (1966a) 1 6 ADEIETORMT 5 ¥ 2
by RAOE I & AMEURBAEEISIL, 239~4.23m™ DA B T3, ik bSO OREEREE




ORI LIS THYM T ? v 2 b Y LA DOMBEIC L 5HEEEE (K.) 2HHELTA

-in (0. 2)

Ko+ 002C ( Lorenzen, 1980 )

[(Sp) =

ZOFEER, K, Ofli& LT0.065~088m™ MiFohi, Botl K, O :AEEOMEEES
R, BEAAMEC BB Licdio T Ky RE L AMRIEZR L fo, 35N okl 0.88m™ &
WA, ZOBTEAEAME TS v by AN LS A TOERREER 1 8mk DS
LIBHNCEERLTV A, Lizh»T, ZOC &ML LERTREERORE: L CEEES
Az SicdMfssD, BAShOBENLETH i, BAYRTIOISIBEHRHT7 o0 7 4
W BEARBEL LR VEFH L. CORT—-AMREHIMI oo T M- BE
Olmg - m™® KXIGEL, 7907 ¢ MBED 25805 0L ITEMI0F oS 2RARICE »
VB, MR, T 5 V0 b v RO BT S IR ORI AMER OB BN T S &
Bhh s, Bhbhoroo7  vEREIBEKECEFTRRCE > TELLTL AL LMH0h0
T1v (Steele & Baird, 1962, 1965 ; Parsons et.al, 1961), $#4°L &, 7 oo 7 0 O
BOBELEAOMNBEE L TV, SEHAVLERE 7 v e 7 0 VEAOKEER & ORRK
£#%L, 7007  MARBEREEMMICRELTOALEEAL SN2 POC, PON HEHMI0H
MEBE -T2 ~228BNMLTEY, 2EMGEWEIRE - TWD, i, fholEkEE
HESS RERTHE [ B~ 2 2F0EEICA-TEY, R 2K LTS, L
oSO EEAEZSLERE (5) RERLAEIZou7 ( WBELHEEL LR TSIORAR L
LTEYEEDEELONS, 7z, HEEL LA TSI (Q) OBHEFBmiZc AT TRONHA
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Fig. 5 Relationships between Secchi disk transparency and extinction ceefficient
from factors other an algae
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OixEDHEARE, BABO 41.6mIcid@FELL,

PlE_T &tz e, 2MEERNLETEH 24 Carlson OERBE/LIKEEEIIAADHNR D
MEOERBREZRTHEELLTEODHTICNTVHEELZ NS, SEB ONIHREER
DHOERANTELHEER, PER, EXRBOZSOXBRMBAELBL TAHLEUTOD L5085,
Forshery & Ryding (1980) BRI hF THESINALHEEEEHL, GX¥BREs7on 7 1 v-a
BEA2~Tmg - m? T, &) v310~15mg-m™@ LIT, SEHEMIT~46mllbcdH B &
WMEL TV, -T, IS0 %E TSIEITHRIE S S &, TSI (ChD 32~46LLF, TSI(TP)
40~45LE[F, TSI(SD) 39~43LIFEi35, $f, BB 7007 4 v-—aBEHM5~12mg - m™®
Bk, 20 vH20~25mg -mP Lk, BHEH2 ~2TmUTEHELTWDEDT, #hFh TSI
(ChD) 42~5284k, TSI (TP) 49~52L1 L, TSI (SD)48~53L L &850 % Orhflpichaisk &
5, BRE, hEE, ESXRBLXTI20CHOZEIBASLORREE L > THAT 5
HEARLZ:0ThD, £, ZTERI2o007 40, £y, BHECMOI T THESNL
W OhDMERESEORARREERT, SEHEOH/Iz/ 00T b2 v L OMERREME
% fER 72 OECD, Schindler OFR & HEMLOG—EAR LY, £ZNEEFOS) YBE
EHFEO 7 a7 0 VEE EOBEST <7 Sakamoto, Dillon & Rigler, Carlson O {# iz e~ 3
EEEROME AP A PECHBEMER L. BHEL /o7 L LOBRIIZNETOR
AFROBTHEDRELERAL, SEOBREE 25 ETOPHOELENE -1, BWELE
D EDBFRb I NE THEINLEOREFROMBEN /. Lt T, SEBoNHk 0O
T4, Y, ;EBHPW)F'%O)ESH?‘EU;*Cnitwﬁ&&kE?E’J&b\#ﬁ%Tﬁ'c st o,

(2) Carlson OEFRFREIEROE Bl

NI THORBREARTEIEL LT, EROBERER, SEBMAN . %, $%73 v o
b OB S St KRERE, BLUREERSAVONTE I, Carlson {13 HE
HRE, #7772+ vRERTEEL L TRERCEN TS 2T EHE LI » 205, {1
HE L OME, BIKINE THEBRBORECKELRIEZRL LTEEROEERER, 54
U—REER & OBFRERET 2 0ENH B, Walker (1978) & TSI &LIEM K OB RN Z A

SICEVAHBIRAGFE NS A EERL TS, £ #, Cornett & Rigler (1979) &£ 1) »#pr L
REEEEMEFLE LU L > TEBKORARZEEEHE L T3, —4, Smith(1979) i
wkhoe ) YRELHERE IS 3 BUEHY O 0BT EEEE ISV EBFEES B C
EERWHLTWA, Sakamoto { 1966b), Dillon & Rigler (1974 ), Carlson (1977), B4U
ZOMDE { ORREZHERPOL ) »BELEMO 7 o0 7 « VERIEVCHBEMFEYH 2T &R
LCEY, i, BPRELENT S v 7+ YRICLBVHEBEMENS 2T LRZ{ OWEHL LS
THohIcEn TS, (FIAE, Ichimura, 1956 ; Carlson 1977, Oglesby & Schaffrer,1978).
CREHE, ThFTELREEOLNTELRBER LR 510 OBEN T NENERIICERE
BRARTCS L L LBRELH AR - TEF TS, L LEHMD, SRBLKEESEAHET
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Table 7. Comparison of equations which shows relationships between
chiorophyll and total phosphorus, Secchi disk transparency and
chlorophyll, and, Secchi disk transparency and total phosphorus.

Source Equation Equation Equation

Sakamote (1966b)  *(Chl) = 0.07 (P)] 58 B B
Dillon and Rigler #(ChD) = 0.07 (p)1.45 _ _

(1974)
Carlson (1977) *(ChD) = 0.09 (P)l 45 (SD) = 7.69 (@1)-0.68 (SD) = 48.2 (P)-Ugg
Schindler (1978)  **(Ch1) = 0.14 ()} 2! _ R
Oglesby and +(ChI) = 0.574(P) ~ 2.90(SD) = 9.14 (Chl)0-61 (5D} =22.9.4P)
Schaffner (1978)
f?osﬁery and Ryding _ (SD} =7 D8R (Chl)—O.S'." _

(1980)
OECD (1980) w(Chl) = 0.28 (1090 (sDy=9.33 (05t (D) =352 (@)~053

(hy___=0.6a(pl03

. max 115 ~0.60 _0.60

This study (Chl)=0.29 (P)" (D) = 10.18 (Ch)y 099 (spy= 213 () &

* (Chl}in summer versus (P) in winter or spring
**  Mean annual (Chl) versus mean annual (P)
Also see Nicholls & Dillon’s Paper (1978}

HMTHFBEEMTHIBEL DO LIHETH AT EETRLTELENES, LItB-T,
TOBMCHEORAESSH D, BEMOSEKEECAELL LORBENGEAEL 2 0 HHRIRENS
o kIRERIE, THROOE - P BOMEENRRLASEYOEN SO LTS, Forsberg &
Ryding ( 1980) 32 % = —F Y D0OMBIC >V THEAE T, 2 YREHM01mg - m™ 2L EiC
EmLtb s oo LRI 100 ~ 200mg - m™® OETIITERG-TLEY, FhLLEMMLE
WZEFRLTVE, ZOEINE LS bEFRMNBIETEOREHEL L TRAEERDORARF
ooz MREEEZC EHFRNTS 2, BRILMO & D I L D@ niokifios L
THMOKEEEEEMT A2 LEELLNETH B, MKEOHH TR, GHIHOIHEE LT
FHEREMEZOEEGHEEL THD, BAOFEEY (BHOLERR) 2R3 EETHLIER
{EIEELEDSILOT o - FREENTETWE, B, TOI2OKROMENToNT
=T AH (Sladecek, 1972), SHEICHBHFRCMT 2 KARERRABEL, EAENE
HEFLDEDIHRATALIRMBLETHELEL NS,

6. E 8

MOREIKEG, TR TRIBERE, MY - 375 v b CEER, e 0fEkEe—K
AR, BLU, ERAOEERERS D SEAMIT, HAHE, bR, BXAEOIBMCHES
NTEe LHLEAGLOL S UHRETRALERN TH L MOERBNBELEHICXTC
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EBTELY, Carlson (1977) BB EALDEHELE 0 H S 100 DBHTETZ LTS 5, £
B, 7007 VEE, 2) YREPOERDLIHL OEHERNESEL UL o, ARRTIIO
Carlson OFREAREIEE (TS AHADMBICLAER T AbEIHh0RH LT, 1A
Bric, @, o070, &0 A OERE ML ZREREZREL, TSI OM
Fadlid, 2OER, DUToL2 AR oMIZE -1,

l. Carlson @ TS| 3£ OFMELE L CHEFE AR T 505, BYREHHM T v 2 b v i
A L RBEFYHTCHBEORE - ARMCL - TZOMMBERSh LN, A TE 7o
74 VB ASLEL LA ITFO LD UWEE TSI A8 L, BIETSI R 7 002 4 v-a fE
Dimg m? 24EHOLL, 700 74 -a M 1L,000mg - m™ A48 100 &9 3 TF ok TH
L,

In (chl} )
In2.5

TSI(Chl) = 10X (2.46+
2 FtriddeEnd, ik, BIYL ohE, SEEHS OFMR OB K24, BRTE Bk 6 i
DWT19TT T 5 1980 0B b F A LITT - 12,
3 FBFERNLI 0 OT o g B LB, &) BRI TOL S SEESS B T LA
B & et - F,

In{chl) =3.69—- 1563 In{(SD) ((SD) : m)

in(chl) =671+ 1151n(TP) (LTP) i mg 1)

TOT LS TSI(SD), TSI(TP) ZRDHAE LTUTDHSG LN,

3.69—-1.53In(SD) )
In 2.5

TSI(SD) =10 x (2.46+

6.71 +1.15In(TP) )

TSI(TP) =]0><(2.46+ 25

4. MKETO TS1(ChD), TSI(SD), TSI (TP) @licid & v EEBE (r - 0.87 ~
0.96) HHohi,

5. BEAKETH TSI (Chl) & SSEgAiH, £%%A, COD, POC, PON, M@K OMIic
bECHIBBIE (70 083 ~096) M LI,

6. #AKM T, TSI OIE¥KAM08M 20 &, HAAE, %18N'T*P,%22%;SS
W, B 245 POC, H2145; PON, $92.2f%; TN, #20{% COD, #¥2045;
SR, 920 (5 0md 28EMNE LR

T EKETH, 2 0o 7 g v-a i LERRE IS O EBBEMA ST, &) YREELE
BB SIZ A LA LN, TSI OFUKBI~NO @B MEENE 0 &S CEbht,
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B BKic VT TSI W LOBESBETH LA FELERTHS T LHBHLMITE-
oo HEIE TSI fIC £ » THEROERE, PR ERBLERIT D LUT DI »70, HRE:
TSI (Chl) 32~46L1F, TSI (TP) 40~45L4F, TSI(SD) 39~430AF, EX#E: TSI
(Chl) 42~52p L, TSI {TP) 49~52LLk, TSI (SD) 48~53LL L,
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Mutual Correlation of Lake Eutrophication Indexes and the Significance

of Physiographical Properties

Takeshi GODA'!

Abstract

The relationships between three major eutrophication indexes, secchi disk
transparency, chlorophylle and total phosphorus, are discussed based on the data
presented by OECD’s group of “shallow lakes and reservoirs” (1979), and that of
Aizaki et al {1980) for 22 Japanese lakes. It was found [chl] vs {TP] plot show some
poor correlation compared with the correlation between [SD] and [chl]. This may
be induced by the fact that the significance of instantaneous value of TP should be
recognized as the consequence of long-term nutrient feeding and utilization. This
result may influence the concept of TSI, proposed by Carlson, of which value is
samely accessible from {8D], [ch!] and as well from [TP],

Some physiographical indexes are examined to distinguish each lake’s tendency
of eutrophication using the index of COD. W/¥, watershed area per unit water
volume, P/ ¥, contributing population density, and also PW/V was calculated for
Japanese 26 lakes and lagoons. W/V and P/V are plotted on the semi-log papers
versus annual mean COD values. The group of shallow, eutrophicated lakes are
plotted apart at some part of each paper. Moreover, by plotting PW/V versus COD,
the number of highly eutrophicated lakes are more restricted and their plottings are
isolated further from other lakes. Here, the factor P/V is assumed proportional to the
rate of nutrient loading from point sources, and W/V, nonpoint sources.
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Table 1. Physiographical Parameters and Indexes of 26 Japanese Lakes
Catchment Water Mean Surface Popula- COD Retention PW/V
Name Area Volume Depth Area tion WiV PV PIVyx 10> (8.52) Period Capita-
W{km?) V¥ (x10°m3} & (m) A (km2)  P(x103) (ppm) (¥) km?/103m?

Shikotsu 218.8 19500 2523 71.3 0.37 0.011 0.00002 0.02 0.75 - 0.0004
Toya 176.7 8200 117.8 69.6 7.08 0.022 0.0009 0.90 0.50 2.3 0.152
Onuma 106.1 32.8 6.4 5.1 4.57 3.235 0.139 139 2.98 0.60 14.8
Abashiri 13571 233 7.2 325 43.08 5.824 0.185 185 6.3 0.15 251
Akan 98.4 210 17.8 11.8 2.20 0.469 0.010 10.0 2.61 1.2 1.03
Kussharo 202.5 2200 284 715 2.96 0.092 0.0013 1.3 0.94 (12 0.27
Towada 60.0 4190 71.0 59.1 - 0.143 - - 0.85 8.5 -
Tazawa 223 7200 280.0 25.7 - 0.003 - - <0.5 1.9 -
Hibara 106.4 128 12.0 10.4 0.85 0.831 0.0066 6.6 1.8* 0.87 0.70
Onogawa 37.5 11.8 7.9 1.5 0.25 3.178 0.021 21.0 1.9* 0.05 0.80
AKimoto 112.1 32.8 9.9 33 0.33 3418 0.010 10.0 2.1%* 0.09 1.13
Numazawa 8.9 85 27.0 3.1 0.23 0.105 0.0003 0.3 1.3 (.84 0.02
Kasumigaura 2169 800 4.0 220 750.0 2.711 0.938 938 7.2 0.70 2033
Chozenji 70.0 1100 94.7 11.6 - 0.064 - - 1.1* 7.2 -
Yunoko 18.0 1.7 5.2 0.33 0.29 10.59 0.171 171 2.8% .11 3.06
Inba-numa 320 19.7 1.5 13.1 351 26.40 17.82 17820 7.3 0.044 9265
Kahoku-gata 272 147 1.8 8.2 152.8 18.50 10.39 10390 6.9% 0.057 2827
Motosu 66 320 49.0 6.5 0.8 0.206 0.003 3.0 0.6* 6.5 0.17
Suwa 531 64 4.6 13.7 186.3 8.297 2.911 2911 9.0 0.12 1546
Nojiri 9.0 256 56 4.6 1.13 0.352 0.044 44.0 1.9* 1.0t 0.40
Aoki 32.8 545 29.0 1.9 1.67 0.602 0.0 31.0 1.6* - 1.01
Biwa 3800 27500 41.2 674 850.0 0.138 0.031 31.0 2.53 4.85 17
Koyamaike 41 19 2.8 6.8 6.10 2:.158 0.321 321 9.3 0.24 13.2
Chukai 690 533 55 96.9 176.7 1.295 0.332 332 4.3*% 0.16 229
Shinji 460 344 4.2 81.8 195.7 1.337 0.569 569 4.0* 0.24 262
Ikeda 23 1300 120 11.0 1.6 0.018 0.0012 1.2 1.5 53.0 0.03

Remarks: *:

Observed Values of 1978, average of 75% value (Other data are from 1980 data of Environment Agency)
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Evaluation of Trophic State in Lake by Entropy of Information Theory

Shingo TAI', Ryuichi SUDO" and Takeshi GODA!

Abstract

The propriety of using entropy of information theory (/) as a trophic state of
lake was examined. Species entropy for algae ( #¢) give a better indication of environ-
mental differences between stations, #s may be hierarchically according to the
categories of the taxonomic hierarchy. Taxonomic hierarchical entropy reveals com-
ponents of entropy at each taxonomic level, For algae, generic entropy ( H ) revealed
nearly as much about community structures as Hg suggesting that discriminating
higher taxa rather than identifying species can be used in algal community, with
saving of time and money. The distribution of algal community has maximum
entropy { H,.,) if all the species abundances are equal. The ratio of entropy for
aquatic sample (H) to H.. is called the relative entropy (k). The A according to the
taxonomic hierarchy give a better indication of the differences between trophic
state of lakes. The & for algae hold promise for the studies of entrophication of lake
and need further investigation.
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Table 1. Numbers of class, order, family, genus and species of algae

Class Order Family Genus Species

Cyanophyceae 1 5 14 60 393
Glaucophyceae 1 1 2 3
Rhodophyceae 1 5 7 10 18
Phaeophyceae 1 1 1 1 1
Chrysophyceae 1 3 9 20 48
Xanthophyceae 1 4 10 18 46
Bacillatiophyceae 1 6 16 40 217

. Dinophyceae 1 3 5 9 35

_ Cryptophyceae 1 1 2 4
. - Chleromonadophyceae 1 1 1 3 4

Lt ~ Euglenophyceae 1 2 4 10 105
Chlorophyceae 1 11 36 149 1147

Total 12 43 105 324 2021
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Table 2. Maximum entropy of information theory for algae in taxonomic hierarchy

Cmax HOmax H Fmax H Gmax HSmax

Cyanophyceae 0 0.409 0.745 1.483 2.594
Glaucophyceae 0 0 0 0.276 0477
Rhodaphyceae 0 0.485 0.665 0.820 1.255
Phacophyceae 0 0 0 0 0
Chrysophyceae 0 0.305 0.746 1.124 1.681
Xanthophyceae 0 0.486 0.842 1.022 1.663
Bacillariophyceae 0 0.542 0.975 1.395 2.336
Dinophyceae 0 0.336 0.597 0.739 1.544
Cryptophyceae 0 0 0 0.244 0.602
Chloromonadophyceae 0 0 0 0.452 0.602
Euglenophyceae 0 0.023 0.091 0.625 2.021
Chlorophyceae 0 0.457 0.751 1.454 3.060

Total 0.660 1.077 1.377 1.995 3.306
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Table 3. Componenis of entropy of information theory for algae in taxonomic

fodZIiE, 220 Total O Hesma 13

higrarchy
(A) (B] (c) (D]

Cyanophyceae 0.409 0.336 0.738 1.111
Glaucophyceae 0 0 0.276 0.201
Rhodophyceae 0.485 0.180 0.155 0.435
Phaeophyceae 0 0 0 0
Chrysophyceae 0.305 0.439 0.378 0.557
Xanthophyceae 0.486 0.356 0.130 0.041
Bacillariophyceae 0.542 0.433 0.420 0.941
Dinophyceae 0.336 (.261 0.142 0.805
Cryptophyceae 0 Q 0.244 0.358
Chloromonadophyceae 0 0 0.452 0.150
Euglenophyceae 0.023 0.068 0.534 1.396
Chlorophyceae 0,457 0.294 (.703 1.606

Total 0417 0.300 0.618 1.320
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Table 4. Hierarchical dendrogram for algae from Lake Kasumigaura

19717 1978
6j3 7 &M 93 LRI S VE S T B Vo 1 B T
Class Order Family Genus Species Populations
Bacillarisphygeae  Discoideae Melosiracear Melosira M. granulata 20 10 20 20 40
M. distans 40 60
M. italics pdi}
Cosginodiscaceur Cyclotelly ¢, mencghiniana 40 an 20 0
€. kuctzingiana 0
C.osp 260 40 40
Coscinodiscus C. tacustrix 0 B4O 1500 80 &0
Biddulphidae  Solenoidear Rhizosolenia R. 20
Fragilatioideac  Fragilariaceae Synedru S avus ki 20
S, rumpens 60 280 220 i) 80 40 0
5. actinastrofdes O
S ulnu 40 0 20 ) 0
S sp 40 40
Achnantholyear Achipanthaceac Achnanthes A sp B0 260 1)
Covconcis €. diminuta . 0
Naviculacear Navicula N. cryplocephala 20
N. sp 0 0
Funoticideae  Epithemiaceac Funotia L. sp n
Nitzschicideae  Nitzschiaveae Nitzsehia N. palea 20
N. acicularis pli}
N. Hnearis 20
N.osp 2
Surirclacear Surirella S5 biscriata 20
300 500 620 180 001020 1650 300 a0 18O
Chlorophy ceae Tetrasporales  Falmellaceac Gloeocystis G. pgas 20
G. sp - 80
Sphacrocystis S. schroereti 20
Chlorococeales  Hydrodictyaceae Periastrum P. tclias 0
cav Golenkinia G. radiata 20
Dictyosphacrium D, pulchellum 180 &0 60 40 40
D. chrenbergianum 20
Coglastraceae Coelasteum C. sphacricum 4n
C.sp 0
Oocystaceae Tettacdran T. minimum m
T. funufa 20
T. elegans 40 20
T. regulare 20
T. muticum 40
Chodatelia C. guadriseta 20 piv}
C. citrifermis 0
C. longiseta i}
QOacyslis 0. pusilla 10
0. parvu B0 120 20
Q. sp 60
Nephrocytium N. limneticum 50
Selenastrum S, minutum 20
5 s m 0 20
Kirchnerilta K. contorta 20
K. sp 20
Ankistrodesmus A, Faleatus 140 80 D 500
Closteriopsis C. longissima 80 0
Schroederia 5. sctigera 20 20 40
Quadrigula Q. recustris 20
Scenedesmaceae Telrastium T. staurogeniaeforme 40 B0 0 0
Scencdesmus S. abundance 40100 20 20
S bijuga a0
S. quadricauda 0 10 &0 0
S. dimorphus L0 X0
§. armartus 0
5. opolicnsis 80
Ulotrichales Ulotrichaceae Utthrix U. sp 120
Zyg ! Zy i M. sp 40 60
Desmidiaceas Clostrium C. sp 40
Chilamydomena- Straurasirum §. asierias 20
Valvocales daceae Chlamydomonas  C. sp a0 106 40 150 100 120 960 280
820 33100 340 &0 420 430 160 1020 1120
Cyanophyccae Qscilatoriales Lingbya L. sp m
Phormidium P. 1enuc 20 0 60
Nostocaceae Anabaena A sp L40 160 RO 300
Chroococcales  Chroocoeccaceae Chroocoecus C. dispersus 140 100
€. lmneticus W I
C. turgidus 6000
C. sp 380 40
Aphanothece A, sp 20 20
Merismopedia M. punctata 20
Microcystis M. aeruginosa 800 30340 40400 9320 13360
Aphanacapsa A. pulchra &0
A sp 40 40
B 280  BOO 940 30520 48400 9400 14340 0 Q [}
o B Tetal 1400 4600 1900 30780 46420 10840 16480 460 1160 L300
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Table 5. Maximum entropy of information theory and components of entropy of

* information theory in taxonomic hierarchy of algae from Lake Kasumiga-

ura
1977 1978 )

Entropy 6/3 72 8/4 9/3 10/3 1143 12/3 173 2/3 3/3
Hg 0419 0.340 0.444 0.023 0.002 6.205 0.199 6.281 0.160 6175
Hy 0.649 0.659 0.707 0.042 0.002 0.252 0.261 0.477 0.245 0.426
He 0.931 0.782 0.748 0.043 0.002 0.270 0.285 0.477 0.260 ‘0,489
He 1.241 0.938 0.817 0.044 0.169 0.274 0.300 0.477 0.295 0.512
H, 1.384 1.016 0.869 0.044 0.169 0.281 0.306 0.477 0.310 0.540

Compenent of Entropy
[A] 0.230 0.319 0.263 0.019 0 0.047 0.062 0.196 0.085 0.251
[B] 0.282 0.123 0.041 0.001 0 0.018 0.024 0 0.015 0,063
[C] 0.310 0.156 0.069 0.001 0.167 0.004 0.015 o 0.037 0.022

[D] 0.143 0078 0052 0 0 0.007 0006 O 0.014  0.028
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Table 6. Correlation coefficients of maximum entropy of information theory in
taxonomic hierarchy of algae from Lake Kasumigaura.

He Ho He H, Hy
Hg - - - - -
Ho 0.962 - - - -
He 0.944 0.978 - - -
He 0.886 0.910 0973 -~ -
Hs 0.874 0.896 0.957 0.999 -

Hb,

XS, MBOERIEEEAREONEMRD FOBREI LD EEL S5 3002HBE L GIC
FFEHE AT & OMIC TR BAERE RN S C EHSHOBEE LTS,

&= 4 OBMEOBHNFEREEMESERT il TEEE, BRAERkE260THECEEN
E‘Lj’%ﬂ

5 B X #
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Relationship Between Nutrients Loading and Phytoplankton Standing Crop in

Outdoor Experimental Ponds

Morihiro AIZAKI", Akira OTSUKY and Takayoshi KAWAT?

Abstract

Relationship between nutrients loading and phytoplankton standing crop was
studied in outdoor experimental ponds during a period from autumn 1978 to winter
1979. Each experimental pond made of concreate has a dimension of 3m wide, 6.6m
length, and 1m depth. Throughout the experimental periods, phosphate, nitrate and
ammonium were added continuously at 3.5, 7.0 and 10.6 mg.m >.day' of
phosphorus in three experimental ponds, respectively. Nitrogen loading was adjusted
about 7 times of phosphorus by weight. The apparent water residence time of each
experimental ponds was 20 days.

1. Apparent maximum growth rates of phytoplankton in each experimental
pond were 1.2—1.8 days in the term of doubling time in spring, summer and
autumn, and 3.2—4.0 days in winter. The growth rates showed less correlation to the
concentration of the nutrients,

2. Phytoplankton standing crop at steady states showed high correlation to the
nutrients loading. Relationship between phosphorus ioading (mg-m >-day ') and
concentrations of chlorophyll (,ug°l_l), POC (mg+1""Yand PON {mg+1"") and PON
{mg+17"} in experimental ponds were expressed s following formula ;

[Chll = 18.1[P] —57 (n=14,r=0.90}
[POC] = 0.69 [P] +0.38 (n=12,r=0.89)
{PON] = 0.096 [P] —0.16 (n=16,r=0.95.

3. Following relationships were found between concentrations of total
phosphorus (ug+17') and chllorophyliz (pg+17"), POC (uge17"), and PON(ug. 1) in
experimental ponds;

L EFL AT RTREREE T 306 RGO A A NEFI{163 2
Water and Soil Environment Division, The National Institute for Environmentat Studies, Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.

20 [EM/ATAEFRET GHUSHAE T 305 SRR ST AN MARE T/ NER) 163 2
Chemistry and Physics Division, The National Institute for Environmental Studies, Yatabe-machi, Tsukuba,
Tbaraki 305, Japan.
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IChl] = 0.87([P] —14.08 (n=44,r=0.79
{POC] = 38.8[P] +1261 {(n=40,r=10.83)
[PON] = 5.32[P]) +1.66 (n=41,r=0.54).

4. Relationship between phosphorus loading and chlorophylle oncentration
in a part of Takahamairi bay in Lake Kasumigaura which has almostly the same
dilution rate as this experiment, about 30 days, showed similar result of this
experiment as following formula:

[Chl) = 9.4 (P] —375 ([Pi: mgrm 2day™).

5. It was concluded from these results that the relationship between nutrients
foading and phytoplankton standing crop has to be clarified at various dilution rates
for prediction of eutrophication in shallow and short water residence time lakes.
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Fig. 1  Schematic diagram of the outdoor experimental ponds
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Table 1. Comparison between estimated and observed concentrations of
nutrients in the inflow water of each experimental pond
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B2 BRI & RBRIRI D ke B £ U R

Jut.
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L, 1978 I BRDURELR C,
Fig. 2 Experimental periods, maximum, minimum and average temperature, and
solar radiations in each experiments. Except the experiment of autumn

1978.
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1979

Pond 1 Pond 2 Pond 3
0-PO,-P NH,NO,N o-PQ,P NH,NO,-N oPO,-P NH,NO,N
(mg/D) {mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
Autumn 1978  Obser. 0.587 379 0,304 2.82 0.166 0.81
Est. 0.635 4.45 0.385 2.70 0.135 0.95
Spring 1979 Obser. 0.218 1.65 0.133 0.94 0.067 0.55
Est. 0.210 1.47 0.140 0.98 0.070 0.49
Summer 1979 Obser. 0.147 0.94 0.061 0.48 0.157 1.09
Est. 0.140 0.98 0.070 0.49 0.210 1.47
Autumn §979 Obser. - - — — - -
Fst. 0.210 147 0.140 0.98 0.070 0.49
Winter 1979 Obser. 0.050 0.64 0.122 1.12 0.210 1.85
Est. 0.070 0.49 0.140 0.98 0.210 147
SPRING SUMMER AUTUMN WINTER
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Fig. 3-1 Changes in concentrations of chlorophylle, POC, PO4-P, and TIN in the
Experimental Pond 1. This experiment was conducted in autumn 1978. The
dilution rate was changed from 10 days to 20 days at 10th days of the expe-

riment. i
’, Pond 2
i pore 0.0ct = 4Dec.
CEEE
HEF
Time (day!
B3 -2 1978 FRRED IR ICE 1 2 HBM— 2hd 7 o o 7 4 v, POCPO,-P,
B TINERE D EL
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Fig. 3-2 Changes in concentrations of chlorophylla, POC, PO,4-P, and TIN in the
Experimental Pond 2. This experiment was conducted in autumn 1978. The
dilution rate was changed from 10 days to 20 days at [0th day of the
experiment.
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Fig. 3-3 Changes in concentrations of chlorophyllw, POC, PO4-P, and TIN in the
Experimenta} Pond 3. This experiment was conducted in autumn 1978,

The dilution rate was changed from 10 days to 20 days at 10th day of the
experiment,

(PON) /| T 72,
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M5 —1~X5—3IC 1979 iEH FOREREEHE T ¢, DB MOFMICEE~T SO MHREE
AiEE < HERABHES L TA 58 8 Bikicid =2 iR & HERIREIC L fr, R OIERTUMHI
gk, HEE, i) v ERHIEADU Yo BIE $ TERMOSRICN: - TET Ldk, BOME
DOBEREETHINLAC L THD, e Pond 2,3 Tl v aw 7 4 VBB @ECE L ERIC
%f/ZQﬂﬁiﬁﬁTLfﬁn,%nqufﬁﬁmUvmwmﬁé%ntgcm&ﬁmvymﬁ
LOMIMBES BT 7 ¥ 7 b vic L ABMORE LI L 5 bOTHS 5, STHOKBTE
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FLOEmMMA LRt ERkETOs 007 cv-a, POC, PON @B THEFNPond | Tid
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Fig. 4-1 Changes in concentrations of chlorophylle, POC, PO4-P, and TIN in the
Experimental Pond 1. This experiment was conducted in spring 1979.
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Fig. 4-2 Changes in concentrations of chlorophylle, POC, PO4-P, and TIN in the
Experimental Pond 2. This experiment was conducted in spring 1979.
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Fig. 4-3 Changes in concentrations of chlorophylle, POC, PO,4-P, and TIN in the
Experimental Pond 3. This experiment was conducted in spring 1979,
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Fig. 5-1 Changes in concentrations of chlorophylla, POC, PQ4-P, and TIN in the
Experimental Pond 1. This experiment was conducted in summer 1979.
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Fig. 5-2 Changes in concentrations of chlorophylle, POC, PO4-P, and TIN in the
Experimental Pond 2. This experiment was conducted in summer 1979.
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Fig. 5-3 Changes in concentrations of chlorophylle, POC, PO4-P, and TIN in the
experimental Pond 3. This experiment was conducted in summer 1979.
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Fig. 6-1 Changes in concentrations of chlorophylle, POC, PO4-P, and TIN in the
Experimental Pond 1, This experiment was conducted in autumn 1979,
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Fig. 6-2 Changes in concentrations of chlorophylle, POC, PO4-F, and TIN in the
Experimental Pond 2. This experiment was conducted in autumn 1979.
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Fig. 6-3 Changes in concentrations of chlorophyll-a, POC, PO4-P, and TIN in the
Experimental Pond 3. This experiment was conducted in autumn 1979,
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Fig. 7-1 Changes in concentrations of chlorophylla, PO4-P, and TIN in the
Experimental Pond 1. This experiment was conducted in winter 1979,
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Fig. 7-2 Changes in concentrations of chlorophylle, PO4-P, and TIN in the
Experimental Pond 2. This experiment was conducted in winter 1979,
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Fig. 7-3 Changes in concentrations of chlorophyllw, PO4-P, and TIN in the
Experimental Pond 3. This experiment was conducted in winter 1979.
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Table 2. Relationships between concentrations of total phosorus and chlorophylla, PON, and
POC in experimental ponds at each season

Equation " r Equation n r Equation n r
1978 Autumn Chi=1.23F - 53.9 11 089 PON'= 5.12F + 31.0 11 0.94 POC= 34.2F + 1340 10 0.80
1979 Spring Chl = 1.07P - 60.9 15 0.84 PON = 7.76P — 326 14 097 POC = 46.8P + 598 14 082
Summer Chl= 0.55P +5.25 7 077 PON = 5.97P - 53.0 7092 POC = 67.3P — 429 7 086
Autumn Chl=1.52pP - 21.1 4 0.99 PON = 5.87P + 70.4 5 092 POC = 70.4P + 534 5 0.88
Winter Chl=1.05P - 4.24 6  0.95 PON = 2.72P + 134 4 094 POC = 7.61P + 1281 4 054
1978 Autumn — 6 g2p 4 44 079 PON = 5.32P + 1.66 41 094 POC = 38.8P + 1261 40 083

1979 Winter
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Relationship between concentrations of total phosphorus in inflow water
and in the experimental ponds throughout all experiments.
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Relationship between concentrations of total phosphorus and chlorophyll«
in the experimental ponds throughout all experiments. Letters of &, b, ¢, d,
and e in the figure indicate the regression line obtained from the data of
each experiment in autumn 1978, spring 1979, summer 1979, autumn
1979, and winter 1979, respectively. Symbols : (®) autumn 1978, (£} spring
1979, (©) summer 1979, (®) autumn 1979, (A) winter 1979.




TR L EEAFR L (K10, BEGEHEBLREREFHINCH TLEMEALTH
G EEENEDYE (r=080~086), 7007 4E2) VEDORKEHBNTS -
}2o PON&E& Y v EORICRBIIICRT &, BRMIEXATHELFREZBL TATH IF
Wi EBEMES A St EREELCABLL Y ¥ & (PON) ORI (PONI=5.32 (P
+1.66 (n=41,r=094) OREEREILNI, TALDEERP L) VI KM LTEELE 0D
74n-a, 1.2 [PON), 6.2 ; [POC), 55 @FFRILHSL T Edbb-T,

wIT) v E bR S B RER S OBRERE U, HI12- 1 ~FI12- 3ic) Y EFR SERRE
ELEO s o070 0-a, POC, PONRE & OBEE =Y, EREDY YAFORBRITI,
)i BRI fo LA KGR D ) E (0,135 mg /1) piEERIRBICEL 85D Y VBEE
MTEEHEME BRI EL > OTERREIGEL B0 ) YBESRA» oKD,

X=A— (A-X,) ™

CCTX D IEEEO Y LB, A AU VEE, X, Vo) sBE, D BARETHD VY
il oo 7 cn-a BER (sg/1) ORiTid (Chl)=,8.1 (PJ-57 ((P)=mg/m?.day)
OMFENA LI (R12-1), BENKA 2 L AFRIMOFEHEBTHRUEDLEITH L4,
Lo Lishs, o, H#ZF, B RFoOBTRALOEMLERERLL, BI2—15
51 Y31 mg/mi-day TR, BALR) YREF| 2 0FHASNT, zok) VAH

POCimg )

50 100 150 200 250 300 350
T-ptm i)

E 10 B4y 2 EEFE POCHEEORMR
Hbo a, b, ¢, d & e}, FhETh, 1979 TER, HE KE, LU
BREDT — 5 pOROEMBIERET T, (®) OBERE, (o) WOEEE,
(O) 19794EH%E, (w) 9794EEkF, (A) 1979 F4E,

Fig. 10 Relationship between concentrations of total phosphorus and POC in the
experimental ponds throughout all experiments. Letters of a, b, ¢, d, and e
in the figure indicate the regression line obtained from the data of each
experiment in autumn 1978, spring 1979, summer 1979, autumn 1979, and
winter 1979, respectively. Symbols : (®) autumn 1978, (&) spring 1979, (©)
summer 1979, () autumn 1979, (&) winter 1979,
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Fig. 11 Relationship between concentrations of total phosphorus and PON in the
experimental ponds throughout all experiments. Letters of a, b, ¢, d,and e
in the figure indicate the regression line obtained from the data of each
experiment in autumn 1978, spring 1979, summer 1979, autumn 1979, and
winter 1979, respectively. Symbols : (®) autumn 1978, (A) spring 1979, (©)
summer 1979, (W) autumn 1979, (&) winter 1979,
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Fig. 12-1 Relationship between phosphorus loading and chlorophylla concentration
at the steady state in the experimental ponds. Symbols : (®) autumn 1978,
(&) spring 1979, (O} summer 1979, (@) autumn 1979, (&) winter 1979.
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Fig. 12-2 Relationship between phosphorus leading and POC concentration at the
steady state in the experimental ponds. Symbols : (®) autumn 1978, (&)
spring 1979, (O) summer (979, (®) autumn 1979, (&) winter 1979.

_81_



08

06

PON (me ¢

4L

02

L

I N )
Phosphorus Loading (& m'-day)

Fi2-3 FEph~ o) YEMRLE ERRE TOXE RO PONBE L OMEFE
(®) 1978 TFEKZE, (AD 19794F4RE, (O) 1979 FLlE. (m) (9799 EkE,
(A) 1979 E&F,
Fig. 12-3 Relationship between phosphous loading and PON concentration at the
steady state in the experimental ponds. Symbols : (®) autumn 1978, (»)
spring 1979, (©) summer 1979, (%) autumn 1979, (&) winter 1979.
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Fig. 13 Changes in total number and viable count of bacteria in experimental ponds.
(®) Pond 1, () Pond 3.
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Fig. 14 Relationship between phosphorus loading and chlerophyllw concentration
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Continuous Measurements of in vive Fluorescence of Chl.<, pH,
Solar Radiation and Other Factors During Algal Growth

in Out Door Experimental Ponds

Takayoshi KAWAI', Akira OTSUKI', Morihiro AIZAKI?,
Hiroshi MIYAI® and Masayuki TAKAHASHI?

Abstract

Continuous measurement system of aquatic quality was developed for outdoor
experimental ponds. invive fluorescence of chlorophylle, pH, solar radiation and
others were continuously measured during phytoplankton growth. Two new
phenomena on the photoresponse of the in vive fluorescence of phytoplankton were
found. One is photoenhancement of the in vive fluoresence. The other is that under
the similar conditions of species, water temperature, solar radiation, nuirient
concentrations, and growth stage there are changes in the ratio of photoinhibition
per unit light intensity and small photoenhancement also occurs.

A longer period pH fluctuation, rather than diurnal ones, was found and
attributed to the algal succession. The results seems to interpret the pH change in
Takahamairi Bay of Lake Kasumigaura,
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Fig. 1  Schematic illustration of continuous measurement system. TH.LIN., TCG,

g.e. indicate thermister linearizer, time code generator, and glass electrode
respectively.
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Fig. 2 An example of continuous measurements of in vrivo fluorescence of
chlorophyll. Inner graph shows the real shape of the measured fluores-
cence data. The top envelope line and the bottom one correspond to the
fluoresence data of ponds 1 and 3 respectively. Under stage is solar
radiation.
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Table 1. Phytoplankton Carbon in Main Species
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Fig. 4 Growth curves by the concentration of extractive chlorophyll-e plotted
with open symbols connected by broken lines. Dotted and closed symbols
tied with solid lines are total inorganic nitrogen (TIN) and PO,-P.
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Fig. 10 An example of continuous measurements of algal growth in the out door
experimental ponds. Numbers between pH and DO curves are titrated

alkalinity.
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Fig. 13 Distribution of pH values vs various chl. # concentrations together for St's.
1,2 and 2’ in Takahamairi Bay. Sigmoid shaped successive pH change (®)
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CO, loading. '
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Table 1. An alphabetical index for surveyed lakes

Lake Date of survey Sasrir:g;ing Figures Table
L. Acki (Chubu) Sep. 1979 150 121 106
L. Biwa (Kinki) Jul. 1980 151 122 107
L. Chuzenji (Kanto) Aug.—Oct, 1977 151 124 108
L. Hangetsu (Hokkaido) Jun. 1978 152 126 109
L. Haruna {Kanto) Sep, 1979 153 109
L. Hinuma (Kanto) Sep. 1977 153 127 109
L. Kawuaguchi (Kanto) Aug. 1979 154 i29 116
L. Kizaki (Chubu) Sep. 1979 150 110
L. Kuttara (Hokkaido) Jun. 1978 154 131 111
L. Mikata {Kinki} Jul. 1980 155 132 111
L. Motosu {Kanto) Aug. 1979 156 133 111
L. Nakatsuna (Chubu) Sep. 1979 150 112
L. Nishinoumi (Kanto) Aug. 1979 157 136 114
L. Nojiri {Chubu) Sep. 1979 156 113
L. Onuma (Hokkaido) Jun, 1978 157 137 113
L. Shikotsu (Hokkaido) Jun. 1978 158 138 114
L. Shoji (Kanta) Aug. 1979 158 140 115
L. Suwa (Chubu) Sep. 1979 159 115
L. Towada (Tohoku) Jun, 1978 159 142 ‘116
L. Toya (Hokkaido} Jun. 1978 160 144 116
L. Tsutanuma (Tohoku) Jun, 1978 160 145 117
L. Yamanaka {Kanto) Aug. 1979 161 146 117
L. Yunoko {(Kanta) Aug.—~Qct, 1977 161 147 117
Brackish lake
L. Hamana (Chubu} Jul. 1980 152 126 119
L Hiruga (Kinki) Jul. 1980 155 128 119
L. Inohana (Chubu} Jul. 1980 152 129 119
L. Kugushi {(Kinki) Jul, 1980 155 131 119
L. Suga (Kinki) Jul. 1980 155 141 119
L. Suigetsu (Kinki) Jul. 1980 155 142 120
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Lake Depth 8s PON POC Chl.a Pheo cop T. Buc. T-P PO,-P  NH,-N NO,-N NO,-N
St. (date) m pH ppm  ugf¢ ugfe CIN ppb ppb ppm cellsfmg  ppm pF)m pp;m ppzm p;13n1
L. Aoki
St.1 (°79.9.4) 0 7.2 0.88 25 156 6.4 1.5 0.41,0.26 4.8x10° 0.003>  N.D. 0.022  0.002> 0.087
5 8.1 0.97 29 192 6.6 1.4 0.33,0.35 7.0x10° 0.003> N.D. 0.022  0.001> 0.087
10 7.9 0.80 23 145 6.4 1.5 0.23,0.24 43x10% 0.003> N.D. 0.027 0.001> 0.067
20 7.5 0.590 23 137 6.0 1.7 0.31,0.26  3.2x10° 0.003> ©.001> 0.047 0.002> 0.123
St. 2 (*79.9.4) 0 7.8 0.75 25 152 6.2 1.4 0.21,0.27 5.1x10* 0.002> 0.00i> 0.028  0.003> 0.096
5 8.1 (.87 28 176 6.4 1.5 06.002>  N.D, 0.022  0.001> (L1109
10 7.6 0.74 21 142 6.7 1.3 0.003>  N.D. 0.027 001> 0.114
20 7.6 0.56 21 121 5.7 1.2 0.005 0.001> 0.047  0.002> 0.142




Lake Depth 88 PON  POC Chl.a Pheo COD  T.Bac. TP PO,P NH,-N NO,-N NO,N
St. (date) m pH ppm g/ pEfe CIN ppb ppb ppa cellsime  ppm pom pAM ppm pme
L. Biwa
St. 1 (’80.7.26) 0 9.0 1.4 006 049 3.2 1.0 6.2x10° 0.008 0.002> 0.010 0.002> 0.010
92 1.5 006 075 3.7 1.0 6.4x10° 0.010 0.002> 0014 0.002> 0.004
10 9.0 22 009 073 6.1 1.1 7.5x10°  0.009  0.002> 0007 0.002> 0.0¢3
20 8.2 0.5 003 0.8 8 0.6 2.8x10° 0.007  0.002> 0.002 0.002> D.158
$t.2 ('80.7.26) 0 9.1 22 006 046 2.4 1.1 5.9x105  0.007  0.002>  0.010 0.002>  0.003
A 3 9.1 1.7 007 0.54 35 1.0 6.2x10° 0.007 0.002> 0.008 0.002> 0.000
3| 10 8.4 21 0.09 072 5.8 1.0 8.4x10° 0008 0.002> 0.044 0.002> 0.077
20 7.9 0.5 003 018 1.5 0.5 1.2x10%  9.005  0.002> ©0.008 0002> 0.177
St. 3 (’80.7.26) 0 9.3 2.0 009 067 39 3.5 7.2x10%  0.007  0.002>  0.008 0.002> 0.003
5 9.3 19 010 066 4.4 1.6 5.4x10°  0.007 0.002> 0007 0.002> 0.004
10 9.3 1.8 008 064 5.3 1.2 6.9x10° 0.009 0.002> 0.023  0.002> 0.022
20 7.8 0.9 004 029 2.7 0.6 2.0x105  0.006  0.002> 0010 0.002> 0.185
St. 4 ('80.7.26) 0 8.8 49 008  0.63 7.3 1.2 1.2x10°  0.017  0.002> 0.033  0.003> 0.046
8.8 49 910 0.74 7.7 1.2 1.1x10% 0015  0.002> 0.021 0.003> 0.037
5 8.8 42 009 071 8.1 1.0 9.5x10° 0.016 0.002> 0.022 0004> 0.036




Lake Depth S8 PON POC Chl.g Pheo CcCoD T. Bac. T-P PO, -P NH,-N NO,-N NO,-N
St. (date) m PH ppm  ugft g/ CIN ppb ppb ppm cellsfm¢  ppm p;m ppm ppm ppm
L. Chuzenji
5t.1 ("78.8.8) 0 7.2 — - - - 0.6 0.2 1.3x10° 0.04 0.01> 0.01> 0.01> 0.0i>
5 7.4 - - — — .6 0.5 1.5x10° 0.01 0.01> 0.01> 0.01> 0.01>
10 7.8 — - - - 4.8 0.6 2.9x10° 0.01 - 0.01> 3.01> 0.01>
20 7.3 - — — - 2.6 0.1 2.3x10% 0.01> — 0.01> 0.01> 0.08>
$t.2(’77.8.8) 0 7.5 - — - - 0.6 0.2 5.7x10* 0.01> 0.01> 4.01> 0.01> 0.01>
| 5 7.5 - - - - 0.6 0.4 1.6x10° 0.01> G.01> 0.01> 0.01> 0.01>
2 1 77 - - - - 2.8 0.5 L7x10° 001> 001> 001> 001> 001>
1 20 7.3 - — — - 3.1 0.0 35x10° 0.01> 0.01> 0.01> 0.01> 0.01>
St. 1(’77.10.21) 7.4 0.4 10 170 11.9 1.0 - 4 7x10* 0.003> 0.003> 0.032 0.002> 0.002>
5 7.4 0.5 26 200 7.6 0.9 — - 0.003> 0.003> 0.036 0.002>  0.002>
10 7.4 0.5 30 190 6.3 1.0 - - 0.003> 0.003> 0.032 0.002>  0.002>
20 7.4 0.6 28 220 7.8 1.5 - — 0.003> 0.003> 0.033 0.002> 0.020
St.2(°77.10.21) 0 7.5 0.5 30 170 6.7 1.1 — 3.0x10° 0.003> 0.003> 0.046 0.002> 0.002
5 7.4 0.6 30 170 6.3 1.2 - 4.8x10° 0.003> 0.003> 0.052 0.002> 0.003>
10 7.5 0.5 30 170 6.3 1.2 - 35x10° 0.003> 0.003> 0.041 0.002>  0.003>
20 7.3 4.6 30 210 7.2 1.3 - 5.0x16° 0.003> 0.003> 0.042 0.002> G.002>
50 7.2 - - - - - — 2.0x10° - — — — -
100 7.1 — - — — - - 1.7x10° — - — - -
150 10 - - - - - - 53x10° - - - - -
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Lake Depth S5 PON  POC Chl.a Pheo COD T. Bac. T-P PO, NH,-N NO,-N NO,-N
St. (date) m PH o ppm ugfe ugfe CiN ppb ppb ppm cellsfme  ppm ppm ppm p;;m pplm
L. Hangetsu
('78.6.25) 0 7.4 1.4 58 598 3.0 0.97 283 1.3x10¢  0.011 - 6.063  0.004 0.002
5 7.0 4.0 160 1460 5.1 1.74 - 1.6x10¢  0.020 - 0.336 - -
10 6.3 2.9 179 850 13.3 10.9 2.83 1.8x10% 0.033 — 1.57 - -
is 6.3 4.8 423 1960 21.9 - 3.76 - - - - - -
L. Haruna
(’79.9.7) 0 84 0.97 53 425 8.0 4.2 1.3 1.2x10% 0.008 0.002> 0052 0.003 0.031
5 8.4 1.4 63 474 7.3 4.0 1.3 9.8x10* 0.007 0.002> 0.053 0.003> 0.033
10 6.9 1.8 95 570 6.0 4.1 .3 1.4x10° 0.011  0.002> 0.138 0.003> 0.005
12 - 1.4 71 490 4.1 1.4 1.2x10%  0.009 - - - -
L. Hinuma
St.1 ("77.9.28) 0 - 243 510 3130 6.2 105 - 1.7x10° 0.085  0.008 0.005 0.018 0.081
1 - 25.1 450 3300 6.6 82 - 2.4x10% 0.087 0.008 0.006  0.018 0.085
2 - 29.5 520 3200 6.2 78 3.Tx10% 0.087 0.008 0.008 0.017 0.088
8t.2(77.9.28) 0 - 19.7 510 3100 6.0 80 - l6x10s 0077  0.008 0.005 0.011 0.090
1 - 20.0 530 3200 6.1 85 - 3.3x10% 0.076  0.008 0.005  0.021 0.089
2 — 209 530 3070 5.8 84 - 4.6x10° 0.080  0.007 0.006  0.02t 0.088
3 - 20,2 520 3100 83 - 3.8x10° 0.078 - - - -
S1.3 ('77.9.28) 0 — 12.3 330 2000 6.0 57 - 1.3xi0* 0.057 0.005 0.009  (0.027 0.236
1 - 12.3 330 2070 6.2 58 - 1.9x10¢  0.057  0.04 0.008  0.027 0.236
1.9 - 519 450 3400 7.5 57 - 2.6x10%°  0.072  0.004 0.010 0.027 0.239




—=0Ir-

Lake Depth S8 PON  POC Chl.a Pheo coD T. Bac. T-P PO,-P  NH,-N NO,-N NO,-N
St. (date) m pH ppm ugfe ugfe C/N ppb ppb ppm cellsym?  ppm p;)m ppm ppzm ppjm
L. Kawaguchi
St.1 (°79.8.31) 0 1.7 1.20 84 479 59 6.0 — 1.4:10° 0.007 N.D. 0.034 N.D 0.001>
5 7.8 1.32 32 536 16.8 6.7 - - 0.010 N.D. 0.039 N.D. 0.002>
10 7.4 1.20 97 516 5.3 3.8 - - 0.009 N.D. 0.078 N.D 0.001>
St.2 (°79.8.31) 0 8.0 1.73 69 648 9.4 8.3 1.21 1.8x10° 0.009 0.001> 0.056 0.001> 0.015
5 8.0 1.69 98 644 6.6 9.1 1.25 1.2x10% 0.009 N.D. 0.05¢ 0.002 0.016
7 - 1.71 84  0.14 8.7 1.27 1.5x10% 0.009 - - - -
§t.3 (*79.8.31) 0 8.1 1.56 17 634 37.5 7.8 - 2.0x10°  0.009 N.D. 0.056 0.001> 0.006
3 8.1 1.80 102 728 7.1 9.3 - 1.5x10% 0.011 N.D. 0.058 0.002> 0.007
Bottem - 1.68 - 680 - 8.55 - 1.8x10% 0.010 - — - -
L. Kizaki
St. 1 ('79.9.3) 0 8.5 056 54 348 6.4 4.1 0.68 1.0x10%  0.006 0.002> 0020 0.001> 0.001>
8.4 1.42 113 719 64 104 0.73 i.1x10% 0.012 0.003> 0.030 0.001> 0.024
7 - 0.99 84 530 7.3 0.73 1.1x10° 0.009 - - - -
10 7.1 0.69 47 285 5.1 5.3 0.52 1.0x10% 0.012 0.002> 0.048 0.002> 0.070
20 7.0 0.17 24 160 6.8 1.5 (.28 4.0x10° 0.003> 0.001> 0023 0.002> 0278
$1.2 (°79.9.3) 0 7.9 0.83 62 390 6.2 3.9 0.76 1.1x10¢ 0.010 0.002> 0.023 0.001> 0.005
5 8.2 1.61 121 737 6.1 11.2 - - 0.012 0.003> 0,052 0.002> 0.040
10 74 0.61 38 245 6.5 3.9 - - 0.006 0.001>  0.055 0.003> 0.123
20 7.3 0.24 19 127 6.8 1.1 - — 0.003 0.001 06.028  0.002> 0.278




Lake Decpth SS PON POC Chl.a Pheo CoD T. Bac. T-P PO, -P NH,-N NG,-N NO,-N
St. (date) m pH ppm  ugfe ug/e CIN ppb ppb ppm cellsfm?  ppm p;;m ‘ p[;m ppzm pme
L. Kuttara
St. 1 (°78.6.22) 0 7.2 0.36 24 148 1.0 0.47 0.35 1.6x10° 0.009 - 0.041  0.003 0.015
5 7.1 0.34 25 163 092 (.54 - 1.1x10° 0.008 - - - -
10 7.3 0.42 38 209 0.99 0.64 0.52 2.0x10% 0.006 - 0.069 0.004 0.004
15 7.2 0.45 33 190 1.1 0.56 0.44 2.0x10% 0.008 - - - -
20 7.2 0.38 34 213 1.2 0.67 0.37 - 0.008 - 0.055  0.005 0.005
40 7.0 1.2 42 244 1.8 - - 1.8x10° - - - — -
L. Mikata
St. 1 (°80.7.28) 0.5 8.1 14.0 330 2520 27.0 3.8 2.1x10¢  0.066 0.003 0.010  0.002> 0.002
St.2 (°B0.7.28) 0.5 - 4.8 130 1040 28.2 - 4.6x10° 0.026 0.003 0.005  0.002> 0.001
| L. Motosu
= St (*77.8.30) 0 7.3 0.2 10 70 6.9 035 0.4 1.1x10* 0.003 0.002> 0.026 0.002> 0.063
: 5 7.3 0.3 10 76 7.6 0.5 0.2 1.6x10° 0.003 0.002> 0.018 0.002> 0.066
10 7.3 0.3 12 85 7.0 0.5 0.4 1.3x10°  0.003 0.002> 0.009 0.002> 0.066
20 7.3 0.1 6 50 9.2 0.5 0.2 1.6x10° 0.003 0.002> 0.013 0.002> 0.067
24 - 0.22 95 - 70 0.5 0.3 1.4x10° 0.003 - - - 0.092
St. 2 (*77.8.30 0 7.3 0.2 12 83 69 0.5 0.1 1.9x10* 0.003 0.002> 0.013 0.002> 0.067
5 73 0.4 10 72 7.2 0.6 0.3 1.4x10° 0.002 0.002> 0.011 0.002> 0.066
10 7.3 0.2 10 73 7.3 0.7 0.1 2.2x10°  0.002 0.002> 0.010 0.002> 0.066
20 7.3 0.1 6 48 8.0 0.5 0.4 1.4x10° 0.002 0.002> 0.020 0.002> 0.067
24 - 0.23 9.5 69 0.58 0.23 1.7x10°  0.002 — — - 0.090
= 8t.3 ("77.8.30) 0 7.2 0.2 9 61 6.9 0.6 0.1 - 0.002 0.002> 06.016 0.002> 0.067
5 7.5 0.1 10 76 7.6 0.6 0.3 - 0.002> 0.002> .024 0.002> 0.067
10 7.3 0.1 10 70 6.7 0.7 0.2 - 0.002> 0.002> 0.016 0.002> 0.067
20 7.3 0.2 7 52 7.2 0.6 0.4 - 0.002> 0.002> 0.060 0.002> 0.059
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Lake Depth 88 PON  POC Chi.g Pheo COD T.Bac. TP PO,-P NH,-N NO,-N NO,-N
St. (date) m pH ppm  ug/? pgfe CiN ppb  ppb ppm  cellsyfme  ppm ppm ppm ppm ppm
L. Motosu
St 1 (*77.11.15) 0 7.0 0.2 200 120 66 1.9 - 4.9x10° 0.003> 0.002> 0.0I0 G.002> 0.052
5 70 03 23 150 6.3 1.6 — 3.8x10% 0.003> 0.002> 0007 0.002> 0.052
10 70 03 20 120 6.7 1.7 - 3.6x10° 0.003> 0.002> 0.013 0.002> 0.052
20 70 01 20 110 6.6 1.8 - 45x10° 0.003> 0.002> 0009 0.002> 0.052
24 - 0.23 21 130 1.75 - 4.2x10° 0.003> - - - 0.083
50 - - - - - - - 22x108 - - - - —
75 - - - - - - - 1.8x10° - - - - -
100 - - - - - - - 1L.6x10°5  — - - - -
$t. 3 ('77.11.15) 0 7.1 02 20 110 64 1.8 - 3.6x10° 0.003> 0.002> 0.011  0.002> 0.052
5 7.1 02 0 130 7.1 1.8 - 4.4x10° 0.003> 0.002> 0.016 0.002> 0.052
10 7.1 02 9 130 6.7 1.9 - 4.1x10° 0.003> 0.002> 0.012 0.002> 0.052
20 7.0 02 14 110 75 1.6 - 3.5x10° 0.003> 0.002> 0.015 0.002> 0.052
24 - 0.2 18 120 1.8 - 3.9x10%  0.003> - - - 0.084
50 - - - - - - - 1.ix10° - - - - -
75 - - - - - - - 1.5%10° - - - - -
100 - - - - - - - Lex105 - - - - -
St. 1 {'79.8.30) 0 - 0.16 8 82 102 06 0.17  1.3x10° 0.043 N.D. 0028 0.003 0.062
L. Nakatsuna
(’79.9.4) 0 74 079 28 187 6.7 1.7 0.35  535x10° 0.003> 0.001> 0.030 0.002> 0103
s 7.6 1.3 47 297 63 19 052  74x10° 0.004> 0.001> 0.034 0.002> 0.103
10 72 i.6 60 367 6.1 3.3 0.44  9.9x10° 0.012  0.001> 0.163 0.002> 0.017
12 - 1.2 45 280 23 23 - 7.6x10°  0.006 - - - -




Lake Depih S$  PON  POC ChLa Pheo COD  T.Bac. TP PO,P NH,-N NO,-N NO;N
St. (date) m o P oom e wge N ppb ppb ppm  cellsfme  ppm  ppm  ppm  ppm  ppm
L. Nojiri
1.1 (79.9.5) 0 - 06l 34 248 72 24 064  55xI0° 0006 0.002> 0023 0.001> 0002>
s 79 070 37 270 13 24 0.63  3.2x10° 0.007 0.002> 0025 0.001> 0.003>
10 77 088 45 294 66 1.1 0.71  6.4x10° 0.008 0.001> 0022 0.00l> 0.003>
12 - 073 39 270 2.0 0.68  4.9x10° 0.007 - - - -
20 73 020 19 131 69 - 049  3.0x10° 0.008 0.001> 0031 0.002> 0.051
St.2 ('79.9.5) 0 83 057 34 255 74 2.3 079  4.6x10° 0006 0.001> 0.023 0.001> 0.001>
5 78 070 39 281 73 2.3 - - 0008 ND. 0023 000> 0.003>
. 10 82 064 44 289 65 26 - - 0008 ND. 0023 0.002> 0.002>
1 20 77 024 19 128 67 - - — 0006 0.002> 0023 0.002> 0.055
S St.3 (79.9.5) 0 7.9 060 39 280 72 20 0.74  45x10° 0.005 N.D.  0.013  0.002> 0.002>
s 82 060 39 281 72 26 - -~ 0009 ND. 0020 0.002> 0.002>
10 75 053 40 276 68 24 - —  0.008 ND. 0020 0002> 0002>
20 75 043 20 135 68 19 - — 0006 ND. 003 0002> 0031
L. Onuma
St. 1 ('78.6.27) 0 73 12 59 404 41 075 241 1.2x10° 0.014 - 0.034 0003  0.122
3 72 13 77 405 42 093 - ~ 0015 - 0.037 0003  0.182
6 69 17 53 359 21 0.87 - - 0014 - 0.059  0.003  0.123
St.2 (*78.6.27) 0 73 17 84 189 6.0 127 214 p4x10° 0.016 - 0.045 0.003  0.110
369 24 98 573 60 13 237 1.2x10° 0.014 - 0.065 0003  0.132
6 68 21 63 387 61 19 235  1.0x10° 0.014 - 0122 0004  0.163
St.3 ('78.6.27) 0 72 016 8 487 35 11 237 14x10° 0.014 - 0.068 - -




Lake Depth SS PGN POC Chl.z Pheo CoD T. Bac. T-P PO,-P NH,-N NO,-N NO,-N
St. (date) m pH ppm pgfe pgfe C/N ppb  ppb ppm  cellsymg  ppm ppm pl;m pI;m ppm
L. Nishinoumi
St. 1 (°79.8.31) 0 8.9 0.39 6 189 314 1.6 0.49 2.8x105 0.003> N.D. 0.038 N.D. 0.001>
5 8.8 0.48 13 216 16.8 21 0.50 3.0x105 0.002> N.D. 0.028 N.D. 0.002>
10 3.0 0.42 11 198 17.9 21 0.50 3.7x10% 0.002> 0.001> 0.036 0.001> 0.002>
12 - 043 10 200 1.9 0.47 3.2x10%  0.002> — — - -
20 85 0.28 20 234 1.9 1.9 0.40 4.8x10% 0.006 0.003 0.089 0.002> 0.167
St.2 ("79.8.31) 0 8.8 0.33 14 158 11.6 2.2 - 4.2x10° 0.002> 0.002> 0.030 N.D. "N.D.
5 8.8 0.52 14 216 15.0 2.2 - - 0.001> 0.001> 0.031 N.D. 0.002>
10 9.1 045 24 172 7.3 2.1 - — 0.008 0.002> 0.059 0.002> 0.022
20 8.4 024 15 167 113 2.0 ~ - 0.003> 0.002> 0.033 0.001> 0.120
l L. Shikotsu
:f St. 1 ('78.6.21) 0 74 0.062 9 78 0.20 0.72 0.31 L4x10° 0.006 — 0.039 0.005 0.034
5 74 - - - - 0.19 0.51 — 1.2x10% - - - - -
10 74 0.089 1¢ 76 0.20 0.82 0.12 1.3x10% 0.004 - 0.042 0.005 0.031
15 7.3 0.047 - - - 0.19 0.072 - 1.1x10°f - - - - -
20 7.3 0.096 15 97 0.33 — 0.02 1.3x10°  0.005 — 0.037 0.005 0.031
25 - 0.074 0.22 — 0.15 126x10° 0.005 - - - —
40 7.3 0325 11 80 - 053 1.20 - 1.8x10° - - - - -
St. 2 ("78.6.20) 0 7.3 0.056 6 41 - - — e 1.7x10° 0.004 - (043 0.005 0.033
10 7.3 0.16 12 67 - -~ — - 0.005 - 0.049 0.005 0.033
20 7.3 0.16 9 65 - - - - 0.006 - 0.062 (.006 0.032
§t. 3 (°78.6.20) 0 7.4 - - - - 0.099 0.13 - 1.5x10%  0.007 - 0.065 0.006  0.035
10 74 - — - — 0.21 0.19 - - 0.605 - 0.072 0.005 (.034
20 7.3 — - - — 0.25 0.32 — - 0.006 - 0.069 0.004 0.035




Luke Depth SS PON  POC Chl.a Pheo COoD T, Bac. T-P PQ,-P NH,-N  NO,-N  NO,-N
St. (date) m pH ppm g ugfe C/N ppb ppb ppm cells/fmg  ppm ppm ppm ppm ppm
L. Shaji ,

(*77.11.15) 0 7.0 2.2 160 880 5.5 16.3 - 2.3x10%  0.024 0.002> 279 0.007 0.090
5 7.0 2.5 170 930 5.4 12.7 - Lex10% 0.025 0.002>  (.233 0.007 (.080

7 - 24 165 910 14.5 - 2.0x10% 0,025 - - - Q.51
16 7.0 31 150 870 5.6 10.5 — 1.8x10% 0.025 0.002> 0,297 0.007 0.087
(°79.8.30) 0 - 2.38 189 1500 7.9 26.8 2.3 2.7x10%  0.045 N.D. 0.234 N.D. 0.082
5 - 2.40 104 1420 13.7 26.0 1.6 33x10% DA 0.003>  0.247 0,021 0.246
‘ 9 - 4.17 89 1520 217 19.7 1.7 - 0.003> 0.003> 0895 0.022 .251

= B"‘:‘;{;‘ - 231 147 1450 26.4 (.8  3.0x10° 0.108 - - - -

| L. Suwa

St.1 (°79.9.2) 0 8.2 38.1 2020 11800 59 181 - 6.9x10° 0.192 0.009 0.038 0.020 0.229
2 8.1 291 1270 7960 6.3 107 - 4.2x10% 0.166 0.019 0.113 0.021 0.238
5 7.7 27.2 1040 6350 6.1 735 - 4.8x10° 0.143 0.026 0.206 0.024  0.258

6 - 315 1440 8700 - 144 7.3 5.6x10% 0167 - - - -
§t.2 (°79.9.2) 0 7.9 25.2 1360 7980 6.1 97 - 4.4x10% 0.130 0.016 0.105 (.022 0.242
. 2 7.8 23,5 1030 6720 6.5 81 - - 0.136 0.019 0.125 0.024 0.257
5t. 3 (°79.9.2) 0 84 43.1 2400 14100 5.9 216 - 6.2x10% 0,202 0.018 .042 0.017 0.209
2 8.2 344 1630 9%00 6.1 134 - 6.7x10% 0.151 0.015 0.047 0.019 0.238

Bottom - 388 2010 12000 175 8.6 6.5x10° 0177 -~ -
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Lake Depth pH 38 PON  POC C/N Chl.2 Pheo CcQD T, Bac. T-P PO, NH,-N NO,-N NO,-N
St. (date) m ppm ug/R ug/ ppb ppb ppm cellsfmg  ppm ppm ppm - ppm ppm
L. Towada
St.1 ("78.6.29) 0 7.5 0.17 10 65 .19  0.08 0.37 1.2x10%  0.004 - 0.098 - -
5 7.5 0.28 16 96 0.25  0.16 - 9.8x10° - - - - -
10 74 0.40 19 104 0.31 - 0.44 1.1x10f  0.005 - 0113 - -
20 7.3 0.49 15 94 0.39 046 0.54 1.4x10%  0.004 — 0.118 - -
40 - 0.46 17 109 040 0.34 0.45 1.2x10%  0.005 — 0.112 - -
St. 2 (78.6.29) 0 7.5 0.21 7 44 - - - 8.8x10* 0.006 - 0.124 - -
10 7.5 0.34 16 99 032 012 0.48 - 0.006 - 0.134 — -
20 7.5 0.78 29 175 1.22 033 0.60 - 0.005 - 0.178 - -
St. 3 ("78.6.29) 0 7.5 - — - - 0.11 0.048 0.48 1.0x10% 0.004 - 0115 - —
10 7.5 - - - - 0.200  0.05 0.54 - 0.004 - ¢.119 — -
20 16 - - - — 038 0.16 0.56 - 0.007 — 0.115 - —
L. Toya
St. 1 (°78.6.23) 0 6.5 17 36 256 1.5 0.39 0.54 3.6x10° 0.004 — (.044 0.005 0.113
5 6.5 1.7 37 280 2.0 0.58 — 4.2x10° - — - - -
10 6.4 16 ag 268 33 1.15 - 4.1x10%  0.006 - 0.051 0.004 0.138
15 6.3 0.94 18 133 063 025 - 2.3x10% - - - - -
20 6.3 0.43 14 92 .35 045 - - 0.003 - 0.052 0.004 0.146
40 6.3 049 13 108 0.21 0.18 - 1.8x10° — — - - —
St.2 (78.6.2% 0 6.5 1.9 49 301 1.3 0.71 0.54 — 0.005 - 0.063 0.005 0.157
10 6.4 1.6 280 339 1.6 0.60 - - 0.003 - 0.063 0.004 0.150
20 6.3 14 17 137 .35 0.22 - - 0.004 - 0.057 0.004 0.175
St.3 ("78.6.23) 0 6.5 1.2 27 i83 0.69 0.27 0.58 - 0.006 - 0.069 0.005 0.154
10 6.6 1.8 40 256 3.2 0.70 - - 0.006 - 0.064 0.005 0.154
20 6.4 0.8 17 111 048 0.0 - - 0.005 - 0.070 0.005 0.171
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Lake Depth ! SS PON POC Chl.a  Pheo CoD T. Bac. T-P PO, -P NH,-N NO,-N - NO,-N
St. (date) m pi ppm Hg/e ugfe C/N ppb ppb ppm cellsfm2  ppm m;m p];m ppzm 1‘)p3m
L. Tsutanuma
('78.6.29 0 6.8 1.8 - - - 4.2 28 0.75 4.9x10°  0.010 - 0.028 - -
4 - 3.7 - - - 3.9 23 1.87 59x10° 0.010 - 0.027 - -
8 6.7 38 - - - 5.4 2.6 2.29 6 3x10° 0.014 - 0.032 - -
12 6.5 30 - - - 8.4 2.1 2.20 1.2x10%  0.017 - 0.038 - -
L. Yamanaka
St. 1 {*79.8.30) 0 8.2 1.64 77 521 6.8 6.8 1.04 2.5x10°  0.009 N.D. 0.033 N.D. 0.003>
5 8.4 1.35 86 526 6.1 7.4 0.97 2.4x10°  0.009 N.D. 0.028 N.D. 0.003>
10 8.2 1.49 81 523 6.5 6.8 .04 5.7x10°  0.009 N.D. 0.030 N.D. 0.003>
Bottorn — 1.49 81 520 - 7.0 1.11 3.5x10°  0.009 - - - -
St. 2 (°79.8.30) 0 79 1.05 74 454 0.1 7.4 - 7.1x10°  0.008 N.D. 0.042 0.001> 0.008
5 8.1 1.18 71 484 6.8 6.8 - 6.4x10°  0.009 N.D. 0.036 N.D. 0.003>
10 7.9 0.98 60 435 73 6.0 - 5.5x10°  0.008 N.D. 0.039 N.D. 0.004>
Bottom - 1.07 68 460 - 6.7 - 6.3x10°  0.008 — - - - >
§5t.3 ("79.8.30) 0 7.9 1.19 64 496 7.7 7.5 - - 0.010 N.D. 0.041 N.D. 0.003>
5 7.9 1.14 53 554 10.5 7.5 - - 0.011 N.D. 0.044 N.D. 0.002>
10 7.1 0.68 63 357 5.7 4.2 - - 0.007 N.D, 0.064 N.D. 0.003>
L. Yunoko ;
St.1 (’77.8.6) 0 8.5 - - - - 25 1.9 2.0x10%  0.05 0.01> 0.0> 001> 001>
1 8.2 - - - - 29 33 - 0.01>  0.05 0.01> 001> 001>
2 76 - - - - 29 2.6 2.0x10°  0.06 001> 0.01> 0.0}l> 001>
5 6.6 - — - - 15.5 1.2 1.2x10% Q.03 0.01> 001> 001> 001
10 6.5 - - - - 3.0 0.8 1.4x10°% - .12 0.05 0.01> 0.02




-8l -

Lake Depth 88 PON. POC ChlL,a Pheo COD  T.Bac. T-P PO,-P NH,-N NO,-N NO,-N

5t. (date) m Pl ppm  ug/t wgfe C/N ppb ppb ppm cells/me  ppm pﬁm ppqrn ppm ppm

L. Yunoko

. 8,2 ('77.8.6) ] 8.3 - - - - 26.9 2.5 - 0.05 0.01> 0.01> 00> 001>
1 7.8 - - - - 29.0 1.2 - 0.05 0.01> 0.01> 001> 001>

5 6.6 - - - - 15.6 0.6 - 0.04 0.01 0.01 0.0t>  0.10

8 6.5 - - - - 36 0.7 - - 0.15 0.06 0.01>  0.03
St.3 (’77.8.6) 0 - - - - - 24.7 2.1 - 0.05 0.01 0.01> 001> 001>
i 8.2 - - - - 28.6 - - 0.05 0.01 001> 001> 001>

5 6.5 - - - - 14.2 — - 0.05 0.01 0.01 0.01>  0.01

10 - - - - - - 1.2 — - 0.28 0.10 001>  0.01

St. 1 ("77.10.20) 0 6.6 3.2 240 1360 5.6 15.3 - 1.2x10% 0.072  0.024  0.073  0.002> 0013
1 6.7 3.5 250 1440 5.8 17.3 - 1.5x10° 0.067  0.026  0.098 0.002> 0017

2 6.7 36 260 1500 5.8 18.7 - 1.6x10% 0.064  0.026 0.100 0.002> 0.017
6.7 32 260 1340 5.2 18.4 - 1.8x10° 0.064  0.026 0.113  0.002> 0.019

10 6.6 2.6 190 980 5.2 14.0 - 1.5x10%  0.057  0.026  0.109 0.002> 0.025

St. 2 (°77.10.20) o 6.7 2.8 230 1220 5.3 222 - 1.9x10° 0.054  0.024  0.193  0.002> 0017
1 6.8 3.0 240 1250 5.2 14.5 - 1.7x10%  0.061 0.025  0.108 0.002> 0.015

2 6.6 3.8 290 1390 5.4 255 - 1.8x10% 0.069  0.026 0.110  0.002> 0.013

5 6.6 34 280 1370 4.9 25.5 - 1.4x10° 0.070  ¢.026 0.118 0.002> 0.013
8 6.7 3.0 260 1310 5.0 239 - 1.5x10% 0.067  0.028 0118 0.002> 0.012
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Lake Depth 88 PON  POC Chl.g Pheo CoD T. Bac. T-P PO,-P NH,-N NO,-N NO,-N
St. (date) m pH ppm ugfe gl C/N ppb ppb ppm cells/me ppm p1;m ppqm pp.m pp!m
L. Hamana 7
(*80.7.24) 0.5 8.7 30.7 440 2400 — 27.8 11.8 B.0x10* 0049 0.011 0.033  0.002> 0.009
5.0 8.0 41.6 300 1820 - 227 14.7 3.3x10% 0.011 0.038 0.113  0.003 0013
16.0 7.7 71.6 100 210 - 1.4 13.6 1.5x10¢ 0.132 0.154 0.868  0.002> 0.002
L. Hiruga R .
('80.7.28) 0.5 8.18 147 60 630 - 29 6.9 - 0016  Q.002 0.045  0.002> 0.002>
- 20.2 60 70 - 2.9 7.8 - 0.002 0.017 0.041 0.002> 0.002>
10 - 21.0 80 610 - 5.4 7.9 6.0x10° 0045 0.002> ©0.060 0.002> 0.002>
20 - 13.2 40 260 - 1.5 1.1 34x10° - 0.029 0.049  0.005 0.003
L. Inohana
(’80.7.24) 0 8.9 - - — - - - - - - - - -
0.5 - 21.3 260 1680 - 17.6 8.2 3.7x10% 0.047  0.002 0.231 0.007 0.629
2.0 8.7 29.1 460 2740 — 25.8 9.7 7.8x10%  0.051  0.002 0.036  0.002 0.086
5.0 7.9 68.2 330 2030 - 26.1 10.8 2.1x10%  0.071 0.006 0.252 0.002 0.029
L. Kugushi
St.1 (°60.7.28) 0.5 549 8.1 200 1450 - 9.5 1.9 3.1x10° 0.035 0.004 0.003  0.002> 0.002>
St. 2 ('80.7.28) 0.3 - 9.5 190 1620 - 9.5 23 29x10% 0.018 0.002 0.003  0.002> 0.002>
L. Suga
('80.7.28) .5 7.92 4.0 110 200 - 5.8 2.1 1.9x10* 0.023  0.002> 0.009 0.002> 0.001
4 - 4.6° 130 970 - 7.6 1.7 2.8x10%  0.677 0.002> 0.003 0.002> 0.001
— 13.6 150 1220 - 47.5 25.2 31x10% 0034 0.730 4.66 0.004 0.001
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Lake

Depth S8 PON POC Chl.g Pheo cob T. Bac. T-P PO,-P NH,-N NO,N NO,N
St. (date) m PH ppm wgf/t pglt cm ppb  ppb ppm  cclls/me  ppm m;m m:m m;m ppm
L. Suigetsu
’80.7.28) 0.5 82 10.8 280 2380 - 7.0 2.1 2.8x10¢  0.027  0.002  0.003  0.002> 0.002>
5 - 48 140 1060 - 9.6 1.4 3.1x10¢ 113 0.002> 0.003 0.002> 0.002>
10 - 16.2 120 680 - 13.0 492 21x10* 212 3.89 0.054  0.002> 0.002>
200 - 8.9 50 320 - 1.7 733 2.0x10% 0.024  7.85 0.052  0.006 0,000
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