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Seasonal Changes and Long-term Fluctuations of Water Quality
in the Fuji Five Lakes, Central Japan
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Abstract

In the Fuji Five Lakes, transparency (Secchi depth), suspended solids and COD from 1974 to 2013, total
nitrogen from 1979 to 2013, total phosphate from 1983 to 2013, and chlorophyll a2 from 1991 to 2013
were analyzed based on the monthly data of water quality observation results in public waters by
Yamanashi Prefecture. Monthly averages for the analyzed period were significantly different among
months in most measurement items in each lake except Lake Motosu and the tendency of the seasonal
change of transparency and suspended solids was similar among the 3 shallow lakes (Lake Yamanaka,
Lake Kawaguchi and Lake Shoji) and between the two deep lakes (Lake Sai and Lake Motosu).
Although water quality of the Fuji Five Lakes had been temporarily slightly worse, a recovery trend
has been found since 2002.
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Fig. 1 Map showing the Fuji Five Lakes in Yamanashi
Prefecture, at the northern foot of Mt. Fuji, central
Japan. The information on the lakes from the Nature
Conservation Bureau of the Environment Agency of
Japan (1994) is also presented. The background map
was accessed from the marine cadastre of the Japan
Coast Guard.
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HIEN 1972 5 KOBIELE THEL TitTbnlTH
D, 1973 FELEDOFT —FIZTDWTIZHP L TR
BENTWS (LUFE 2015), BLAMOKEDE
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2001 FFEE LT, HHINWALIZDWTRERI - &
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DKE DI 2 L 2 ke U CTHE A 7= BRI
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DIKE « REVEEHE &2 OI/KERBE I D W TRkREYIC
FAELTHBD FE (D &, 2009a, b, 2010,
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ADSEOFT—%DEHfEE Lz, 51,
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Fig. 2 Fluctuations of the monthly average water quality in the Fuji Five Lakes. Red, Lake Shoji; green, Lake
Kawaguchi; orange, Lake Yamanaka; light blue, Lake Sai; deep blue, Lake Motosu. For Transparency (Secchi
depth), concentration of Suspended Solids and COD, monthly averages were calculated based on data over a
period of 40 years; for concentration of Total Nitrogen over 35 years; for concentration of Total Phosphate over
31 years; for concentration of Chlorophyll a over 23 years.

DNTIE 23 D A E, &FDERME, 10
FEROMMEEZEHRL, 170y 7 MERE
HEY I RNTHDIT 7 RILDIHHTY —IVEMHL T
AMHEEIZ DWW TIE el & D BT (ANOVA)
. BEOEEHMFIZOVWTIZELSY - EMMNS
—RENFM 2T 2. Fiz. 10 FEHO YR EY
EIZDWTIE REBE T CHREMENTY 7 FR ax >
& — % LTl E DS E T (ANOVA) &
Tukey D% E LT 2175 7=,
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m #8
1 JH4EZEALE

BLAMICHBIF D Tr, SS, COD, TN, TP, Chl
a Ot o H¥EEE % Fig 2 1R Lz, Tr @
A AR T 12.0m (9 H) ~ 15.6m (2 H).
PE#IT 6.3m (5 H) ~ 8.9m (3 H). [T 3.3m (11
H) ~48m (7 A).1u##<T3.3m (11 HA) ~ 4.5m
(2.7~ 8 H). kM T 22m (1.4, 11 H) ~ 34m
O H) THH, WINOWTHHICKSHEZENR
5N (pL0.05), Trid AWM TIE1~3H&
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11 A2 144m BL b, FETCid 1 ~3 A& 10~ 12
AIZ 8m LU k& IR IZE WERIAGEED 5 iz, {1
8 7 TS T N 387 G = AT ] = O = AN Y DN 1
L & itz 1 ~3 A& 6 ~9 A2 4.0m PLE,
WM TIZ2~3 &6~ 10 HiZ 28m Lk &
A LB ZIZ00m WHEMIDFED 577,

SSOHAEEMEIXKEEM T l.emg/L O H) ~
40mg/L. 4 A). O T 1llmg/L 9O A) ~
2.1mg/L (4, 11~ 12 A). WHi# T 1.0mg/L (8
A) ~27mg/L (11 A). P T 0.6 mg/L (1. 9
H) ~09mg/L (6 H). &AM T 0.5mg/L (1. 3
~7.9 11 ~12H) ~0.7mg/L (2H) TH0O,
FEAEW, WM. (LR T AIC K 2 A EZENED
S5N7znt (p €0.05), AHEHEEMTIIAICKSH
BENEDSNRMh>7 (p =019 & p =0.33), SS
IR HEWITIE3~5 H& 11 ~ 12 AT 3.0mg/L LA
EEZIBITEWEA RS 5Nz, FHEITIE 4
~5H&11~12 Az, hHiHITIE 2. 4 A& 10
~ 11 AT 1.9mg/L A E &S EWEMEAEED 51
7o — . RHEBEAEZIZFTNITEWETH > 24
W PR U EFEZE L TRERAITED 5N
ol

COD @ A E-HE 3k T 2.7mg/L (2 H) ~
3.2mg/L(5.7~9 A) . MO T 2.6mg/L(1 ~2 A)
~ 32mg/L (5 H). ILH#HT23mg/L (6 H) ~
2.6mg/L(2.8 ~ 11 A). P& T 1.4mg/L(2 ~ 3 A)
~ 2.2mg/L (9 A). AMEi#T 0.8mg/L (2~4 H)
~1.2mg/L (9 H) TdO. MmO, vEH. AW
TIRAICKD2EEEMNBD SN (p <0.05).
EMEILFHTIIAICKDEEENED NN D
7z (p =0.07 & p =0.09), COD \IK5HEH TIZ 5~
11 Az, MO TiEs5~7HiZ 31 mg/L Lk,
P TiIE2 &8~ 11 HI2 26 mg/L LA L, 7H
MTIE 5~ 11 HIZ 20 mg/L LL b, A TIE6
~ 12 AIZ 1.0 mg/L LAk EAE AT %0 & W ETA] A3 3R
5N,

TN O H SISk &l T 2222 ng/L G H) ~
471.7 pg/L (11 A). W EMT 220.1 neg/L (7T H)
~ 4635 ng/L (11 A). PEi#iT 158.3 ng/L (9 A)
~ 3270 ng/L (1 A). AW T 1435 ng/L (7
A) ~211.1 pwg/L (1 A). ILHHT 1342 ng/L
(6 H) ~221.3 ng/L (1 H) THO, WM. K
EWH, P TIIAIRKS2EEENRD NN (p
0.05). WHF#EAMTIIAICX2EEENED
Shismoiz (p =028 & p =0.51), TN 3K
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EWROMTIZ1IAELIO~12 i 350 ng/L %,
PEHITIE 1 H & 4 A2 300 g/l 28 & & W iEmR
2. AW TIZ 1. 40 6. 8 AT, LTI 1. 4
10 ~ 12 HIZ 190 pg/L 28 2 00w W EADIFED
57z

TP O H SEE B3R T 145 ng/L (9 H) ~
216 ng/L (11 A). AT 8.6 ng/L (8 H) ~
13.0 ng/L (11 H). W HOMT85 ng/L (8 H) ~
12.8 ng/L(6 A).PEHIT 5.0 ng/L(8 A)~ 9.0 ng/
L(1 H). AT 2.4 ng/L(8 H)~6.0 ng/L(10 A)
THO., IR TIARKZBHEEENED SN
2 (p €0.05), FEHEWA. I8, PEI. ASHEIA Tl
RicksBERENRED O NEh>7- (p =032, p
=045, p =054, p =0.70), TPIIKEHEH TIZ 6 A
E11~12 A2 20 pg/L Z# A m W ER2Y, L
MTIZ1~3H&E10~12 A IITIE5~6 H.
9H. 11~ 12 AIZ 11 pg/L 2 AR W EA,
PEHIClE 1 ~2, 5~6, 11 ~12 A2 7 neg/L %
HADTNITEWEAIDNED 57z, —H. A
TIREAMEZRLZ 10 A, 3 ng/L Kiid 8 ~ 9,
12 AR & BEAEERHNASNRN DT,

Chl. a ® ASF¥EEIZ K E# < 3.1 ng/L (6 A)
~99 ng/L (12 A). WHOMT26 vg/L (8 A)
~ 6.6 ng/L (12 A). i <25 ng/L (6 A)
~71 pg/L (11 H). PEAT 1.3 ng/L (8 H) ~
3.5 ng/L(5.11 ~ 12 H) . AH#EH T 0.6 1g/L(7 A)
~09 png/L (1, 8 11 ~12H) THO. KEHEM.
FEH. I, I TCIIA X2 EENRD S
N7 (p €0.05). AWM TIZAICLDEEENE
o N/ano7z (p =0.71), Chl a \3#E#EM T
11~12 A2 9 pneg/L Z LTI 11 ~ 12 A2,
(I CIE 10 ~ 11 AT 6 ng/L Z#8 A & W IERA,
P ClZ4~5H&E 11 ~12HIC3 ng/L&2#Hx
RREHWNEANFED 5Nz, — . MHEREZIT
FAUTEWNEDI LD S T2 A Tl KR Z R L 72
S HZERE, BEAEELHNARSNIRNS T,

2 R - R

BLABICHITS Tr, SS. COD, TN, TP. Chl
a OfFHT I O B EOE N EE BN E 21T RE
M mIREREE & HIC Fig. 3ITRL =, Tr O4F
SEIEII AR T 10.8 m (1991 ) ~ 17.7 m (2008
), FEIT 52 m (2012 4F) ~ 9.6 m (1981 4F),
WAT 2.7 m (1980, 1982, 1997 4F) ~ 5.7 m
(2012 4F), 1HH i T 34 m (1974, 1983 4) ~
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Fig. 3 Long-term fluctuations in annual average of Transparency (Secchi depth), concentration of Suspended Solids,
COD, Total Nitrogen, Total Phosphate and Chlorophyll a in the Fuji Five Lakes. Linear regression lines are also
presented. Solid lines are significant (» <0.05), and broken lines are not significant (p »0.05). Red, Lake Shoji; green,
Lake Kawaguchi; orange, Lake Yamanaka; light blue, Lake Sai; deep blue, Lake Motosu.

50m (2008 ), FEHEMI T 1.5 m (1981 4) ~ 3.6
m (2008 4F) TH O, AWML 7L, RHEWIC
WERMIAICHE B2 ERMEmZ7RL 22 (p €0.05).
LR & Pa i CLE RIS B A 2 R S 78
nofz (L p =0.88, FE#i p =0.13), FEHIHIC
A T 1991 £ 2RI ENLARTNITITA ZR T
BefE, 2N AR A B2 EREAED 5 (o
<0.05). A1 S ASHETHI T 1991 48 & 1997 %
FICHERER. MR, EFREARO SN (p
0.05), F7=. PEIEATIZ 1973 ~ 1999 £ £ TILF
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ERGHE W, 1999 ~ 2013 FEICM T TIFA B TId s
WS EREADGEED sz (p =0.20), (LHFREIT
WEMNRE LD IFEALERD SNT. IFTHEW
REETH > /=,

SS DAESEEIT RS HEM T 1.3meg/L (1985, 1988
) ~ 5.7mg/L (1997 4E) , il 1{# T 0.9mg/L (2008,
2012 /) ~ 3.0mg/L (1997 /). ILF < 0.8mg/
L (1986 4) ~ 2.8mg/L (1974 4F). P& T 0.5mg/
L (1986, 1988, 1995 ~ 1996, 2002, 2006 4£)
~ 1.bmg/L (1992 4F) , A#5# T 0.3mg/L (1975 4F)
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~ 1.0mg/L (2001 4E) TdH . KM & LT
BEMMICERR TRERZRLEZDN (p €0.05).
(s, P, A ClE BRI A B R B e A
ORI Mo T (i p =0.84. PEilp =0.92, &
Wi o =0.87) . PEil & AW T V13 AR HEBR 51 il > 2
TIEWEN 2 <, BHINAEZEHRD 5 NT 13T
BEE WIRRETd > 7228, KGO, i<
W3 HIRYIT 1988 4F & 1997 fE 2 BT T Ok T
S TIZEE p <0.05. WOMTIIHEZ TRWL
p =0.11), EF CHEH & m s cidaE p <0.05,
I TIEEZE TRWp =0.61), FEEMGER G 1
TIIXAEEDp €005, IWHMEEERTIIAERETARNY
» =0.05 & p =0.06) NFEDHBENT=,

COD D EIT MR T 2.5mg/L (1988 4)
~ 4.8mg/L (1981 4) . {il 17T 2.1mg/L (1978 4F)
~ 3.6mg/L (1982 4£). [IH#IT 2.1mg/L (1978
~ 1980, 1990 4£) ~ 3.0mg/L (2000 ). P& 7H
T L.lmg/L (1977 ~ 1978 4£) ~ 2.8mg/L (2005
). A T 0.6mg/L (1974 ~ 1975, 1977 ~
1978, 1980 4F) ~ 1.5mg/L (1990) TH V. #
I IR B PR 2, IR, PEiE.
AW CIIEMMICEER EREmZR LR (p
<0.05), M TIXERMIMNICE BRL B @z RS
mino it (p =0.77), BHIRIZIZREHER Tld 1988
L1997 F &I, AR TR LA, TR4E
MY 507 (p <0.05), W O# & LF# T
1997 EZBITHEZ TRV ER (O p =0.26, 10
il p =0.05), TFRER GO p =0.06, L
TIIEED €0.05) FEDSN/=, AT 1991
EEBICARR EA. TRERNED SNz (p
<0.05),

TN O 4 S 1337 1131 T 210.0 ne/L (1997,
2013 %) ~ 5456 ng/L (19834 ). K T
151.9 ng/L (1988 4£) ~ 512.5 ng/L (1998 4F),
P8 31 T 131.7 ng/L (2009 4 ) ~ 480.8 ng/L
(1999 4£). AWM T 1050 ng/L (1987 ) ~
380.8 wg/L (1999 4E), (LHH T 79.2 ng/L (2012
) ~ 3604 ng/L (1999 4F) TH D, w O &
KM CIENMICHEER FBREmMZR LD (
p 0.05). i, TEEL. AR TCIIESINICE R
RAEMEIN 2 RS o 7 (ki p =0.16, P&
p =040, AHEH p =0.35), EHIITITHREEH TIE
1988 4E & 1997 £ &8I, A&/ N, L&, F
RRAEMDED SNz (p €0.05). . wERl. A
Wi Tl3 1999 E 2 B ICH B /x B R/, RREMAGE
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Hounz (p €0.05),

TP OFNHEEITHEER T 9.0 ng/L (1988 4)
~ 31.1 g/L (1997 ). LT 6.5 ng/L (1990
f£) ~17.0 ng/L (2000 4E). A H#IT6.1 ng/L
(2008 4E) ~ 19.1 png/L (1997 4E) ., PuiHiT 3.1 ng/
L (1988 4) ~ 17.7 ng/L (1995 4), AWiH T
1.5 ng/L (1992, 2005, 2007 ~ 2008, 2011 4£)
~ 134 png/L (1991 4) THO. HMEDHEMW
WCH B RAEEMI RS o 2 R p =0.93,
(LR p =0.24. WM p =0.22, P& p =0.65. A&
Wi p =0.17), EHARICIZRE HER 2 R\ - 1ais Tl
1997 £ BIC ER (M TIZAE p €0.05, (i
p =0.07, IO p =0.36. A<M p =0.06 TIIHE
TRW)., AELRTRERNED SN (p €0.05),
— . KEHEHTIX 1988 4 & 1997 28T, AE
TIBRWTKE (p =067)., BEKXRLA. TEMEM (p
0.05) MFED BN,

Chl. a OFEFEIIEITREEW T 3.3 1g/L (1995 4F)
~ 10.0 1g/L (1997 4£) W I#AT 2.2 ng/L (2012
)~ 8.2 1g/L (2003 4E) ., (IFH#IT 2.1 1g/L (2008
) ~ 6.8 1ng/L (2000 4E) | Ui T 0.9 ng/L (1997 4F)
~ 7.2 1g/L (2005 4F) . A4 T 0.5 11g/L (2013 4F)
~ 1.0 ng/L (1994, 1998, 2000, 2002, 2008 4F)
THO., L& BEMICEBEREHHENI RS
Moz (il p =0.81, I EW#H p =0.65. A
p =041, P p =0.27. ¥ p =0.23), fEI K
HBRFE R 72132 UTIEWE T & > 7o Al Z2 R 72
PO T, AT 2002 FE A BT BR GRT
VI TIEEE p 0.05. HHH p =0.26 & K5
p =0.36 TIXHEETRW), FREMER GOt

B p €0.05. i p =0.08. PEIH p =0.08. K5itk
W p =030 TIIHAEZETHEWL) MNED SN,

3 104EmOE(L

B+ AHMITPH T B Tr. SS. COD, TN, TP,
Chl a @ 10 #0516 % Fig. 4.51ZR L7z,
6 JHH D 10 4E48 D Sl 1T A Tl SS & Chl
azZRW\Wi=4TEBE T, EHITIESS 2k 5 HE
T, IIHE SR HERITIZ ChL a Z2W/= 5IHE T,
WL TIX COD 2B/ 5 THH THIMIC X 26 &
EZNFH LN (ANOVA., p €0.05),

AR TIE Tr 1% 2004-2013 £ D 10 £ EHfE A
it ORI LA EICHE < (Tukey, p €0.001).
COD 13 1974-1983 £ ™ 10 A1l < 2004-2013
< 1984-1993 ETH D (Tukey. p <0.05). TN



B LRBOKEDZEAL

[ Lake Motosu

=)
- g Lake Yamanaka
g £
<= 15 =1 S
g 2 B
£ = b
S 10 S ab E
£ 3 =
2 = i a
Z fab b a ab S )
£ 5 -1 3
s 8
= Z

=

@

[ Lake Kawaguchi

6
5
4
3
2
1
0
6
5
4
3
2
1
0
6
5
s
3L b
2
1
0
6
5
4
3
2
1
0
6
5
4
3
2
1
0

S = N W A NS = N L AR NS = N W R NS = N W A NS = N W & O
T T T T —— T
®
®
S

C & O &
SO
§\ o D
9

>
\@5 oy N
&
NN

Fig. 4 The 10-year averages of water quality (Tr,
SS, COD) in the Fuji Five Lakes. The left column,
Transparency (Secchi depth); the center column,
concentration of Suspended Solids; the right
column, concentration of COD. The first row, Lake
Motosu; the second row, Lake Sai; the third row,
Lake Yamanaka; the fourth row, Lake Kawaguchi;
the fifth row, Lake Shoji. Different letters indicate
significant differences among the 10-year periods
by Tukey's post hoc test. Error bars represent SD.

13 1994-2003 4D 10 S EA MO AR b E
B2 < (Tukey. p <0.001). TP1Z 2004-2013
D 10 - E Ml O I L RE BT & - 72
(Tukey., p <0.05),

P8 95 T 13 Tr 1% 1984-1993 4F @ 10 4 1 i
M 1994-2003 FF Itk N A EIZH < (Tukey. »
<0.001), COD % 1974-1983 4F 0 10 4F 3 1 fili <
1984-1993 £ = 1994-2003 4£< 2004-2013 4£ TH
D (Tukey. p <0.05). TN % 2004-2013 £ D 10
MRl < 1984-1993 4 < 1994-2003 4E T d D
(Tukey. p <0.001), TP 1% 1994-2003 E® 10 4
SEEESAMOBRIICEEREZICE < (Tukey., p
<0.01), Chl a 1% 1994-2003 4F ® 10 4F 15 fili 73
2004-2013 FIT R EFHZITEN o 72 (Tukey. p
<0.05),
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Fig. 5 The 10-year averages of water quahty (TN,
TP, Chl. 2) in the Fuji Five Lakes. The left column,
concentration of Total Nitrogen; the center column,
concentration of Total Phosphate; the right column,
concentration of Chlorophyll a. The first row, Lake
Motosu; the second row, Lake Sai; the third row,
Lake Yamanaka; the fourth row, Lake Kawaguchi;
the fifth row, Lake Shoji. Different letters indicate
significant differences among the 10-year periods
by Tukey’s post hoc test. Error bars represent SD.

2 1994- 2003 F il XA EITHE < (Tukey. p
<0.05), SS % 1984-1993 4 @ 10 4 F ¥ i
1974-1983 4E % 1994-2003 4E IZ Ll "G & Jf& <
(Tukey. p <0.05), COD % 1994-2003 4£ @ 10
EEEEN O I ENEEICHE < (Tukey.
p <0.01), TN i 2004-2013 4F @ 10 4F F 3 i <
1984-1993 4 < 1994-2003 4 T & VD (Tukey.
» €0.05), TP % 1984-1993 4F 0 10 4 S 1 fili <
2004-2013 4F < 1994-2003 4 T dH > 7= (Tukey.
» €0.05),

T8 T Trid 2004-2013 4E @ 10 48 S
> 1984-1993 4F = 1994-2003 4F > 1974-1983 4F
TH Y (Tukey. p <0.001), SSIZ 2004-2013 4
D 10 4F G fi = 1984-1993 4F < 1994-2003 4F <
1974-1983 £ TdH U (Tukey. p <0.05). TN i
2004-2013 £ @ 10 MM D I I N AEE
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Zf& < (Tukey. p <0.01), TP % 1994-2003 4
a>1()fﬁqiﬂ3fﬁﬁ\ﬁE0>EﬂFﬁ 2R E < (Tukey, p
<0.01), Chl a 1% 2004-2013 4 @ 10 4 5 1 i 73
1994-2003 I LK > 7= (Tukey. p <0.05),

¥ HE W] T3 Tr i3 2004-2013 4E @ 10 4F - 15 fi
> 1984-1993 4 = 1994-2003 4 > 1974-1983 4£
TH D (Tukey. p <0.001). SSIF 1984-1993 4F
D 10 4 S i = 2004-2013 4F < 1994-2003 4
< 1974-1983 £ TH D (Tukey. p <0.05), COD
13 1984-1993 4F D 10 i = 2004-2013 <
1994-2003 4E < 1974-1983 4 TH D (Tukey. p
0.01). TN & TPiZWwd' N1 H 1994-2003 £ D 10
ESEE A O HIIC Lk X @& o 72 (Tukey., p
<0.001),

vV ZR

B LR OAKE D BFFEZEITDWT, Tr {7 HH,
(i, KEHTIZIER EAFICO0E <. Eills
AW#ITIZ2~3 A& 10~ 11 HIZH AN H D,
SSIFHIFDO=MTIZ2~4 HE 11 ~ 12 HichiK
EAHD, BEO W TIIAICIIEEENEL,
SR RO R T REFEZEOERAEBI L Tz
(Fig. 2), BHEDMEZE LA T DIMEDOIDEE BT
WK EmEL. BRI X DREIND ZENS (K
BFE, 2002). EiROEEIC Tr & SS O FEEZLD
A AVERI L 72 B D —D & LU THID KIED MBI

CEHOERKET 133~ 152m THO., o
KIKEIZ 732 ~1216m Th B) ITLHEENE

AHNTz, Fio. THEE - A (1995) I3RS &F
U HIE 2 W= 1986 ~ 1992 FEE £ T D 7 F
DO'E L HIMOKE O EFEELH) S A Tl COD
M 12mg/L A CTHEMZBRL TN Do 7=
&, BEMTIZI2Z AICChL angRERD I E
ERELTEBD, N5 0RHIL 1974 ~ 2013 4
ECOWPET—F ZHNZAZEICBT 2R TDH
MR TE/ze £ AMROMITICIDELHIMD
BT BIT 2 EME A Tr, SS. COD, TN, TP,
Chl. a @ A E-E & FHEOMEMZ RS T &N T
=7z, FEED (2013) WEILHEI DI KKEY) DA

Z1~6HDOKMKTF CLEEA) NEDFEDOH
FRERCEEEMZ2EN/-EEZ2RLTB0,
St RKED OBFECHEBOREZT 5 2FED
Z O HI O /KEIHH Ofii & AWFZE 0 6 15 5 N7z K1
(72 Il & Tl d 5 2 & T K OB FEESD
OB TNZNOKEEE & DREEMEIZ DN
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THBRETL TITE 20,

AR - HE (2002) 3ABIEEFUKE 6 HE
DOHNE A 2 T 1972 ~ 2001 4EFE £ T DM %
I, FEEWR & DI TR oREEN S LD &%
o E MM, L, AW, PEE COD, Tr.
TN, TP THAEELOIEEHmEL TND, KT
BB ER - HE (2002) LD 12 53 DF —
5 E AT fENTRE RN S, BAIIZ TP & Chl a 13
WTNOMTHHEERMENZRI N 200 Kk
WMTE Tr WA ER EAMERZ, SS. COD, TN 2
AR TRERZ/-R L. FHETIE COD NEER
Bz RS Eho-b00, Tr WEER LS Em %,
SSETNDNEERTMREAZRLZZENS, W
HTIRKREDRIIMICSEETICH 2 SRS Nz
(Fig. 3). —/7. AW TIZENNIC TridaEks L
HigmAE R L7=A, COD bAEML ERBEmZRL,
SS & TN A EHEE 2R 39, (L & vEiH Tk
CODIZEMMIcHER LREMEMZ 7R LM, Tr
SS. TN IZA#EMmZRI N> EME, TN
5 =TI ERMIANICIZKRE O B LD ikE O EANL R
DHNRNT ERDbMo Tz,

fi g, ARWFFEIT K 2 A5 BT OfE R 2 i &
&, AW OKEIZ Tr & COD 23 1991 4, TP
7231997 4. TN A% 1999 4F 2 85 12 EAL A (TP O
AEE TR W) ﬁ\baﬁz%@ﬁf\iﬂﬁ&bﬂ)é_&
MBS M ER > (Fig 3). RERIC. PEHIOKE
1% TP A% 1997 4F, Tr & TN 2% 1999 4F, Chl a 7%
2002 E%i“ EHbER (TridAEETIER<, 1999
EFETIX ﬁﬁ TV ModEMERA (Tr & Chl a
mﬁﬁfu@m)«ﬁﬁbfmé:aﬁﬂﬁbto
—75. KEEBIOKEZ 1974 4£/0 5 COD, TN, TP
@ 3I6 H A 1988 4F, SS A% 1989 4E, Tr A% 1991
F£F T EMER (TPIZEE TRV Z2RLE
HEDD, FNLIE Tr, SS, COD, TP @ 4 1 H »
1997 4£, TN 21999 4E, Chl a 2% 2002 4F % TH&
{bfEm (Chl a \3AEZE TR 2R, Tl
Wtk EMEN (SSIEETIEAW) &0, 5IHEH
M2MEFERMBL TVWDB I ENHL N ER S 2, Tz,
W O KELE 1974 40 5 SS Y 1988 4, Tr Y
1991 £ £ CTlddkEMHM (SSIFAEETIERN) 2R
L7=bDD, ZNLAFE Tr. SS, COD & TP A% 1997 4F,
Chl. a #% 2002 4 % TE(bER (COD & TPIXHEX
TlEW) Z2RL. TOEEVKEMERA (COD I
BETIERRW) &0, [IHEoKEZ 1974 F
5SS 1988 X THEMEMERLIZHDD, <
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LI COD & TP A3 1997 4. SS & TN 78 1999 4E,
Chl a #2002 4 £ CTEALMERA (TN DSMIEET
IZ7sw) 2R L. 2N LRI EE R (SS & Chl
alZBAETIERY) &R EHBAL 2,

I 5 1T, 2004-2013 F @ 10 £ FE ¥ i 1
1994-2003 £ D Z NI LR, TriZ D W TIE A
W, WO, KEMTERICEL, SSIZOoNnTIK
T &R T, CODIZD W TIX I i & ks
WMT, TNETPIZDWTIEAMATT, Chl. a i
DNWTIEH OB TEEICMNWZ ENHEMNE RS
7= (Fig. 4. 5. L7z >T. 8 LAMICB T 2&
D 10 4E (2004 ~ 2013 ) DAKEIFWTND
MTHEEMERICH DD EHRINE, B LA
DEIWAT 2003 FLARFITHER S 727K E - KA dE
DO ¥ (Kato et al. 2005 ; (LH K 2006 ; &+
JeEARERFAES 2007 5 A (BALD 1F2 20094,
b, 2010, 2015 ; JE&E T, 2012 ; FEIF M 2013,
2014, 2016 ; HAHED 2015) 1d. FNETITHIH
THREINTELHEZENWTBD, ZNITIEEA
DN BELFEERESTDOBEVWICERT S0 H 205
5LFIEBZENDHOD, HOEBRBEZELIT K D57
HDBMETEEL TWSEEEZLND, LT
WA & S N HERREEO R SV U EAY 2003
EIZETE L (Kato et al. 2005), FDH% Mm% kL
TEXLTBD (E2IE 2012), [IHHHTIEM»N
DTEEETH> 2TV YIFFE GEEFEIFN 1971)
A, 2000 FFOFETHRINT (FEIZH 2005).
2005 ELIBEBEOERE I NS> (ELdtE
ARERFAA S 2007 5 FEEEIED 2013, 2014 5 FAIZ
N 2015) ZEFEEAGDES L. ELAMITIX
T 4E D /K E D egEHE AN IR U TR AN
LTWBEFAZEDTH S,
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