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Aquatic plants and their growth environment in Lake Chiyoda (Maruyama Reservoir),
Kofu City, Yamanashi Prefecture, central Japan
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Abstract : The aquatic flora and water environment were investigated in Lake Chiyoda, Kofu City, Yamanashi
Prefecture in 2014 and from 2017 to 2019. The total number of species identified is 28, of which 13 belong to
aquatic plants and 15 belong to macroalgae. In the present confirmed species, two species were listed on the
2017 Red List of Ministry of the Environment, Japan; Najas minor and Chara braunii. At Lake Chiyoda, the air
temperature was 5.1 to 33 °C, and the surface water temperature was 4.2 to 32.5 °C. The mean values were 2.8
m for Secky’s transparency, 0.795 for extinction coefficient, and in surface water, 8.29 for pH, 113.79 uS/cm for
electrical conductivity and 2.12 NTU for turbidity. The distribution limit depth of aquatic plants with a relative
light intensity of 7 % was estimated to be 3-4 m, and the average light intensity was 109.7 umol/m’/s at 3 m depth
and 64.80 umol/m®/s at 4 m depth. From the DO and water temperature according to water depth, it was inferred
that the circulation period of the lake water started from late autumn when the surface water temperature decresed
to around 18 °C, and the stratification period started from the early spring when the surface water temperature

increased to around 10 °C.
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IWELR N T E LRk EE, PWWEEBICBWTIE, KE - KEEHEZOEFREICDONWTO
A E OB BRI MU IR ZEEICLDITONTNEN (eg FFE (BAIL) 5 2009, b, 2010,
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2017, ERWES 2018, {385 2018, 2019a, b, FHEF S 2019), ZOMOWIATIZIZE A ERENTTON
TWRWVWDONEIRTH %,

TAH Guilifzzki) ZHFTOALPEIICALE 9 5 REEHA NS Th 0, EE X550 m,
Wy 7K I FE L 0.25 km®, A ZRNEF/K 81 1,450,000 m* TH O, Rtk o BRI A AT K EK 1,600 ha &
BEEMKZMRIGL TS (Wikipedia 2019), L7221 T, ARMICAEEFT D/KE « KEIEHESZ QMK
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HE), WEHEERFRE (DO) (HACHAEEIDO A —
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Fig. 2. Photographs showing the collection apparatus and
I R eze collection scenery in Lake Chiyoda, Kofu City.
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TEsp., 7Y IATY, IrOARTEsp., EEI RO@Esp., VAU AJ@sp. DRBIEIE 15
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FAEHICKOEBNREN S 72, ARUFFE THER I N2 KRB BRI AN/ n L <, EMss A
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Table 1. Aquatic plants and macroalgae confirmed in Lake Chiyoda, Kofu City during the vegetation survey period.

Survey month and year 2014 2017 2018 2019

Japanese name Scientific name May July Sep. Oct. Nov. July Nov. Dec. Jan. Feb. Apr. May June July Aug. Sep. Oct. Nov. Dec. _Sep.
EPZ Phragmites australis O O O O O o o o o o o o o o o o o o o @]
Favs Iris pseudacorus OO O O O O o o o o o o o o o o o o o o O
Y Oenanthe javanica O O
~A Eleocharis acicularis var. longiseta O O O O 0 0O O 0o 0 0o O O O
ALV JEsp. Nymphaea sp. O O O ©O @) O 0o 0o 0o 0o o O 0 0o O O O O
TA XY Lemna aoukikusa subsp. aoukikusa O
X4 Spirodela polyrhiza @]
RTATHA Eichhornia crassipes o O o
ahFHE Elodea nuttallii o O O o O O O 0O O 0O 0O 0O O O O O
MNSE Najas minor O O o O O O
TEE Potamogeton crispus o O O O @) O O O
RYINIREFE Potamogeton octandrus var. octandrus o O O @] o O O O
P 3E Potamogeton wrightii o O O O O O 0 0 O O © o O _O
UNTUIE Chara braunii o O O O o O O o O O ]
Ah~FIRa)gsp.  Spondylosium sp. O
YA Esp. Mougeotia sp. O O
T AINTEspp. Spirogyra spp. O O O o O O O O 0O 0O O O O O O
AR fEsp. Zygnema.sp. o O o O o .
777 )r—7 J@&sp. Aphanochaete sp. @]
7N Esp. Hydrodictyon sp. o O
VAR —T J@sp. Bulbochaete sp. O
H¥IR e gEspp. Oedogonium spp. O o O _ O
A7 Jgsp. Rhizoclonium sp. O O @] O
T AV JEsp. Pithophora sp. O O
TR~ AT Cladophora fracta O O O o O O O O
RURARTJEsp.  Microspora sp. O @) o O O O
EE IR Esp. Ulothrix sp. @) @) O
Y A A J@sp. Schizomeris_sp. O o -
Number of species in aquatic plants 5 7 8 8 5 100 6 6 3 3 7 8 7 9 8 8 7 6 7 11
Number of species in macroalgae 4 3 3 3 2 12 3 9 4 2 1 1 2 4 4 3 1 2 4 9
Total number of species 9 10 11 11 7 2 9 15 7 5 8 9 9 13 12 11 8 8 11 20

Table 2. Aquatic plants and macroalgae confirmed at the each survey station in Lake Chiyoda, Kofu City during the vegetation
survey period.

Life-form or Family Japanese name Scientific name Survey Station St.1 St.2 St.3 St4 St5 St.6 St.7 St8 St.9 St.10 AllSt.
Emergent plant ENS Phragmites australis O @] O
Favs Iris pseudacorus O (@) O
+ Oenanthe javanica O @]
<A Eleocharis acicularis var. longiseta o O O O @]
Floating leaved plant AL Jdsp. Nymphaea_sp. O @] O
Floating plant TAIXIH Lemna aoukikusa subsp. aoukikusa O O o O O O O
IZEas Spirodela polyrhiza @] O o O o O @]
RTAT A A Eichhornia crassipes O @]
Submerged plant afFLE Elodea nuttallii o o o o o o o o o o O
N5 Najas minor o O O O O O o o o o @]
TEE Potamogeton crispus o O O O O o O O O @]
BRI FE Potamogeton octandrus var. octandrus o o o o O O O O O O @]
P RE Potamogeton wrightii O O O O O O O O
Characeae TRTIE Chara braunii O O O o O O
Desmidiaceae Ah=¥IRfEsp.  Spondylosium sp. O O O O
Zygnemataceae EH A Esp. Mougeotia sp. o o O O o O @]
Zygnemataceae TAINa)@spp.  Spirogyra spp. o o o o O o o O O O @]
Zygnemataceae ARUIREEsp. Zygnema sp. O O O O O o O o o o O
Chroococcaceae T 77 )/ —7 JEsp. Aphanochaete sp. O O O
Hydrodictyaceae 7N Esp. Hydrodictyon sp. O (@]
Oedogoniaceae T VAR —7 J@sp. Bulbochaete sp. O O
Oedogoniaceae HYINeEspp.  Oedogonium spp. o o O O O O O O O O @]
Cladophoraceae FH Y JEsp. Rhizoclonium sp. @] @] @] @]
Cladophoraceae T AT JEsp. Pithophora sp. O O
Cladophoraceae TR~BH 7Y Cladophora fracta O o O O O
Microsporaceae UaART Esp.  Microspora sp. @] o O O O @]
Ulotrichaceae EE IR e Esp. Ulothrix sp. o O O O O @]
Schizomeridaceae 2/ AU R Esp. Schizomeris sp. O o
Number of species in aquatic plants 12 6 8 6 8 6 4 4 7 9 13
Number of species in macroalgae 12 0 9 4 5 4 4 7 5 15
Total number of species 24 13 18 15 12 11 8 8 14 14 28
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Fig. 3. Photographs showing the specimens of emergent plant, floating leaved plant, and floating plant. a, Phragmites australis;

b, Iris pseudacorus; ¢, Oenanthe javanica; d, Eleocharis acicularis var. longiseta; e, Nvmphaea sp.; f, Lemna aoukikusa
subsp. aoukikusa; g, Spirodela polyrhiza; h, Eichhornia crassipes.

WEBEWEEAFOEROMBERBEHL NI ENS, MNICETT2E2TE2EBEEET S ZENTETY
o 7= RlREMEDID B, 20144E, 2017~20184F, 20194E ORI /KE TIXZNZENS, 10, 117,
KREIEFETIZ4, 14, 9 THO, TARHBICERTL TWD/KEMYOREEIZ 2017 ELIEENL TW5
ZEMHBRL 72,

NIZ BT BKERY ORI DONTIE, KETIFaINFSE, NS E, FYNIZEFE
MEERTHEASIN (Table 2), TN 5 3FEITAREHBOLWHMHIZHML TWLZENHBALE, Z
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J\\J///” 10cm

Fig. 4. Photographs showing the specimens of submerged plant. a, Elodea nuttallii; b, Najas minor; ¢, Potamogeton crispus; d,
Potamogeton octandrus var. octandrus; e, Potamogeton wrightii.

OW, RMUTFEIEZ204FEOHETRMERINTBE LT, 2017FE7THLURICHRE I NS XDk,
20184F 12 H £ TIESt. 1~4 TOAMEHRIN TV, 20194E9 H DFE CIILESTOEBENHRIN,
St. INSTIRAEFTEGEN 7. LENST, MNIFRBRERIIZE > THfilEEFREZIAIE T
DHDEWRIN. Tz, 2019FIFDFAETIEENETITHERIN TV W T A TF I F LT+
Y& 6EMTHR Lz, ZON, TF7HFITDOWNTIL20084E 1217 o /2 S HFFEE D P72 E TH
RINTHD, MEEBGIEFITNUTH D20, TNETOFETIEAFEELINTWEATREND .
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Fig. 5. Photographs showing the specimens of macroalgae. a, Chara braunii; b, Spondylosium sp.; ¢, Mougeotia sp.; d-f,
Spirogyra sp.; g, Zygnema sp.; h, Aphanochaete sp.; i, Bulbochaete sp.; j-k, Oedogonium sp.; 1, Rhizoclonium sp.; m,
Pithophora sp.; n, Cladophora fracta; o, Microspora sp.; p, Ulothrix sp.; q, Schizomeris sp.

IKEDHERREIISL 1R EREHEL <, RNWTSL 10A79%E, St.3, 5718%#H, St 9A17HE, St.2, 4,

67/°6FH, St.7, 8M4FETH > /=,

HEMOBREE, WMHERIHICEOH L2 LRI St 10 SFE o St. 1 T REITER WIRH AT
DB, MEIZWENSTETH > 7z, MHFEDSL 2 TIZRETH D MKW ESE BN 5 Nz,
IR RFETR D St 3, 4 TR S MRS R DIIRIZHIE TH > 7o ITERED St. 5~8 TN I >
7V — b TEHSNTBOMRIIWR TH- 2, £, St 5, STRHIMRICHAANRD 5N, WL
FED St 9 TIFHEINMNSRAT 2/KOFBNHERE L THB BRIV TH > e AHRICTBNTT
RHEMTHRR S NZKEON, fKEYOI S EF 3T 71dsSt 1, 10, YNTIESt 1~4, U
St. 9, IFEMMDAA L Vgsp St 1, 5, FFlHEYDORTA T AA1ESt | TORMRRS /e ErfE
DIKHE, W, KRBEOREOENNINS OFEDOSMICHEEL TVWD EEX 5N,

KRMFEFD AR DNTIE, 742 ROf@spp. 8T RO@sp. NETER TR SN, 152
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Fig. 6. Fluctuations of the air (A, solid square) and water temperature (A, open circle), pH (B, solid circle), electric conductivity
(B, open square), Secky’s transparency (C, open triangle), turbidity (C, solid lozenge), and extinction coefficient (C, solid
triangle) during the environmental survey period in Lake Chiyoda, Kofu City.

FEIZ T QIR WEFIZ/ ML T2 2 EAMIBI L7 (Table 2), $7z, EANAIRTIEHL T W
7 2 2 ROJEsp. 1ESt. 9 TOAER I N, ZTHUIHIRNFRER DK &7 A LU 72 58K T dh S nlhelE
bHh D, REEFHOMRFEEILSL IV R2FEEEDL <, RNWTSL 37107, St. 421948, St.2, 9917
FTHO, KEOHREENE N 2E M T REEEOMRER S 2 WHEHSN R S 1z,

BRERHTOHBPICBT 2 TREOMOKIR, ZEOKIR - pH - EXER, EE (BHE, £E
DOWEE, HERE) OZH % Fig 61T R L7z, &iRILS5.1°C (2019462 H) ~33°C (20184E7H), £/H
DKIEIZ42°C (Q0194E2 H) ~32.5°C (20184E7H) TH D (Fig. 6A), A Z=|TILIHAME D —EB A HEK
LTWBZEHHo7, FEEI mIZ(IET HEA0.51 km® OFEER GREET HAMFER 1993) T
2017 £ DRIRAT—0.5~29 °C, FJED/KIEAI3.4~27.0 °C (IUFLIE 2019), FZ&E 880 mIZALiE T 5 HiFE
0.06 km® DO VU GREIT E A4/ 1993) Tl 2005 4% OEED/KIEA4.8~27.0 °C (FH - FH
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2007) THoOLI ENREINTWVS, Wi ERo &k 51 TAREB & FEEICHEFEAT 1 km® (272 720
HATHO, AFIUTHKT DI ENHMMENTVWD (FR - HEE 2001, HH - HEHE 2007), FACHENM
HE D ACEBITALE L TWADHDY, 2300 m L E{EW=, HEZEOKIREMNS ‘CLULEFh oz SHER
N5,

EKEDOpHIZ7.3 (2014411 H) ~9.4 (Q0144E5H) TY-#1%829 TH - 7= (Fig. 6B), FED pHIX
KSR T2 7.6~8.4 (ILFLE 2019), PUREEH TI26.5~7.9 (FHH - J&AMK 2007) TH-o7z I ENHES
NTHY, TRHBOREMEITEHEL D <, BEIESEHEI D KRENWT &b,

FEDOBLRIEEARZ103.4 uS/em (20194E1 H) ~130.3 uS/cm (20174E 11 ) TYH13113.79 pS/em
THo/= (Fig. 6B). H£BOBELLERIIKEER TIZ77.2~86.6 uS/em ([IFLE 2019), PURHEH TlZ 44
~50 pS/em (FH - B 2007) THO LI ENHESNTBO, TAEHH D AL A W) D 5 s il &
DE<, ZAEHENHHLO RSN ENbhoTz,

Yo F—BIEIZ12m Q017411 H) ~3.9m Q01841 H) TYEI28mTH -/~ (Fig. 6C), #
MO Y F—BHEIZ2017FE TIZ1.8m GH) ~44m BH) THFH2ImTHD, 11~3 HITK
WO (ILALR 2019) &A%, 1992~2001 4B T FEMEA1.7~37 m (FIR - HE 2002) TH-H/~
EAY, PUREEHTIZ 2005 EE Dy F—FWEIZ33m GH) ~7.0m (6 7) TI10~3 A2y (FH -
A 2007) ZENENENHEINT WD, Lad> T, EWHEIX3H O TIEMBEER KHmE<,
TR TR & RS, DN ENbho 2,

FJE O E12096 NTU (20184E9 H ) ~7.2 Water Depth (m)
NTU (017411 H) TY-#HIi32.12NTU T H > 10001 2345678910
7= (Fig. 6C), FEIEM D &KIEOEEIL 201212 N
LI6NTU (8 ) ~378NTU (11 A) T, ¥#5223 ~ B
NTU (55 2016b) EHESINTHD, TRE S |
BT L TlERTI - 220 L Afie 2 0 E
BR< EmAMIZ244NTU L7820 2 M5, Wi E C y = 930756
OEWEIIIFIFRETH D EEZSND, TREW S i
THEARA S0 0T A IENE bR B N
ETHon, BACEMEE beneh TR, 5 BN
bRl Ems, 01741 AORIGGE S 2 ol i SON
HI /b D Tho7- R I N, E ) % y = 930795
MR R 5 B L 72 M HUREE 0578 (2018 2 C
2 H)~1.333(0144E10 H) DORITZ(LL (Fig. i

6C), FAHIE R O EUIE0.795 T - 7= (Fig. 0.01 =

_ . < Fig. 7. The extinction coefficients calculated from relative light
7o Rz, 201445~11 TE091, 2017411 A intensities according to water depths in Lake Chiyoda,

~ 20194E3 H T1%0.756 &, % ORI T A Kofu City. Solid line, all measurement period; dotted
- - e - W line, measurement from May to November 2014; broken
LTWaZEDHBIL 7=, A&l oW R EIE line, measurement from November 2017 to March 2019.

20124E 12058 2 H) ~1.04 (11 ) TELUH

120.716 (55 2016b) THOZ I ENMEINTHY, WHOHBBREZIFERETHDLEEFX 5,
F7-, TR OKFEEIZKE Im T212.6~1755.2 pmol/m’/s, 7K1 m T 30.52~944.0 umol/m’/s,
/K2 m T 25.35~490.5 pmol/m’/s, 7K{%E3 m T 13.2~252.0 pmol/m’/s, 7K#%4 m T7.18~155.0 pmol/m”/
s, 7K¥ES5 mT2.23~95.86 umol/m™/s, 7K¥E6 m T 0.68~65.18 umol/m*/s, 7K¥E7 m T0.17~41.81 umol/m*/
s, K8 mT0.02~26.72 pmol/m’/s, 7KZE9 m T0.01~16.96 pmol/m’/s TdH > 7= (Table 3), FEHIRIH,
2RI 20174 H 1L HDNBRKTH > 720, KFXBOTRKME & 7525 72E HIKEITX D ®i2D,
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201744 H 1 AR ER S - DIRKET m7Z1FTH O, HIEEDERKME S KFEIZX D KPR R
KAE-FLTIEWEN> =, R, 2213 20184E 11 429 H & 201942 H 21 H T 400 umol/m’/
sZ FEIBEWETH - 7208, KFNEEDER/MEE 75572 D13 20184 11 H 29 H TIE/KE 1~2 m, 2019
2 H 21 HTIEKEI mDAT, /K01 miZ20184E 12 H26 H, D /KiEIZ20144E10 H29H TH 0,
20144 10 A 29 H ®Z2 ¢ EE1E 1400 pmol/m’/s 2 EEI Bl & 75> Tz, £o T, ZEHHEENEZVWAT
HARBIC L O ARPHBEIZZ L BEBNWEENH B Z ENHE N ER S Tz, KEHKEFEEDEHEMEIZL
2014 FE A3 KEE0.1 m T920.9 pmol/m?/s, 7K1 m T434.1 pmol/m’/s, /K2 m T 239.8 pmol/m*/s, /K3
mT135.3 pmol/m®/s, /K4 mT79.67 umol/m’/s, /KPS m™T37.52 umol/m’/s, 7K¥%E6 m™T17.16 pmol/m’/s,
JKEET m™T7.036 umol/m*/s, 7K¥E8 mT2.762 umol/m’/s, 7K¥E9 m™T 1.052 umol/m*/s, 2017 4 LARE A3 /K 0.1
m T 757.8 umol/m™/s, 7K1 m T 387.9 umol/m®/s, 7K¥E2 m T 183.6 umol/m’/s, 7K¥%E3 m T 101.2 pmol/m’/
s, /K4 mT59.85 pmol/m*/s, KIS m T 32.65 pmol/m*/s, 7K¥%E6 m T 19.15 pmol/m’/s, 7Ki¥%E7 m T9.784
pmol/m*/s, 7K#E8 m T5.194 pumol/m’/s, 7K#E9 m T2.878 umol/m’/s TH o7z, /=, EFHEMMPTIZ
/KZE0.1 m T 798.6 pmol/m™/s, 7K1 m T 399.4 umol/m*/s, /K2 m T 197.6 umol/m?/s, 7KiFE3 mT109.7
pmol/m*/s, 7K#E4 m T 64.80 pmol/m*/s, 7KiES m T 33.87 umol/m’/s, 7K 6 m T 18.66 umol/m’/s, 7K 7
mC9.10 umol/m*/s, 7KZES m T4.59 umol/m®/s, 7K m T2.42 umol/m*/s TH > /=, KHIEEDFHE
1FZKEES mE TIX2014FETEM > 23, KE6 mEETIZ 2017 FLARE TR > oo KR DIt
FEEIL 2014 4EAVKIE0.l mT58.5 %, KFEImT27.1 %, /KFE2mTI49 %, KFE3ImMmTS53 %, KE
4mT479 %, KFESmMT230 %, KFE6mTILO6 % ,7K{71<7m'f044 , KZHESmMTO.18 %, /KiE9
mT0.06 %, 201 7TAE LI AT /KE0.1 mT63.0 %, 7KiF1 mT28.9 %, /KiFE2mTI13.2 %, /K#E3ImT7.33 %
KFE4mTA25 %, KESMT243 %, KE6mMTI38 %, KETmTO0.70 % ,7J<{7|<8m"CO35 7](
HImMTO18 X TH>/z. £z, RFMEHIMH TIIAEOI mT61.9 %, /KFE1mT284 %, 7]({71<2m
T13.7 %, KFE3IMTT.63 %, /KiFE4mTA39 %, /KESMT239 %, KFE6mMTL30 %, KFETmTO.64
%, KE8MTO031 %, /KEImMTO.15 % Tho7z, KE2~4 mZFRNT, 20144 KD 20174 LIET
JFﬁM‘Hiﬁ‘[’:Eﬁiwb\oto KHSEEBKES mELRIZ2017TELE CEN > 2l Ens, TE, FRE
TR m < ERIFBEIMEMICH 2 EEZX 5Nz, £z, TOITENEBRO X D T4 DK AR
WFE DI B U= RetE N & 5. IR T3k /K iEY) & RBIBEFED 7370 FIRKIER SmTH O (fF
(R 5 2009a, FES 2014), KESMIZHBIT DM AR EREREE T 227 %EE (FES
2016a) ThoHI EMNHEIN TS, TR TIIHIIEENT% EREKEIIZI~4mTHH7=D
T, ZOKENARBOKEEYOARAKREEEZ S50, OS5 m&E D5 FERARERIERNDD
CHEEINz, 2B, ERLAZX DI TREBICHE T 2 EEEEIE3 mT109.7 umol/m®/s, 4 m T 64.80
umol/m*s TH 0, Mh/KAEY) & REEH O /A7 FER/KIEDFE&IE 100 pmol/m’/s Hi 4 T db 2 D7 H HIH /R
VY,

JRIEEH D DO & /KiIEIZ20144E 11 A, 20174E11 H~ 20184E2 H, 20184F 11 H~ 201942 A Tl X/
MOBREETIEEAESLL TWisho 7 (Fig 8). ZHUIMBIKAEER L CTHIK £ TE RN —1TtiG
INTWEZEERLTWS, UL, 20144E5~10H, 20184E4~10 H, 20194E3 H TIL/KIERE DN
OS5, WENS AL > TIKEE m ETHRFIRFRENOmg/L LR L5EMFKEER>TnWED
EWNHIAL 2o ZHUIKEREDEY OBEENT T U TN ET HBICHEFZEEHET 20, WREN
TETVDEDRKENS OBEDOHIGN T NZDEEX SN D, FAEEF OEEKDEEIX2014
10, 11 H1224.4, 183°C, 20174E 11 A1215.3°C, 20184E2, 10, 11 A125.6, 19.3, 15.6°C, 20194E2,
3HIC4.2, 102°CTHo7z (Fig. 6A), ctoTﬂJﬁEﬁiéﬂﬂiﬁﬂr“ierﬁ CEEFRNERG I N DR
ZIEKN18 CHItRE T FRET DM SR E D, HEDERERIREIZ/RD 2T WA E I EREKAT10
CHIRICE T EAITHUENOIED EHERS N, ﬂ:\btﬁéﬁ\bﬁ@@mi&%@%mmﬁ%
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Fig. 8. Dissolved oxygen (open circle) and water temperature (solid triangle) according to water depth during the environmental survey period in Lake Chiyoda, Kofu City.
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