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Seasonal Changes in Water Quality of a Sand Dune Lake,
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Abstract

Limnological studies of Lake Kamisagata (N37° 48" 33", E138" 517 43", altitude: 4.5m,
area : 0.18 km?, length : 830 m, width : 260 m,) were conducted scasonally al two stations from
April 2002 to October 2004 with special reference to seasonal changes in nutrient dynamics
including some inorganic ions and macrophyte standing crops. This lake is belonging to one of
sand dune lakes, which are rare from the viewpoint of lake origin in Japan. This lake is fed by
spring water and rainwater dircctly poured to the lake. Spring water containing high
concentration of nitrale, probably originated from fertilizers used around the lake, flows into the
lake through a wide reed belt of 20-120 m width. So high concentrations of nitrate ranging from
0.5 to 5mg N/L are detected in lake waler, cspecially in winter. Inorganic phosphate
concentration showed high value in June, afler lowering of water table from aboul 80cm to
40 cm. The standing crops of Trvapa spp. and Nelwmbo wucifera, dominating in macrophytes,
reachcd in maximum during the end of August and the beginning of September, and declinced
toward fall with increasing of nitrate concentration. Some inorganic ions such as Na', K', Mg?
indicated a stable seasonal changes during a vear. Concentration of chlorophyll a reached to
400 pg/L (Station LB) in June 2002. Water quality of a sand dune lake might be influenced
largely by the agricultural activities around the lake.
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Sand dune lakes, L.Sagata, nutrient, seasonal change, spring water, nitrate,
chlorophyll-a
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Table 1 Morphometric data of L.. Kamisagala.
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Fig. 3 Changes in water level at station LA in L. Kamisagata.
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Fig. 4 Changes in water temperature at station LA and LB in L. Kamisagata.
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Fig. 5 Changes in water temperaturc (A) and dissolved oxygen (B) at station

LA and LB in L. Kamisagata.

IESHE ) R

PO, -PlEZ 6 Jicyi< 7e b, FOMHK0. 15~
0.25mg/LTH -7 (1K6). FhIUNDHTIHITE
A EP0.05mg/LLLT TH -7z, 2002412 1342 LB
WBWTLAL D &bz ks L, ook
Wi R T o Mk A 7.

MBERTRE

NH, -N@i (147 A) (200440 ) 1d Bre 3
#, 8) THHb )i hEhe—r% R0, 20
B10~12H 115 < Uit AMELBT10H 120,937 mg/L)
w0, 2~7 0. ng/LEUF THh -7, 200448
TIIOHOY—27E@db b7, LBTHT
O T H A% - iz,

/,

0.3

<

af

E

[~ 1%

g |

g

@
0.0 ¥ T T T T L) 1 T T T T T T T A ] L) l/

456789101112123456 78910
2002 2003

456789101112
2004

M6 LEELA, LBICET5POS -PRIEDFHi4 L.
Fig. 6 Changes in PO/ -P concentration at station LA and LB in L.

Kamisagata.



36 WG AT TR B2 &

o

2

NO; N (mg/L) NO

2002 2003

45678091011121234567 8910/

456789101112
2004

BE7 FEELA, LBICK@SNHS-NEE (A), NO, -NEE (B), NO, -NE&E

(C) DEFILAL.

Fig. 7 Changes in concentrations of NH,'-N (A), NO; -N (B) and NO, -N
(C) at station LA and LB in L. Kamisagata.
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Table 2 Average, minimum and maximum values of some ion concentrations from April 2002
to March 2003 at station LA in L. Kamisagata.
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Yk 22,1 0.085 4,259 50.7 0.041
fv]s 17.4  0.018 0.489 35.9 0.014
BA 255 073 6.955 61.3 0.148
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0.789  15.1 24.4 0.241 7.682
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Fig. 9 Changes in chlorophyll-a concentrations at station LA and LB in

L. Kamisagata.



38 PRKZHRAEONERE 2% H258

101 )

Total N (mg/L)

45678910111212345678910
2002 2003
0.4

Total P (mg/L)

0. 0+—r—r——r =~ — T
4567891011121 2345678810

———

B0 EEBLA, LBIokRF544%E (TN) (A),

Uy (TP) (B) oFMizt.

Fig.10 Changes in Total N (A) and Total P
(B) concentrations at station LA and

LB in L. Kamisagata.

JE & FHIN e A bR R E 3, HWomg/LiiETh-
7z M8 F).

3) yano7 4 LaE

yoa v a6 A, 7 HICro s g L
Lz (49). $#51220024202 0k 6 T CTHing
400 pg/L (HELB) %78 Uiz, 50 pg/LEE D V¥ —
ZHRICRT A TEELH /2 10 BE 2 A
DECE20 pg/LEL T OENETSH - 7z,

4) 2BEERURY -BE

20024F 4 J 2 H2003F10A £ TO4%#E (TN)
BLULEY v (TP) BEOFHALA KI5,
EEE (KI0A) &, 2~8mg/LTh-oi.
MRS EN EHHONE T EF O D08, FHE
{EORRHIENO, -NEEOFHE (N7C) &
L7z,

Ay v (KI0B)Y W6 Nz, 20024 LB
T0.310 mg/LICE Lo, FREIH Ic K5 488h 538 0,
2003 HFTH - 72, 2002FEITIELBD iV 6 ]

ERWT, LASLBTO SRk d - 7205,
20035 TEHLBOE 5 AMEWEN 275 L

5) Xk&WEDRER

B OB E T S AR KA o LR
by, NATEOLHBRLSE 2 B3 FEd,
2008). FOMOHEMIZ LTI LD KERBERD
AFmRR, FTRATHA, TEE, FELHOE
HFRRDHNA, =S RE20025, 20037 ik
HHVEBF DB WETH 57245, 200404 iR
dled ot 3 AT A A F2004FC ISR 2D
B, 204FiE 74 3 Ned/EHR 7 Eyg
TIGETH 7.

B 3 O EAROBENERT. vy, A
WS bIFEA I LMD, 8 H Ffunb 9 H
R EREERRE -7 10)] FRKIRIERE

150 1
120
80 -
60

30

BER (g/m?)
=

2004

ey
S
OREHE

60 1

30 4 ok xum
* %
4 5 6

7.8 9

0 1

B LBEELAKET S KT AR B A e
fii At

Fig.11 Seasonal changes in standing crops of

macrophytes at station LA in L.

Kamisagata.



WM - Bl GRENIRE) B0 5 KEOFMERIL 20T 39

Lz, b KA R IT#9120 g /oficiE LT W 5 25,
2003 ED BT &L - 72, HASH O IR & 4
IC k0 A0, 2004 L D b oz

5 #x

IR EIC TR AT A M0 <, #E - THIAKRE
RN B OB RKEIC L > THEERENS. B
KoK B Nemoto ot al. (2009) = LR bE, 1%
B FOBREHLL, 5 M5 9 MOBIHT LK
Iz B0 T6.52~37. 13 mg/1., T-Fy17.80 mg/L
(i LA HEEM) Tho7. ZOmVLEED
NO, -Ni, AT 20O THRL, NGO
TG 2 oM mEd 5 RT3 os & AW
SR AEH U CHft s h, TT69.7%, HT47.2%,
FRic48. 1% AR L E L TINICIiEA 43 (Nemoto
et al., 2009).

S NS T AREIENIC & 508 15
~23% PR & W S BT (Fukuharaet al.,
2007). 2 wANTCHRSE R ET TS, M
7o &M TS OCIEH AT L, SO& O
CAHhEREINDD, COUTHLMITER TN
.
HAHRONO, -NOFER A KL e Lol
Wby, ARTPHIE R AT IR R B S T D
(bl AR, REREACRG WENET
A he oy, B4 avBAREERTEY, #
NENESR, BRI, LR ThhTnd, B
T (1997) 12 K, SRR O EBHLCE 1
FIMBRAAFITORNZ B L, A1 oD 46 A6 i I 25400
kg/haiZ7e 3 &, F2ET e gl (1995) ik,
LML T A B 4 o v T I wd21%
B R AR~ 5 & LTwA. 8T, M)
DNF ORI A B LT, NO, -Nz b Lz
AT A A & VORI &, KO K
AT ER S,

Lo L, ks o —ifE=m3Cl, Na', K',
Ca®', Mg® BT iE 2604 U b WA R b 2
e oo, T, I LIRS o R
R 1= & O AR K A PR DA B D,
WAKAE DI 5 A F TIC LU R s 1)
{52 kid o, L0, LR, »wD
DR KN 72 o5 T O PR ACH 0 FEi4 oo i £ 25
BT H D,

RO A A Y OUTE N AR AR LT,
NH."*-N, NO; -N, NO; -N, PO," -Pi%[s i il 4

REHEET LR, 2 TobOAf + v ESiE
MW RARK, FaRRAOME TRy A1
Pl FER B LR R TWBEFTLS.

9 LUS12 B I AT INH, - N o 50 2581 R
ERTWA (M7 A). ZORENTE S ALK
HEREROD -~ A 2 e OFSSEREEIG S AR TH 0,
W~ THBEEFEOGHIC L ANH! -NO 2377
bhtwa bt ashs, 20w 7 00 aBEOE
b b, $ricZ OEIcS 75 v 7 b v BILRL
WA R LT aWCE b H3, 4 VIREN
[-FL4 2 Z &k, WIS E L3545,

NO;, -NB & k2 E0 LAE, B3 dnb4 R
BB TELLETLTWA, ZOREKND -2k L
T, BRLONM 75 v 7 b v OBEIEL LR S .
L L, 20028 TFItidahinid s Eh b3 as,
20037 Gk Z OWHINCIC 7 o o 7 v o IBREOBI
SRS B, E7z, 2004404, 5]
DELWE FOREMIC SR 7 7 v 7 b v ORI
B E W TWigwb, o N E LT, BEFRIC X
AP AL HRS. Ui L, HCiniemFs
D FE LW MRS BT Ze, Nemoto ot al.
(2009) #F BB BWTNO,-ND = v & 51K
DU RO 6 HIR NI h E LTWAS. 4,
5)hicida v RAGEALIGENR T NWE
Enha v DRIROER L EE L bRy, T
ZOHDENENONO, - Nt oA F o IN
WARRROWMIC LA 02, WA 41
OFER7e OB TR TH S,

NO, -Nig OfKFic 0% LHO —HE& LT,
AR YOLERBE MBI H ity —2 L
Dl Eh, TREDEYOREOTHRIZ L B W
FOE FSFHL LA, M ERIEAERRICEL
THBMUMERTWA (IR, 1990 ; Fukuhara et
al., 2003)

PO/ -PEISICIE 3 EHOMATIELT, 6 8
BE— 7 T ARO[ AR L R HIBC OO
W FE2004 T2 T 7 w2 7 ¢ 2L g YR O I¥ 0
MRS BRA 0, BoMRELE, pHOE LW
Irs@iEhni, Chbofl@ekaLTHLD
&, PO -PRHED -5k Mi 7 5 v 2 v OB
DN E > TL e Eofs Lk o s, £
7z, MRS TSN B TR SR ENY I B OPOS -P
DEFHOIFIORINE o> T, FNEOHEIMONR
INEidAe . 4 ~6 HiohdTo kiRt
HRE LB ARNOE FThbH. 2 riicit AL
TWFZUR SIS K & & & i RS A4 5 i



40 B NSRS 2k N2k

T, RFRCSWEEOPO -PRHBALTELC L
B—RELTHEZLNLD, FOAH= X LETH
TH5.

B LM O K E ORI IT LD B ¥ s
R IR ONKE, R0 3 v Ko KEH O
HOEMIC A ORI L5k &
SHEOMEASBRT S, RICBAREORE LR
AR A B OHETE (40 T Ol KRR R A& B B i
45 ETHERFIEE Ex bR 3,

6 HiE

AR EDDICHIZD, HL DRV
TeAEMAEIEE GRS AV HE D, T
B (Fri A SE#w AR, e =
(BB X HTTED) TR LEd. 14 vy
g b 75 7OMTIEHi o THER2 W70
NFF LG CYEFIE AP AP O SR o se R,
PAIRC S E EERWT EHEE OIS hEL
BIGC (BB G KSR v 2 =), EOMEER
< BELOWEZWIRASEZ ) — v T
O BRENA T g, MNAR Yl LTuniz2
WA B R, BT TH 0 E L OEEA L
oWl G AR RIS A UET. ATRED -

Evd B AP B2 Bl Ao IE T AR fEsE (C) 2051
0214D B % SE ik 7c.
7 SIHE

RO A | 4 [ (2008) @ BHF &7 > TV A EP Lo
FN AR R B S BEYE. FEURCERER) &

[ s R A e
FRIGUAG A« A=E5fm 28 (1998) @ ST i ok kA4

PR X, BT R £ AR CRrEh i)
o AR 3 KON R R v i B oo oAb,
FHEAVET ABRFFEAOE (OREF, 10k
1-15.
Fukuhara, H., A. Kawakami and T. Shimo-
(2003) :
dynamics in Lake Sagata (Niigata Prefecture)

gaito Characteristics of nutrient
Japan, a shallow sand-dammed lake supplied
by spring water-with special reference to
nitrates. Hydrohiologia, 506(1): 93-99.

T B ok« 1A T« dE B (1989) @ BB LM
FIOFeAV B AR V., Rl Clsibldib 50
M) oyl K e REPHGRIETE. BTk R P e fe o

(FT#5E), 310 1-14.

Fukuhara, H., F. Nemoto, Y. Takeuchi and
N. Toda (2007) : Nitrate dynamics in a reed
belt of a shallow sand dune lake in Japan:
Analysis of nitrate retention using stable
nitrogen isotope ratios. Hydrobiologia, 584:
49-58.

TRIER « KaillsE - S MG - AR - S
H:T- (1990) @ BT L D K A FEA P i 4E VI
P8 (R ThiAdE) DA E — 1o Sl
&AM OTEELE . IR NTFERE Y
iRkl (MR, 3210 1-24.

FRININ A P T-3% = IR » iRl 1 - GG
F (2006 a ) @ Bk UL O M A B A XL
el - #TRE 0 EELARE) Ok Kk REY

[HBHFE — HFEOBEBICOWT—. S NEHHE
AREF IR (TR, 8(2) 1 35-50.

Tl e « (Al T-A% « AT « LDRSAF < (DR
T (2006b) @ BRI oo b K A B R E XT
i« TR D GHENIRIE) o RE Y
THUFTE — #5310 ACH « ICEL D AP Az 20T 1
B NTFHE AMEEN R (MR, 91
3-22.

IS A« AFTERL « AR A BT« TIUNLE - 4Pk
- - A (2008) @ FERIC G S AP
DB Bk KA RO (FEREEED
1(1):13-29.

Horie, S.
the classfication of all the lakes in Japan.

(1962): Morphometric features and

Mem. Coll. Sci. Univ. Kyoto (B), 29:
191-262.
Hutchinson, G. E. (1957); A Treatse on

Limnology, vol 1. John Wily & Sons, New
York.

Murphy, J. and J. P. Riley (1962): A modified
single solution method for the determination
of phosphate in natural waters. Anal. Chem.
Acta., 271 31-36.

Ncmoto F., Y. Takeuchi, A. Saito, E. Niino,
C. Sato,
(2009) : Decrease in nitrate concentrations in

T. Maruyama and H. Fukuhara

spring water through the reed zone around a
sand dune lake, Verh. Int. Ver. Limnol.,
30(7): 1141 1147.

Bt (1980) @ REARISE & e 3T Fr bk T /K 4
W CEORRD . SRR R TG BT 80 1 SR



WM - FEE (FrEmmE) w2 HO RS>0 41

PR 7 e— 7 (1979) ¢ b Er & P, URBAN
KUBOTA, 17 : 12-15.

Byl (2008) @ LB 2= 2 0 v 7 iRA
B L BENR ARG, AL

Wif E R - DRSS (1995) 1 S A4 v A—RICL D
) T D BB FE ORI & S ED L A I
FloE sk, 66 1 372-380.

Wpel DV « PSS « D 0 (1997) © 5 [l dh
O B AV N B b N K O TERBRE RIS
1= 57— EE TR D SR —. AP ILGE, 44
(1): 23-29,

ANE IR - TIT ] (2007) 1 W ERRIRICE T B K
HR e A= 3 KAy (w3 ZavE) &
IS A sy (AL VR O@iEE.
Celastrina, 42 @ 45-48.

Al (2008) ¢ PP AREO W I A OB HE - W
FRUS. inG  T R | A & e T B b PRl
A 80 SRRl O A R4 A T L, FE PRI Al
Wl B O B0 N i 1F, 25-34.

AW o wrHNE « RIS L (1991) ¢ Bkt -
Ve BN 331 2 WE A B BL - R o0 REI4HE & AT
A0 T. BRI oM AR IR VI
WM NCEH TR, 650 17-36.

PN=1UIL U o b b G N S T A MY N =R A 1

=« RPE O BA s K - TR )
(2008) = VFHRIE « BRI B0 R0 DG A 1Y M D
¥y#. Celastrina, 43 : 78-198,

KMV (1981) T IR g F v IR
) %7 LG itde D 2 BT AO D D g £ R i $s
A A A DREIMBOCINTE WL O,
HT{E"¥, 301 : 68-688.

KB R (1982) ¢ KB ¢ L. R OAACE TS
WU | B, | BB RS | 121 145.
DR k) AL 2.

Sagi, T. (1966): Determination of ammonia in
sea water by the Indophenol method and its
application to the costal and off-shore waters.
Oceanogr. Mag., 18: 43-51.

PUA Fe - KBl « e 5 (2008) @ 42k -
DEMOVMEERED 3w v 2Rl bR YL, 69 ¢
121-131.

Strickland J. D. H. and T. R. Parsons (1972):
A practical handbook of sea water analysis.
Bull. Fish. Res. Bd. Can., 167: 207-211.

TRITLE R » RN K 1 - v gl (1972) @ B4 -
D VST R 0E B R DA DWT, HkE
K, 212):18-37.



42 FBAFHELGTENSE H26 W25

B REENCRET AR (A, 200909 5911, > (B, 200609 H2H),
A=z (C, 200299 2101, R 0 (AT, 2 X741 (D,
2009F 9 )] 9 11).
Appendix. 1 The vegetation of Nelumbo nucifera (A, 9 September 2009), Trapa
spp. (B, 2 September 2006) and Euryvaie ferox (C, 21 September
2002, Photo. by Mr. T. Yamaura), Monochoria korsakowii (D, 9
September 2009) in L. Kamisagata.





