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Table 1. Water temperature (WT), dissolved oxygen
level (DO) and pH in the surface water of
Lake Akanuma. Measurement was carried
out during daytime hours (10:0000 15:00).

wT DO pH
@) (mg I"") o)

4 May 13.3 7.06

24 May 14.1 7.04

14 Jun. 19.3 8.5 96 7.43
21 Jul. 24.4 75 91 9.73
17 Aug. 24.9 10.0 123 9.35
28 Aug. 245 12.1 147 9.44
27 Sep. 15.0 9.3 95 7.00
26 Oct. 11.4 11.0 104 7.98
27 Nov. 43 13.7 109 7.45
22 Dec. 15 15.4 113 7.45

*: The level of DO in the air saturated water is denoted
as 10000
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Fig. 1. Seasonal variations in (a) the amount of
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Fig. 2. Relationship between the concentration of chlorophyll a
and the amount of suspended solids.
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Fig. 3. Seasonal variations in (a) dissolved organic
carbon concentration, (b) absorbance at
260nm.

O O O Asterionella formosal Fragilaria spp.0O

Gomphonema sp.0 Synedra spp.0 Navicula spp. O O
O Urosolenia sp.0 0O O O Chlamydomonas sp. O
Scenedesmus quadricaudal O O O O O Peridinium

spp. O ODODOODOD 002100000 0280000
00000000 D000 Anabaena smithii 0000
ggoooooooboobobooboooboooobo
000 000 Chlamydomonassp. 000000 OO27
000000 Anabaena smithii 0 OO O0O0OO0OOOO
000 OO0 Chroococcus sp. [0 Coelosphaerium sp.
000000000 OO0 Aulacoseira granulata [
Melosiravarians0 0000000000 OO0OO0O O
000 Chlamydomonassp. 0 OO OO0 10026000
002700 000 Aulacoseira granulata 0 Melosira
varians 0 0 0O 0 00 OO0 OO O Microcystis
aeruginosa [0 Coelosphaeriumsp. 000000000

00000000 Asterionellaformosal Synedraspp.O
0 O O Chlamydomonas sp.0 Scenedesmus quadri-
caudall Saurastrum spp. O O O Ankistrodesmus
falcatusl 00000 Peridiniumspp. 00000 11
0270000120220 000000 00O Asterionella
foomosaO0OOOOOO0DOOO0OOO0OOO Melosira
varians 0 0 O Diatoma sp.0 Navicula spp.0 00O
Chlamydomonas sp.0 Scenedesmus quadricaudal

Closterium spp. 0 O 0 Cosmarium sp.0 00000
Peridiniumspp. 000000 000 1202200000
00 00000 Botryococcus braunii D 000000
Ob0110270000120220 000 0000000000 0O
a0

61



ooooooOo0oooOo0o0oooO0o0ooOO0o0oOO00OO0O0O0O0O0 (Cooooooooooooo)

30
A
T 20 t
Cé, r=0.72, p<0.05 A
O
I A

8 10

O 1

0.200 0.400 0.600

Fig. 4. Relationship between the absorbance at 260nm and
dissolved organic concentration.

300

200

100

N concentration (ugN I-")

PO, concentration (ugP I")

@,5\ S ?,og R & S F

S X 3 ¢ £ > p
N Ng N RN Ny Na N N

Fig. 5. Seasonal variations in (a) inorganic nitrogen
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ganic phosphorous concentration (PO3").
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Table 2. Composition of dominant phytoplankton communities in Lake Akanuma between May and December

2010.
Cell density (x 10 cells mI"” or x 10" colonies m1”")
4 24 14 21 28 27 26 27 22

May May Jun. Jul. Aug. Sep Oct. Nov Dec

Cyanophyceae Microcystis aeruginosa * nd nd nd nd nd nd 2.4 nd nd
Anabaena smithii nd nd nd 56.6 132.6 nd nd nd nd

Chroococcus sp.* nd nd nd nd 0.3 2.5 nd nd nd

Coelosphaerium sp.* nd nd nd nd nd 1.1 1.2 nd nd

Aphanocapsa sp.* nd nd nd 0.2 nd nd nd nd nd

Bacillariophyceae = Aulacoseira granulata 0.2 0.5 0.7 nd nd 7.5 3.4 nd nd
Melosira varians 2.0 6.0 3.3 nd nd 12.7 3.4 0.5 0.1

Asterionella formosa nd 0.1 nd nd nd nd 0.1 3.9 7.8

Diatoma sp. nd nd nd nd nd nd nd 0.1 nd

Fragilaria spp. nd 0.2 0.1 nd nd nd nd nd nd

Gomphonema sp. nd nd 0.1 nd nd nd nd nd nd

Synedra spp. 0.1 0.1 0.1 nd nd nd 0.2 nd nd

Navicula spp. nd nd 0.1 nd nd nd nd nd 0.1

Urosolenia sp. nd 0.1 0.1 nd nd nd nd nd nd

Chlorophyceae Chlamydomonas sp. 0.2 0.3 0.2 0.2 2.1 1.6 0.1 0.1 0.3
Scenedesmus quadricauda 0.1 0.1 0.2 nd nd nd 0.7 0.2 0.3

Coelastrum microporum * nd nd nd nd nd nd nd nd 0.1

Closterium spp. nd nd nd nd nd nd nd 0.2 0.5

Cosmarium sp. nd nd nd nd nd nd nd 0.4 nd

Saurastrum spp. nd nd nd nd nd nd 0.1 nd nd

Ankistrodesmus fal catus nd nd nd nd nd nd 0.1 nd nd

Dinophyceae Peridinium spp. 0.1 nd nd nd nd nd 0.1 0.6 0.6
Xanthophyceae Botryococcus braunii * nd nd nd nd nd nd nd nd 0.1

000000000 (Fig-3) DOOOOOOODOOO
goooobooobocobooonoooobooong
gbobobooooboobobobobobooooobg
gbobobooobooboobobobobooooog
gboooboooooboobobobobooooog
O0000O0000bD0DDbOn0 boCch ABSxUI O OO
00000 (Fig. )0 O0O0ODOO0DOOO bocOOd
gbooboooooboobobobooooooooono
O000DOo0ooOooDOn bochD ABSxOOODOOO
OOoo0oooo (rbo.9, pOdo.oon)t OOOOOOO
gboooboooooboobobobooooooog
gboboboooboobobobobobooobooobog
o0oOooooooo (g, 19900 0ooooog
0000 Anabaenasmithii D OO O00O00O0O0OO

*:x 10" colonies ml""

goooopocuboonooooooooboogooo
goobooboo
NH5—OOOODDOoOoOoOoooooo (Fig. 5a)0
POS"—0 00028000 000000O0O0O (Fig. 5b)0
NHE—OOOOOOO0 Oooooooooooooogo
0000000000 NH—0ODOO0O0O0OO00oooo
0000000 ooooooo pos’—0000000O
0000 00o0oooooooooon Nog—oOOdo
0o0oooooooooooooon (Fig. 5a)0 OO
O000NOE—DODOODOO0OOoooooo (Fig. 5a)d
goooboboboooobooobooooboobobobooo
gboboboooooobooobooboboboboo
0000000000000o00o0gg (Takamuraet
al.,, 20030 0 OO, 20070 00O, 20020 Senga et al.,

63



goooooOoOoooOo0o0oooO0o0oOoO0o0oOO00OO0O0O0O0O0 (Cooooooooooooo)

2011)0 00 POs"—000 0OD20 00000000
gboboooooobobobobobooooog
gbobooooboooboboboobobobon a
gbobooooobooboobobobobooooog
gbobobooooobooboboboboooooog
gboboboooboobooobobobooobooobog
gboboboooooboooobooobooooog
gboboooooobobobooobooooog
gboboooooooo

gobo. oboooobgo
ggbobooboooboboobbobobooboo o
Jopoodooooboobooobooboooog
gooobooOooooooobboooooo @©o,
19620000, 1995)0 DO0DOO00OoOOoD O, OooOo
000 0ddo0boobuooobooooooboooo
00000000000 000 Anabaena smithii O 0O
gooidbbooobuoobooboboobooboobg
Jopoodoooobooboooobooboooog
gl obodboooobooboboobobooboooobog
gobodboooobuootboboboobooboobog
opoodooooboobooobooboooog
goboodbooobooboboobobooboooobog
gopbodbooooboobooooboobooboog
doodoodo (oo, 207 odooo ood
goboodbooooboobbobooooboooo g
gopbodbobooboooboobboboboonbo
Jooodooooboooooobooboooog
gobodoboboobuoobobooboooo
golbobobobobobobobobobobo
Anabaena smithii 0 Anabaena viguieri 0 [0 Anabaena
Oo00D0O0OO0O0Og (Takamura et al., 20030000,
20070000, 2007)0 OOOOO2500000000
000000000 ODO00O0 MicrocystisO O OO
Anabaena0 0000 O0O0OOOOODODO (O,
1995)0 0O D0 OO0 Aphanocapsa0 000000000
00000000000 ChlamydomonasO OO OO0
0000000000 PeridiniumOO0O0OOO0OOO
gobooboobooboobobobboobooba
(Reynolds, 198400 Kawabata and Hirano 1995)0 0O O
ol odbooooboobbooboboobooooboo
gopbodboooobuooboboboboobooboog
Jooodoooobooboooobooboooog
gobooboboobooooboo

. ooo

gooboooobooooz0000b020000 O
gdoooobooboooobooboooooooDao
go0oo0o0oi0odoooboboboorn bio27mgC
I""O00DoCOO0oooooDboconooooon
godoooo0oooboooob oo bocooo
gdoooobooboooboboobooobooooog
gbbadlbbbooooobbooooooogo
gdoooobooooooboobooooooooo
00000 NHs—O0O0O2800123u gN 1000000
O00ooooos0080ugNI""OD00O000O00 NOF—
000 00000000000 0050080u gN 1770
O0o00d0ooo NOs—O OO0 ooooooooooo
OoooooPOs"—000 002000000000
D0oooododdugP PP O000000DOCOOO
gdoooobootobobobooboooboooog
ggooooboobooboobboobooobooobo
00000D0oO0O0O0OgonO (Takamura et al., 20030
oogd, 2000 DO0D00ODOODOOOOODDOODODOOO
ggooooboobooobobooboooboooo
gdooooooooooobooboooobooooo
gdoooobootobobobooboooboooog
ggooooboobooooboboobooobooobo
goooao

o o

gbooooooooooboooooooo opooooo
goooooooooooooooooboooooooooag
oo @oooooono opo)yY oooooooooooo
00 ((¢) boooooooooooooobooobooo
o000 @ooooooaorico1l, OOOOOOOOOOO)
gooooopboooooo.

gooo

Bendschneider K, Robinson RJ (1952) A new spectro-
photometric method for the determination of nitrite in sea
water. J Mar Res 11:87-96

00 00 (19%) ooooouoooooooooo. ooog
oooooo, F-72-940620 67

Kawabata Z, Hirano Y (1995) Growth pattern and cellular
nitrogen and phosphorous contents of the dinoflagellate
Peridinium penardii (Lemm.) Lemm. causing a freshwater
red tide in a reservoir. Hydrobiol. 312: 115-120

00 00 (1962) DO0OooOoopooOoOo. ooooo. 230
1130132



oo oo,00 ooO,00 00 (ooyy boooooo
g0o00o0o0o0ob00obo0o. o20bgboooooooo.

oo oo,00 oO,00 OO0 ooy oobooooodg
gooo0ooboOooboo. oboooo. esdesoso

Mitamura O (1997) An improved method for the determina-
tion of nitrate in freshwaters based on hydrazinium reduc-
tion. Memoirs of Osaka Kyoiku University, Ser III 45: 297-
303

Murphy J, Riley JP (1962) A modified single solution
method for the determination of phosphate in natural wa-
ters. Analytica Chimica Acta 27: 31-36

oo o,40oo0 ob,ob bobo,O0 po,bOoD0 OO,
00 0O (007) ODOoOOOOOOOODOOOOOODO
goooooo. 0DoooDb. 6801090121

oo oobo,O0 bo,O0O0 ObO,ODO0 OO,O00 O
0 (1998) 00000 (0DO0O00) 000000000
goooooooo0o. o0ooo0oO. 5903290 339

Reynolds CS (1984) The ecology of freshwater phyto-
plankton. Cambridge University Press, Cambridge.

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

Seike Y, Oka H, Mitamura O, Okumura M, Fujinaga K,

000000, Vol.13(2011)

Senga Y (2000) A pretreatment method for the determina-
tion of nitrate in brackish water and seawater based on
the hydrazinium reduction technique. Limnology 1:129-132

Senga Y, Hiroki M, Nakamura Y, Watarai Y, Watanabe Y,
Nohara S (2011) Vertical profiles of DIN, DOC and mi-
crobial activities in the wetland soil of Kushiro Mire,
northeastern Japan. Limnology 12: 17-23

Takamura N, Kadono Y, Fukushima M, Nakagawa M, Kim
B-H (2003) Effects of aquatic macrophytes on water qual-
ity and phytoplankton communities in shallow lakes. Ecol
Res 18: 381-395

go oo,Ooo O0o,00 O,000 DO,O0 OO
(2007) OOOOOOCOOCOOOOOOObOODODODO
O0O00. ObOO0D0O. 68081095

0 0Oo,00 0OoO,00 O (o2 bOoDpooood
gooooogoo. oo oo,O0 DOoO (o) ood
goooo, pp.9012, OOODODODODOODO

oo o,00 0OoO,00 OO0 (9% oooooood
goo0OoooOooooOoOo. oO. 4709018

00 00 (1990) oDooooooooooooo. oooog
000000o00DbOD. OO . 44023026

00 00 (1980) cobuooopooobog. ogoog.
22111019

65



ooooooOo0oooOo0o0oooO0o0ooOO0o0oOO00OO0O0O0O0O0 (Cooooooooooooo)

Seasonal variations of water quality and phytoplankton communities
in dystrophic Lake Akanuma, Kushiro Mire, northern Japan

SENGA Yukiko”, TERUI Shigeharu””, NOHARA Seiichi””"”, HIROKI Mikiyas--, WATANABE Yasunori"

“Faculty of Geo-Environmental Science, Rissho University
““Environment grasp promotion network-PEG, NPO
“"“National Institute for Environmental Studies

Abstract:

In dystrophic Lake Akanuma, Kushiro Mire, we investigated the seasonal variations of the water
quality and the phytoplankton communities from May to December 2010. Brownish O colored
water in surface of Lake Akanuma contained high dissolved organic carbon (DOC). The major
fraction of DOC would be a humic substance. Nutrient concentrations (NH;, NOZ, NO; and PO3")
in Lake Akanuma were lower than those in Lake Takkobu, Toro, Shirarutoro, the east side of
Kushiro Mire. In summer, water bloom was observed. The concentration of chlorophyll a, hence,
was highest in summer. A clear seasonal variation of phytoplankton communities appeared in this
lake, Bacillariophyceae and Chlorophyceae were dominant in spring, autumn and winter, Anabaena

smithii in summer.

Keywords: dystrophic lake, dissolved organic matter, humic substance, nutrients,

phytoplankton
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