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Temporal Dynamics of Water Quality in Junam Reservoir, as a Nest of Migratory Birds. Lee,
Eui-Haeng and Kwang-Guk An* (School of Bioscience and Biotechnology, Chungnam Nation-
al University, Daejeon 305-764, Korea)

The objectives of this study were to evaluate seasonal and interannual variations of
water quality and nutrient input (N, P) in Junam Reservoir, a nesting waterbody of
migratory birds, over 10 years during 1998~ 2007 along with dynamic relations of
trophic parameters using empirical models. Concentrations of COD averaged 7.8 mg
L™! during the study, while TN and TP were 1.4 mg L™! and 83 ug L%, respectively,
indicating an eutrophic-hypereutrophic state. Values of monthly COD had strong
positive relations (r=0.669, p<0.001) with conductivity, indicating that summer rain-
fall resulted in an ionic dilution of the reservoir water by rainwater and contributed
better water quality. One-way ANOVA tests showed significant differences (F=5.2
~12.9, p<0.05) in TN and TP between the before and after the bird migration. In
other words, nutrient levels were greater in the absence of migratory birds than in
the presence of the migratory birds, suggesting a no-effect on nutrient inputs by the
birds. Also, one-way ANOVA indicated no significant differences (F=0.37~0.48, p>
0.05) in NO5-N and NHj;-N between the before and after the birds migration. Linear
empirical models using trophic parameters showed that algal biomass as CHL, had
significant low correlations with TN (R?=0.143, p<0.001, n=119) and TP (R?=0.192,
p<0.001, n=119). These results suggest that influences of nutrients on the CHL were
evident, but the effect was weak. This fact was supported by analysis of Trophic State
Index Deviation (TSID). Over 70% in the observed values of “TSI (CHL)-TSI (SD)” and
“TSI(CHL)-TSI (TP)” were less than zero, suggesting a light limitation on the CHL by
inorganic suspended solids.
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Fig. 1. The study site of Juman Reservoir. This reservoir
is connected with Dongpan Reservoir and Sannam
Reservoir.
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Fig. 2. Annual and seasonal (monthly) fluctuations of pre-
cipitation during 1998 ~2007.

% (1,400 mm)-& 43|51l 3L, o] 5 = 50% o] 4> 7~
Yol| AF3h= Aoz vepytth(Fig. 2). 199942 |
74EF (2,897 mm)E Bl AZTredEA, 53] A7)
o] 62%7} 7~9el WAl o, AaFe] 7 A
7HasfiQl 2001 9] F7pEF (1,072 mm)Ee} =2 7
Zg Blvh AE7ke-al el 199993 71Es ¢l 2001 9]
7~99Y 7rpEkE 1,444mme] Ho|g He 37| 7
o lejr 2 WelAdE HAFH. o|XH 7] A%
Zdg-eh 7 et £ 5] o3 LAY A5
A Bl ojopakele oJ3kE vE £ Qlohe 7|9 843
A AT (7 5, 1996; 71 %, 1999; An, 2000; An and
Jones, 2000; QF =, 2001; ¢F=} 41, 2005)2 Zkelst of =
TR o] ety JFA AW Al o
e = F93F 99low AlEFHG

COD*= 10417 Akgol| 214 & w, H3F 7.8mg L 10|}
3 3.3~19.3mg L '7px] WHEslglon, A E7k-9-8) ¢l

R e L O

-

N o



12 o|o|3l .

10 300
i‘ o 250 &
o 5
E F200 o
) 2

6.

8 150 8
—-—COD
—-O0—EC

4 100

30
', 209
(=2
£
% 10

0

25 12

3
g 201 F9 3
.% 5
o o
o 151 -6 S
. g
Z ] L ..
F 107 1. TP ratios 3 g

—0—TP:PO,-P ratios

54— T T T T T T T T T
98 99 ‘00 01 02 03 ‘04 05 06 07

Fig. 3. Annual variations of chemical oxygen demand (COD),

(TN, TP), and the mass ratios of TN : TP.
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Table 1. One-way ANOVA tests on nutrient contents in water column before (Sep. ~Oct.) and after (Jan.~Feb.) the arrivals

of migratory birds.

Descriptive statistics N M SD One-way ANOVA S a \Y F p
™~ Sep.~Oct. 18 1.136 0.462 N Tre:_:\tment 0.808 1 0.808 5.186  0.029
Jan.~Feb. 18 0.836 0.313 Residual 5296 34 0.156
TP Sep.~Oct. 18 96.722  39.832 TP Tregtment 17644 1 17644 12915  0.001
Jan.~Feb. 18 52444 33.850 Residual 46450 34 1366
NO,-N Sep.~Oct. 12 0.242 0.192 NO,-N Tregtment 0.012 1 0.012 0372 0548
Jan.~Feb. 12 0.198 0.164 Residual 0.700 22 0.032
NH.-N Sep.~Oct. 12 0.145 0.132 NH,-N Tre:_:\tment 0.007 1 0.007 0.472  0.499
Jan.~Feb. 12 0.111 0.109 Residual 0.323 22 0.015

N=sample number, M=mean, SD=standard deviation, S=sum of squares, @=degree of freedom, V=variance, F=variance ratio,

p=significance probability
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. o]ol P& TN] One-way ANOVA 4 ZAslel] wpz
A =] A - Foll= {3 2o (F=5.186, p<
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0.241, p=0.008)S ¥ om, o|u] dAFHF CHL:TP 8|7}
B 0279 Aoz veht(Fig. 3), 78 s=F WY
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ojop-shedop ez vieht, Aubd oz Rejosizl A4
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CHL®] A8k ojekedo] wist 7+A A= (Fugimoto and
Sudo, 1997; Smith, 1983)= -85 TN:TP g

2 32 L o



FeNTxl AW £

H{ =
=)

—

120 120
n=120
g 100_ @ 100_
3 oy
S 80 S 80
=) 3
o o
£ 60+ £ 60+
e) he]
g g
£ 40+ < 40-
[%2] 1%2]
o) o)
O 20- O 20-
. | [ ]
(o] Me Eu He
TN (mg L™
119 34
n=119
o 100 =
® E 274
> >
(8] o
& 807 5
=] 3
o o
£ 601 £ 18
e) he)
[5) (3}
c c
7} 40+ @
[%2] 2]
o o
20
J o W [ ] i
(o] Me

Eu He

CHL (ug L)

n=120
_*_*
ol Me Eu He
TP (ug L™
n=34
T T
ol Me Eu He
SD (m)

15

Fig. 5. Classification of trophic state using trophic variables. Ol=0ligotrophic, Me=Mesotrophic, Eu=Eutrophic, and

He=Hyper-eutrophic.

Table 2. Empirical models among the various trophic parameters during 1998~2007. 10=Individual observation,

SM=Seasonal mean.

Empirical model Equations R? p r n
IN: TP vs. TN 10 Log,o (SD)=0.504*L0g,, (TP)+1.192 0.232** <0.001 0.482 120
' ' SM Log,o (SD)=0.525*L0g,, (TP)+1.144 0.673** 0.001 0.820 12
TN : TP vs. TP 10 Log,o (SD)=-0.543*Log,, (CHL)+2.218 0.293** <0.001 -0.541 120
' ' SM Log,, (SD)=0.321*Log,, (CHL)+0.585 0.091 0.341 0.301 12
CHL vs. TN 10 Log,q (CHL)=0.513*Lo0g,o (TN)+1.140 0.143** <0.001 0.379 119
' SM Log,q (CHL)=0.889*Log,, (TN)+1.197 0.567** 0.005 0.753 12
CHL vs. TP 10 Log;o (CHL)=0.570*Log;, (TP)+0.122 0.192** <0.001 0.438 119
' SM Log;o (CHL)=1.764*Log;, (TP)—2.072 0.807** <0.001 0.898 12
CHL vs. TN: TP 10 Log,q (CHL)=0.929*Lo0g,, (TN : TP)+1.150 0.005 0.424 -0.074 119
' ' SM Log,o (CHL)=0.618*L0g,, (TN : TP)+0.543 0.113 0.286 0.336 12
SDvs. TN 10 Log,o (SD)=—-0.290*Log;, (TN)—0.063 0.158* 0.020 -0.397 34
' SM Log,o (SD)=-0.334*Log;, (TN)—0.009 0.479* 0.013 —-0.692 12
SD vs. TP 10 Log;o (SD)=-0.478*L0g,, (TP)+0.759 0.385** <0.001 -0.621 34
' SM Lo0g;o (SD)=-0.649*L0g,, (TP)+1.192 0.652** 0.001 —-0.807 12
SD vs. CHL 10 Log,o (SD)=-0.233*Log;, (CHL)+0.186 0.147* 0.025 -0.384 34
' SM Log,o (SD)=-0.352xL0g;, (CHL)+0.410 0.740** <0.001 —-0.860 12

*: significant at the 0.05 level. ** : significant at the 0.01 level.
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TN (R?=0.232, p<0.001, n=120) 2@ TP (R?=0.293, p<
0.001, n=120)¢} -4-2]8t AF#AL 1w o1}, CHL (R%=
0.005, p=0.424, n=119)7+= ArAAA S Ho]x] kghr}.
27 A 2 (CHL)S TN (R?=0.143, p<0.001, n=119) &
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Index Deviation, TSID)S- ©|~E3F A3}, TSI (TN)S TSI
(CHL) R} B Jelyk ot & Afo]E HolA| dghom,
TSI(TP):= TSI(CHL)el Bl ®lwH 7] el <l (P)
Hopbs o2 8Qlo] CHLE AIge 7lsAe] w2 Ao
2 JeRda, TSI(SD)E TSI (CHL)XE %274 Jeh} &
2 A5EA F A2 2719 A=Y N =2
ol Agt egle] & 7PsAde] ¥ Aoz yepyd
(Carlson, 1991). o3 eJAell A4 Wo| 2 W& =43 2
3} (Fig. 6), “TSI (CHL)-TSI (SD)” @ “TSI (CHL)-TSI
(TP)" 7k AA| FZH] F 70% o]io] Sptoz e}
v} oJoFdFel ogt AlgtEel= 714 F-F-E (Inorganic
solids) &> w|3HA] FF-E(NVSS)el| &3t FA|st &
Z}(Light limitation)s]] 2]&l 1x}A4F (CHL)o] #4aF
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