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Abstract

This study assessed the ecological health of stream ecosystems in agricultural and natural conservation areas within
the Anseongcheon watershed. Both areas share the common feature of active agricultural activities; however, natural
conservation areas are designated as protection zones where human activities are restricted, creating a key distinction.
The study aimed to investigate the impact of protection zone designation on stream ecosystems and analyze ecological
differences based on land use types. Comprehensive evaluations were conducted using physicochemical water quality
assessments, community analysis of benthic macroinvertebrates, functional group and indicator species analysis,
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and biological indices (TESB, AESB, BMI) to compare and analyze the ecological characteristics of each area. The
results revealed significant differences in physicochemical water quality and biological indices between the two areas.
These findings indicate that the designation of protection zones positively contributes to maintaining ecosystem
health. Consequently, agricultural areas require measures such as buffer zone establishment and non—point source
pollution management, while natural conservation areas necessitate regular monitoring and strengthened protection
systems to ensure the sustainable management of stream ecosystems.
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Table 1. Detailed locations of each survey point

[e] =z
A2

o AR BlgL terdct

S ¢ Total number of species

N : Total number of individuals

Classification

Stream name

Address GPS coordinates

Gyeonggi Pyeongtaek—si, Oseong—myeon

AA-1 Gyopo stream Yanggyo-ri 786-5 37° 00'50°N, 126° 58'16'E
AA-2 Gyopo stream Gyeonggi Pyeongtaek—s'l, Oseong—myeon 37° 0044"N, 126° 5925'E
Sukseong—ri 8—4
. AA-3 Gyopo stream Gyeonggi Pyeongtaek—.sh Oseong—myeon 37° 0004"N, 126° 5936'E
Agricultural Gyopo-ri 170
areas AA-4 Dureung stream Gyeonggi P]}Seongtaekj51, Godeok—myeon 37° 0336'N, 127° 01'07'E
ureung-ri 687-7
AA-5 Dureung stream Gyeonggi Pyeongtaekj51, Godeok—myeon 37° 0322'N, 127° 0042E
Dureung-ri 516-3
AA-6 Dureung stream Gyeonggi Pyeongtaek—mj Godeok—myeon 37° 0225'N, 127° 0001
Dongcheong-ri 554-6
NCA-1 Tongsam stream Gyeonggi Yongin—si, Cheom—gu Namsa—eup 37° 0620'N, 127° 0727'E
Bongmyeong—ri 549
NCA-2 Tongsam stream Gyeonggi Yongin—si, Cheom—gu Namsa—eup 37° 0631'N, 127° 0734'E
Bongmyeong—ri 549
_ Gyeonggi Pyeongtaek—si, Jinwi—myeon o nelaqh o npenn
Natura-l NCA-3 Sanha stream Unsan—ri 1179 37° 0539"N, 127° 06'50'E
conservation G - sl Tinwi_
areas NCA-4 Sahu stream yeonggi Pycongtack-si, Jinwi-myeon 37° 06'18'N, 127° 06'51"E
Dongcheon-ri 360-2
B . Chungnam Cheonan-si, Seobuk-gu o crinnn o na'aA"
NCA-5 Ipjang stream Seonghwan—eup Doha-ri 447 36° 5722'N, 127° 09'34'E
NCA-6 Ipjang stream Chungnam Cheonan-si, Seobuk—gu 36° 5744'N, 127° 08'37'E

Seonghwan—eup Angung-ri 18-4
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7ESB ' Total ecological score of benthic macroinvertebrate
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o 1H35}
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= T community
4= Utt(Merritt and Cummins, 19965 Ro, 2002). 35l @ Environmental quality score of species %
wte}, Zo=a] (Burrower : BU), oty =22] (Clinger S Total number of species

Table 2. Stream characteristics and stream order in agricultural and natural conservation areas of the Anseongcheon watershed

Classification Stream name Stream Type Ele{;t)ion Wiséiiaréln ) e

ATl Gyopo stream (Anseongchlé?)ifl Lsft:ii:?nf Tributary) 12 15 lsst;;);der

AA2 Gyopo stream (Anseongchlé?)ifl Lsft:ii:?nf Tributary) > 36 lsst;;);der

Agricultural AA3 Gyopo stream (Anseongchlé?)ifl Lsft:ii:?nf Tributary) > 60 lsst;;);der

T Ak Do S (rongteon Lo Tioway "0 1

AA=>  Dureung stream (Anseongchlggri,alLSe%:frﬁ Tributary) 8 40 i;;);der

AAZ6  Dureung stream (Anseongchlggri,alLSe%:frﬁ Tributary) > 32 i;;);der

NCA-L Tongsam stream (Anseongchlggrcl,alLse%:frﬁ Tributary) 18 24 lsst;;);der

NCA=2 Tongsam stream (Anseongchlggrcl,alLse%:frﬁ Tributary) 20 32 lsst;;);der

corliizl\i;iilo n NeA-3 Sanha stream (Anseongchlggrcl,alLse%:frﬁ Tributary) 17 23 lsst;;);der

areas NCA-4 Sahu stream Local stream 19 20 Ist—order
(Anseongcheon, Level II Tributary) stream

NCA=S Ipjang stream (Anseongchlé?)ifl Lsft:ii:?nf Tributary) 10 70 2Snt?e—a<;rlder

NCA-6 Ipjang stream (Anseongchlé?)ifl Lsft:ii:?nf Tributary) 70 2Snt?e—a<;rlder
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299 A AEEY 2HE, oed] W A EAEHE A
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n
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BMI=\|4 X 25

BMI : Benthic macroinvertebrate index

7 © The serial number assigned to indicator species
n  Total number of indicator species

: Pollution value of indicator species

h; : Occurrence rate of indicator species

g; * Indicator weight of indicator species

225 A =4

olgtsld SuA %

)

e
. i\

2 T-#HA(independent T-test)S X519 .2
o, BEAA §oleF(p-value)2 0.052 HAAsATH E3L
TR 74 AYH BAE 5] ASh simple linear
regression analysis& AAIStRo™, 3| PAF=(C1&7] E A
H), A9 R, FAZE(p-value)S AHEHLE ol
F2 p (0.0582 AAsg o, AL Python ¢do]E o] &
Sttt

3.1 O|3fstd 2T}

SPA G 28 o5H(3, 47 A ZAA] H L
L5 e VB 5 durEgl AdF FolE A 3
T+ FLLe 19.5~21.2T2 Yetgon, ZAXHER W3}
Zo| zpol= IR ot &EMAS] AHe £ FARSH
AFE UeEhiEd, £20] B4 24" oJ2- A A A
oz o 22 %— 71%?&@ P EEAAL 57~72

A-69A 5.7 mg/LE ZFAAA &= 7}
e g ‘—% TEaEE}. B pHE 7.6~8302 v
A QA 25 Uellon, B YA EEE 624.2
~640.6 (S/me] HWRE ERGTh AATHE B AR Aol A
ZAAHE B £ 19.1~208CE Yepgon], B
|EMAE 7.6~9.3 ng/L, B pHE 7.7~8.3, B A7)
ALE= 478.6~583.5 15/mzE ZAEAHTable 3).

Ipjang stream

Cheonan-si

Fig. 1. Locations of study sites (Anseongcheon watershed). AA—1~6, Agricultural areas survey sites 1~6; NCA-1~6, Natural

conservation areas survey sites 1~6.
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597 ZAAEE 43 24 A SAE AGE

0.38~0.71, = AFE= 2.02~3.46, SHE A& 1.23
~3.86, 5= A= 0.68~0.849] g2 R tHTable 4).
A RAZ AN ZARHE 435] A A] $HE A
= 0.38~0.68, Y= A= 2.22~3.63, FHE A5+
1.67~4.45, w5k A 0.72~0.889 & EHArt
(Table 5).
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4§ A9 B0 2
e Age Reon, b
70 0094 %7:” ]’9—“}1_]5’4 E’r(Fig. 3).

olr
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Table 3. Comparison of water quality parameters in agricultural and natural conservation areas

Classification Water temperature ('C) DO (mg/L) pH Electrical conductivity (45/cm)
Al 13.7~27.5 6.3~8.4 8.0~8.8 589.4~687.0
(20.1) (7.2) (8.3) (640.2)
AA-2 11.8~28.0 6.2~8.3 7.5~8.2 590.8~679.0
(19.5) (7.2) (7.9 (638.9)
AA-3 12.6~27.2 5.4~77 7.9~8.1 608.2~640.8
Agricultural (19.6) (6.1) (8.0) (624.7)
areas AA—4 12.3~28.0 5.6~8.1 7.6~8.2 580.8~685.2
(20.7) 6.9 (7.9 (633.2)
AA-5 14.5~27.6 5.4~75 7.2~8.1 589.9~687.9
(21.2) 6.3) (7.8) (640.6)
AA-6 13.3~26.6 5.0~6.9 7.1~8.0 579.0~669.0
(19.9) (5.7 (7.6) (624.2)
B 14.1~27.5 7.0~9.2 7.6~8.2 512.8~640.5
Nea-d (20.5) (8.0 (8.0 (561.6)
_ 12.8~26.5 7.1~79 7.6~8.3 405.7~601.7
NCA=2 (19.5) (7.6) (8.0 (478.6)
B 12.3~26.5 7.6~9.1 7.2~8.4 407.0~589.6
Namral - NCATS (19.1) 8.3) (8.0 (516.3)
\'%
_ 13.3~27.0 8.0~9.9 7.3~8.0 436.8~613.5
areas NCA-4 (19.9) 8.9 (1.7 (531.2)
B 14.7~26.2 7.6~9.8 7.8~8.4 505.3~673.6
NCA=S (19.9 (8.5) 8.1) (575.3)
_ 14.3~27.5 8.5~10.2 8.1~8.5 514.4~682.1
NCA6 (20.8) 9.3) 8.3) (583.5)

Note : The values in parentheses represent the average values from four investigations at each survey point.

69
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\
e
wat

(b)

Fig. 2. Comparison of number of species and individual density across agricultural and natural conservation areas. (a) Number of species,

(b) Individuals.
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= AA6.6%E T WA e wge Ryon, cF AT AARARAAAN = A, AEohedol,
L 1670A1(5.4%) S2] 202 St A7) 5 BA AA1Go|, matEd el (Cheumatopsyche brevilineata), 5.
23, CLO| 8T (29.4%)2 7H4 & n&g wyek pu /1T (Culicidac spp)7h $8 A HF22 HARAUA,
2 T7THA1(26.0%) 2 F HAR £ HE&S HHomw, SW 3.3.3 £8tAWIHTESB, AESB, BMI)
% 6471401(21.6%) 2 e, A 2R o)M= 4

- o FHAGANA RALAEE TESB A&+ 11~529] &
1 =4 At CG7F 10571A1(33.8%) 2 7P 2 Hej o sHAAE (Environmental status)E= “Very bad”~
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o oo o T - = > =i

WA= 2 HlES Hilod, Che 40714(12.9%) 5ol 2](Area control) “Priority restoration” ~ “Monitoring”, =
o8 UEth AXZlsd 24 A, CLa 113744 A5gF(Water quality) “IV-VI'~"II", FFHI(Species

oo
(36.3%)% 71 w2 HlEs BA. BUx= 7T17041(22.8%) richness) “Very low”~“Moderate” ¥th. H+ TESB 3t

ftio J*

F
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2A8F 242 Foll ZF A9 Aejd EAT SFHYEHE bad”~“Moderate”, “E’~“C” Sgo=z B2t 29
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Fig. 3. Comparison of community analysis in agricultural areas (a), natural conservation areas (b). The dominance index and evenness
index indices showed a negative correlation, while the diversity index and richness index indices exhibited a positive correlation.
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AESB #(2.2°] 2 BAHE “Bad”, D’ SHOZ 4 HF BMI 20l e B “Poor”, ‘D’ SH
ST BMI A 25540 S Bsigon) 8 Sgon g AGRARIAG 2T
AHl= “Very bad”~"Fair”, “E"~“C" 5322 Yeldth TESB 7\] = 20~669 F& HYon, FFH= “Bad”

Table 4. Community indices of agricultural areas

Classification Dominance index Diversity index Richness index Evenness index
Survey point Survey period (DI) (H') (RI) )
Ist 0.38 3.44 3.56 0.83
AA-1 2nd 0.70 2.04 1.58 0.68
3rd 0.45 3.03 3.07 0.78
4th 0.45 3.17 3.19 0.79
Ist 0.52 3.19 3.08 0.82
2nd 0.71 2.02 1.23 0.78
AAZ2 3rd 0.56 2.75 2.56 0.77
4th 0.64 2.55 2.38 0.74
Lst 0.48 3.12 2.96 0.80
2nd 0.60 2.57 2.02 0.81
AAZS 3rd 0.53 2.85 2.86 0.75
Agricultural 4th 0.49 3.27 3.69 0.80
areas Ist 0.44 3.46 3.86 0.81
2nd 0.70 2.23 1.90 0.70
AA-4
3rd 0.50 3.04 2.79 0.80
4th 0.69 2.46 2.47 0.69
Ist 0.51 2.89 2.42 0.81
2nd 0.52 2.61 1.82 0.82
AAZS 3rd 0.57 2.61 2.41 0.73
4th 0.58 2.56 2.06 0.77
Lst 0.42 3.35 3.08 0.84
2nd 0.57 2.54 1.81 0.80
AAZ6 3rd 0.60 2.40 1.61 0.80
4th 0.58 2.63 2.20 0.79

Table 5. Community indices of natural conservation areas

Classification Dominance index Diversity index Richness index Evenness index
Survey point Survey period [02))) (H) (RI) )
Ist 0.53 2.96 2.33 0.83
2nd 0.56 2.63 1.91 0.79
NeA- 3rd 0.41 3.05 2.15 0.88
4th 0.46 2.91 2.43 0.81
1st 0.38 3.47 3.43 0.83
2nd 0.43 3.24 3.16 0.79
NCA=2 3rd 0.45 3.06 2.64 0.80
4th 0.50 3.01 2.77 0.81
Ist 0.40 3.26 3.06 0.84
2nd 0.47 2.83 2.05 0.85
NCA=3 3rd 0.67 2.22 2.00 0.74
Natural 4th 0.53 2.85 2.63 0.80
arcas Ist 0.41 3.53 3.93 0.85
2nd 0.58 2.82 2.32 0.81
NCA-4 3rd 0.51 2.78 2.13 0.84
4th 0.61 2.37 1.67 0.79
1st 0.49 3.00 2.59 0.81
2nd 0.58 2.60 2.32 0.78
NCA=S 3rd 0.63 2.36 1.69 0.79
4th 0.68 2.48 2.21 0.75
Ist 0.48 3.28 3.47 0.79
2nd 0.67 2.50 2.11 0.72
NCA-6 3rd 0.44 3.63 4.45 0.80
4th 0.55 3.24 3.84 0.76
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Fig. 4. Analysis of habitat and feeding functional groups. (a) Agricultural areas, (b) Natural conservation areas. FFGs, Functional feeding
groups; CG, Collector—gatherer; PE, Predator—engulfer; CF, Collector—filterer; SH, Shredder; PI, Predator—piercer; SC, Scraper;
HOGs, Habitat orientation groups; BU, Burrower; CL, Clinger; SW, Swimmer; CB, Climber; SK, Skater; SP, Sprawler; UN,

Unknown.
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Table 6. Environmental status based on aquatic environment evaluation (TESB, AESB, BMI) in agricultural and natural conservation areas

ESB
Category BMI
TESB AESB
Range 11~52 1.8~2.8 25~54
& (28) 2.2) (40)
Environmental Very bad~Moderate Very bad~Moderate .
status (Bad) (Bad) Very bad~Fair (Poor)
Class E~C E~C E~C
. D) D) D)
Agricultural — - — -
areas Priority restoration Priority restoration
Area control ~Monitoring ~Monitoring N/A
(Restoration) (Restoration)
Water quality IV(_I}SNH IVagNH N/A
Species richness Very low~Moderate Very low~Moderate N/A
(Low) (Low)
Ranee 20~66 2.3~35 33~72
8 (35) @7 1)
Bad~Moderate Bad~Good .
Class (Moderate) (Moderate) Very bad~Good (Fair)
Environmental D~C D~B E~B
Natura_l status ©) © ©)
conservation Restoration~Monitoring Restoration~Protection
L estoration~ itori ion~ i
areas
Species richness (Monitoring) (Monitoring) N/A
Water quality H(II;H H(IHN)Ib N/A
Low~Moderate Low~High
Area control (Moderate) (Moderate) N/A

Note : The values in parentheses indicate the mean value and its corresponding environmental status, class, area control, water quality

grade, and species richness.

Journal of Wetlands Research, Vol. 27, No. 2, 2025



164 S Y AARF R

A3
Ao Ha 359 Fxg o] wE A
“Moderate”, “C” 5322 Uetgdth. AESBE 32|
A WF 220 232, FAFHE “Bad’, ‘D’ SFoE 1}
Eig o, Ao HAR Aol M= Bt 2.79] 2= 119
02 FAAHE “Moderate”, “‘C” SFOE UERTE
BMI A= sHAFNA Ft 2] 4002, 33 H=
“Poor”, ‘D" TFY FELE Ve on, AASHEA|
Aol "t 519 32, FAAHE “Fair”
_/;\_Zoi H/Hﬂolq— ﬁ_q.xqoi 7\}049}743 ]
1:H;Go§_ o]-x%;do]ﬂo_/%g_g 14—E]—Lﬂotq ] 1 A
HoFRorMe o] spd A9 A& =
o Z19RES AADT AAZ FFART I U B
He 2Hoz 7 s 9 L3 e o

A

& 2o « k=
2 AEH, o)z &) v dd Fhol AL A

H Ao A TESB AESB, BMI 5 Z7] tt2 AESHA
155 285t 2873 F7HE AA] O]'oﬂ‘:]' TESB= sk
giAlol ANt AREe Brtshks o AHgHE AEE,
T 5 2 gl FHE Fol sk @49 FHAA
AEA EE Brtske, AESB= AAA EH FAFEE
AW 29 WA £ Uz 29 el F o
&3] o4 J=5 Frtste d A8 £, = T
AEhs 224 AAA] BAAAS Hger O]'— e+
ol F FHA 9 ool Eor ditt dAE
AESBY] ¢, =214 aRlEthH= 4o Hof WHS TA
£ 7FHKong et al,, 2018a). BMI®] A%, spd 2FAof| 4]
54 2A8Fo 58 Nket o YWHEE 7]‘?_1'3§ A HIA

N

o

o
m
os]

e

ARAS Wrlel= A wolt), wrebd, zH B 4EL

HAHo] 2H-o0] th27] R EA 29 o}xq e AF

g5 ¢ o7 olgisty] Yol st A xS AT BA

o] g strh(Bonada et al., 2006). 5010HEU1 oje] YEst

2 BAS Waiste] Zasto 2 st A ARAAS B
A=A QA BIEE = 9SS AlARH

478

£ ATE A £ AT ARG RAL G
shaAHA A74 WhE o Seste] RETY
00| 7o) QA ML Gee AL FHsHL
Aolg §Fol e g Aol BAst1A St F
f A okt 2o olakeld SARWA vk AR
ARAA AN A7 AEES} Afdon Ya fEe
sk ok, Bk egAQl 3 S Ak o

SREAISIE(R| AH27 A2E, 2025

74
R
X
oX,
=
oflh
o
)
Bl
ofn
lo
i

AN

>

N
N
i)

=]

rial

o Az
o)
=
>
rr

o, rju o
—>|J_I‘
o

ol O
oo
o
2 o X g g
2y [y ok
o<y, o2
2L
e oo Ho

O
o
Xl

Ao SAAHA 244 £
H1 58S AART TebAl, EY A e
she vdegaz o =

59 84 U] 9712 HkE Zolk ko] avuEm, 2

o o off K
oL

2 g Wy

N Ho
ox o flo dr 2 X

o)

oox

i“l rr ol )
> o o
O{Nl RN

H X

AeARAX AL A7 R} B AA 2oE
8 A4 s shAAEA Bt aTEE ot

B ATE AN4 fERHFEES Bestol sHAHA
£ FYHOR WP RH, EA o§ f30] mE 5
A ABAe] Aolg TAH R FHstert ol et
2o Aoy o4 B 9w A S| AT 7% %
22 989 4 900, FF 5UT PHo2 D A
Mol Hge o AT A NHYT Ag 5L
Eolt o] Wad oz Azdc

References

Allan, JD (2004).
influence of land use on stream ecosystems. Annu.
Rev. Ecol. Evol. Syst., 35, pp. 257—284.

Bonada, N, Prat, N, Resh, VH and Statzner, B (2006).
Developments in aquatic insect biomonitoring: A

Landscapes and riverscapes: The

comparative analysis of recent approaches. Annu.
Rev. Entomol., 51, pp. 495-523.

Braccia, A and Voshell, JR (2006). Environmental factors
accounting for benthic macroinvertebrate assemblage
structure at the sample scale in streams subjected to
a gradient of cattle grazing. Hydrobiologia, 573, pp.
55-73.

Deborde, DDD, Hernandez, MBM and Magbanua, FS
(2016). Benthic macroinvertebrate community as an
indicator of stream health: The effects of land use on
stream benthic macroinvertebrates. Sci. Diliman, 28(2),
pp. 5-26.

Dufréne, M and Legendre, P (1997). Species assemblages

The need for a flexible
asymmetrical approach. Ecol Monogr., 67(3), pp.
345 - 366.

Hilsenhoff, WL (1987). An improved biotic index of
organic stream pollution, Great Lakes Entomol., 20(1),
pp. 31-39.

HBN (1963).

secondary productivity in streams, Proceedings of

and indicator species:

Hynes, Imported organic matter and



Ui 165

16th International Congress of Zoology, 4, pp.
324-329.

Kehde, PM and Wilhm, JL (1972). The effects of grazing
by snails on community structure of periphyton in
laboratory streams. Am. Midl. Nat., 87(1), pp. 8-
24,

Kong, DS, Park, Y], and Jeon, YR (2018a). Revision of
ecological score of benthic macroinvertebrates community
in Korea. /. of Korean Soc. Water Environ., 34(3),
pp. 251-269.

Kong, DS, Son, SH, Hwang, SJ, Won, DH, Kim, MC,
Park, JH, Jeon, TS, Lee, JE, Kim, JH, Kim, ]S, Park,
J, Kwak, IS, Jun, YC, Park, YS, Ham, SA, Lee, JK,
Lee, SW, Park, CH, Moon, JS, Kim, JY, Park, HK,
Park, SJ, Kwon, Y, Kim, P, and Kim, AR (2018b).
Development of benthic macroinvertebrates index
(BMD) for biological assessment on stream environment,
J. of Korean Soc. Water Environ., 34(2), pp. 183—
201.

Kwon, SJ, Jun, YC, Jeong, JC, Han, SC and Lee, JE
(2012). Distribution of benthic macroinvertebrates
according to altitude at Jirisan National Park. [ of
Natl Park Res., 3, pp. 33—43.

Margalef, RH (1958). Information theory in ecology.
Gen. Syst., 3, pp. 36—71.

McNaughton, SJ (1967). Relationship among functional
properties of California grassland. Nature, 216,
168-169.

Merritt, RW, and Cummins, KW (1996). An introduction
to the aquatic insects of North America (3rd ed.).
Kendall/Hunt Publishing Company.

Metcalfe, JL (1996). Biological water quality assessment
of rivers: Use of macroinvertebrate communities. in
Petts, G. and P. Calow. River Restoration. Blackwell
Science, Oxford, UK.

Ministry of Land, Infrastructure and Transport, (2014),
Basic River Plan for the Midstream and Downstream
of the Anseongcheon Watershed [Anseongcheon
(National River)], Ministry of Land, Infrastructure
and Transport, Seoul and Sejong, Korea.

Nascimento, AL, Alves—Martins, F and Jacobucci, GB
(2018). Assessment of ecological water quality along
a rural to urban land use gradient using benthic
macroinvertebrate—based indexes. Biosci [, 34(1),
pp. 194-2009.

Park, OJ and Bae, YS (2024), Assessment of aquatic

environment using benthic macroinvertebrates in

industrial and agricultural streams of Pyeongtaek
City, /. of Wetl Res., 26(2), pp. 127-138.

Park, O] and Bae, YS (2025), Assessment of stream
ecosystem health by land use types in urban areas
using benthic macroinvertebrates, /. of Environ. Sci.
Int., 34(2), pp. 63-177.

Paul, MJ and Meyer, JL (2001). Streams in the urban
landscape. Annu. Rev. Ecol. Syst., 32, pp. 333—365.

Peralta, EM, De Jesus, IBB, Briones, JCA, Papa, RDS,
Belen, AE, Buenaventura, GR, Cantre, FGG, Espiritu,
KGR, De Vera, JNA, Perez, CP, Tan, AKV, Palomares,
P, Magbanua, FS, lkeya, T and Okuda, N (2019).
Stream benthic macroinvertebrate assemblages reveal
the importance of a recently established freshwater
protected area in a tropical watershed. Pac. Sci,
73(3), pp. 305-320.

Pielou, E. C. (1975). Ecological diversity. Wiley—Interscience,
New-York, NY, pp. 165.

Ro, TH, and Chun, DJ (2004). Functional feeding group
categorization of Korean immature aquatic insects
and community stability analysis, 7he Korean J. of
Ecol, 37(2), pp. 137-148.

Ro, TH (2002). Categorization and ecological importance
of functional feeding group as essential units in lotic
ecosystems, Bull. Korean Assoc. Conserv. Nat., 21,
pp. 67-93.

Shannon, CE, and Weaver, W (1949). The mathematical
theory of communication. University of Illinois Press,
Urbana

Smith, DG (2001). Pennak’s freshwater invertebrates of
the United States: Porifera to Crustacea (4th ed.).
John Wiley and Sons, Inc., New York, NY.

Vannote, RL, Minshall, GW, Cummins, KW, Sedell, JR
and Cushing, CE (1980). The river continuum
concept. Can. J. of Fish. Aquat. Sci., 37, pp. 130—
137.

Wallace, JB, and Webster, JR (1996). The role of
macroinvertebrates in stream ecosystem function,
Annu. Rev. Entomol, 41, pp. 115-139.

Wentworth, CK. (1922). A scale of grade and class terms
for clastic sediments. 7he [ of Geol 30(5), pp.
377-392.

Yoon, IB, Kong, DS and Ryu, JK (1992). Studise on the
biological evluation of water quality by benthic
macro—invertebrates (1) — Saprobic valency and
indicative value —, Korean J. of Environ. Biol, 10(1),
pp. 24-39.

Journal of Wetlands Research, Vol. 27, No. 2, 2025





