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Comparison of the Effects of Continuous Erosion Control
Dams on Benthic Macroinvertebrate Communities Before and
After the Rainy Season
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ABSTRACT: This study aimed to investigate changes in benthic macroinvertebrate communities caused by erosion control
dams using data obtained from three erosion control dams in Wonju, Gangwon Province, before and after the rainy season.
Surveys were conducted four times from March to September 2019, and survey points were continuously selected during the
installation of closed-type and open-type dams. A total of eight points from the upstream and downstream regions of each
dam type were selected. The flow velocity of both the closed and open types increased, but the closed type exhibited a
relatively higher flow velocity than the open type. Benthic macroinvertebrate species and individuals mostly decreased after
the rainy season. A relatively large number of species and individuals were found upstream of the closed-type dam. An
analysis of the ephemeroptera-plecoptera-trichoptera groups showed relatively reduced ephemeroptera in the closed-type
dam and reduced trichoptera in the open-type dam. The periods before and after the rainy season could be divided based on
the results of a similarity analysis. The open type showed relatively minimal changes before and after the rainy season.

KEYWORDS: Close type, Erosion control dam, Open type
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SeuERe] A 2 715 d¥ ez o5
o FF25- 2 EjFo] RIsskA WSkl §lom, o] 2
AT 2= 5K S 548 S7HAA AR B
EATF 5= TRAARI: Aol whE A B B4
O RS B2 IS E 2T 4= 1o (Kim et
al. 2012), 0| 2|3} ] 5}= x| 5}

HEAJ A EE=2 A T2 <
e %H oA U e BEAb S =

2A1A 27 e 2 A5 St
ANLEZ °PE3]7<1 O]E]-(Nakamura etal. 1995). AP
& IA SRR R o2 S 4 =T,
2 o 2 SRt ARt o= 4] (Boulder stone),
A2 E (Concrete), £+ APYH o= B E 2] (Butt-
ress), 3 E (Slit), =4 (Dodging) 5] it} 1A o]
LRI AT 22 AAs}eon 2ol A
BeloI53 8 55 04 5l S o
x4 25} (KFS 2018). 147
EH 2 —]/U/\T-]EH7;”_4 oFAgL 11T
Ao 7| Htk= AR ] ool o]
270 2 AAE7 9lo] S4B
o] 4 A A2 BERE S BAldo] st 9l
(Maet al. 2014).
ARAAE YibHoR 5 A% Ao Las
E]_oohls_]. u] /\AJ]/\I ;q_e_ 7};<]1 e} e) 111’ = r,].ook/ﬂ o] 0
ETjopy e U 0] the SR I3 8 9
T} (Allan 1995, Park et al. 2012). T3t Al SAVE] A
A A7) FRo § A5, AT}
ARko] 4402 ERjela Yol B AleAcer
AL 7}A] 2L )l (Naiman et al. 1998). APga) 72
QTR AR SHO) G2 3 fdol GG
% slom, ATAAC] A4S el 5 4%
9] A A1 2] o) &S | %31 @1t} (Park and Kim 2013).
15 Aol AAlshE AL @ FAFsE=S =Y
A saeto] 17a) Wk, olEAo] He A
oFed 7 ook (Wilhm 1972, Ward 1992). £5], oj=23
Fm Anhoie) wePY 57h 0 gt aegiel W
Sh= AXA @785 A9 &2 21 o5l

ofel] FThFoll FE AU FFE VA= AR &

O
ol
% f
o 1o % r

loo

¢

i

] )t} (Robertson et al. 1995, Kim et al. 2016). AP
o] o v 2= Gl et =l A= APE-EA
o] Ajgo] A R TR 2UTE D A
A7)0l 1] *]+= & (Seo and Lee 2012), HEZ A
A ze] AA7E ANA SRR R A4
Zof v] 2= Y& (Maet al. 2014) o] A= 1oLt
ot shbo] Ay i Also] AHA ol
g ol n|A| ol Pt A7} o] 2o
Atk £ ol ApTo] EAI% 9§20 o
o} WA St= & oY SHaLA} SR ARA A o] o
@ Jhel AbgEe MRSk etol F7keka ook
(Yoon et al. 2018). WafA] & Gt= L2072 43|
2 Apikelo) A} 1 F AAA fj3RA2EE 24
ofl D)3 23S Shela} At st

2. Mz H oY

21 XAMA|7|

AP (Erosion Control Dam, ECD) o] 2]} A 414
@A 5= Heks utefsl] fsf Al o] 23]
(12}, 22p), At o] 23] (32}, 42 ZARE A8
], gu} o] £AR=2t2E51.9 mm (84 79), 54.8 mm
(9 11)2] HAFA] B} =2 7k0 71 1] o] & A}
£ HAlskST (Fig. 1). 2AR]7]= 20194 394
20199 9E7IA] F 43]of DA RARE AA[SHATH

12k2A4F: 20199 393120 - 4929
22k2AF: 20199 69 15 - 179
32241 20199 89 12 - 142
42124120196 991 1991, 21 - 229
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AR &
A7 }‘ii~fﬂl, E—rﬂraﬂ /\}HJ%*O] A&
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Hstol ZAFE XIS Bk A
0] AP 5= A (Boulder stone) O 2 A % ]E]C,ii
o, By APIHS ARRE S3E (Slit), X9
(X-ring), =7 (Dodging) ] <=2 = 42 = o] 3]t} (Fig.
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Fig. 1. Annual precipitation in Wonju, Gangwon, 2019.
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Fig. 2. Map showing the study area in the Wonju, Gangwon. One is an area with three consecutive close types (a)
constructed, and the other is an area with three consecutive open types (b) constructed.
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o vfetaol mefste] 5 87) 1S A
NS 71202 R0l A AelE SARPA 43
sfof 24 MBI (Fig 2 (b).

B

Close type : 7F = YFA| B3 5318 AF154-1
- 1st ECD : 37°18'47.36"N, 127°51'27.87"E
-2nd ECD : 37°18'49.07"N, 127°51'27.80"E
-3rd ECD : 37°19'3.36"N, 127°51'16.30"E

Open type : 7%= HFA] A1 F-812] 4F22-1
- Ist ECD : 37°11'41.19"N, 128°3'14.67"E

-2nd ECD : 37°11'51.99"N, 128°3'16.46"E

-3rd ECD : 37°12'11.84"N, 128°3'35.11"E

2.3.1 =2 - 3fek4 ael

=4 22 {5 (Flow velocity) ¥} sH+25
7ok om, 7452 Craig (1987) 9 o2 4 A=
0]-8-3}5 ) (Eq. 1). 31+2+= Cummins (1962) 2] BF
-2 #8510 Boulder, Cobble, Pebble, Gravel, Silt/
Sand ©] SHA| = 2513t} 3154 2.2l HANNA
(HI98194, Ttaly)E o] §5}0] 228, 8 ZAFA (Dissol-
ved Oxygen, DO), pH, A7| A =% (Electrical Con-
ductivity, EC)& =43} th

Flow Velocity (m/s) = 1/2¢(D,— D,) (Eq. 1)
g: %9
D, 309 BET A7 24 o] 31 5]
D, 39] S5 A7 HH v} A 9]

232 AN HARAREE AU 9D 54
Y7L Surber sampler (30
em x 30 em) S o} 3o 241248 38] (riffle, run,
pool) % A% sk A9H A4 o
3552 Aol A 99% Ethanol & o3t Vial
(500 me] ok s}t o, 4R Subel A
2o g7lBRRE AN dE3RREEEe Zeh)
6] Vial (10 ml - 25 ml)o]] ©-71 % 80% Ethanolof] #&
St} A2 Merritt et al. (2008), Kim et al.
(2013), Kwon et al. (2013) 52 3315t FA5I L
H, AAs=2 Kwon (1990)2 arsto] 5731t
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ZwSL& (Chironomidae spp. )= &8st 23} & 5
o] 5o Algt=|o] 2} <= (Family level) &= 5745

A,

-

2.3.3 EPT (Ephemeroptera-Plecoptera-Trichoptera)
Groups
EPT Groups-2 5}54+0| & (Ephemeroptera), 73 &=
&= (Plecoptera), ‘& =& & (Trichoptera) &) B 52
ofu]ste, Z7Foll Al A e A ¢] =8 FR<t (Kim
etal. 2013) 0.2 UHFA © 2 EPT Groups 2] H|&0] =
245 b5 F A S etk 224 Slek (Davis
et al. 2003). $ AT A= Apg o] Jgh uh A -
EPT Groups | W3HE sjelstint E.41 A sl

2349 =20

E 7| 542 Biodiversity Pro (ver. 2)& 0] £3}0] %
AP Ak A 0] oAb sherstaLat fARE
B4 (Bray and Curtis 1957) AA|5}9c) E3SE R
(for window ver. 4.0.3)2 0]-85}o] APt 2Jnl- 4 -
39 74, T 7MAl, EPT groups ¥2HS 21¢1stal
B0 HES 9]l T-test H-41-2 A A31GIT

3. Za} 2l it

31 =2 - 2t 29l

Apo) 2 B A a9l B4 A
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(Fig. 3). £k, S5 & Eahd et Al 4 0 2 4}
ol A §:0] Wishrh 2 702 BlElglon, of
LB TEER Ageld 58 Bo] At vivkyl
o, ST SRR Sl B Ao o
e SRS SIS glor], BTyt R}
B 55 S 7202 SRAM A Ao

g0] Lt Aoz

Cobble 9] v]-&0] Wil Gravel 2] H|-&0] &2
I £, EFYS FiY Hoh stz 24
45 Sand/Silt o] H]&o] F7Fek= 2 0= LA I

o]5}a}t2] @9l BA] A} (Table 1), 728 EE 3}
14.41 (£7.39, St. 1)°C - 16.56 (+8.28, St. 8)°C, %1}
12.24 (+6.72, St. 1)°C - 16.05 (£9.07, St. 5)°C, 84k
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Table 1. Average of physical and chemical factors in survey region (mean (+SD))

Sampling site Bottom structure “*WT (°C) **DO (ppm) **pH **EC (us/cm)
*B:C:P:G:S
St. 1 2:3:3:1:1 14.41 (£7.39) 7.20 (+2.88) 6.84 (+0.37) 42.75 (+4.43)
St. 2 1:2:3:3:1 14.59 (+7.65) 6.87 (+2.73) 6.77 (+0.31) 43.50 (+4.20)
St. 3 1:2:3:3:1 15.17 (£8.11) 6.79 (+3.16) 6.71 (+0.39) 49.00 (+7.53)
Close St. 4 1:2:2:2:3 14.46 (+7.63) 7.45 (+3.36) 6.83 (+0.34) 52.50 (+7.85)
type St. 5 1:2:2:3:2 16.24 (+8.78) 7.35 (£3.15) 7.04 (x0.31) 50.25 (+8.18)
St. 6 1:1:3:3:2 15.55 (+8.45) 7.05 (+3.06) 6.96 (+0.40) 52.50 (+6.45)
St. 7 1:2:2:3:2 16.38 (+8.33) 7.09 (£3.12) 7.33 (0.20) 99.25 (+25.75)
St. 8 1:2:2:3:2 16.56 (+8.28) 6.72 (£2.64) 7.39 (0.16) 100.25 (+27.04)
St. 1 1:2:3:3:1 12.24 (£6.72) 6.58 (+3.12) 6.88 (+0.36) 26.50 (+1.73)
St. 2 1:2:3:3:1 12.39 (+6.80) 6.94 (¥2.72) 7.07 (+0.53) 27.50 (+2.08)
St. 3 1:2:3:3:1 12.65 (£7.22) 6.83 (+2.75) 7.56 (+0.11) 46.75 (+23.68)
Open St. 4 1:3:3:2:1 13.55 (+7.54) 6.72 (+2.79) 7.68 (+0.25) 51.00 (+¥22.42)
type St. 5 1:2:3:3:1 16.05 (+9.07) 7.11 (x2.76) 8.07 (x0.41) 89.25 (+28.83)
St. 6 1:3:3:2:1 15.33 (+8.36) 6.92 (+2.82) 7.76 (+0.31) 89.75 (+27.58)
St. 7 1:2:3:3:1 15.88 (+8.11) 7.16 (¥2.71) 7.98 (£0.20) 106.0 (+24.95)
St. 8 1:1:3:4:1 14.73 (£9.59) 6.84 (£3.51) 7.74 (x0.22) 100.00 (£22.11)

*B: Boulder >256 mm, C: Cobble 64 -256 mm, P: Pebble 16-64 mm, G: Gravel 2-16 mm, S: Sand/Silt 0.2-<2 mm.
**WT: Water temperature, DO: Dissolved oxygen, pH: Potential of hydrogen ions, EC: Electrical conductivity.
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Fig. 3. Flow velocity before and after the rainy season according to the type of erosion control dam. (a) is close type,

(b) is open type.
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won, £ Ee]4 o]l whE shRA Holl A 5
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Fig. 4. Common species analysis before and after the rainy season according to the type of erosion control dam. (a)

is close type, (b) is open type.
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3.3 EPT Groups

ZAA] % EPT Groups w41 A7} (Fig. 6), 41} o]

T EFY, Ry EE ofEate] Aol A EPTY
A7 Aok A o2 UeRc Aot=Z olsk wet
< WsEo] WolR|al Fudt AAHE Aosk=
EPT Groups 9] Z4S Uehfj= Ao & dejA 9lo]
(Kwak et al. 2008), & A LA }o| A= dj 820 24
ofl 4 EPT Groups 2] /A1 442 5ol 20 2 7ich
FJck 0] 271 AN A 0| RA 2520 44|
kS n| 2w, 71 2 3| YA =2 (Swimmers)= 7+
a6kl F=5 g (Clingers)= $718H= 202 4
74 l1]-(Ward 1992, An et al. 2020). & Lol A 315
Fol 52t A4)7]5<to] sl F A=l 2}
u|sl2Aro] (dmeletus costalis), 71354 0| (Baetis
Jfuscatus), 3YZF3A10] (Baetis silvaticus) 52 7§
Gl kT A0 BAEO] 4 S71E AR
of 1142 el AT A sk Ao
SRIE AT} T3, Gl iR A4 7] 5ol &

ol

m>~
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ol =
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A4S (Hydropsyche orientalis), o] -S4
2 KUb (dpatania KUb) 50| &3G04, =5
2] & AR e A oshe F9 W el d =T
(Rhyacophila brevicephala), 3-253 =) (Rhyaco-

A=A

et A4 o

sl
EEES

At Aot A3 R0

etal. 1995, Kim et al. 2016).
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Fig. 6. Ephemeroptera-plecoptera-trichoptera (EPT) groups before and after the rainy season according to the type
of erosion control dam. (a) is close type, (b) is open type.
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o] JEFS slelal AL Ea] 2 2919] 94} A A A of 4. 4 =
FIAFEEY T L WA, EPT groups &) HsHs:

A5k e (Fig. 8), ofofl tigt 24 A5 (T- test) AT A SRR R B AE ol
= AASIATE AR At A - $-0] Blal Ay, [ £o| F7Foh= A= UEt )l e, o= A X4 EH?‘*
& 70 A, EPT groups 5 F-gho] Al o] 5 7* FHFFEY 4 ol ®IgkE op7]sh= A
st om Baselon, BETYol sl AT WEHEIh BEAG S W 157 ofol e
o Elgo] Yu Mall AL AoR AR, uelge A gon, SR Bo] 58] Aol
AR Tt 0 43, S S0 BRI A 0] 0 ol ol R S 5130] W
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Fig. 8. Changes in flow velocity, species, individuals and EPT groups before and after the rainy season by erosion
control dam.
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