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Impacts of Impoundments by Low-head and Large Dams on Benthic Macroinvertebrate Com-
munities in Korean Streams and Rivers. Kil, Hye Kyung, Dong Gun Kim?, Sang Woo Jung?,
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This study was conducted to examine the effects of dams on benthic macroinvertebrate
communities in Korean streams and rivers. Four low-head dams and three large
dams were studied throughout South Korea. Sampling was taken at immediately upper
(impoundment), lower (riffle area), and control (riffle area) sites from the dams during
2004-2007. The upper sites, of which substrate heterogeneity and velocity were rel-
atively low, showed a lower degree of species richness, density, and diversity indices,
which is very different from the lower and control sites. Heavily polluted streams
showed a lesser degree of community differences between the upper and lower sites.
In the large dams, the upper and lower sites showed very low values of species diver-
sity indices and very high values of dominance indices compared to the control sites.
In the low-head dams, however, the difference of degree of the values was relatively
smaller. Compositions of the functional feeding groups and the habitat orientation
groups were relatively simpler at the upper sites than at the lower sites and the degree
of difference was greater in the large dams. Species richness and community indices
of benthic macroinvertebrates were more significantly affected by habitat character-
istics than water quality at the upper sites; however, those were more significantly
related with water quality at the lower sites. In conclusion, large and low-head dams
could simplify stream habitats particularly at the upper sites(impoundment), and
they negatively affected on the benthic macroinvertebrate communities inhabited
the habitats. The impact was larger in the large dams than in the low-head dams.

Key words : benthic macroinvertebrates, low-head dams, large dams, functional groups,
taxa composition
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g ] 53le] of 18,0006) Ao =3 2L W3}
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Table 1. Habitat environment at the study sites.
i Substrates (% i
Dams Sites Air temp. Wateor temp. _ (%) Ve|OCIt}/1
(°C) (°C) Silt and sand Gravel  Pebble  Cobble  (m:sec™)
Upper 22.1 14.0 71 15 12 2 0.10
Geomjeon Lower 19.0 147 5 35 38 22 117
Control 21.0 18.0 11 43 21 25 0.54
Upper 15.0 9.3 41 6 13 40 0.07
Gokneung Lower 15.0 8.5 0 3 12 85 0.83
Control 145 14.0 0 1 9 90 0.62
Upper 14.6 19.8 77 23 0 0 0.19
Anyang Lower 14.3 19.0 42 29 18 11 0.25
Control 17.0 20.0 45 30 15 10 0.70
Upper 15.0 20.2 92 5 3 0 0.13
Yeonhyeon Lower 15.0 195 17 50 30 3 0.98
Control 20.0 21.0 20 40 40 0 0.85
Upper 11.5 10.0 100 0 0 0 0.00
Hapcheon Lower 11.0 9.0 0 0 70 30 0.77
Control 125 10.6 0 45 35 20 0.83
Upper 14.0 9.1 40 10 50 0 0.00
Imha Lower 13.0 14.8 0 10 70 20 0.14
Control 10.0 12.4 0 5 85 10 1.17
Upper 15.0 17.0 100 0 0 0 0.00
Daecheong Lower 15.0 16.5 10 75 15 0 0.22
Control 15.0 14.0 5 45 30 20 0.75
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).
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(50 x50cm, =2 0.2mm)E o]g-3le] 7+ A (AR, 317
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and Tanida, 2005; Merritt and Cummins, 2008). +% +%
£ wlmaly] fiste] A% ARY AT ol g3te] $HZ
3} ob$8%& 5493, McNaughton®] $- 244 (DI)
¢} shannon®] Foet=A4(H)E Fstuem, 7
o BAe F)Ee] FUE o] 4ste] A47)% - (functio-
nal feeding group)3} A]2]7]% <= (habitat orientation
group)S BA3lgoh (=9} A, 2004; Merritt and Cum-
mins, 2008). AA1x]2] AEIA 3AH7= S350}
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9 sand7} & WlEE Al AT, FRARLS
silt/sand, gravel, pebble, cobble 52 tjekslA A=
o) glgich. 53] A, sk, A SHFAPL siles)
sand 5 "M IA}S] B]&o] 3] w9kl pebbled} cob-
bles] ¥l&-& Al Ao w3 457k B el AF
TRk e mel ARl v uiEed BEyRel
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Ade) wiete] okl EA7L Bol A4 FAHUL
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Aol A7k 9% wldskn wesh dehdo) dE
oz 7R,
S48 ARARD AFAR Aol7h vls Zlow, o)
Aol Addoz we Aoz vepdeh o W)
FARE we) AFALe] wla] ol WA ol 7
EPEEEEET EREEER L EE B
5 eleh e ARAHE 2 peuFoR Ak
9] mEbo] A)slel A, AL riffle, run, poole] B]a
=

ksl 4=l A

2 1o ox N
5

2. 744 A3

1) =4

AN AP FHFFEY] EHF S A3 AFA
Hol sHRAHuch uleks Aoz vhehgeh(Fig. 2). 1.2
As BAR AAne} 22 Fg2uclA: SFAHol
AFAA R 26 o) gk, H2A AT vl skt A4
FAHe) 22 AoAel WEER (G A0
oF AR E g AL W s Ee] vge] 3%
T SRAREe Addez shratel %) dEe) 5o W)
€] ¥} (Fig. 3). WH, §71& =7t w2 kA
e ARANE AL 7 mF 2HE 47}
Meksach 22Ae 29l WAe] 2 AxolF
(Tubificidae sp.), 71 2] (Erpobdella lineata), ¥ 7z
u}4-5 (Chironomidae sp.) $-°] $43lgdar, 2 o]
u}s}l2Abo] (Baetis fuscatus), F2}sl2A4ke] (Ecdyonurus
levis) So] 3 AAlaka Qgden], ARsh A 7

o] ze]7} M i} (Table 2).
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Fig. 2. Species number of benthic macroinvertebrates at
the sampling sites.
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Fig. 3. Relative composition of major benthic macroinver-
tebrate taxa at the sampling sites.
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Fig. 4. Species number of benthic macroinvertebrates at
the upper and lower sites: [0, common species; ],
species occurred only at the upper or lower sites.
GJ (Geomjeon), GN (Gokneung), AY (Anyang), YH
(Yeonhyeon), HC (Hapcheon), IH (Imha), and DC
(Daecheon).

g ulee | SRR vigEd 24
F7)el edskE ulAA A AEAFS Wk wt=
2+2i 2 ¢lo} (Kondolf, 1997; Camargo and
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Fig. 5. Relative density composition (inds./0.5 m?) of major
benthic macroinvertebrate taxa at the sampling
sites. U (Upper), L (Lower), and C (Control).
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Table 2. Dominant species and dominant indices of benthic macroinvertebrates at the study sites.

Dams Sites Dominant species 2nd dominant species DI

Upper Chironomidae sp. Tubificidae sp. 0.55
Geomjeon Lower Hydropsyche kozhantschikovi Uracantella rufa 0.47
Control Chironomidae sp. Baetis fuscatus 0.45
Upper Tubificidae sp. Chironomidae sp. 0.77
Gokneung Lower Chironomidae sp. Tubificidae sp. 0.76
Control Chironomidae sp. Baetis fuscatus 0.63
Upper Tubificidae sp. Chironomidae sp. 0.81
Anyang Lower Chironomidae sp. Tubificidae sp. 0.94
Control Chironomidae sp. Baetis fuscatus 0.97
Upper Chironomidae sp. Tubificidae sp. 0.85
Yeonhyeon Lower Tubificidae sp. Chironomidae sp. 0.98
Control Tubificidae sp. Baetis fuscatus 0.85
Upper Chironomidae sp. Uracantella rufa 0.94
Hapcheon Lower Uracantella rufa Chironomidae sp. 0.51
Control H. kozhanstchikovi Chironomidae sp. 0.43
Upper Chironomidae sp. Paleaemon serrifer 0.67
Imha Lower Chironomidae sp. Tubificidae sp. 0.52
Control Chironomidae sp. Ecdyonurus kibunensis 0.49
Upper Chironomidae sp. Tubificidae sp. 0.70
Daecheong Lower Chironomidae sp. Tanypodinae sp. 0.73
Control Semisulcospira forticosta Chironomidae sp. 0.54
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Fig. 6. Shannon species diversity indices (H’) of benthic
macroinvertebrates at the study sites.
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o] W vehb= dubHel HFow AHE 4 9lE
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Table 3. Pearson correlation coefficients between commu-
nity indices and habitat factors at the study sites.

Velocity Substra_1te Silt & sand
mean size

Species richness 0.3947** 0.3466* —0.4417**
Density 0.1243 0.1139 -0.2744
EPT richness 0.3612* 0.3296* —0.3984**
EPT density 0.3774** 0.3507* —-0.247
DI 0.2955* 0.5090** 0.6592**
H’ 0.7439** 0.8735** 0.0896
RI 0.7626** 0.8993** —0.0106

*p<0.05, **p<0.01
DI, Dominant index; H’, Shannon diversity index; RIl, Richness
index; EPT, Ephemeroptera, Plecoptera, and Tricopthera
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Fig. 9. Ecological score of benthic macroinvertebrates
(ESB) at the study sites.
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Table 4. Correlation coefficients between water quality factors and community indices at the lower dam sites.

Species richness Density DI H’ RI
DO 0.7179 0.3028 —0.4327 0.5615 0.7820*
BOD —0.7738* —0.4563 0.7396 —0.9053** —0.8454*
T-N —-0.7792* —-0.4215 0.8066* —0.9252** —0.8688*
T-P —-0.7614* —0.4493 0.7387 —0.9126** —0.8409*
Chlorophyll-a —0.5350 —-0.2383 0.7836 —0.6581 —0.6049
Conductivity —0.6813 —0.4575 0.7808* —0.8977** —0.7367

*p<0.05, **p<0.01
DI, Dominant index; H’, Shannon diversity index; RI, Richness index
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Agehs el Pl 2 E Alew eI Tabled). g we) wg dests A4 HPFHEE
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el SRR 5 E 9 WS IS g gRA g pEeds o S 4BHE By
ZAA ] Bel o] stRAAHAM SAT AFGHE > o AzAoz A7 7o AX® Bl He ARz

Aegest FHEAP LA TR2AE A A gmad)e) N desiA ANY dYREEE

A5 R FFw AE e AL AL BOD T g Sqe) wgRd g e, ot 2 Gl 47

AL, UL FTHE, F=A S, FHREASY o5 Hol v o] = otodare m)A & gles A|Abslgld)

9 RS vebl(Table 4). 7HA1 5 I=s $42

AEAI FoJst TS RolA| Aot 3, Hel |

o) ARAMEL FAedEd RS FFIE U Ab A

S Feldt RS BolA st web AMA )

FFAFFE AL B AN 2HLdE B ¥ A7 5747 Ied 799 734 “ECORIVER

o
o ulEd B e g8 ANA Besl H 2 209 Aoz o FoAsydh



198 2| - A=A - HALR .

o) &, AFE 2004. A FMEEF AN F3E B
A A A I§58313]%] 37: 137-148.

o8k xdEHzF 1991, v A EF7 AHAMA UFFHFEE
o g AT I E5AslA e 23 2 AR w =4

e)s+3] 7] 14: 399- 413

. 1995, M ZF A=A APAL ML
AW, T AT 1992, XA A 52 2T A

(<) 3
23 497} A7 e=AFA 2 AwASA e
—i‘:/}j‘,@i 37 Q& 10: 24-39.

AR 2000. A|2x} AZAAH ZAF A A AAA] o 373
FEZ p. 85-143.

Allan, D.J. 1995. Stream Ecology; Structure and Function
of Running Waters. Champman & Hall, London.

Baxter, R.M. 1977. Environmental effects of dams and im-
poundments. Annual Review of Ecololgy and Systematics
8: 255-283.

Benke, A.C. 1990. A perspective on America’s vanishing
streams. Journal of the North American Benthological
Society 9: 77-88.

Camargo, J.A. and N.J. Voelz. 1998. Biotic and abiotic chang-
es along the recovery gradient of two impounded rivers
with different impoundment use. Environmental Moni-
toring and Assessment 50: 143-158.

Craig, D.A. 1987. Some of what you should know about
water: or K.1.S.S. for hydrodynamics. Bulletin of North
American Benthological Society 4: 178-182.

Doeg, T.J. and J.D. Koehn. 1994. Effects of draining and
desilting a small weir on downstream fish and macroin-
vertebrates. Regulated Rivers: Research and Manage-
ment 9: 263-277.

Dynesius, M. and C. Nilsson. 1994. Fragmentation and flow
regulation of river systems in the northern third of the
world. Science 266: 753-762.

Hynes, H.B.N. 1970. The Ecology of Running Waters. Liver-
pool University Press, Liverpool.

Kawai, T. and K. Tanida. 2005. Aquatic Insects of Japan:
Manual with Keys and Illustrations. Tokai University
Press, Kanagawa.

Kondorf, G.M. 1997. Hungry water: Effects of dams and
gravel mining on river channels. Environmental Manage-

Ho| - siZA - s AxY
ment 21: 533-551.

Magilligan, F.J. and K. Nislow. 2001. Long-term changes
in the regional hydrologic regime following impound-
ment in a humid-climate watershed. Journal of the
American Water Resources Association 37: 1551-1570.

McCafferty, W.P. 1981. Aquatic Entomology, John & Bartlett,
Boston.

Merritt, R.W. and K.W. Cummins. 2008. An Introduction to
the Aquatic Insects of North America. 4th ed. Kendall/
Hunt Publishing Company, Dubuque, lowa.

Pennak, R.W. 1989. Fresh-water Invertebrates of the United
States. 3rd ed. John Wiley & Sons, New York.

Petts, G.E. 1984. Impounded Rivers. Perspectives for Ecologi-
cal Management. John Wiley & Sons. Chichester.

Poff, N.L. and D.D. Hart. 2002. How dams vary and why it
matters for the emerging science of dam removal. Bio-
science 52: 659-668.

Stanley, E.H. and A.L. Michelle, M.W. Doyle and D.W. Mar-
shall. 2002. Short-term changes in channel form and
macroinvertebrate communities following low-head dam
removal. Journal of North American Benthological Soci-
ety 21: 172-187.

Throp, J.H. and A.P. Covich. 2001. Ecology and Classification
of North American Freshwater Invertebrates. Academic
Press, San Diago.

Tiemann, J.S., D.P. Gillette, M.L. Wildhaber and D.R. Edds.
2004. Effects of lowhead dams on riffle-dwelling fishes
and macroinvertebrates in a midwestern river. Transac-
tions of the American Fisheries Society 133: 705-717.

Ward, J.V. 1992. Aquatic Insect Ecology. John Wiley & Sons,
New York.

Ward, J.V. and J.A. Stanford. 1979. The Ecology of Regulated
Streams. Plenum Press, New York.

Waters, T.F. 1995. Sediment in Streams: Sources, Biologi-
cal Effects, and Control. American Fisheries Society,
Monograph 7, Bethesda, Maryland.

Wiederholm, T. 1983. Chironomidae of the Holarctic Region.
Part 1. Larvae. Entomologica Scandinavica Suppliments.
No. 19.

Williams, D.D. and B.W. Feltmate. 1992. Aquatic Insects.
CBA International, Oxon.

(Manuscript received 6 March 2010,
Revision accepted 17 April 2010)



