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ABSTRACT

A survey on the ecological environment of upstream and downstream of weirs in the Ham-an river
was carried out from June to October, 2006. The flow rates and water qualities of the upstream and
downstream of the weir with fish-way were similar for the first and second survey, except a small
increase in the flow rate of the upstream in the first survey. The surveys showed a total flora of 29
families, 61 genera, 14 variants, 67 species, and 81 subspecies. The flora of the weir with fish-way
appeared to have 26 families, 55 genera, 11 variants, 59 species, while that of the weir without
fish-way to have 14 families, 30 genera, 10 variants, 27 species, and 38 subspecies. The fish fauna
of the upstream of weir with fish-way appeared to have 3 families, 8 species, 184 individuals, while
that of the downstream of weir to have 5 families, 14 species, 664 individuals. The fish fauna of the
upstream of weir without fish-way appeared to have 3 families, 9 species, 107 individuals, while that
of the downstream of weir to have 9 families, 19 species, 520 individuals. The survey disclosed a
total benthos of 3 phyla, 4 classes, 9 orders, 25 families, 44 species, 633 individuals.
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Fig. 1. Survey area of Ham-an river.
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Table 1. Flow rates and water quality of the Ham-an river
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The weir with fish-way

The weir without fish-way

e Survey area Ist 2nd Ist 2nd
Upper Lower Upper Lower Upper Lower Upper Lower
Flow (m’ /s) 1.2 0.6 04 0.4 1.3 1.2 0.4 04
Temperature (C) 257 25.1 19.9 19.8 26.1 25.5 21.1 20.8
DO (mg/L) 8.4 8.8 8.3 8.3 7.6 8.6 8.5 84
pH 8.2 8.4 8.2 7.7 8.5 8.4 8.6 8.3
Conductivity (us/cm) 162 164 160 162 169 170 160 161
Turbidity (NTU) 3.1 2.8 6.7 115 3.0 32 7.6 72
SS (mg/L) 6.7 49 8.4 10.4 52 6.9 7.6 7.6
BOD (mg/L) 0.9 1.8 0.9 1.0 0.9 0.9 12 0.6
Table 2. Vascular plants in riparian zones of the Ham-an river
Weir with Weir without
fish-way fish-way
No.  Family name  Korean name  Scientific name Upper Lower Lower Upper Lower
50m 50m  150m  50m 50m
Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep.
1 Salicaceae AHE Salix gracilistyla Miq O O @) @) O 0 O
2 Moraceae A= Humulus japonicus S. et Z. 0 o 0 0O O 0O 0
3 g A o] Rumex crispus L. O O 0O O O O O 0
4 ang] Persicaria thunbergii H. Geoss @) O 0 O O O
5  Polygonaccae =~ WM=2|Wll¥F  Persicaria perfoliata H. Gross O O ¢ o) O O
6 V2Rl Persicaria sieboldii Ohki o)
7 SR Persicaria hydropiper (L.) Spach o O O O O
8  Caryophyllaceae HE s Stellaria alsine var. undulata Ohwi O @)
9  Caryophyllaceae Hy Stellaria media Villars o O O
10 Amaranthaceae HEE Achyranthes japonica (Miq.) Nakai O
11 Ranunculaceaec  U|Ulo}bAl8]  Ranunculus japonicus Thunb. o)
12 Aristolochiaceae ~ FW-EWF  dristolochia contorta Bunge 0
13 Pavaveraceae N7N\EZE  Chelidonium majus var. asiaticum O O
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Table 2. Continued
Weir with Weir without
fish-way fish-way
No.  Family name  Korean name  Scientific name Upper Lower Lower Upper Lower

50m 50m  150m  50m 50m
Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep.

18 Saxifragaceae 32|t Penthorum chinense Pursh o)
19 WAG7]  Rubus parvifolius L. O O
Rosaceae )
20 AL Rosa multiflora Thunb. O O
21 OWJFAV5E Robinia pseudo-acacia L. O O O
22 A+ Astragalus sinicus L. o)
23 E2EVZE  Trifolium pratense L. O O 0 O O
24 Leguminosae A=/ Trifolium repens L. O O O @) O O
25 A R=xas Vicia angustifolia var. minor o)
26 SZAAYE  Vicia cracca L. O O
27 =7 Glycine soja S. et Z. o)
28 Geraniaceae F<EolZE  Geranium sibiricum L. o)
29 . o] Securinega suffruticosa Rehder O O
Euphorbiaceae = .
30 NE Acalypha australis L. O
31 Vitaceac A= Ampelopsis brevipedunculata var. o
heterophylla
32 Umbelliferae AR} Torilis japonica (Houtt.) De. O O o)
33 Ebenaceae FAgRE Diospyros kaki Thunb. 0
34 Asclepiadaceae uk=7be]  Metaplexis japonica O O
35  Convolvulaceae S Calystegia japonica O
36 Boraginaceae Znlg] Trigonotis peduncularis Bench 0
37 A Lycopus ramosissimus var. japonicus @)
38 ) guz Leonurus sibiricus L. @)
Labiatae o . . .
39 ARE Stachys riederi var. japonica Mig. O O ¢)
40 Wl kx}=7]  Sabvia plebeia R. Br. @) @)
41 Solanaceae il Solanum nigrum L. 0
42 EAMNIE Veronica undulata Wall. O O
43 Scrophylariaceae ~Z/NEYLE  Veronica persica Poir.
44 EEAMNYE Veronica anagallis-aquatica L. O O @) o)
45 vz R o] Aster pilosus Willd. 0
46 2=50]  Aster yomena Makino o) 0
47 Myz Erigeron annuus (L.) Pers. o) o) 0
48 Uz Erigeron canadensis L. o O ) o O O O

Compositae
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Table 2. Continued
Weir with Weir without
fish-way fish-way
No. Family name  Korean name Scientific name Upper Lower Lower Upper Lower

50m 50m  150m  50m  50m
Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep.

54 SuEw7]  Lactuca indica var. laciniata Hara o O 0 0 0
55 Compositae =) Taraxacum mongolicum H. Mazz. o)
56 MEANEY Taraxacum officinale Weber O O @) o)
. Alisma plantago-aquatica var.
57 Alismataceac 7ol T PO o o
orientale

58 Hydrocharitaceae AE Hydrocharis dubia (Bl.) Backer

59 Commelinaccae ~ AMFIZE  Aneilema keisak Hassk. 0 0O O

60 7 Agropyron tsukushiense var. transiens O O O O

61 AN Agropyron yesoense Honda @) @)

62 w7 2] Avena fatua L. o) o) 0

63 Eiask Hierochloe odorata (L.) Beauv. @)

64 gGieE Phragmites japonica Steud. 0 o}

65 aE Phalaris arundinacea L. O 0O 0 0O O O O O O
66 SAE Alopecurus aequalis var. amurensis O o) @)

67 = Zizania latifolia Turcz. O O O @)

68 Gramineae W77 Panicum bisulcatum Thunb. o)
69 n|=70 714 Panicum dichotomiflorum Michx.

70 =T Echinochloa crus-galli (L.) Beauv. o O o O

7 5] ;;f::;zzzlclzz crus-galli var. o o o o

72 Hlego] Digitaria sanguinalis (L.) Scop. ) )

73 SIS Setaria viridis (L.) Beauv. O O o)

74 uj Imperata cylindrica var. koenigii O O @) O O )
75 E9A Miscanthus sacchariflorus O O ) O O
76 A Miscanthus sinensis var. purpurascens O ) @) ¢)

77 A Miscanthus sinensis Anders. o)

78 A2zl Scirpus triqueter L. O O

Cyperaceae
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community), MFZ T2 4vena fatua community), 7NEZ-7N BTN Erigeron annuus-Agropyron tsukushiense
var. transiens community)®] ZAFEICHFig. 2). HATHEE FHOZ 3 50m A|HoM = 55l FdE
Aol a2t ZE(Phalaris arundinacea), =77WE(Veronica undulata Wall), A2 Aneilema
keisal Hassk) 50| S8}, 2ol AT 5o 28] Qo) A4 @ 4Ro|as et
(Hygrophila salicifolia community), 5272, HAZ T 50| w¥Es= o2 AR AT (Fig. 3) 2
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2| A(Nymphoides indica), AFEFE(Hydrocharis dubia Blume Backer)©] &3 3}11, AHollrs= Fdeo|
X(Scirpus wallichii Nees community), o41?1—_rLa'(Perszcana hydropiper community), 7}, % go| &
¥35haL e Aoz Yehgon, nio e v o] $4sta 247, EVE(Trifolium repens),

S &7 E(Trifolium pratense) , SN (Miscanthus sinensis var. purpurascens) 5°] ZAFE|UTHFig. 4).
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Fig. 3. A cross section diagram of riparian vegetation from the weir with fish way to site of 50m downstream.
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Fig. 4. A cross section diagram of riparian vegetation from the weir with fish way to site of 150m downstream.
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Fig. 5. A cross section diagram of riparian vegetation from the weir with no fish way to site of 50m upstream.
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Fig. 6. A cross section diagram of riparian vegetation from the weir with no fish way to site of 50m
downstream.
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ow, o] Z g7t $FHE 695 JERHI L, tho 2 E37], Feol7t 22 20, 11502 Ay
Ak FHFE kRl = F 53 1435 66470 A7) A= QI THTable 4). $-3 =+ Table 4014 3l A
BT MAFE F RE AETY MAFE Yol Feiith

Axrt §le HAFE BFAAE F 37 9% 10770A7F = o, AR st E F 97 19
T 5200A7E BRI AT o] F FHFE sl HEV] 15, AA7IEE 455530 252N 570
A7} E1¥ QA tHTable 5).

Table 3. Species diversity, richness and evenness index of fish population in the Ham-an river

Site 1 Site 2

Set Upper Lower Upper Lower

Ist 2nd  Total Ist 2nd  Total Ist 2nd  Total Ist 2nd Total

Species diversity 0 0.41 041 047 060 022 059 044 061 652 087 087
Species richness 0 310 309 244 462 461 320 322 39 502 564 663

Species
evenness

- 022 0.60 0.2 0.06 0.06 016 009 011 0.08 009  0.08

Table 4. Composition of fish of upstream and downstream of the weir with fish-way

Upper Lower

Family Species ———— Total ———— — Total
Ist 2nd Ist 2nd
Zacco platypus (3 E}0]) 2 125 127 10 403 413
Opsarliichthys bidens (112]) 2 2 3 3
Hemiculter eigenmanni (X]2]) 1 1 0
*Rhodeus uyekii (Z+*]%-1) 12 12
Acanthorodeus assumussi ({“d'x]rﬂ) 25 25
Cyprinidae Cyprinus carpio (% °1) 1 1
Carassius auratus (-5-°1) 1 1 4 4
Pseudorasbora parva (79.'%01) 12 12 2 31 33
Pungtungia herzi (Z3iL7]) 38 38 4 104 108
*Squalidus gracilis majimae (71&7V) 4 4
Microphysogobio yaluensis (E7HAp) 16 16
Cobitididae Misgurnus anguillicaudatus (7]%-2]) 21 21
Odontoutis *Odontobutis platycephala (‘FAF2]) 1 1 18 18

interrupta
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Table 5. Composition of fish of upstream and downstream of the weir without fish-way

) _ Upper Lower
Family Species - Total = — _ Total
Ist nd Ist 2nd
Zacco platypus (3 H0) 7 54 61 43 162 205
Opsarliichthys bidens (112]) 2 2 4 6 23 29
Rhodeus notatus (5'g=78°]) 4 4
*4cheilognathus koreensis (%L‘QLX}-‘:T") 2 2 4 4
Cyprinidae Cyprinus carpio (9°) 2 2 2 2
Carassius auratus (5-°1) 18 3 21 3 24 27
Pseudorasbora parva (5%%01) 2 2 3 3
Pungtungia herzi (&31171) 98 98
Squalidus gracilis majimae (71&7V) 4 4
Cobitididas Misgurnus anguillicaudatus (7]7*2]) 1 19 20
Niwaella multifaciata (57577]2+2]) 1 1
Odontoutis interrupta  *Odontobutis platycephala (‘SAF2)) 4 4 1 50 51
Bagridae Pseudobagrus brevicorpus (222 FA7W) 5 5
Siluridae Silulus asotus (W71) 1 1
Centropomidae *Coreoperca herzi ("AA]) 1 6 7 1 28 29
Rhinogobius brunneus (2°71) 21 21
Gobiidae Tridentiger obscurus (73 85) 5 5
Chaenogobius urotaenia (%-A) 11 11
Osmeridae Plecoglossus altivelis (1) 1 1
Centrarchidae Micropterus salmoides (Z-5-21)8l = 1 2 3
Total 34 73 107 62 458 520
4. AMA=
1) 2324

1, 22} AL AF o=rh AXE ARG o=rt gle TN 19 A diE FH5F
ETS F 3% 44 95 257 4% 63NAIR dubhQl I sh e TR ERlEHE T
A G vlmste] Boks wf ALl H]S=a AV tha thgido] WolA = A o2 YERGTHTable 6). ©]
© & AL sk W AXE FHFE 2o F Foo] A HAeF tEe] FH eddd

Mol 24 94 B4 fjloz 213k Fojoksle] ko7 Algdt)
ZARAE AA A ElE AMAPE T AAFTEET S5 EES 4 55 75704, 55 32704
, Fols AR EC] TFAAA A Bk

2 ZAEQ A, AAEEF] 34F RNAE AR TE 3
7

Hl&2 oF 77%, WAIFRE oF 83% o] 7P =& Hfig= UEhirh
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Table 6. Macro-invertebrates of the Ham-an river

Weir with Weir without
fish- fish-
Species ish-way ish-way
Upper Lower Upper Lower

Ist 2nd Ist  2nd Ist 2nd Ist  2nd

Mollusca (A45E ')

Gastropoda (5= i)
Basommatophora (7]1¢F H)
Lymnacidae (E€3J°] £

Lymnaea auricularia (2% °]) 1 6 8 9
Physidae (=]l &= Fh

Physa acuta (P=°]E27 o)) 14 2 2 3 11 3
Planorbidae (FEot2]EE3o] Fh

Gyraulus chinensis (S£oFe] &2 o) 3 2 2

Hippeutis cantori (574 Tole] &2 0))

Polypylis hemisphaerula (W|3FEEo}8] EE7Y0]) 1 1 4 1

ANNELIDA (33@F%= )
Oligochaeta (1. #f)
Archioligochaeta (EX]%°] H)
Tubificidae (2A1F <] £h
Limnodrilus gotoi (‘A% °]) 5 2 4 1
Limnodrilus sp. (A7 ¢] sp.) 7 1 1

Hirudinea (A™ 2] )
Arhynchobdellidae (B 4™ 2] H)
Hirudinidae (A= 2] b

Hirudo nipponica (ﬁ'ﬂ = ﬁ) 2 1
Whitmania edentula (522 2] 1 1 2 1
Whitmania sp. 2 1

Athropoda (BA]5& )
Insecta (2 i)
Ephemeroptera (3H74H°] H)

Baetidae (Z20}slF2o] Rl

Baetis silvaticus (33=3FF72t0]) 9 2 11 5
Baetis sp. 1 2 4 2
Cleon dipterum (A5-3}1F4k0]) 4 3
Potamanthidae (73H74ke] Kl
Rhoenanthus coreanus (733HF2r0]) 1
Heptageniidae (78] 840 £h
Epeorus latifolium (°39}o] 52| 8}F4ko]) 8 4 5 3

Epeorus curvatulus (B 53 8}-F4ko]) 3 2
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Table 6. Continued
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Species

Weir with

fish-way

Weir without

fish-way

Upper

Lower

Upper

Lower

Ist

2nd

Ist

2nd

Ist

2nd

Ist

2nd

Calopterygidae (E73AH] Fh
Calopteryx japonica (Z74A}2])
Aeshnidae (273422] Fh
Anax parthenope julius (73AFe])
Anax nigrofasciatus (HZ37A4])
Corduliidae (5832}2] Fh
Somatochlora graeseri (‘ja]_‘::‘?l'@ Z]‘ﬂ)
Libellulidae (3tA+2] Fh)
Orthetrum albistylum speciosum ("B3AFE])
Pantala flavescens (B737A+)

Hemiptera ;=& A H)
Belostomatidae (73 )
Muljarus japonicus (A2}
Nepidae (“g--<l1¥] £
Laccotrephes japonensis (“37-°NH])
Ranatra chinensis (A°}FAH])
Gerridae (2373 °] Ff)
Aquaris paludum (237 °])

Coleoptera (F7gHd| H)
Dytiscidae (E71 £
Laccophilus difficilis (7 2-&471)
Hydrophilidae (Z9*4o] Fh
Sternolophus sp. (N&4 o] sp.)
Elmidae (o123 F})
sp. (=8 sp.)

Trichoptera (‘&= H)

Hydropsychidae (222 #h
Hydropsyche Kub (Z'2%=2 Kub)
Hydropsyche sp.1 (2= sp.1)
Hydropsyche sp.2 (2= sp.2)

Limnephilidae (%%‘éc?ﬂ Fh
Nothopsyche Kua (2254 =2 Kua)

Diptera (3}2] H)
Tipulidae (ZFeH# Fh
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Table 6. Continued
Weir with Weir without
. fish-way fish-way
Species Upper Lower Upper Lower
Ist  2nd Ist 2nd Ist 2nd Ist  2nd
Ischnura asiatica (OV\] O]’/‘E]?J.’X}ﬂ) 2 1 2 1
Calopterygidae (2322 £
Calopteryx japonica (E73A}2]) 1 4 3
Aeshnidae (3#12] Fh
Anax parthenope julius (7AF2]) 1 1
Anax nigrofasciatus (5 =372 1
Corduliidae (57412 Fh
Somatochlora graeseri (‘U =T7FAF2]) 1
Libellulidae (=}2] Fh
Orthetrum albistylum speciosum (‘?al@'x}ﬂ) 3 2 2 3
Pantala flavescens (B737dAFe]) 4 2
Hemiptera (;=8A 1)
Belostomatidae (273 Fl)
Muljarus japonicus (ZAF2H 1 3 2 4 3
Nepidae (°§7-oH] )
Laccotrephes japonensis (XJ?'OH H]) 2 1 1 3
Ranatra chinensis (A1°}FA]H]) 1 1 2 3
Gerridae (2282 °] Fh
Aquaris paludum (Z=35738°]) 4 1 2 3 1 1
Coleoptera (Sgd| H)
Dytiscidae (2470 Fh
Laccophilus difficilis (71 &E47H) 2 1 3
Hydrophilidae (Z9go] Fh
Sternolophus sp. (&9 "] sp.) 2
Elmidae (o328 £h
sp. (1=d sp) 1
Trichoptera (‘&= H)
Hydropsychidae (2= Fh
Hydropsyche Kub (Z¢=2] Kub) 8 5
Hydropsyche sp.1 (2= sp.1) 4 2
Hydropsyche sp.2 (2% sp.2) 9 5
Limnephilidae (5= Fh
Nothopsyche Kua (2252 Kua) 2

Diptera (2] H)
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Table 6. Continued

Weir with Weir without
. fish-way fish-way
Species Upper Lower Upper Lower
Ist 2nd Ist 2nd Ist 2nd Ist  2nd
sp. 2 2 21 16 23 11
sp. 3 49 37 7 72 43
Tabanidae (Sl Fh
sp.1 2 1
sp.2 1 1
Culicidae (7] Fh
sp.1 3 1
Species 10 3 30 23 8 2 33 23
Population 44 5 149 100 38 10 185 102

Total 3 Phylum 4 Class 9 Order 25 Family 44 Species 633 Individuals

2) T 2 AT WE

1, 22t ZAF A, Z2AF A BT L] AR ETE s oA o] AMAEY o] bdata F
3k 202 Ueyith 12k 2AF 23, o=t AXE HFE AR e 105 4783171 ZAKE A,
HE SFolME 30F MONAR HFE AFRY ShFolM el Faek AAFIE < 36 71 A
7t B Ao R AU oj=rt fle FHFE AR E 8% 3870A, skl A= 33 1857 A
2 FFE AREG SRA AAG7) sl TR Aoz Yegt) 23 2AF AT, ojxrt A
AE AFE AFoAE 3 HA, shRelA = 23F 10070317} Al ol =7t gle HTE
59} sl 7 2% 10704, 232 102704 2 JeRgthFig 7, Fig. 8).

3) $3% ¥ ohgHE
1, 27 2AL AT, ZAKE B 2479 28 glo] AXERES] )8 ATk Fo| A1

Aow ZAHOM, o} sHoRE AN AUTRS 4Gl F, YreFeh Bl Rt S =

| == | =58
ST =T

b B TR ==
50 o 50 e

E——— 40

Fig. 7. Comparison of species and individuals inhabited in upstream and downstream of the weir with fish-way.
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Fig. 8. Comparison of species and individuals inhabited in upstream and downstream of the weir without
fish-way.

Table 7. Dominant index of benthic invertebrates in weirs with and without fish-way

Site Time Dominant species Subdominant species Dominant index
Ist Physa acuta Limnodrilus sp. 048
Upper
2nd Limnodrilus gotoi Limnodrilus sp. 0.60
Weir with fish-way
Ist Chironomidae sp.3 Chironomidae sp.2 0.47
Lower
2nd Chironomidae sp.3 Chironomidae sp.2 0.53
Ist Chironomidac Physa acuta 0.74
Upper sp.1-red type
Weir without 2nd Chironomidae sp.2 Chironomidae 1.00
fish-way
Ist Chironomidae sp.3 Chironomidae sp.2 0.51
Lower
2nd Chironomidae sp.3 Chironomidae sp.2 0.53

28

el

S AR Ueille AR gelEo] & ALt o] AvAoR olEo] e AoR
A THTable 7).

a4 &

gerlel A4 - ool £ % A 39 A3k 1A 244 4] ol AR A5 ueln 4
TE 127 24 A 5% D $AL 2 Aol7h gl Ao e,

A AREE A 297 61% 14NF 67F SIEFER o] F ofmrh 4A
& A 263 558 11T S9RFTOR A8k 204%0|H, o =7}

1A 143} 305 1091F 27F 38EFLOR ASEE 23.6%= ZAEUTE A}
A7) B SR CARBE A} GAA A 3 RN 44 3355 16, 53 14F 67
A7k 2AEQ 0D, o7k g AR - SFANE 242 33 0% 1074, 93 19% 5204317}
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FlE ) gk AMYE A3k 1, 23} A} A, o7 AXE FHFEY oj=rt gle FHE
B AR A F 3E 47 95 257} 4% 6337 AI7F AN Lo, o] F AAFTERY 3 <
Y7y 5% 75704, 5% 320 A 2 el a, FAFTEES 34F 52670 A = AR FE| @ A4
Eol FFoA AA|shE vl &L & 77%= AR AT
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~104mg/L, BE3}2 24 2 F-3HBOD) 0.6~1.8mgLe] HME YeRATE o213 Hes AES
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