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Human Impacts on Stream Ecosystems and Freshwater Arthropods in Korea
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ABSTRACT The Korean peninsula is located in temperate Northeast Asia. Since most of the peninsula is
mountainous, stream systems are well developed, but there are few large freshwater natural lakes and wetlands.
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Northeast Asia, including the Korean peninsula, has a relatively high degree of biodiversity. Up to date, 536 species of
freshwater arthropods, belonging to 112 families, 18 orders, and three classes and including 494 species of aquatic
insects in 96 families, have been known in Korea, aithough more intensive taxonomic studies, especially on Diptera, are
needed. Natural stream ecosystems in Korea have been greatly changed since the 1960s when the Korean government
launched a program for land development. Major anthropogenic environmental changes in Korean streams were
classified into physical habitat change and chemical water quality change. Habitat change includes increase of lentic
areas by dam constructions, water level decrease and dried section increase by the development of agricultural,
industrial, and drinking water resources, and water course modification (channelization) by urbanization. Water
quality change includes eutrophication and increase of toxic chemicals. In addition, general stream ecosystem
disturbances by recreational activities have considerably increased recently. Damage to freshwater arthropod
communities by these anthropogenic environmental changes is discussed. Particular attention is given to the impact of
urbanization since it is regarded as the most significant human impact on Korean streams in recent years. As shown in
our long-term study in the North Han River (Pukhangang) and the Mangyong River (Mangyonggang) systems, one
aquatic insect species has disappeared for about every 20,000 increase in human population and for about every 2km
decrease in distance to the center of urbanization (Seoul). In a suburban stream of Seoul, the Wangsuk Creek, one
aquatic insect species has disappeared about every two years since the 1960s. To recover a benthic community after
channelization, it took four times longer in urban streams (ca. four years in the Wangsuk Creek and ca. 10 years in the
main stream of the Han River) than in natural streams, but the composition of the communities was different from the
pre—channelized ones. The following benthic macroinvertebrate groups represented Korean streams in terms of the
degree of water quality: Drunella—Plecoptera- Rhyacophila in oligosaprobic, Hydropsyche kozhantschikovi-
Uracanthella rufa— Epeorus latifolium in 3— mesosaprobic, Chironomus flaviplumus in o.—mesosaprobic, and Tubificidae
in polysaprobic streams. The following conservation plans are suggested: preparing more strict legal devices to protect
water quality and natural habitats, development of monitoring and management systems for stream ecosystems using
new techniques such as GIS, development of restoration techniques for damaged stream ecosystems, and development
of international and nation—wide communication network and educational programs. A three-graded species list for
endangered, rare, or ecologically or environmentally valuable freshwater arthropods in Korea is appended.

Key words : Stream ecosystem, Regulated streams, Human impact, Urbanization, Freshwater Arthropoda, Aquatic
insects, Biodiversity, Conservation, Protected species list, Korea
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Fig. 1. Hangang (Han River) and Mangyonggang (Mangyong River) systems in Korea.
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Table 1. Number of known freshwater arthropods in Korea

Taxa No. of family No. of species
Arachinida 1 1
Araneae 1 1
Crustacea 15 41
Anostraca 1 1
Notostraca 1 1
Spinicaudata 2 2
Laevicaudata 1 1
Isopoda 2 4
Amphipoda 3 12
Decapoda 5 20
Insecta 96 494
Ephemeroptera 13 76
Odonata 9 84
Plecoptera 10 31
Hemiptera 14 66
Megaloptera 2 3
Coleoptera 11 114
Hymenoptera 1 1
Diptera 15 56
Trichoptera 20 62
Lepidoptera 1 1
Total 112 536

1r

=57 x3he B F
2 wetsglon (AA

F53), 2 FAME FHTTF

rﬂ

&= % 37} 18 1123} 5360
55e AR BE I A

7} 963} 494% A

.t}mr

g AA g AAFEY 92298 z}x]a}aazcmable
DS 2 Feld SHEE 439 ASHY =2
yes £79 Fol (1 B, KUz /38 5 o

1998 AAselch ST AL TRk} 2AEE
5 84 AEe alolA wmd ¥ ArSpde veh
t AL 3183t & d (Bae, 1997), o] dEolA e
A g AAEE 42 Aie) WA w1AA) BT 22 o}
et (14, 1973; )14, 1985), 549 3 sAelA 204
7o) A A2 @Ex 1044F9] FAHEFE S5 (5
NEE 642%, HelE 4763%) (Allan, 1995)8cte FA
A2 abolot.

79 G4 AAEE AN SNETY FRAE,
el 3 R Gy A SRR B
%, gmels oS4 BRUATE 39 2R} 5
Seod, Bene A 277 el A gt 59
SelBsl 43S $R7h oS YEAT Sl 7% vt
3}1 FusHA MA s AERA old WE ERATI}

83, 71 FAX= Zu}t3 (Chlronomldae)i} 7"°]
;}ﬁxg%gpﬂ o2 ZFQ9F Rego HEY) A8 A
vebdet

B e Y g5 HXSE o2y 5|

el Q9ld 4 Az F2 f9d7e) Zvlel ot
2 A FeAK olg W fo =A2] g e
FQae, RS2 Bl AR A} B ok
49 AQBAE Aeste BAA Aske 2YI



Bae and Lee - Korean Freshwater Arthropods

67

Table 2. Major anthropogenic environmental changes of stream ecosystems in Korea

1. Physical habitat changes:

- Lentic areas increase by dam construction and reservoir building
- Water level decrease and dried section increase by regulation, development of agricultural, industrial, and

drinking water resources, etc.

- Water courses modification (channelization, diversion, dredging, revetments, overflow weir, etc.) by

urbanization

2. Chemical water quality changes:

- Eutrophication by living waste water, sewage, etc.

- Toxic chemicals (heavy metals, pesticides, organic compounds, ammonia, etc.) increase by industrial waste

water, etc.

3. Other changes:

- Sedimentation and garbage accumulation by flood

- General disturbances increase by recreational activities
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Fig. 2. A long-term change of Shannon-Wiener’s species diversity (H') of aquatic insects in the lower reaches of the Wangsuk

Creek in Kyonggi-do influenced by urbanization.
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Fig. 3. A relationship between human population and Shannon-Wiener’s species diversity (H') of aquatic insects in the
branch streams of the Mangyonggang (Mangyeong River) system in Chonju area in Chollabuk-do.
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AeA Aee wE AYSge) Az 249 otshg 7
£3AAFE ABe AL 2, 502 A Bel

F uhe) o] S4A 7 o 1km TN 199449
o olFeizl AEH TA}(SpHuIEe] AT AW=ad
Mol &% A43% P 2R WS TAPE 2 A
A% 84 e B2 53 $RER Loz o
o9A WEE Be ANABe AET g 2A 5
A A%, FIHAez SAtE zdsn ol
=, 1996; wj) 2} 1}, 2001).
Aew Argdgel A%e
94 =3 Aoz Vet =

o w A3} o) Z}Oﬂ g A=
A7) 3 A FA 7))

A ge AXSEe 23T AMA AT E 2A
o] A oA $Fez IEHE delt o 439 7|2

o] A w3l (Bae, 2001a), F-ARE Fxo| 2}
Aol 7bgRANE FAE AR ZAlo] of 1dule]
FEH AT (TR Aw). =AAS] A4 YETSA 0
3557 fstedN s AAAMAA Y Bl Eo] AP ook 3}
o, $5A FATR S 2 257 AL Fol 9%
Aol AA W7k, &3 22 AQRH ] vlax A A
7 S ER ol Fo A A dEF IEHUR. 5, &
29 AL AuiEel AAE vk AL L9
AE AAST, JENAAE 35t =42 el
AEFGEE 5t M E 714 E sk dlez v
elytc} (Bae, 2001a).

Med Avke 3 EFoAT 1988 Ml
Tho} 1982:1 RE] 1987744 dlole] AlWE A& 4
I A A AR e At AdE 3
AR AAEIT ol F F8 pMEFY FF S A

% 4%

A5 Zrastgoirl 1990w Fuke] EolA 2
AEHAT 239 242 AAY A 98 Ae=
vrebeh (Fig. 5; v %, 1998).

4) FE2H 3 IIE Hie

=] ARl 3), =43l oh2 shA e Z‘i‘ﬁ% +2
Able) Zpt A #2417 Hel gow, v 3 Al &
S BEER oz S48 AT Aede g2

o o2 &E AL gl Ada Ut TFNAM ey
ol M 2 YL AT =rtel TAIAF WE Y
e, w4, Ak ) FAk s FUtE AT 34 el
FFEA] AR FUH7] HWEelot A =AM wt
2o QAT 3 §7] 2d EAL Frl ZH7)e)
e 27159 AR oz ] Zels} ®ol A=t
Lol A% Azte AL FES AL, o5 FobE
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Fig. 4. A relationship between distance from the center of urbanization (Seoul) and number of aquatic insect species in the
branch streams of the Pukhangang (North Han River) system.

R ol

gl ojete] AR e B8] wiEHrh(Bae, 2001a). o fUXFHE FIPH e 2 AP £ AT A
=3 7t AN wEs e sSshEdst sishla,  AA e B ol $AA, S B wkel A 4
T 50 AP A A= Wi ALt AR A % Wit dAH $EAL R, 3
LHEAL wiEste AN AR AXZ AL A 59 AXe] mhe s AdARAe) Heg
e, e Qe By wiEel 9 AV A Fnaeh o) e f4A3 Y el whe )5
2 Qe g HeA A Y ol3kshy S oo Ha W FHITL O =LA WA madide] ohd A
42 A9 BaAleA AF7Ae] 8 A en 7] sHES o] W ARdAdel] sl AN o

e

2 of2] AdelA W] tFeiz gt A3 Ao gton 1990 AYRA|A L] AA o

Wl RHEHE Avhde) Fee =] ede de 3 FRe JdEH ¥4Rs Y 2L APLFA M
AAZ T Arddel e AEMAAE JFshe FAAA S ot A RbA 2ste) A e dge] A
= A =9k A FAE gk, T"r‘—’i 1A FHe= 34 Zrkskdeh 199089 ol 3 sh FAdA
A= TY2HZE Aojt T3 A AR R ohd FF AAEH} SAAENA S} YETRY BA AA<
gt 3P p2o IpRA A EHAAN "f.‘—’.‘— AAEES A4S 7= AT Gl £, 1993) o) A=
T AR MAAE Zdshe A 2 el & d¥ e gz ApPdez AXFHT gE A

E 92 A7t Ha gleh o|c}.

wil 2 3= sl Ao 93 AukA *EE}M] wE 219729 £ 9 g5 P (9] 5, 1991; &
o] & o3k ulxE o 3 2gloz A 3A S-UX| o 5, 1992b, ¢, d; &3} =, 1993)F F1sla, B FAle| A Y
53U FHAEo w2 FeE 5 5 U FA gle] AAE FPHoz A & o, &3 29HA ke
A FEAY KR SHEYH 2ol APo] F AR AASAAME £MEFY 3d F8 EHT
Foll A AZF7IA- FErE o} Tl AZ sl ol stFAte]-Zr=a —d =) (EPT group)o] 7]‘” T3
et EE]E & A9 A 4AE FHlen, o2 d A ¥, 1 FlMx B3] slFato| B it
A B F73] FAakEe] 53] tixA] FHe] slAe) o|4: (Drunella), 7} =)= AA|, ""“4—1—’— grH 5o B
93 F&rr ZAs 3 Q2] B AFe mdsiAel =< (Rhyacophila)®] &8 o] Tz 2} (Table 3). 3
a7k A9 dHe] A (Fig. 1) 3 ’ﬂ%"ﬂ” Bl Aol FAAY 2L vlg-& AA %"ﬂ utel A A 7o)
oA 77 £EAY 2E2H 7S 1980 2ulzbx] WE2ZEL AR AFERAA Ha, $718 299 27) 94
2] A& A 9E AYsae H]_TJ'Jq ksl A2 A4 £ delF= 353 (Hydropsyche kozhantschikovi),
AL F7 16}04 EPFP AXAE Al MAEey &8 FAbo] (Uracanthella rufa) = B35} FAko]
(Z &, 1979; & %, 1993b), 2 o|F & 3} A7 (Epeorus latifolium)7} Ax} ©A381A "ok o] A
oA ZA {575 43 A =g e A% & £ AFsA HH =A19 Agslert A f0=e] kA
AMAl f-4A5 FHgler, 1990 FHejEo] a=d 9 2]'74"‘—‘?34 FAE A JoiMA FHa, o33 x4l
AR 2 ool % 3HAEQ] AR FakE U 1A Aol M FH24 275 (Chironomus)?} 4314 =

T
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Table 3. Representative aquatic insect taxa in Korean
streams at each saprobic value based on Shannon-
Wiener’s species diversity index (H')

Saprobic value Taxa

Ol(ié(,)ia?%ol)if 5) Drunella, Plecoptera, Rhyacophila

p-mesosaprobic  Hydropsyche kozhantschikovi,
H'=2.0~2.9) Uracanthella rufa, Epeorus latifolium

“zg‘,"j‘fg{ri’g)c Chironomus flaviplumus

Fopgsaprobic " (Tubificidac)

w, ot A M TR FEol ohd AR
F (Tubificidae)zke] AM2}3}A] o}

2 ez FAM % (Gammarus), 3-F20)< (Ephe-
mera), 1n}3}F-Ako] 4 (Baetis), Fgdztsl-#4to| 4 (Eed-
yonurus), 7}tk o) 7} (Potamanthidae), Zbd x4
(Stenopsyche), Zt=}9 3} (Tipulidae) 5= #229] 3}3 )
FH8HA MA e FFEeldh o Bl digt e o
F7F 43 A3 gl ot (o] 5, 1995; Lee et al., 1996,
1999; 71 =, 1998; Hur et al., 2000a, b; 3 S 2000) ©]-2-
AEAA MAZ 72 FRPHEH d77F s
Hal oM e 2 AAFES TS HAAH IR
AFFES o4 ALY AuF = QEASFT} A
nrEe] (§ =, 1992b, ¢, d; §3 ull, 1993; &, 1995) 41
AHEBETL QAR A BEH MEASE B agHos
g4317] Astde o8 e B e 2P E
NAZL 59 AEs WA o] B st AR oo} w3t
AupTiut Aol fe F 298 EAFAME
AefAS] 715 FRAAA F2 22T I8 = AE
ojm2 o]Eof tigt Bi Y et d3s} Al FE
AlA o]t}

71

3|

M

SHMEA| ¥ MECIAM BHE

2|7 o e, o Ab3]e) 7] et wEe] Ahut
" = 3 5A EAske $id ey dde) o
EAGANE R AHo)EHA Q7te] #Fe FZA F7lsle
ATEAL vl & Axo Z AAwss ZA3 9l
o] ASx AA 2AEZE AR AL AdyE 2
Zo] W2 A AL S A1EI) oz AER
e HE ER o] @ BAH xS golof =
EE g7) FE3

T A= o2 Aol Blsle] " o FHfd &
A& VR o] FAl o] (53] AE:ST7P AR
o pAojnz w2 FLAE A wbd 2 ofo] AT
Holojal A nZ2EW, SAFYNA Y A 4F
2384 Y Eoj9} & XS 7] Wio|oh
met o A G o e W 1xHe] AFE= P
A ooz Jehpy, iAo AP Ee] I
2|93} Alz)e] Auby oo didt AxzE 2Y 4 e
A=z o3l o]frell A olth (&3} ul, 1993).

e AR TEE FAHA Y 54 FAYezA 1
9 AEUGA BAL T AR GeAY A
ou)sic}. oA AHE 3 P AXFE J73Hs}
I FAANAY S FHE AR g8 A7 F
Tte] ohgFt o] 159 A & ulqhe AAET
2} gt}

1) MAIX 2 2 B2E

G AAEE G 1A 9ste] Folun $
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Fig. 5. A long-term change of species number of major aquatic insect groups in the main stream of the Hangang (Han River)

in Seoul influenced by channelization.
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Appendix 1. List of endangered, rare, or ecologically or environmentally valuable species of freshwater arthropods in Korea
(Three asterisks: highest grade)

No. Scientific name Korean name  Grade |No. Scientific name Korean name Grade
Class Arachnida )7} 36. Aeshna nigroflava Martin 2Zvulo|gtaie) ¥
Order Araneae )= 37. Aeshna coerulea (Strén) ofduto]dalaly]  *
Family Argyronetidae EAu| 38. Aeshna juncea (Linnaeus) uto] 2t} E] *
1. Argyroneta aquatica (Clerck) EA0] HoHE Family Cordulegastridae A2 22 7}
Class Crustacea 2327k 39. Anotogaster sieboldii Selys Ay 4=z} 2} 2] *
Order Decapoda AL E Family Corduliidae Hulxkx)e] 7}
Family Cambaridae 742 40. Cordulia aenea amurensis Selys 3 Ez=zlz] *
2. Cambaroides dauricus (Pallas) a7}y *% 141, Somatochlora arctica (Zatt) 2 - 2hzlkxle] Bo) *
3. Cambaroides similis (Koelbel) 713 * 42. Somatochlora graeseri Selys =] - 2halkz}E] *
Class Insecta 27} 43. Somatochlora alpestris (Selys) Eulakzle] *
Order Ephemeroptera }FAbol & 44, Macromia manchuria Asahina wpFALALZFR} 2] *
Family Ameletidae 3| glu] & FAlo] 2} Family Libellulidae A}
4. Ameletus costalis (Matsumura) ¥ gn)s}-3-4to] * | 45. Nannophya pygmaea Rambur Ritkel &) ok
5. Ameletus montanus Imanishi ] =] g} ) 8} FAt o) * 46. Tramea virginia (Rambur) ) 2Ae] Aok
Family Baetidae Al B R= T el 47. Crocothemis servilia (Drury) 132z} ik
6. Procloeon halla Bae and Park gtebslFAlol * 48. Lyriothemis pachygastra (Selys)  w=]&|Z =}z *
Family Caenidae Tatz| 5l-FAlo] 7} 49. Libellula angelina Selys o) 2 A2 *
7. Brachycercus tubulatus Tshernova | #5%xslg4e]  ** | 50. Libellula quadrimaculata Linnaeus 9% 9to] 3tx}2] *
Family Ephemerellidae ogtslFAto) 3t 51. Sympetrum danae Sulzer A Zzk 2] *
8. Drunella solida (Bajkova) o 2-3l24ko) * 52. Sympetrum pedemontanum PERATAES %
9. Drunella lepnevae (Tshernova) AEFLFAL0) * pedemontanum (Allioni) b
Family Ephemeridae 3}2Ato) s} 53. Pseudothemis zonata (Burmeister) %32 2k=}2] *
10. Ephemera separigata Bae Zf=nyg2ate] * 54. Rhyothemis fulignosa Selys ) 2kare) ok
Family Heptageniidae Walbsl2 ko) 7} 55. Deielia phaon (Selys) R SR *
11. Bleptus fasciatus Eaton ) A] }&Abo] ok Order Plecoptera AR
12. Cinygmula grandifolia Tshernova %3l o| * Family Scopuridae Rl 7} = =
13. Ecdyonurus baekdu Bae W) =5} =2} o #%x | 56. Scopura laminata Uchida A= g AR kR
14. Heptagenia kihada Matsumura 303 8}%A4ko] * Family Nemouridae kAR B
15. Heptagenia kyotoensis Gose 23| 8} F-Abo) * 57. Nemoura jezoensis (Okamoto) b 7} < 2
Family Isonychiidae BBy =X =R S 58. Amphinemura verrucosa Zwick a7}t x|
16. Isonychia japonica (Ulmer) Bl A}=5) 2 Ak o] * Family Capniidae e = 4
17. Isonychia ussurica Bajkova PAR= K-FY Y * | 59. Eucapnopsis stigmatica Okamoto #-2ne|R17}t=e)  *
Family Metretopodidae PIE T R-DATNE ] 60. Paracapnia recta Zhiltzova of 7} =) *
18. Metretopus borealis Eaton ke 5l =)o) ok Family Leuctridae Rkl AR S
Family Polymitarcyidae 73} Abo) 3} 61. Leuctra fusca (Linnaeus) A 7= *
19. Ephoron shigae (Takahashi) 3] 8)}2Ako) *x | 62. Paraleuctra cercia Okamoto w7} =) *
Family Potamanthidae 7}8} 2 o] 3} 63. Rhopalopsole mahunkai Zwick Al PARE] *
20. Potamanthus yooni Bae and e 2are] “ Family Peltoperlidae wWerkerded
McCafferty = B 64. Yoraperla han Stark and Nelson ¥%7}=3) wk
21. ggﬁ:zgﬁahﬁ; g;)reanus e " 65. §t;rizszggrla uchidai Stark and ertartsa) o
Order Odonata 228 B Family Pteronarcyidae ZaE7} w3
Family Coenagrionoidae A=A} 66. Pteronarcys macra Ra, Baik T T I
22. Mortonagrion selenion (Ris) oA A 2z} 2] okok and Cho e
23. Ceriagrion melanurum Selys Az} * Family Perlodidae 2B}z
24. Nehalenia speicio§a (Charpentier) #SAlzkxl8] w67, IP; erlodes stlégmata Ra, Kim, R R PR %
25. Enallagma cyathigerum oretAl Hate) sese ang and Ham )
(Charpentier) 68. Isoperla. flavescens Zhiltzova Nz7ywe) "
Family Lestidae A z=)e] 4 and 1.:’0t1kha' nee
26. Lestes sponsa (Hansemann) A Az * Famlly Pe.r“h(.lae ' Zd==H
27. Lestes japonicus Selys =3 Azl ® 69. Oyamia {ugrtbast_s Banks A7} s
28. Indolestes gracilis pregrinus (Ris) 71=A% A=) * 70. Parag nettr.La ﬂa.votlfzcta (McLachlan) T Eel
Family Calopterygidae =22 7 71. Paragnetina tinctipennts g2 7w o] %
29. Mnais strigsata Selys Al 2212} 2] * (McL_achlan) .
Family Gomphidae B A}t ate) 7 Family Ch_loroperh.dae =A 2.} =}
30. Gomphidia confluens Selys olg| A A} R}e]  * 72. Alloperla joosti Zwick of 177t =2
Family Aeshnidae shaata) 7} 73. Alloperla rostel_lata (Klapalek) SRS PR
31. Gynacantha japonica Bartenef — A=32)gdzle] * Qrder Hemiptera ERAE
32. Boyeria maclachlani Selys Aulsie) ARy ** Family Co?1x1dae e .
33. Aeschnophlebia anisoptera Selys 2%+ 24 =}e] wx | T4. Hesperocorixa kol.thofﬁ _(Lundbald). 2
34. Anax parthenope julius Brauer kAl % 75. Sigara (Tropocorixa) nigroventralis A e "
35. Aeshna crenata Hagen g ulo) 2k} * (Matsqmura) . -
76. Cymatia apparens (Distant) 2N &5 *
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Appendix 1. Continued.

Korean J. Entomol., 31(2), June 2001

No. Scientific name Korean name Grade |No. Scientific name Korean name Grade
77. Micronecta (Micronecta) guttata . * Family Hydrophilidae E9q 9 o]z}
Matsumura FepEAE e 93. Hydrophilus accuminatus o %
Family Notonectidae 78] G X A =} Motschulsky Lk
78. Notonecta (Notonecta) amplifica s Family Lampyridae Hitl Bo] 3}
Kiritshenko EAAAAA 94. Hotaria papariensis (Doi) s}l ubg] E-o) rokok
Family Pleidae TS 95. Luciola lateralis Motschulsky o Hitl B-o] ok
79. Plea (Paraplea) japonica (Horvath) S22 ** 196. Lychnuris rufa (Oliver) kg Ho) ook
Family Naucoridae BT Order Hymenoptera HE
80. Ilyocoris exclamationis (Scott) B2 *k Family Agriotypidae R
Family Aphelocheiridae Exld 3} 97. Agriotypus gracilis Waterston B *
81. Aphelocheirus nawae Nawa 1l * Order Diptera 2=
Family Belostomatidae 4 Family Blepharoceridae o =7] 3}
82. Lethocerus deyrollei (Vuillefroy) E#A+ **% | 98, Philorus KUa H27] KUa
Family Ochteridae SR el 2 99. Bibiocephala KUa E%7] KUa *
83. Ochterus marginatus Latreille =R gHd * Order Trichoptera X B3
Family Hydrometridae A A o] 5} Family Stenopsychidae Zhg =
84. Hydrometra okinawana Drake A FAFA o) * 100. Stenopsyche griseipennis 5
Family Mebridae 7)o+ 2 1w 22} 7} McLachlan & 0 TR d =
85. Hebrus nipponicus Horvath e * | 101. Stenopsyche bergeri Martynov =~ Qd/jedx|gddss **
Family Gerridae A2FA o)} Family Philopotamidae &g
86. Aquaris elongatus (Uhler) R4 FA o] * 102. Wormaldia KUa ded =y KUa *
87. Rhyacobates esaki Miyamoto o)) 3] 224 o] # Family Rhyacophilidae ey
and Lee e i==wmre 103. Rhyacophila retracta Martynov £4Edx3 *
88. Asclepios shiranui coreanus Esaki  3}sf] 424 o) * Family Phryganeidae e e
Family Saldidae AR 104. Agrypnia pagetana Curtis bt e ) ok
89. Chiloxanthus pilosus pilosus S 25 " Family Brachycentridae FadIg=d
(Fallén) = 105. Micrasema KUa =294 KUa *
. OfdeSr h{[(:igaloptera et ’% Z]}:"ijy} Family Limnephilidae S2dea
amily Sialidae Flzhzle]) = 106. Hydatophylax nigrovittatus g
90. Sialis KUa Tz KUa  ** McLachlan ¢ Eaaiunh S
Order Coleoptera ok s Family Lepidostomatidae vezldsa =}
Family Dytiscidae Eulo) = 107. Molanna moesta Banks G d e *
91. Cybister (Cybister) japonicus e i Family Helicopsychidae g o gzl 2}
Sharp 108. Helicopsyche yamadai Iwata g o)t *Ek
Family Gryinidae E o)} Family Leptoceridae e =
92. Gyrinus (Gyrinus) japonicus o) * 109. Ceraclea KUa )2z KUa *

francki Ochs




