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A Study on the Benthic Macroinvertebrates in the Middle
Reaches of the Paenae Stream, a Tributary of the Naktong
River, Korea

I. Community Analysis and Biological Assessment of Water Quality

Oh, Yong-Nam and Tae-Soo Chon
Dept. of Biology, Pusan National University

ABSTRACT

Benthic macroinvertebrates were collected in the middle reaches of the Paenae stream, a tri-
butary of the Naktong River in Korea, in four seasons from August 1989. to May 1990, During
the study period, 125 species, 81 genera and 41 families were collected. Overall, the most domi-
nant species was Lepidostoma sp.1 followed by Hepiagenia kikada, Neoperla quadrata, Diamesa sp.1,
etc..

The community was most diverse in autumn, however the number of collectd individuals was
highest in winter. Species of chironomids including Diamesa sp.1 and mayflies including Paralep-
tophlebia chocorata were collected exceptionally in a large number in winter.

Seasonal occurrence of funtional groups such as collectors, shredders and scrapers was related
with the availablity of food sourses in the stream. The abundance of predators was relatively
stable in four seasons with 17% on average.

Diversity, TBI and Chandler’s Biotic Score(BS) in the Paenae stream were 3.75, 14.5, and
100 on average, respectively. Based on biological and chemical indices the Paenae stream was
clean in the range of xeno- and oligo-saprobity.
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Table 1. Environmental measurements in the middle reaches of the Paenae stream, a
tributary of the Naktong River, in four seasons from August 1989 to August
1990.* Data are mean+SD,

Environments

Season Spring Summer Autumn Winter Average
Ambient temp. (C) 14.3+6.4  26.9%+3.4 18.0+1.7 2.4+1.1 15.4+0.2
Water temp. ('C) 10.9+3.8  22.7+4.1 15.3%2.1 3.1+0.2 13.0+8.2
DO (ppm) 11.7+1.6 9.9%+1.8 10.5%0.3 13.4+0.4 11.4+1.5
pH 6.6+0.4 6.9+0.8 6.1+0.1 5.9+0.1 6.410.5
Turbidity (NTU **) 0.9+0.3 1.0+0.1 9.4%0.5 1.9+0.3 1.2+0.6
Discharge (m?/sec) 3.2+0.4 2.5+1.9 0.9£1.0 2.1x1.7 2.2+1.0
BOD (ppm) 0.8+0.6 1.4+0.5 0.4+0.2 1.2+0.7 0.9+0.5

*Measurement dates . Spring ; March 26, 90, April 18, '90, May 26, '90, Summer ; August 9,
'89, June 24, '90, July 20, '90, August 12 '90, Autumn . November 6, '89, Winter ; January 20,
'90. The number of measurements for each season was the number of measurement dates
multiplied by the number of sampling sites(5) .

**Nephelometric Turbidity Units,
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Table 2. The taxonomic list with seasonal abundances of benthic macro-
invertebrates collected in the middle reaches of the Paenae
stream from August 1989 to May 1990. (No. of individuals per 25m?)

"89, "89, 90, "90,
Genus and species Aug. Nov, Jan. May
Phylum Arthropoda
Class Insecta

Order Ephemeroptera

Family Ephemeridae
01. Ephemera strigata Eaton 5 36 27 0

Family Heptageniidae

02. Ecdyonurus kua 21 112 374 15
03. Ecdyonurus yoshidae Takahashi 59 31 0 7
04. Ecdyonurus kibuensis Imanishi 45 59 231 61
05. Ecdyonurus sp.1 0 0 0 19
06. Heptagenia kihada Matsumura 138 569 578 526
07. Heptagenia kyotoensis Gose 3 33 0 0
08. Cinygmula kua 8 58 8 0
09. Epeorus curvatulus Maysumura 5 0 0 11
10. Epeorus sp.1 0 0 0 15
11. Epeorus latifolium Ueno 0 30 0 2
12. Epeorus sp.2 5 336 296 21
13. Epeorus sp.3 0 78 175 51
14. Ritherogena na (lmanishi) 0 7 0 0

Family Baetidae

15. Baetis nla (Imanishi) 10 50 0 7
16. Baetis thermicus Imanishi 5 19 5 118
17. Baetis kua 0 7 0 0
18. Pseudocloeon sp.1 2 59 0 0
19. Pseudocloeon japonica (Imanishi) 0 2 4 21
20. Pseudocloeon sp.2 0 3 0 33
21, Pseudocloeon sp,3 0 0 0 6

Fam}]y Leptophlebiidae
22.Paraleptophlebia chocorata Imanish 40 239 911 4
Family Ephemerellidae

23. Serrtella rufa Imanishi 5 2 0 0
24, Serrtella sp.1 0 39 5 0
25. Drunella cryptomeria Imanishi 6 2 0 90
26. Drunella aculea Allen 0 2 3 1
27. Cincticostella castanea Allen 0 90 17 0
Family Siphlonuridae

28. Amelletus sp.1 0 7 485 5
29. Amelletus sp.2 0 7 0 3
30. Siphlonurus sp.1 2 11 0 0
Family Oligonuridae

31. Isonychia japonica Ulmer 0 12 5 0
Family Caenidae

32. Caenis kua 0 94 14 7

Family Neoephemeridae
33. Neoephemera kua 0 0 0 100
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89, '89, 90, 90,
Genus and species Aug. Nov. Jan. May
Order Plecop.era
Family Perlidae
34, Kiotina decorata (Zwick) 42 37 38 36
35. Kiotina sp.1 66 223 162 22
36. Neoperla quadrata Wu et Classen 5 271 233 214
37. Oyamia coreana Okamoto 10 121 66 143
38. Oyamia sp.l 33 81 41 22
39. Kamimuria kua 2 108 29 7
40. Paragnetina flavotincta (Mclachlan) 0 85 29 95
Family Chloroperlidae
41, Sweltsa nikkoensis Okamoto 7 82 128 8
Family Nemouridae
42. Amphinemoura kub 0 0 3 0
43. Nemoura kua 10 0 64 1
Family Capniidae
44 Capnia kua 0 193 370 0
Family Perlodidae
45. Archynopterix kua 0 0 19 0
Family Taeniopterygidae
46. Taenionema kua 0 5 0 0
Family Leuctridae
47. Rhopalopsde sp.1 3 0 17 0
Order Trichoptera
Family Psychomyiidae
48. Psychomyia sp.1 2 0 0 1
Family Polycentropodidae
49. Plectrocnemia sp.1 0 2 2 5
50. Plectrocnemia sp.?2 0 0 0 10
Family Rhyacophilidae
51. Rhyacophila karamana Tsuda 0 38 69 2
52. Rhyacophila nigrocephala Iwata 3 28 23 21
53. Apsilochorema kua 0 3 0 1
Family Ecnomidae
54. Ecnomus tenellus (Rambur) 0 2 0 0
Family Hydroptilidae
55, Hydroptila sp.1 0 0 0 2
Family Limnephilidae
56. Asynarchus kua 0 0 9 0
57. Neophylax ussuriensis Martynov 0 0 12 0
Family Hydropsychidae
58. Cheumatopsyche brevilineata (lwata) 0 12 0 0
59. Cheumatopsyche sp.1 0 15 0 3
60. Hydropsyche kuc 0 5 0 2
61, Macronema sp.1 0 2 2 0
62. Macronema sp.2 0 0 2 0
63. Macronema sp.3 0 0 0 1
Family Lepidostomatidac
64. Goerodes sp.1 0 7 3 0
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'89, ‘89, "90, '90,
Genus and species Aug, Nov, Jan, May
65. Lepidostoma sp.1 864 1,828 1,211 1,273
Family Stenopsychidae
66. Stenopsyche griseipensis Mclachlan 0 3 0 0
Order Coleoptera
Family Helodidae
67. Helodes kua 0 3 9 1
68. Helodes sp.1 0 104 29 0
Family Dytiscidae
69. Hyphydrus sp.1 0 0 0 3
70. Guignotus sp.1 0 0 0 2
Family Elmidae
71. Optioservus sp.1 0 7 0 1
72, Optioservus sp.?2 0 0 0 1
73. Optioservus sp.3 0 0 0
Family Hydrophilidae
74. Berosus sp.1 0 0 0 3
Family Psephenidae
75. Eubrianax kua 0 2 2 0
76. Mataeopsephus kua 0 0 2 0
Order Diptera
Family Athericidae
77. Suragina kua 4 58 5 59
78. Suragina kub 0 29 2 107
79. Athuix kua 0 0 0 2

Family Siwmulidae
80. Simulium sp.1 3
Family Tipulidae

81. Antocha sp.!

82. Antocha kua

83. Pedicia sp.1

84. Eriocera kub

85. Tipula kub

86. Tipula kua
Family Ceratopogonidae
87. Bezzia sp.1
Family Chironomidae
Subfamily Chironominae
88. Microtendipes sp.1
89. Polypedilum sp,1
90. Polypedilum sp.2
81. Endochironomus sp.1
92. Glyptotendipes sp.1
93. Glyptotendipes sp.2
94. Parachironomus sp.1
95. Chironominae sp.1
96. Chironominae sp.2
Subfamily Diasminae

97. Diamesa sp.1
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‘89, ' 89, 90, 90,
Genus and species Aug. Nov, Jan, May

98. Diamesa sp.?2 0 0 3 0
Subfamily Orthocladiinae

99. Brillia sp.1 0 7 0 5
100. Cricotopus sp.1 0 3 189 4
101. Cricotopus sp.2 0 47 7 2
102. Diplocladius sp.1 0 7 0 0
103. Eukiefferiella sp.1 0 3 0 0
104, Orthocladius sp.1 0 0 170 80
105, Orthocladius sp.2 0 0 3 0
106. Orthocladius sp.3 0 0 3 2
107. Orthocladius sp.4 0 0 0 6
108. Rheocricatopus sp. | 0 3 945 0
109. Synorthocladius sp.1 0 0 24 0
110. Orthocladiinae sp.1 0 3 15 0
111. Orthocladiinae sp.2 0 2 0 0
112. Orthocladiinae sp.3 0 3 0 4
Subfamily Tanipodinae
113. Lasia sp.1 23 31 74 21
114, Natarisia sp.1 0 2 11 0

115, Chircnomidae sp.
Order Megaloptera
Family Corydalidae
116. Parachauliodes sp.l 2 0 0 3
Order Odonata
Family Gomphidae
117. Onychogomphus ringens Needham 2 0 0 0
118. Davidius lunatus Bartenef 0 0
Class Arachnida
Order Hydracarina
Family Mideopsidae
119. Mideopsis sp.l 0 8 0 4
Phylum Platyhelminthes
Class Turbellaria
Order Tricladida
Family Planariidae
120. Phagocata sp.1 0 9 0 0
Phylum Annelida
Class Oligochaeta
Order Lumbriculida
Family Lumbriculidae

o
[o o}
o
—

121. Trichodrilus sp.1 0 18 9 0

122. Trichodrilus sp.2 0 0 12 1

123. Trichodrilus sp.3 0 0 0 7
Order Haplotaxida

Family Tubificidae

124. Limnodrilus sp.1 0 0 0 1

125. Limnodrilus sp.2 5 0 0 0

Total 1,465 5, 647 9,485 3,489
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BODS} pH7F Yottt A&ol= BOD7} Auldos e o 4 ©BrY %% %9 i
ALz Q% E”‘B’J"‘ H W72l Aoz AlgH,

B 45 7heg AQEaie 2NTU ost2 M v ¢ 2okt 7h&o &7 &4 Ve
He F3 DA Z92 QA8 FARRE L 2 GH fiAe 277 2oz Nztg
o ALl L EA JdEbgsd, oA DA A2 A YA Fe MR ZAIZ Q3
7he Ree] A WEos Algdch. MBS KE, WiE, fEe] B ol &5td AN AE
dl, 221719 ztelz As) wlm A FEH Mol 7t Hahsloh.

z*]‘ﬂ” FLd A e KEL &l okd Aol Mo ZHE Hiemel AT 78l 9

L& 2 AES FA For A wAsA YeP oy, dwrdoe pHE 5.8~8.5, DO
7~14ppm, BE < 2NTU®Is, BODE 2ppmel3lel Helol S0 LREK IR(BIESEYE
, 1989 149 59, REFGHS A 825 3 )0 sFee ¢ FHHES Auden, BODY
o5t BAY BHH o2 xeno-9} oligo-saprobityH el £ & Al (Sladedek, 1979).

_L ﬂ%ﬁ fr rSL'

HEWE

1. FWB HEmE

ZAIEE F 3 4 118 418 811 125f0) 283 A H Table 2). Awtx o s 74
olHe] 9ft 178 332 71 tdR R MAes gtk 2y ALl 2rhrfie) 45
Bl 2850l 2@ dtelHo) 56 2308 392 7Hg ol AFHEATY. Vet ErefHol 9Ft
1476 19%8, =l Bol 76 128 146, S da Bol 58 78 1088, Zael ol 18 28 26,
WA Hl 18 18 18 £2o2 AU, o19ol HEHE, Sehvelobd, BI=71E %
o] &% ZF¥sA.

7H vgd Mol 2¥W EFES 7h&(899 119)2X 8IFE 5,647 /25 mPol U, MY
Y= AL(90d 19)0] 695 9,48570 4 /25m° 2 M E%oh. BEo FE e o uwat
I BAEES Yehided, dAHoR $20l Yo 7hen AL ¥ FHEE ugo. ol
naNE & AT PFEHe] FHEY ol AAU=d (Table 3), 53] ot ¥
Ecdyonurus sp. 1, Epeorus sp. 1, Plectrocnemia sp. 1% 72 & o 7t A A E Archynopterix kua, Neophylax
ussuriensis, Synorthocladius sp.1 &2 ﬁé;}-@i’.? 1070 /m? o4 Z@3td .

olEH Z& Bl £3te e S 0 Adods JPHAYA, o e e

Table 3. Species exclusively collected in different seasons **

Seasons Species No. of sp.

Spring Eos*, E10*, E21, Ts50*, Ts55 Té3, D79, Dgs, D107, Ce9, Cr2, 15
C73, C74, C76

Summer D91, D92, D93, 0117 4

Autumn E14, E17, P46, Ts54, T58, Te6, Dg4. Dss, Dg6, D102, D103, 12
Dinl

Winter P42, P45*, Ts56, T57*, T62, D96, D105, D98, D109*, 0118 10

*Species collected more than 10 individuals per m?.
**E : Ephemeroptera, P : Plecoptera, T : Trichoptera, D : Diptera, C: Coleoptera, O : Odonata.
Numbers following the symbol indicates the sequence number of species in the Table 2.
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A zo]ls B e pHo] Ealstge, olE5L 5F AMdw &8k fast seasonal
type(Memt and Cummins, 1984)2 7FsAo] A& Aoz atgdch ey o BES 4%
Aol giak A7t o, Bt Archynopteriv kua®l ¢ $2lUetol M KR ESR 7 A = of
9l e molch(F, 1988). %o o] EEo] Bata ¥F L AugA A7vt WA ojor T A
oz Atg " g EELS il 10783 OIEH Jo wmEe A=At

F8 EHTEY ?E’ﬁ%" | R = Fig. 29 2t st dolBd g BS A2(90d 14)o)
e o mEE 2388 v, ArAE ) Al F& 72899 119)el B £2 HE
2 Vegia AE ]-E Zastdoh. 71e BEF (A E, 99ddaH, WAAGE, HES,

4

3.5

2.5

No. of individuals/m?(XtOOO)
»

Aug. '89 Nov 89 Jan' 90 May ‘90
Month

T ; Tricnoptera, E ; Ephemeroptera, D ; Diptera,
P ; Plecoptera, O, Others

Fig. 2. Seasonal variations in densities of major groups.
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Table 4. Seasonal variations in major species of Ephemeroptera and Diptera

Ephemeroptera
mm Aug.’89 Nov.'89 Jan.'90 May’90
No. of species 12 28 16 22
No. of individuals/25m?
Ecdyonurus kua(Collector) 21 112 374 22
Ecd . kibuensis (Collector) 45 59 231 61
Paraleptophlebia (Shredder) 40 239 911 4
Amelletus sp.1(Collector) 0 7 485 5
Diptera
No. of species 8 25 25 22

No. of individuals/25m?

Diamesa sp.1 (Collector) 0 15 2,107 1
Cricotopus (Collector) 0 3 189

Orthocladius (Collector) 0 0 170 80
Rheocricatopus (Collector) 0 3 745 0

ZetvteloME, EXEIE)S WS & BEE Ueuth

AL stFdolHa s Hol & HEE vebd AL 5FH &S (Ecdyonurus kua,
Ecdyonurus kibuensis, Paraleptophlebia chocorata, Amelletus sp.1, Diamesa sp.l, Cricotopus sp.1,
Orthocladius sp. 1, Rheocricatopus sp. 1) NAF7t F5 8 7e ol ™ (Table 4), o152 72 10%
# o)ty nAME FHY AAS FYHE collectorst Aol v 21 & xH ol BIEEE A
o] B shreddersell %3t= &l Merritt and Cummins, 1984).

BEBEA o8] TESE AA) A BAER (functional groups) ol FEiF] #E S Table 59
2tk Collectors®} sherdders7t A&ell F53 AL 7Fgol 939 2 274 F9 A 93
Fgdo] FREH AL predators?t HA7] WEo 2 Atz MEE &EE #Hot U scrap-

Table 5. Seasonal variations in densities (individuals/25m?) of functional groups*

gru(?l;:;;onal Aug.’89 Nov.’89 Jan.’90 May’90 (av;;);il %)
Collectors 91 1,302 5, 490 641 7,524
(7%) (24%) (63%) (20%) (40%)
Scrapers 1,015 2,673 1, 843 1, 864 7, 395
(77%) (50%) (21%) (57%) (39%)
Shredders 15 208 466 1 690
(1%) (4%) (5%) (>1%) (4%)
Predators 204 1,215 961 788 3,168
(15%) (22%) (11%) (23%) (17%)
Total 1,325 5, 398 8, 760 3,294 18, 777
(100%) (100%) (100%) (100%)

*Species which were collected in a small number and could not be assigned for proper functional
groups according to Merritt and Cummins(1984) were excluded.
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2} & F 4ol H 9 Heptagenia kihada 9} Paraleptophlebia chocorata, 2l B 9 Diamesa sp. 1 ol

EhEeR Yyehyrie Ao

Hoz A 2ELHES

d B¢ Kiotona sp. 1,

o,
H 5,

2 e A W AR

-

T

£33 A&l Diamesa sp.1°] A 1 Lo =
Fg st aol B Ecdvonurus sp. 1,
Neoperla quadrata, Capnia kua®} T}E|
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B el Rheacricatopus sp. 1 o] ek
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A 'W
AV R

3

Table 63 #Th. Lepidostoma sp. 1o] B LHfES

Table 6. Dominant species and indices(DI) at each sampling site in the middle reaches of
the Paenae stream from August 1989 to May 1990.

Sites 1st dominant species 2nd dominant species DI

1 Lepidostoma sp.1 Ecdyonurus kua 0.33

2 Lepidostoma sp.1 Heptagenia kihada 0.61

Aug. 3 Lepidostoma sp.1 Heptagenia kihada 0.76
1989 4 Lepidostoma sp.1 Kiotina sp.1 0.36
5 Lepidostoma sp.1 Heptagenia kihada 0.74

Total Lepidostoma sp.1 Heptagenia kihada 0.57

1 Heptagenia kihada Lepidostoma sp.1 0.35

2 Lepidostoma sp.1 Heptagenia kihada 0.32

Nov. 5 Lepidostoma sp.1 Epeorus sp.2 0.66
1989 4 Lepidostoma sp.1 Neoperla quadrata 0.48
5 Heptagenia kihada Capnia kua 0.28

Total Lepidostoma sp.1 Heptagenia kihada 0.40

1 Paraleptophlebia chocoraia Ecdyonurus kua 0.22

2 Lepidostoma sp.1 Rheocricatopus sp.1 0.54

Jan. 3 Diamesa sp .1 Paraleptophlebia chocorata 0.43
1990 4 Diamesa sp.1 Lepidostoma sp.1 0.48
5 Diamesa sp.1 Heptagenia kihada 0.31

Total Diamesa sp.1 Lepidostoma sp .1 0.33

1 Heptagenia kihada Lepidostoma sp.1 0.44

2 Lepidostoma sp.1 Neoephemera kua 0.79

May 3 Heptagenia kihada Lepidostoma sp.1 0.34
1990 4 Lepidostoma sp.1 Heptagenia kihada 0.44
5 Lepidostoma sp.1 Heptagenia kihada 0.46

Total Lepidostoma sp.1 Heptagenia kihada 0.55
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Table 7. Biological and chemical indices in the middle reaches of the Paenae stream in
different seasons*

Biological index Chemical index
Moths Sp H E TBI BS BMVP Sa BOD Sa
Aug. 1989 39 2.78 0.53 13 99 10 Xeno 1.4** oligo
Nov. 1989 82 4.45 0.70 15 100 10 Xeno 0.5 Xeno
Jan, 1990 69 4.13 0.68 15 100 10 Xeno 1.2 oligo
May 1990 79 3.64 0.58 15 100 10 Xeno 0.8 Xeno
Overall*** 126 4.49 0.64 15 100 10 Xeno 0.9 Xeno

*Sp : No. of species, H : Shannon’s diversity index,

E : Pielou’s evenness index, TBI: Trent biotic index, BS : Biotic Score,

BMWP : Biological monitorting working party, Sa : Saprobity.

**The value in the average of measurements observed in summer of 1990.

***The values were analyzed from the total measurements observed during the study period.
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