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Fig. 1. Location map of the 8 sampling sites in the Wuling area. Arrows indicate the direction of stream flow. 
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 (Shieh and Yang, 2000)  
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63.21% 24.27%
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Rhithrogena ampla Baetis spp. 
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X2
[7] = 29.42, p = 0.0001) 2003

5

537.7 7 512.3

2

1644.9 4  

GPS 
Table 1. Substrate and GPS readings at each site in the Wuling area 

Sample site Substrate GPS 
Site 1 Cobbles (< 1.6~6.4 cm) and Boulders (< 6.4~25.6 cm) (121° 17’57.0”E, 24° 23’58.3”N) 
Site 2 Gravel (< 0.2~1.6 cm) and Cobbles (121° 18’01.2”E, 24° 23’58.5”N) 
Site 3 Cobbles and boulders (121° 18’06.2”E, 24° 23’01.6”N) 
Site 4 Cobbles and boulders (121° 18’12.2”E, 24° 21’51.7”N) 
Site 5 Gravel and cobbles (121° 17’58.2”E, 24° 21’38.0”N)  
Site 6 Gravel, cobbles, and boulders (121° 18’17.2”E, 24° 21’18.4”N)  
Site 7 Sand (< 0.2 cm), and gravel  (121° 18’08.7”E, 24° 21’59.0”N) 
Site 8 Sand, gravel, and cobbles (121° 20’49.6”E, 24° 22’57.8”N)  
 
 

2003 pH 
Table 2. Mean values of temperature, velocity, dissolved oxygen, and pH at each site in the Wuling area in 2003. 

Numbers in parentheses are standard deviations (N = 12) 

Sample site Temperature ( ) Velocity (m/s) Dissolved oxygen (ppm) pH 
Site 1 11.27 (2.80) 0.98 (0.32) 8.96 (0.60) 8.59 (0.33) 
Site 2 11.36 (2.83) 0.67 (0.52) 9.23 (0.48) 8.35 (0.36) 
Site 3 12.44 (2.11) 1.37 (0.54) 9.08 (0.65) 8.49 (0.37) 
Site 4 12.83 (2.15) 1.38 (0.51) 9.31 (0.54) 8.65 (0.37) 
Site 5 11.98 (2.87) 1.41 (0.77) 9.22 (0.57) 8.50 (0.31) 
Site 6 13.59 (2.83) 1.46 (0.69) 8.91 (0.69) 8.57 (0.32) 
Site 7 16.53 (4.16) 0.44 (0.29) 8.91 (0.82) 8.90 (1.01) 
Site 8 12.63 (2.00) 0.64 (0.33) 8.25 (0.82) 8.06 (0.33) 
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2003  ( ) 
Table 3. Composition and no. of individuals per sample unit of the aquatic insect fauna at each site in the Wuling area 

in 2003 

Order Family Taxa Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Total % 

Ephemeroptera Baetidae Baetiella bispinosa 543 58 579 269 92 392  114 2,047 1.99 

  Baetis spp. 6,303 9,781 4,510 6,091 887 4,199 2,748 7,728 42,247 41.07 

  Pseudocloeon latum 219 49 218 551 230 307 6 547 2,127 2.07 

 Caenidae Caenis sp. 4 59 17 1 2 4 3  90 0.09 

 Ephemerellidae Acerella glebosa 38 17 14 4 11 116 3 13 216 0.21 

  Acerella Montana 29 12 49 8 7 124 9 1 239 0.23 

 Ephemeridae Ephemera sauteri 23 60 45 24 29 65 746 1 993 0.97 

 Heptageniidae Afronurus nanhuensis 57 39 84 13 1 37 13 10 254 0.25 

  Epoerus erratus 36  6 1 2 4 2 1 52 0.05 

  Rhithrogena ampla 1,224 1,574 2,387 4,912 2,490 3,350 88 39 16,064 15.62 

 Leptophlebiidae Paraleptophlebia sp. 265 383 10  4 1 19  682 0.66 

Trichoptera Glossosomatidae Glossosoma sp. 6 6 15 8 169 106   310 0.30 

 Hydropsychidae Arctopsyche sp. 7  4  2 3   16 0.02 

  Hydropsyche spp. 68 23 186 88 140 126 19 1 651 0.63 

 Lepidostomatidae Goerodes sp. 7 19 6 5 7 82 20  146 0.14 

 Limnephilidae Uenoa taiwanesis 1,457 134 263 8 111 20 6 1 2,000 1.94 

 Rhyacophilidae Apsilochorema sp. 12 50 32 86 24 9  8 221 0.21 

  Himalopsyche sp. 3 8 19 4 37 2   73 0.07 

  Rhyacophila nigrocephala 90 145 214 193 151 428 5 2 1,228 1.19 

  Rhyacophila spp. 16 10 16 19 7 7 1 2 78 0.08 

 Sericostomatidae Gumaga sp. 112 89 110 70 111 285 175 9 961 0.93 

 Stenopsychidae Stenopsyche sp. A 203 82 484 107 24 79 1 2 982 0.95 

Plecoptera Leuctridae Rhopalopsole sp. 8 30 6 30 3 22 2  101 0.10 

 Nempuridae Amphinemura sp. 97 305 99 77 92 50 4 10 734 0.71 

  Protonemura spp. 4  4  5 1  1 15 0.01 

 Perlidae Neoperla spp. 329 460 434 48 267 76  3 1,617 1.57 

 Styloperidae Cerconychia sp. 89 79 19 2 13 4  1 207 0.20 

Coleoptera Dytiscidae Deronectes sp. 4 1     39  44 0.04 

 Elmidae Zaitzevia sp. 75 345 212 20 76 121 602 8 1,459 1.42 

 Helodidae Cyphon sp. 677 891 261 58 61 24 17 2 1,991 1.94 

Diptera Athericidae Atherix sp. 6 58 8 5 6 7  3 93 0.09 

 Blepharoceridae Bibiocephala sp. 2 1 12 1 15 3   34 0.03 

 Ceratopogonidae Bezzia sp. 24 44 28 20 27 146 9 2 300 0.29 

 Chironomidae Chironomidae sp. C 86 416 295 357 296 413 18 180 2,061 2.00 

  Chironomidae sp. D 4 20 8 7 39 41 2 1 122 0.12 

  Chironomidae sp. E    2  18   20 0.02 

  Chironomidae spp. 2,267 2,426 1,291 2,490 380 2,175 816 1520 13,365 12.99 

  Tanypodinae sp. A 146 1,251 223 813 46 522 565 254 3,820 3.71 

 Simulidae Simullium sp. 20 3 96 558 182 288 8 449 1,604 1.56 

 Tipulidae Antocha sp. 16 23 141 121 12 106 138 73 630 0.61 

  Eriocera sp. A 189 468 214 17 226 426 41 4 1,585 1.54 

  Eriocera sp. B 81 150 139 82 84 147 4 6 693 0.67 

  Eriocera sp. C 235 170 103 8 84 37  1 638 0.62 

Odonata Gomphidae Sinogomphus formosanus   1 1  4 18 21 45 0.04 

Total   15,081 19,739 12,862 17,179 6,452 14,377 6,147 11,018 102,855 100.00 

 



   345
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) 4.019~4.222 very 
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1 12 FBI

3.134~4.360

2003 6  
Fig. 2. Relative composition (%) of 6 orders aquatic insects of the Ephemeroptera, Trichoptera, Plecoptera, 

Celoeptera, Diptera, and Odonata at each site and summary of the Wuling area in 2003. 
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1 2 FBI
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excellent (Shieh and Yang, 2000)

2003 1

Very good Fair 2

very good good excellent

4

7 very good

3 1985-86 1995-96 very 

Good (Shieh and Yang, 2000)  

1985 1986 1995 1996

 (Shieh and Yang, 2000)

 (Suren, 1994; Brammer 

and MacDonald, 2003) 5

R. ampla 7

Baetis spp. 

1 2

35.77% 44.41% 3 4

32.55% 34.83% 6

30.62% 8 68.81% 7

37.83% ( ) R. ampla 1

2 9.78% 10.32% 3 21.15%

2003 Rhithrogena ampla Baetis spp.  
Table 4. Mean number of individuals per sampe unit, and mean relative abundances of Rhithrogena ampla and 

Baetis spp. at each site in the Wuling area in 2003. Numbers in parentheses are standard deviations (N = 
12) 

Sample site 
No. of individudals per 

sample unit 
Relative abundance of 

R. ampla (%) 
Relative abundance of 

Baetis spp. (%) 
Site 1 1256.8 ab1) (924.5) 9.78 c (4.37) 35.77 bc (17.57) 
Site 2 1644.9 a (903.5) 10.32 c (11.24) 44.41 ab (14.95) 
Site 3 1071.8 bc (475.5) 21.15 b (11.40) 32.55 cd (14.03) 
Site 4 1431.6 a (687.5) 31.31 a (17.61) 34.83 bc (18.01) 
Site 5 537.7 d (366.0) 36.97 a (11.36) 17.64 d (8.35) 
Site 6 1198.1 ab (496.1) 22.82 b (15.64) 30.62 cd (17.43) 
Site 7 512.3 d (357.9) 1.80 d (1.89) 37.83 c (22.92) 
Site 8 918.2 c (402.9) 0.30 d (0.44) 68.81 a (21.39) 
1) Within columns, means with the same letter do not significantly differ at p > 0.05 (by the nonparametric 

multiple comparison test). 
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Fig. 3. Monthly values of the FBI index at the 8 sites in the Wuling area in 2003. 
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7

8 11,018

6,147  ( )
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Appendix table 1. Evaluation of water quality using the Family-level Biotic Index (FBI) (Hilsenhoff, 1988) 

FBI Water quality Degree of organic pollution 
0.00~3.75 Excellent Organic pollution unlikely 
3.76~4.25 Very good Possible slight organic pollution 
4.26~5.00 Good Some organic pollution probable 
5.01~5.75 Fair Fairly substantial pollution likely 
5.76~6.50 Fairly poor Substantial pollution likely 
6.51~7.25 Poor Very substantial pollution likely 
7.26~10.00 Very poor Severe organic pollution likely 
 
 

1985~1986 1995~1996  
Appendix table 2. Relative composition (%) of the total aquatic insect fauna at each site of Chichiawan Stream in 

1985~1986 and 1995~1996 

 Site 1  Site 2  Site 3  Site 4 
 1995~96 1985~86  1995~96 1985~86  1995~96 1985~86  1995~96 1985~86 
Ephemeroptera 46.06 51.99  40.52 47.35  58.67 73.08  58.92 52.30 
Plecoptera 14.97 7.41  14.15 11.84  8.68 1.16  3.44 3.84 
Odonata 0.06 0.04  0 0.20  0 0.14  0 1.01 
Trichoptera 19.51 17.20  30.29 24.61  14.53 6.42  17.20 21.59 
Coleoptera 6.00 1.92  2.37 1.03  1.14 0.59  1.25 1.14 
Diptera 13.30 21.43  12.29 14.97  17.00 18.64  18.90 20.12 
Source: Data from Shieh and Yang, 2000.  
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Water Quality Monitoring using Aquatic Insects in Streams in 
the Wuling Area of Shei-Pa National Park 
 
Mei-Hwa Kuo*, Ming-Chin Chiu and Yih-Lin Shieh 

Department of Entomology, National Chung-Hsing University, 250, Kuo-Kuang Road, 

Taichung 402, Taiwan 

ABSTRACT 

This study was conducted to survey aquatic insects by Surber sampler 
and water quality monitoring at 8 sampling sites in the Wuilng area of 
Shei-Pa National Park in 2003. The inventory of aquatic insects revealed 44 
taxa, 35 genera, 27 families, and 6 orders, including 11 species of Ephe- 
meroptera, 11 species of Trichoptera, 5 species of Plecoptera, 3 species of 
Coleoptera, 13 species of Diptera, and 1 species of Odonata. The total 
collected number of aquatic insects was 102,855 individuals. Ephemeroptera 
as the dominant order accounted for 63.21% of individuals at all sampled 
sites, and the next most abundant Diptera accounted for 24.27% of 
individuals. The Family-level Biotic Index (FBI) was applied to test the water 
quality of the Wuling area. Values of the FBI for all sites were between 3.134 
and 5.580 in 2003, and therefore evaluations of water quality were between 
excellent and fair. Values of the EPT (Ephemeroptera, Plecoptera, and 
Trichoptera) taxa richness ranged from 19 to 27 at all sites in 2003. 

 
Key words: aquatic insects, water quality monitoring, Hisenhoff's 

Family-level Biotic Index, EPT taxon richness index 
 
 




