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Abstract

This study was conducted to survey aquatic insects by Surber sampler and water quality monitoring at 8 sampling sites in the
Wauilng 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 Ephemeroptera, 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.
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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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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° 1757.0”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° 1758.2"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)

#RZ 2003 FHMERERRENTIIRE T  AEER 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 (‘C) 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) 141 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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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 Site4 Site5 Site6 Site 7 Site 8 Total %

Ephemeroptera Baetidae Baetiella bispinosa 543 58 5719 269 92 392 114 2,047 199
Baetis spp. 6,303 9,781 4,510 6,091 887 4,199 2748 7,728 42,247 41.07

Pseudocloeon latum 219 49 218 551 230 307 6 547 2127 207

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

Ephemerellidae ~ Acerella glebosa 38 17 14 4 11 116 3 13 216 021

Acerella Montana 29 12 49 8 T 124 9 1 239 023

Ephemeridae Ephemera sauteri 23 60 45 24 29 65 746 1 993 097

Heptageniidae ~ Afronurus nanhuensis 57 39 84 13 1 37 13 10 254 025

Epoerus erratus 36 6 1 2 4 2 1 52 0.05

Rhithrogena ampla 1,224 1574 2,387 4912 2490 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 8 169 106 310 030
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 2,000 194

Rhyacophilidae  Apsilochorema sp. 12 50 32 86 24 9 8 221 021

Himalopsyche sp. 3 8 19 4 37 2 73 0.07

Rhyacophila nigrocephala 9 145 214 193 151 428 5 2 1228 119

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 2 982 095

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 Neaoperla spp. 329 460 434 48 267 76 3 1617 157

Styloperidae Cerconychia sp. 89 79 19 2 13 4 1 207 020

Coleoptera Dytiscidae Deronectes sp. 4 1 39 4 0.04
Elmidae Zaitzevia sp. 5 345 212 20 76 121 602 8 1459 142

Helodidae Cyphon sp. 677 891 261 58 61 24 17 2 1991 194

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 2 300 029

Chironomidae Chironomidae sp. C 86 416 2% 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 2426 1291 2490 380 2175 816 1520 13,365 12.99

Tanypodinae sp. A 146 1251 223 813 46 522 565 254 3820 3.71

Simulidae Simullium sp. 20 3 96 558 182 288 8 449 1604 156

Tipulidae Antocha sp. 16 28 141 121 12 106 138 73 630  0.61

Eriocera sp. A 189 468 214 17 226 426 41 4 1585 154

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

Eriocera sp. C 285 170 103 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 6,462 14,377 6,147 11,018 102,855 100.00
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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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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 ab" (924.5)
Site 2 1644.9 a (903.5)
Site 3 1071.8 be (475.5)
Site 4 14316 a (687.5)
Site 5 537.7d (366.0)
Site 6 1198.1 ab (496.1)
Site 7 512.3d (357.9)
Site 8 918.2 ¢ (402.9)

9.78 ¢ (4.37) 35.77 be (17.57)
10.32 ¢ (11.24) 44.41 ab (14.95)
21.15b (11.40) 32.55 cd (14.03)
3131 a (17.61) 34.83 be (18.01)
36.97 a (11.36) 17.64 d (8.35)
22.82 b (15.64) 30.62 cd (17.43)

1.80 d (1.89) 37.83 c (22.92)

0.30 d (0.44) 68.81 a (21.39)

D 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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MiR— KERREMERAIKESFHRTME (Hisenhoff, 1988)
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
7.26~10.00 Very poor

Very substantial pollution likely
Severe organic pollution likely

ffZe= 1985~1986 k; 1995~1996 (It CHREZ R A KIE R SAREHEM B 2L

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.

T o BUR R. ampla BIELBIRSHE o 55 4 LR
R — 5% R. ampla{l; 28.59%8L# £ 5% .2
% 3 ULERS 1995-96 £ 19.43%FHLt > BE R.
ampla W ELGIREIE o 55 1 55 K 56 2 4k 2 Baetis.
spp. [ FEET E EE 5 1995 & 1996 4 1.5 (% 1)
F (Shieh and Yang, 2000) - fH#& 1995 &
1996 1S 25 1 55~26 2 0k ke 26 4 612 2003
R EFREER % 75 good LLE - {HAZS E
BERUEE 1 Uh KR 2 BhRIKEERE SR
1995 £ 1996 FHy/KHE o

5T U R 8 URERRI IR E IR - B AT
AT PR R - I 2 Uk A HARPR 5
FIFEAME 30 f jk 32 fEAA) > (HEER 6
UHEFATERE] 39 43 fEAEE o Bl Shieh and
Yang (2000)#z &5/ 40 fftH LA L AN K - Yang
et al. (1990) FREA[FFRA R EEEREL » /K#E

348 Al RS HIUEF L

Bt H e A - HECERR VD IRE - Frik
JEKE B iR D © FRfAERY 5 RIS -
AR EAVRTDIERE » 1A S SRR H Bl
Yang et al. (1990) FAEAFE 2 EWAHM »
] IR JES ' o 5 K BE R B o0 AT o WP RL
Ephemera B=yE KGR EE (Ban and
Kawai, 1986) & 7 UL JE E. sauteri 5 8
St AR 2 W ER Rk - SR HE VK B e TS
BRI RIE o LLEH@ AT TR A i 3
# (Shieh and Yang, 2000) > 5 1985 £4 »
RLFRENE A& E. sauteri Y FE S S H
Bl > 32 TR > BT IR B S s H A
EIAEE o

55T SRR AR TR - H—E R
Wl Bfss 8 uhAYy 11,018 {A#SEE/D £
6,147 (g K=) » HHERUHREET »



AR R 2 5L - i FBL {HA[15R1% 7
uh ks 8 uhKE MG e Al (Fair) LA
| {H EPT B80S 19 K 20 » /M H A
JNuhz 24 2 27 - HEAERARIZEIEER T KEE
gt B UG ARERI B RN D 2 Bl -
DL 7 shm & - BB HIZEE EM
(Oligochaeta) BE#5|} (Tubificidae) HY7K4:
sl - BRSBTS e LARTR
ZIUTEE YR » RIETS SRR AT JEE AR
17 > Wt - §EEAAF (Leynen et al.,
1999) - Bids[ LS RBP II1 ) HBI 25 Z2{E#%E ]
TEBRAE Barbour et al., 1999) - & 7
%5 8 Ui R. ampla FIIFHEEREE (< 2%) > BAEA
A HoAth 250G o 5 IRIR 8 T3 R 2R HLAE
AR 1T > FREE S IR AT i B A R K E
g% > [RERZEE R B T R afg s s -
BE W > RISz AV B FEE % » A5
fit BRI A A A 4 PR » HoKE
Bz o KRR addhak B MRaEmaat
IR AR R - AR C RN
MEVRL IR — NIFEE - AR KEEZE - "REE
FOBEICRENE TR > M-CRENE KR
aRBCE D > VU R ER R E D - %]
RE & S B LR IENE [ AR /K B B a4 4
B MR H SV s R R KRR
anf IR - PSS B E TR B EE T
WH

{EAEAE S e B It Fh AR B K A B > I
i SRR i sk i 1 2R B SR A N B R
BHRY ~ SR » SAT R B 2 I ESE
WA > AME R KAE RIS TR - A fE
AR ~ 22N REECRIENEISEE - ot
— G ERETE DR I AR AL ) ek ) AR 17 52 B
[EEE A - ATe R, ~ AR ~ BORRK
50 St R T ~ ERZERE e \ BTGB 2 R

KA FE A SN B & 3 B HHBE R AE
SRR 092-301020500G-012 2 & EER) »
Je Wi 3 & B A K S E T R HBGE -

5| S Bk

EBFEE= <1937 - B KFIR DD Bk & FF
5 o B 27: 153-159 o

MR - 2003 o R R R AR E ) 2 PR
HilE 2= - ABEE ABEEHERAEE
HREIT - 34 H o

Ban, R., and T. Kawai. 1986. Comparison
of the life cycles of two mayfly
species between upper and lower
parts of the same stream. Aquat.
Insect 8: 207-216.

Barbour, M. T., J. Gerritsen, B. D. Snyder,
and J. B. Stribling. 1999. Rapid bioas-
sessment protocols for use in streams
and wadeable rivers: periphyton, ben-
thic macroinvertebrates, and fish. 2
ed. EPA 841-B-99-002. Environmental
Protection Agency, Office of Research
and Development, Washington, DC.
339 pp.

Bode, R. W., M. A. Novak, and L. E. Abele.
1996. Quality assurance work plan
for biological stream monitoring in
New York State. NYS Department of
Environmental Conservation, Albany,
NY. 89 pp.

Brammer, C. A., and J. F. MacDonald.
2003. Benthic insect fauna of a clean-

water stream on Utah's Colorado

Lok R sE S HER AR ARk E 349



Plateau, USA. West. N. Am. Nat. 63:
21-34.

Butcher, J. T., P. M. Stewart, and T. P.
Simon. 2003. A Benthic Community
Index for streams in the Northern
Lakes and Forests Ecoregion. Ecol.
Indicat. 3: 181-193.

Campbell, B. C., and R. F. Denno. 1978.
The structure of the aquatic insect
community associated with intertidal
pools on a New Jersey salt marsh.
Ecol. Entomol. 3: 181-187.

Hsu, C.-B., and P.-S. Yang. 1997. Study
on the assessment of water quality
with biological indicator of aquatic
insects in the Keelung River.
Chinese J. Entomol. 17: 152-162 (in
Chinese).

Glazier, D. S. 1991. The fauna of North
American temperate cold springs:
patterns and hypotheses. Freshw.
Biol. 26: 527-542.

Hilsenhoff, W. L. 1988. Rapid field
assessment of organic pollution with
a family-level biotic index. J. N. Am.
Benthol. Soc. 7: 65-68.

Kang, S.-C., and C.-T. Yang. 1994a. Three
new species of the genus Ameletus
from Taiwan (Ephemeroptera: Siph-
lonuridae). Chinese J. Entomol. 14:
261-269.

Kang, S.-C., and C.-T. Yang. 1994b.
Heptageniidae of Taiwan (Ephe-
meroptera). J. Taiwan Mus. 47: 5-36.

Kawai, T. 1985. An illustrated book of

aquatic insects of Japan. Tokyo Uni-

350 Hil RS HIuEF L

versity, Tokyo. 409 pp (in Japanese).

Leeper, D. A., and B. E. Taylor. 1998.
Insect emergence from a South
Carolina (USA) temporary wetland
pond, with emphasis on the Chirono-
midae (Diptera). J. N. Am. Benthol.
Soc. 17: 54-72.

Leynen, M., T. V. d. Berckt, J. M. Aerts, B.
Castelein, D. Berckmans, and F.
Ollevier. 1999. The use of Tubificidae
in a biological early warning system.
Environ. Pollut. 105: 151-154.

McCormick, P. V., P. S. Gawlik, K.
Lurding, E. P. Smith, and F. H. Sklar.
1996. Periphyton- water quality
relationships along a  nutrient
gradient in the northern Florida
Everglades. J. N. Am. Benthol. Soc.
15: 433-449.

Merritt, R. W., and K. W. Cummins. 1984.
An introduction to the aquatic
insects of North America. 2nd ed.
Kendall and Hunt, Dubuque, IA. 722
pp.

Plafkin, J. L., M. T. Barbour, K. D. Porter,
S. K. Gross, and R. M. Hughes. 1989.
Rapid assessment protocols for use in
streams and rivers: benthic macroin-
vertebrates and fish. EPA 440-4-89-
001. Environmental Protection Agency,
Office of Water Regulations and
Standards, Washington, DC. 177 pp.

Rohlf, F. J.,, and R. R. Sokal. 1995.
Biometry. 3rd ed. WH Freeman, New
York. 887 pp.

Rutz, D. A, R. C. Axtell, and T. D.



Edwards. 1980. Effect of organic
pollution levels on aquatic insect
abundance in field pilot-scale anae-
robic animal waste lagoons. Mosq.
News 40: 403-409.

Schiitz, C., M. Wallinger, R. Burger, and L.

Fureder. 2001. Effects of snow cover
on the benthic fauna in a glacier-fed
stream. Freshw. Biol. 46: 1691-1704.

Shieh, S.-H., and P.-S. Yang. 2000.
Community structure and functional
organization of aquatic insects in an
agricultural mountain stream of
Taiwan: 1985-1986 and 1995-1996.
Zool. Stud. 39: 191-202.

Suren, A. M. 1994. Macroinvertebrate
communities of streams in western
Nepal: effects of altitude and land
use. Freshw. Biol. 32: 323-336.

Tsuda, M.
Hokuryu-kan, Tokyo, Japan. 269 pp

1962. Aquatic entomology.

(in Japanese).

Ward, J. V. 1992. Aquatic Insect Ecology,
Part I, Biology and Habitat. Wiley,
New York. 456 pp.

Yang, P.-S., S.-H. Shieh, and K.-C. Wong.
1990. Survey on the resource and
ecology of aquatic insects in Pei-Shih
stream. II. The hydrodynamic factors
of the stream and the community
structure of the aquatic insects.
Chinese J. Entomol. 10: 249-269 (in
Chinese).

Yang, P.-S., Y.-S. Line, K.-C. Huang, S.-H.
Liang, S.-H. Shieh, and C.-S. Tzeng.
1986. Investigations of aquatic insect
fauna and ecology of the streams in
the Wulin Farm. Ecologic Research
Report No. 001, Council of Agricul-
ture, Taipei, Taiwan. 40 pp (in
Chinese).

Zamora-Munoz, C., and J. Alba-Tercedor.
1996. Bioassessment of organically
polluted Spanish rivers, using a
biotic index and multivariate me-
thods. J. N. Am. Benthol. Soc. 15:
332-352.

WEBEHE : 2004 £10 B 5 H
B2 HHE 2004 £12 B 23 H

Lok RsENEHER AR RBtmRikE 351



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
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