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 ( )  
Fig. 1.  Map of sampling sites in the Mt. Hohuan area (thick lines, mountain ridgelines; thin lines, creeks; dotted 

lines, roads; open circles, sampling sites). 
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Table 1.  Elevation, shape, shoreline, surface, and cover at eight sampling sites in the Mt. Hohuan area 

 St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 
Elevation (m) 3100 3100 3050 3100 3100 3000 3200 2900 
Shape Orbicular Oblong Branched Oblong Oblong Orbicular Oblong Oblong 
Shoreline (m) 45 46 36 34 34 32 100 200 
Surface ( ) 100 100 35 65 46 22 450 2000 
Cover (%) 0 1 32 11 7 20 50 40 
 
 

8  (abbr. mean ± SD n = 4) 
Table 2.  Variables of water quality at eight sampling sites in the Mt. Hohuan area during the sampling period (abbr., 

abbreviation; mean ± standard deviation, n = 4) 

Variables of water quality abbr. St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 
Max. temperature (oC) TMax 18.6±6.4 19.1±6.4 15.8±5.0 18.4±7.1 15.4±6.3 17.0±4.9 10.9±2.9 15.8±6.8 
Min. temperature (oC) TMin 6.7±3.8 5.3±2.2 6.8±3.2 5.8±4.0 7.6±4.7 7.0±2.3 4.3±2.8 8.6±6.7 
Dissolved oxygen (mg/l) DO 6.2±0.8 6.6±0.4 6.1±0.7 7.8±0.9 7.4±0.9 6.8±0.4 8.3±0.9 6.2±0.7 
p H p H 6.3±0.7 6.2±0.8 5.7±0.7 6.9±0.3 6.3±0.2 6.3±0.5 6.7±0.3 6.4±0.4 
Conductivity (µS/cm) Cond 6.2±2.2 6.0±2.1 5.6±1.8 134.4±34.0 11.5±2.0 6.5±1.9 74.0±15.4 8.5±2.0 
Total dissolved solids (mg/l) TDS 3±1 3±1 3±1 63±16 5±1 3±1 35±7 4±1 
Total hardness (mg/l) Hard 1.1±0.5 1.1±0.5 1.6±0.5 64.8±21.5 4.1±2.3 2.3±0.9 34.5±4.9 1.6±0.5 
Total alkalinity (mg/l) Alk 5.8±1.3 5.0±1.8 5.4±1.1 58.6±15.4 7.3±1.1 6.5±2.1 33.1±7.0 7.3±3.1 
Ammonia (mg/l) Ammo 0.23±0.07 0.20±0.05 0.20±0.06 0.06±0.03 0.11±0.03 0.14±0.05 0.02±0.01 0.21±0.11 
Nitrite (µg/l) Nitri 5±2 5±1 4±1 5±1 5±2 6±1 4±2 5±0 
Nitrate (mg/l) Nitra 0.6±0.1 0.7±0.1 0.7±0.1 0.5±0.3 0.7±0.2 0.7±0.4 0.3±0.4 0.7±0.1 
Orthophosphate (mg/l) Phos 0.06±0.08 0.06±0.06 0.05±0.05 0.05±0.04 0.06±0.05 0.03±0.01 0.05±0.02 0.08±0.04 
Sulfate (mg/l) Sulfa 0±0 0±0 0±0 5±8 0±1 0±0 0±1 1±2 
Sulfide (µg/l) Sulfi 6±2 4±3 4±3 3±2 3±4 3±1 2±1 2±1 
Total phosphorus (mg/l) TP 0.47±0.25 0.58±0.29 0.51±0.18 0.31±0.12 0.29±0.01 0.44±0.13 0.17±0.03 0.27±0.04 
Total Kjeldahl nitrogen (mg/l) TKN 2.19±0.86 2.70±0.72 2.60±0.71 2.08±0.00 2.19±0.40 2.50±0.90 1.66±0.68 1.87±0.42 
Chemical oxygen demand (mg/l) COD 26±12 30±14 29±9 19±19 22±17 25±18 3±3 11±3 
Turbidity (FTU) Tur 41±29 49±22 41±14 14±13 24±13 47±9 1±1 10±2 
Suspended solids (mg/l) SS 26.1±42.6 30.3±33.5 37.8±35.8 9.0±6.6 29.4±34.6 29.6±34.0 0.7±0.8 4.1±5.2 
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 (0.1%)  

(Chironomus sp.) 22,012  

(Polypedilum sp.) 3911  

(Procladius sp.) 3864

91.1%  

8
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taiyal)  (Limnephilus alienus)   

 (Agabus fu lv ipennis )   

8  (abbr. ) 
Table 3.  Total number of individuals of benthic macroinvertebrates collected at eight sampling sites in the Mt. Hohuan 

area during the sampling period (abbr., abbreviation) 

Taxa abbr. St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 
Oligochaeta Oc       463 178 
Bivalvia          

Pisidium casertanum Pi       3 782 
Ephemeroptera          

Cloeon sp. Cl        70 
Odonata          

Aeshna petalura taiyal Ae 11 7 25 23 12 3  8 
Trichoptera          

Asynarchus sp. As       16  
Limnephilus alienus Li 111 102 24 114 7 13 76 91 
Oligotricha sp. Ol        3 

Coleoptera          
Agabus fulvipennis Ag 7 2 1 2 12 2 6 1 

Diptera          
Chironomus sp. Ch 5593 4409 2773 1569 2827 2887  1954 
Derotanypus sp. De    52  95   
Dicrotendipes sp. Di        96 
Heterotrissocladius sp. He       49  
Macropelopia sp. Ma    6   99  
Micropsectra sp. Mi    109   179  
Polypedilum sp. Po 1602 1159 359 36 510 5 1 239 
Procladius sp. Pr 542 465 512 531 825 11  978 
Stictochironomus sp. St       39  

 
 

 



 266  

8  (NCBI) (mean ± SD
n = 4) 

Table 4.  Mean number of benthic macroinvertebrate taxa, diversity, evenness, density, and North Carolina biotic 
index (NCBI) at eight sampling sites in the Mt. Hohuan area during the sampling period (mean ± standard 
deviation, n = 4) 

Site No. of taxa Diversity (H) Evenness (e) Density (no./ ) NCBI 
St. 1 5.5 ± 0.58 0.36 ± 0.10 0.48 ± 0.12 15656.8 ± 8286.1 9.13 ± 0.31 
St. 2 5.0 ± 1.2 0.33 ± 0.10 0.47 ± 0.10 12229.3 ± 4579.3 9.22 ± 0.36 
St. 3 5.2 ± 0.5 0.34 ± 0.08 0.48 ± 0.13  7352.7 ± 2972.2 9.43 ± 0.15 
St. 4 7.5 ± 1.0 0.46 ± 0.07 0.52 ± 0.10  4860.6 ± 4238.5 9.24 ± 0.23 
St. 5 5.5 ± 1.0 0.35 ± 0.11 0.48 ± 0.11  8346.0 ± 1212.5 9.34 ± 0.26 
St. 6 4.8 ± 1.5 0.11 ± 0.08 0.18 ± 0.11  6003.2 ± 4555.1 9.80 ± 0.02 
St. 7 6.0 ± 1.8 0.48 ± 0.16 0.62 ± 0.11  1853.1 ± 1573.3 4.00 ± 1.56 
St. 8 9.2 ± 1.0 0.66 ± 0.12 0.68 ± 0.12  8758.0 ± 3282.8 9.37 ± 0.42 

 

32 CCA 2  ( A D )  
Fig. 2.  Ordination of 32 samples corresponding to the species composition of macroinvertebrates along the first two 

CCA axes (solid triangles, sampling sites; capital letters A-D, the four seasons of spring, summer, autumn, 
and winter, respectively). 
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Fig. 3.  Ordination of 17 taxa of benthic macroinvertebrates corresponding to 19 water variables along the first two 
CCA axes (arrows, water variables; solid triangles, benthic macroinvertebrates; abbreviations of water 
variables and macroinvertebrates are given in Tables 2 and 3). 
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Distribution of Benthic Macroinvertebrates in Mt. Hohuan 
Area Ponds, Central Taiwan 
 
Sue-Cheng Lin* Division of Zoology, Endemic Species Research Institute, No. 1 Min-Sheng E. Rd., Chichi, Nantou 552, Taiwan 

Ser-Her Shieh Department of Ecology, Providence University, 200 Chungchi Rd., Shalu, Taichung 433, Taiwan 

Ping-Shih Yang Department of Entomology, National Taiwan University, No. 1 Sec. 4 Roosevelt Rd., Taipei 106, Taiwan 

ABSTRACT 

This study was conducted to survey water quality and benthic 
macroinvertebrates at eight ponds in the Mt. Hohuan area in 2001. In total, 
32,686 specimens of benthic macroinvertebrates belonging to three classes, 
seven orders, eight families, and 17 taxa were collected. These taxa included 
nine taxa of Diptera, three taxa of Tricoptera, and one taxon for each group 
of the Oligochaeta, Bivalvia, Ephemeroptera, Odonata, and Coleoptera. 
Diptera were the most abundant taxa, and they accounted for 93.3% of 
individuals. The relationships between water quality and benthic 
macroinvertebrates were assessed by canonical correspondence analysis 
(CCA). The first two CCA axes explained about 46.7% of the variance in the 
macroinvertebrate assemblages. Based on the ordination on the first two 
CCA axes, the plots were divided into three groups. Benthic 
macroinvertebrates at site 7 corresponded to intolerant taxa, and site 7 was 
classified into an oligosaprobic pond typology. Sites 1-6 had benthic 
macroinvertebrates belonging to tolerant taxa, and were classified as a 
polysaprobic pond typology. Site 8 contained taxa that had medium tolerance 
to poor water quality, and was determined to have a mesosaprobic pond 
typology. 

 
Key words: Mt. Hohuan, pond, water quality, benthic macroinvertebrates 
 
 




