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  Abstract         The spatial and seasonal pattern of macrozoobenthic structure and its relationship with 
environmental factors were studied from July 2006 to April 2008 in Mingzhu Lake, Chongming Island, 
Shanghai at the Changjiang River mouth. The congruences in water quality bioassessment based on diversity 
and biotic indices and using diff erent taxonomic categories were also explored to fi nd the best assessment 
method of water quality for the lake. All major structural characteristics of macrozoobenthic community, 
including species composition, abundance, biomass and four biomass-based diversity indices (Shannon’s 
diversity, Simpson’s diversity, Pielou’s evenness and Simpson’s evenness index) fl uctuated signifi cantly in 
season but in space. The above four abundance-based diversity indices plus abundance-based Margalef’s 
richness index did not display signifi cant spatial variations; and signifi cant seasonal diff erences were found 
in three indices only. Water temperature was the key environmental factor responsible for macrozoobenthic 
spatio-temporal distribution patterns. Water quality assessed by Shannon’s index ( H  a  ′ ) and biological 
pollution index (BPI) rather than the other four biotic indices were consistent with those by trophic state 
index (TSI). Results from chironomids and oligochaetes did not always agree to those from the whole 
community when  H    a  ′  or Hilsenhoff  biotic index was applied to bioassessment. Therefore, combining 
multiple indices and avoiding a single taxonomic category to assess water quality are strongly recommended 
and in Mingzhu Lake using a mixture of  H  a  ′  and BPI will ensure the most eff ective investigation of water 
quality. Our results also show that the main structural characteristics of macrozoobenthic communities in the 
small lake may display consistent spatial patterns. 

  Keyword : Chongming Island; benthic macroinvertebrate; community structure; biodiversity; spatial and 
seasonal variation; water quality bioassessment 

 1 INTRODUCTION 

 Macrozoobenthos form a major link in energy fl ow 
and substance cycling between primary producers 
and consumers; thus it is an important component of 
lake ecosystems (Covich et al., 1999). Many works 
have long been conducted on spatial and seasonal 
distribution pattern of macrozoobenthic assemblages 
(Cowell and Vodopich, 1981; Muli, 2005; Ohtaka et 
al., 2010). For examples, Donouhe and Irvine (2004) 
and Hu et al. (2009) found that macrozoobenthic 

structural characteristics changed seasonally. 
However, their spatial variation pattern depended on 
the spatial size of the water bodies that studied. 
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Macrozoobenthic structure is ofen found heterogenous 
in a large (e.g., regional) spatial scale. In addition, 
species composition, abundance, and diversity display 
signifi cant spatial distribution in a particular lake 
(Muli, 2005). Variations in water depth, water 
temperature, dissolved oxygen, organic matter, 
submerged macrophyte, sediment type, and 
interspecifi c interaction caused spatial heterogeneity 
in benthic fauna (Pan et al., 2012). However, spatial 
heterogeneity in community structure of 
macrozoobenthos has not been well studied at a fi ne 
scale. Particularly, the congruence of spatial or seasonal 
distribution of species composition, abundance, 
biomass, and diversities of macrozoobenthos at small 
scale has not been well-addressed. 

 Macrozoobenthos is sensitive to natural and 
anthropogenic disturbance because of their low 
mobility; thus it has been used widely as an indicator 
to aquatic environment quality (Slepukhina, 1984). 
Many indices based on macrozoobenthos have been 
designed and applied for water quality monitoring, 
and they fall into one of three categories: diversity 
indices, similarity indices, or biotic indices 
(Washington, 1984; Lydy et al., 2000). However, 
bioassessment results using diff erent indices often 
disagree with each other. Among them, the similarity 
indices seems most promising in bioassessment 
among the three categories of indices (Lydy et al., 
2000), but they can be used only when reference sites 
are deployed. Diversity indices perform better than 
biotic indices in some cases (Duran and Akyildiz, 
2011), whereas in some other cases the opposite is 
true (Varnosfaderany et al., 2010). Therefore, 
application in combination of similarity, diversity, 
and biotic indices is recommended for better 
evaluation on water quality (Boyle et al., 1990; Pinto 
et al., 2009). Oligochaetes and chironomids are two 

widely distributed groups of freshwater 
macroinvertebrates. Chironomids are more mobile 
and depend less on sediment for food and reproduction 
than oligochaetes (Lang, 1999). When they are 
applied individually for bioassessment of a water 
body, the results may disagree with each other (Lang 
and Crozet, 1997; Lang, 1999). 

 Chongming Island (Fig.1) in Shanghai at the 
Changjiang (Yangtze) River mouth is one of the 
world’s largest alluvial-build island and the country’s 
third largest island. It has been taken as an area of 
pioneer project for green city construction. Mingzhu 
Lake is the largest inland lake in the island, which 
was created by reclamation in the South Branch of the 
estuary in 1970s. The lake is a small water body in 
low spatial habitat heterogeneity but high seasonal 
variation. Recently, Chen et al. (2009, 2010, 2011) 
studied the protozoa, rotifer, and phytoplankton 
communities of the Lake. Hu et al. (2009) only used 
chironomid larvae to assess the water quality of the 
lake due to limited identifi cation technique. Although 
water quality level of this lake using chironomid are 
consistent with those using planktons (Hu et al., 2009; 
Chen et al., 2009, 2010, 2011), deviations in water 
quality assessment using a single taxonomic category 
(chironomid) of benthic fauna carried out by Hu et al. 
(2009) might be produced (Lang and Crozet, 1997; 
Lang, 1999). In present study, we fi rstly identifi ed the 
spatial and seasonal pattern of species composition, 
abundance, biomass and diversity of macrozoobenthic 
community and its relationship with environmental 
factors, and further explored the congruence among 
diff erent bioassessment approaches respectively 
based on diff erent taxonomic categories to fi nd the 
best assessment method of the water quality for this 
lake. 

 2 STUDY AREA 

 Mingzhu Lake (31°43.7′–31°45.0′N, 121°14.8′–
121°15.5′E) is located in Lyuhua Town, southwest of 
Chongming Island. It is a semi-rectangle in shape, 
some 2.5 km north to south and 0.34–0.79 km east to 
west. The total surface area of the lake is about 
1.33 km 2  and water depth 1.0 to 4.5 m, mean at 2.8 m. 
The lake is in the subtropical oceanic monsoon zone; 
the annual mean water temperature is about 17.5°C 
and rainfall 1 123.7 mm. The lake had been suff ered 
from considerable organic pollution as it served as a 
breeding base for economic aquatic animals before 
2005 and artifi cial baits were used during the 
aquaculture. 
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 Fig.1 Sampling station distribution of macrozoobenthos 
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 3 MATERIAL AND METHOD 

 3.1 Field investigation 

 Water samples and two replicate sediment samples 
for macrozoobenthos were collected in January, April, 
July, and October in 5 stations (Stations 2 to 6 from 
Jul. 2006 to Jan. 2007) and 6 stations (Stations 1 to 6 
from Apr. 2007 to Apr. 2008) in the profundal zone of 
the Lake (Fig.1). Sampling for macrozoobenthos was 
performed with a modifi ed Peterson grab whose 
opening area is 625 cm 2 . The samples were then wet 
sieved with a 0.45-mm mesh. The retained material 
was kept individually in polythene bottles and labeled. 
In laboratory, animals were sorted out from the 
retained material and preserved in 8% buff ered 
formalin solution, all specimens were identifi ed under 
dissecting and light micorscopy to species or genus 
level. Water temperature (WT), water depth (WD), 
Secchi depth (SD), pH, and dissolved oxygen (DO) 
were measured in situ. Total phosphorus (TP) was 
determined in colorimetry per Chinese national 
standard GB11893-1989, and total nitrogen (TN) was 
determined via alkaline potassium persulfate digestion 
and UV spectrophotometry per Chinese national 
standard GB11894-1989. Potassium permanganate 
index (COD Mn ) was determined using acidic potassium 
permanganate method per Chinese national standard 
GB/T11892-1989. Ammonia nitrogen (NH 3 -N), 
nitrite nitrogen (NO 2 -N) and orthophosphate (PO 4 -P) 
were determined using Nessler’s reagent method per 
GB 7479-87, spectrophotometry, and molybdenum 
blue technique per GB 11893-89, respectively. 
Chlorophyll  a  (Chl- a ) was measured spectrophoto-
metrically (Jin and Tu, 1990) (Table 1). 

 3.2 Diversity 

 Diversity indices, including Margalef’s richness 
index ( R ), Shannon’s diversity index ( H′ ), Simpson’s 
diversity index (1/ D ), Pielou’s evenness index ( J ) and 
Simpson’s evenness index ( E ), were calculated by the 
following equations:  R =( S –1)/ln N ,  H' =-Σ( n  i / N )ln( n  i / N ), 
1/ D =1/Σ( n  i / N ) 2 ,  J = H' /ln( S ),  E =(1/ D )/ S , where  S ,  n  i , 
and  N  are the species number, abundance or biomass 
of species  i , and total abundance or biomass of all 
species in a station, respectively. 

 3.3 Assessment of water quality 

 Six biotic and diversity indices, including  H' , 
Goodnight-Whitley biotic index (GWBI), Wright 
biotic index (WBI), Carlander’s biotic index (CBI), 
Biological pollution biotic index (BPI) and Hilsenhoff  
biotic index (HBI), were used to assess water quality. 
The formulas for GWBI, WBI, CBI, BPI, and HBI 
and the water quality standard based on these 
parameters and  H'  followed three publications (Hu et 
al., 2009; Liu et al., 2011; Wu et al., 2011). Carson’s 
trophic state index (TSI) was calculated and used to 
indicate eutrophication degree according to a method 
and evaluation standards described by Jin and Tu 
(1990). 

 3.4 Statistical analysis 

 Data were square root transformed to normal 
distribution and homogeneity of variances. Two-way 
analysis of variance (ANOVA) was used to test for 
signifi cant diff erences in the abundance, biomass and 
diversity of the whole macrozoobenthic community 
in diff erent seasons and stations. If signifi cant 
diff erence  P <0.05 by ANOVA, Duncan’s test was 
used to compare the mean values among groups. 

 Cluster analysis on the abundance was carried out 
in the “Pvclust” routine in the R environment (http://
www.is.titech.ac.jp/~shimo/prog/pvclust/; Suzuki 
and Shimodaira, 2006a) to identify the spatial and 
seasonal diff erences in taxon composition of 
macrozoobenthic communities. Two types of 
probability values, the approximately unbiased (AU) 
 P -value, and bootstrap probability (BP) were 
computed in parallel by the routine. The AU 
confi dence that can correct the bias in the BP value 
caused by a constant sample size is more accurate and 
therefore was used to assess uncertainty of results 
caused by sampling error of data. The signifi cance 
level of clusters was set to 95% (Suzuki and 
Shimodaira, 2006b). Similarity percentage (SIMPER) 
was analyzed using software PRIMER to identify the 
taxa responsible for observed diff erences. Data of 
taxa abundance and environmental variables except 
for pH were log ( χ +1) transformed for normalization. 
Program CANOCO was used to conduct redundancy 

 Table 1 Averages of physical and chemical parameters of the lake in the study 

 Parameters  WT   (°C)  Chl- a    
(μg/L)  WD   (m)  SD   (cm)  pH  DO 

  (mg/L)  TN (mg/L)  NH 3 -N 
(mg/L) 

 NO 2 -N 
(mg/L)  TP (mg/L)  PO 4 -P 

(mg/L) 
 COD Mn   
 (mg/L) 

 Mean  17.5  11.83  2.4  47.7  8.45  8.66  1.399  0.465  0.006  0.087  0.031  4.052 

 SE  1.3  1.11  0.1  2.7  0.08  0.08  0.142  0.056  0.001  0.006  0.003  0.182 
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analysis (RDA) on the pretreated data. In the RDA, 
only the taxa on at least three occasions contributed 
≥1% of the total abundance included (Soininen et al., 
2004). The RDA was run with forward selection of 
environmental variables. The signifi cance of 

environmental variables was tested with 999 Monte 
Carlo permutations. 

 4 RESULT 

 4.1 Spatial and seasonal community composition 

 Thirty-three taxa of macrozoobenthos collected 
were of classes Annelida, Arthropoda, Mollusca, and 
Nematomorpha. Among them, Arthropoda (15 taxa) 
and Annelida (12 taxa) were dominant for taking 
jointly 81.8% of the total in species number (Table 2). 

 Cluster analysis revealed two distinct groups: 
winter group (WG) and non-winter group (NWG) 
(Fig.2). SIMPER showed that over 77.2% of the 
similarity in WG was due to  Propsilocerus   akamusi  
and about 89.7% of the similarity in NWG was 
contributed by  Limnodrilus   hoff meisteri  (51.0%), 
 Microchironomus  (31.0%) and  Tanypus   chinensis  
(7.7%).  Propsilocerus   akamusi  (37.7%),  L . 
 hoff meisteri  (21.7%),  Microchironomus  (16.7%) and 
 T .  chinensis  (6.1%) were the key members causing 
dissimilarity between WG and NWG. 

 4.2 Spatial and seasonal pattern of abundance, 
biomass, and diversity 

 Two-way ANOVA of macrozoobenthic abundance, 
biomass, three indices of abundance-based diversity 
( R  a ,  H  a  '  and  J  a , where subscripted a stands for 
abundance) and four indices of biomass-based 
diversity ( H  b  ′ ,  J  b , 1/ D  b  and  E  b , where subscripted b 
denotes biomass) indicated signifi cant variation in 
season (all  F >3.14,  P <0.05), but in station (all  F <1.41, 
 P >0.05) and for station × season interactions (all 
 F <2.03,  P >0.05) (Figs.3–5). However for 1/ D  a  and 
 E  a , neither signifi cant variation in season (1/ D  a : 
 F =2.159,  P >0.05;  E  a :  F =0.906,  P >0.05) and in station 
(1/ D  a :  F =0.414,  P >0.05;  E  a :  F =0.329,  P >0.05) nor in 
station × season interaction (1/ D  a :  F =1.971,  P >0.05; 
 E  a :  F =0.837,  P >0.05) were found.  

 4.3 Relationship between environmental factors 
and taxa spatial distribution 

 The eigenvalues for RDA axis 1 (0.25) and axis 2 
(0.13) explained 38.3% of the total variance of 
macrozoobenthic species. The species-environment 
correlations were 0.96 for the fi rst axis and 0.78 for 
the second axis, and the cumulative percentage 
variance of species-environment relation was 75.8% 
for the fi rst two axes, indicating a relatively strong 
correlation between 12 selected environmental 

 Table 2 The relative abundance (%) of diff erent species of 
community types 

 Group  Taxa  NWG  WG  Total 

 Nematomoha  Nematoda sp. (NEM)  0.07  1.54  0.65 

 Annelida   Auldrilus   limnobius   0.07  0  0.04 

    A .  pectinatus   0  0.11  0.04 

    A .  pigueti   0.02  0  0.01 

    A .  pluriseta  (AP)  0.05  0  0.03 

    Limnodrilus  
 grandisetosus  (LG)  1.1  0.22  0.75 

    L .  hoff meisteri  (LH)  48.58  11.05   33.86  

    Teneridrilus   mastix   0  0.03  0.01 

    Tubifi cinae  sp.  0.2  0.41  0.28 

    Tubifex   tubifex  (TT)  0.27  0.16  0.23 

   Nereidida sp. (NER)  0.14  0  0.09 

    Nais  sp.  0.04  0  0.02 

    Laonome  sp.  0.12  0  0.08 

 Mollusca   Alocinma   longicornis  (AL)  0.11  0 .03  0.08 

    Parafossarulus   striatulus   0.02  0  0.01 

    Radix   swinhoei   0.02  0  0.01 

    Sphaerium   lacustre   0.02  0  0.01 

    Stenothyra   glabra   0.05  0  0.03 

 Arthropoda  Ceratopogouidae sp.  0.02  0.03  0.02 

  Chironomus   fl aviplumus (CF)  1.51  0.3  1.04 

  Clinotanypus  sp. (CS)  1.58  4.29  2.64 

  Cryptochironomus  
 digitatus  (CD)  2.5  3.11  2.74 

  Microchironomus  sp. (MS)  29.79  6.76   20.76  

  Polypedilum   leucapus   0.02  0  0.01 

  P .  scalaenum  (PS)  0.11  0.03  0.08 

  Procladius   choreus  (PC)  5.32  4.01  4.81 

  Propsilocerus   akamusi  (PA)  0.36  60.93   24.11  

  Rheotanytarsus   esiguus   0.05  0  0.03 

  Stempellina  sp. (SS)  0  0.16  0.06 

  Tanypus   chinensis  (TC)  5.75  3.82   4.99  

 Isopoda sp. (IS)  1.3  2.42  1.74 

  Grandidierella   japonica  (GJ)  0.34  0.25  0.3 

  Corphium   volutator  (CV)  0.5  0.36  0.44 

 Total abundance (ind./m 2 )  1326.2   2645.8  1648.7 

 WG: group consists of stations in winter, NWG: non-winter group is 
composed of stations in spring, summer, and autumn. 
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variables and 17 taxa considered. Forward selection 
showed that 6/12 environmental variables contributed 
independently and signifi cantly to the variance in the 

macrozoobenthic data. Water temperature was the 
key taking 24% of the total variance, followed by DO 
(10%), orthophosphate (5%), SD (4%), pH (3%), and 
water depth (3%). Axis 1 was correlated mainly to 
water temperature ( R =-0.923) and pH ( R =-0.451), 
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whereas Axis 2 was mainly to DO ( R =0.614), water 
depth ( R =-0.445), pH ( R =0.426), and SD ( R =0.385) 
(Fig.6). 

  Propsilocerus   akamusi  occurred mostly in cold 
water.  L .  hoff meisteri  preferred to habitats of warm 
and deep water, and low transparency and DO. 
 Microchironomus  sp. inhabited mainly in high pH 
and DO places. 

 4.4 Bioassessment to water quality 

 Assessment to water quality with six biological 
and diversity indices yielded somehow inconsistent 
results. The assessment results of the lake water 
quality were better with the GWBI, WBI, and CBI 
than with HBI, BPI and  H  a  ' . The latter two indices 
indicated that the lake was moderately polluted, 
which is consistent with the results of TSI (Table 3).    

 The values of  H  a  '  obtained based on both the 

chironomid and the whole community (WC) indicate 
moderate pollution in all stations, whereas those 
based on oligochaetes show serious pollution, 
reaching worsen than the results based on the other 
two methods (Tables 3, 4). The result by HBI 
assessment based on both oligochaete and WC 
indicates that all stations were seriously polluted. 
However, HBI based on the chironomid shows that all 
stations were polluted at a grade better than the results 
by the other two methods (Tables 3, 4). Moreover, 
Wilcoxon test shows that there were signifi cant 
diff erences between HBI based on the two taxonomic 
groups and HBI based on the WC (oligochaetes 
versus the WC:  Z =2.934,  P =0.003; chironomids 
versus the WC:  Z =2.936,  P =0.003). The same results 
were obtained from  H  a  '  (oligochaetes versus the WC: 
 Z =2.934,  P =0.003; chironomids versus the WC: 
 Z =2.936,  P =0.003). 
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 Table 3 Water quality bioassessment with biotic and diversity indices 

 IP  ST 
  H  a  '   GWBI  WBI  CBI  BPI  HBI  TSI 

 VI  LWQ  VI  LWQ  VI  LWQ  VI  TS  VI  LWQ  VI  LWQ  VI  TS 

 2006.7–
2007.4 

 2  1.62  MP  32.5  LP  333  LP  1.92  OMT  1.32  α-MP  8.83  SP  49.5   MT 

 3  1.67  MP  45.1  LP  938.7  LP  3.23  MT  1.62  β-MP  9.00  SP  51.2   LET 

 4  1.81  MP  24.6  CL  224.0  LP  2.63  MT  1.55  β-MP  8.87  SP  50.7   LET 

 5  1.29  MP  3.6  CL  40.0  CL  3.40  MT  1.14  α-MP  8.70  SP  51.2   LET 

 6  1.95  MP  43.8  LP  256.0  LP  0.64  OT  1.04  α-MP  8.65  SP  52.8   LET 

 2007.7–
2008.4 

 1  1.75  MP  23.7  CL  525.3  LP  3.14  MT  1.80  β-MP  8.82  SP  51.1   LET 

 2  1.82  MP  36.5  LP  581.3  LP  1.91  OMT  2.14  β-MP  8.74  SP  47.7   MT 

 3  1.63  MP  46.4  LP  1754.7  MP  5.83  MT  1.08  α-MP  8.97  SP  51.9   LET 

 4  1.67  MP  35.6  LP  1605.3  MP  5.53  MT  1.45  α-MP  8.74  SP  48.2   MT 

 5  1.73  MP  24.2  CL  784.0  LP  2.39  OMT  0.98  α-MP  8.54  SP  52.5   LET 

 6  1.66  MP  43.6  LP  1677.3  MP  4.02  MT  1.04  α-MP  8.61  SP  52.3   LET 

 IP: investigation period; ST: station; VI: value of index; LWQ: level of water quality; TSI: trophic status index; TS: trophic status; MP: moderately polluted; 
LP: lightly polluted; CL: clean; MT: mesotrophic; OT: oligotrophic; OMT: oligo- to meso-trophic; α-MP: α-moderately polluted; β-MP: β-moderately 
polluted; SP: seriously polluted; LET: lightly eutrophic. 
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 Fig.6 RDA biplot of macrozoobenthos and environmental 
variables (see abbreviations in Tables 1 & 2) 
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 5 DISCUSSION 

 5.1 Spatial and seasonal distribution patterns of 
macrozoobenthos 

 High spatial heterogeneity favors generation of 
abundant food and off ers refuges for growth and 
reproduction of macrozoobenthos. The spatial 
variations of structural characteristics of macro-
zoobenthic community have been found usually being 
related to spatial heterogeneity of habitat (Shostell 
and Williams, 2008). Mingzhu Lake is a small water 
body with low spatial heterogeneity. It was expected 
that there were no signifi cant spatial diff erences in 
structural properties of its macrozoobenthic 
community. 

 On the other hand, there were signifi cant seasonal 
variations in community composition of 
macrozoobenthos in Mingzhu Lake, and water 
temperature was the most important ecological factor 
responsible for the seasonal and spatial distribution of 
macrozoobenthos. Liu and Liang (1997) reported that 
water temperature could aff ect reproduction, 
development, and overwintering of macrozoobenthos, 
resulting in obvious seasonal changes in 
macrozoobenthic structure.  L .  hoff meisteri  in Taihu 
Lake in South China breeds in March or April, July, 
and November (Li et al., 2012). This species may do 
so in Mingzhu Lake because it is near to Taihu Lake 
at a similar latitude and with a linear distance of 
approximately 86 km, causing probably the dominance 
of  L .  hoff meisteri  in spring, summer, and autumn in 

Mingzhu Lake.  Propsilocerus   akamusi  is a cold water 
species and penetrates deep into sediment for diapause 
in warmer months (Yamagishi and Fukuhara, 1972). 
Its abundances in surface sediment of Lake Suwa in 
Japan are high from December to March of the 
following year, and it disappears from May to 
September (Yamagishi and Fukuhara, 1971). 
Similarly in Mingzhu Lake, seasonal population 
dynamics of this species was found by Hu et al. 
(2009), and its dominance in winter assemblage and 
negative relationship between its abundance and 
water temperature were determined in present study. 
In addition, two-way ANOVA indicated that the 
abundance, biomass, and diversity had signifi cant 
seasonal variations, which may be related to the 
seasonal dynamics and individual weight of the 
dominant taxa and taxon composition of the whole 
community. 

 5.2 Bioassessment of water quality 

  Proposiloceus   akamusi  and  L .  hoff meisteri  are 
pollution-tolerant and common dominant species in 
eutrophic lakes (Milbrink and Timm, 2002; 
Hirabayashi et al., 2004).  Microchironomus  is a 
representative group in highly productive lakes where 
TP>0.15 mg/L (Brodersen and Lindegaard, 1997). 
The macroinvertebrate community in Mingzhu Lake 
was characterized by the three above-mentioned taxa; 
therefore, this lake was in eutrophic state, which is in 
accordance with the results of other studies on 
plankton (Chen et al., 2011). This situation was 
probably related to aquaculture practice. Before 2005, 
Mingzhu Lake was an important breeding base in 
Shanghai for aquatic economic animals, and a large 
amount of artifi cial baits was used for aquaculture. 
Although the lake had been changed to an ecotourism 
area afterwards, endogenous pollution sources in the 
sediment resulted from previous artifi cial baits have 
not completely disappeared. Therefore, the lake was 
still in eutrophic state after its role change. 

 It is often diffi  cult to refl ect the real status of water 
quality of a lake by applying just a single biological 
or diversity index (Boyle et al., 1990; Pinto et al., 
2009), which was true in this case. Washington (1984) 
disliked the biotic indices because of their specifi city 
for a particular type of pollution typically an organic 
one. Boyle et al. (1990) particularly disliked diversity 
indices, except in conjunction with other indices. In 
addition, several other authors argued that it is 
inappropriate to use a single taxonomic group (e.g., 
chironomids or oligochaetes) of macrozoobenthos to 

 Table 4 Water quality assessment based on biotic and 
diversity indices of oligochaetes and chironomids 

 IP  Station 
  H  a  '   HBI 

 VI  LWQ  VI  LWQ 

 2006.7–
2007.4 

 2  0.11/1.05  SP/MP  9.31/8.07  SP/Polluted 

 3  0.34/1.23  SP/MP  9.35/8.16  SP/Polluted 

 4  0.38/1.36  SP/MP  9.11/8.50  SP/Polluted 

 5  0.25/1.01  SP/MP  9.34/8.10  SP/Polluted 

 6  0.16/1.48  SP/MP  9.28/8.32  SP/Polluted 

 2007.7–
2008.4 

 1  0.09/1.45  SP/MP  9.37/8.25  SP/Polluted 

 2  0.33/1.59  SP/MP  9.03/8.18  SP/Polluted 

 3  0.09/1.54  SP/MP  9.38/8.28  SP/Polluted 

 4  0.10/1.38  SP/MP  9.35/8.18  SP/Polluted 

 5  0.20/1.30  SP/MP  9.21/8.11  SP/Polluted 

 6  0.24/1.38  SP/MP  9.31/8.15  SP/Polluted 

 For abbreviations please see Table 3. Data on the left side of slash are for 
oligochaetes and on the right side for chironomids. 
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assess water quality (Lang and Crozet, 1997; Lang, 
1999; Nijboer et al., 2005). In this study, the results 
from chironomids and oligochaetes were not always 
consistent with those from the whole community 
when HBI or  H  a  '  were applied to bioassessment of 
Mingzhu Lake, and biotic index BPI shows that the 
lake suff ered from relatively heavy organic pollution 
during the investigation period. However, this fi nding 
shall be incorporated with those from diversity index 
(Shannon’ index) and TSI, by which water quality of 
Mingzhu Lake can be assessed more objectively and 
precisely. 

 6 CONCLUSION 

 We did not fi nd signifi cant spatial variations in the 
main structural features, including species 
composition, abundance, biomass and all studied 
diversity indices, which can be ascribed to high spatial 
habitat homogeneity of the lake. 

 Both Shannon’s species diversity and biological 
pollution index (BPI) indicate that Mingzhu Lake was 
moderately polluted and eutrophicated by local 
aquaculture activities. However, Results of 
bioassessment on water quality of the lake using other 
four biotic indices (Goodnight-Whitley biotic index, 
Wright biotic index, Carlander’s biotic index, and 
Hilsenhoff  biotic index) were inconsistent with those 
using trophic state index, indicating that diversity and 
biotic indices shall be used together for the 
bioassessment. Moreover, care should be taken when 
using single-taxonomic-group-based bioassessment 
because the results using chironomids and oligochaetes 
may diff er from those using the whole community 
when abundance-based Shannon’s diversity index or 
Hilsenhoff  biotic index were applied for the 
bioassessment. 
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