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Fig. 1. Sampling stations in the tidal zone of Tatu Estuary.
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(distortion)(

1987)

Gauch(1982)

(editing)

(abundance values)

(Noy-Meir

1973; Maarel 1979; Clymo 1980)

Species name                                   Number     Mean of     Maximum        
Total

Standard       
Kurtosis       Skewness 

of plots         IVI            value                               deviation

Uca lactea 29           47.04         100               1693.45          35.87           -1.32               0.21

Uca arcuata  4            8.37           84.12            301.26          24.08             5.19              2.61

Uca borealis 4            1.68           19.83              60.31           4.94           7.05              2.85

Uca formosensis 4            6.53           80.53            234.98         19.38            7.68              2.92

Helice formosensis 1             0.3             10.76              10.76           1.79           36                    6

Helice wuana 21           14.78           49.28            532.24         15.01           -1.13               0.44

Metaplax elegans 3            1.15           19.16              41.38            4.04           12.99              3.63

Scopimera bitympana 6             3.36           32.52            120.82            8.5               5.61              2.57  

Scopimera longidactyla 7             3.43           33.87            123.4              8.14             6.35               2.6

Mictyris brevidactylus 11           16.39          87.52            589.88          29.52             0.81              1.55

Xenophthalmus pinnotheroides 1            0.62           22.42              22.42           3.74           36                   6

Ilyoplax tansuiensis 4             2.86           44.18            103.03           9.18           12.77               3.53

Macrophthalmus banzai 3             3.92           88.53            140.97         16.27          22.73               4.68

Macrophthalmus abbreviatus 3             1.72           25.61              62.09           5.9             10.21              3.34 

Parasesarma bidens 1            0.32           11.41             11.41            1.9             36                   6

Parasesarma plicatum 1             0.34           12.14              12.14           2.02           36                   6

Alpheus lobidens lobidens 2            0.61           11.17              21.87            2.54          15.3                 4.05

Upogebia edulis 10             7.09           72.3              255.17          15.48             8.97               2.85

Cyclina sinensis 10           10.11           72.86            364.13          19.44             2.78             1.92

Laternula marilina 5            7.24           76.18            260.54          20.09             5.76              2.67

Hiatula diphos 1             0.26             9.32                9.32           1.55           36                   6

Species name                      

1. IVI 

Table 1. Statistics of important value indices of the species collected from 36 plots in the tidal

zone of Tatu Estuary in 2000
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IVI

0-100

(rare species

downweighted)

H i l l

(algorithm) (

1/5) 36

41.6% (eigenvalue)

1 0.49 2 0.361

DCA (score) 1

2 ( 2)

3

Plot        Diversity       Evenness       Number of       Plot       Diversity       Evenness       Number of 

code       index (H)       index (e)          species         code       index (H)       index (e)          species

1A            1.263               0.911                   4               3A           1.206              0.870                   4

1B            1.382               0.858                   5               3B            1.834              0.882                   8

1C            1.186               0.856                   4               3C            1.052              0.958                   3

1D           0.308               0.445                   2               3D            0.000             0.000                   1

1E           0.966               0.879                   3               3E            0.784              0.713                   3

1F           1.562               0.872                   6               3F           1.128              0.814                   4

1G            0.608              0.877                   2               3G            0.988             0.899                   3

1H            0.287              0.414                   2               3H            0.507             0.732                   2

1 I            1.160              0.837                   4               3 I           1.142              0.824                   4

2A            1.748              0.898                   7               4A            1.607             0.897                   6

2B            1.572               0.977                   5               4B            1.291              0.802                   5

2C            0.726               0.661                   3               4C            1.299              0.937                   4             

2D            0.579              0.527                   3               4D            0.308             0.445                   2

2E           1.512              0.939                   5               4E            1.130              0.815                   4

2F            1.054               0.960                   3               4F            1.300              0.807                   5

2G           0.939               0.855                   3               4G            1.036             0.943                   3

2H           0.287               0.414                   2               4H            0.585            0.844                   2

2 I           0.560               0.808                   2               4 I           0.980              0.892                   3

2. ( (1-4) )

Table 2. Shannon's diversity indices and evenness indices of the macro-invertebrate communities

sampled at the 36 plots in the tidal zone of Tatu Estuary in 2000 (for plot codes: numbers 1-4, four

seasons; capitalized letters, sampling stations)
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Fig. 2. Ordination of 36 plots corresponding to the species composition of macro-invertebrates along the

first DCA axes (solid triangles, plots; numbers 1-4 above solid triangles, four seasons; capitalized letters

A-I, sampling stations).
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3. DCA 1 2

Fig. 3. Ordination of 21 species of macro-invertebrates corresponding to the abundance values along the

first two DCA axes (solid triangles, species).

4. DCA 1 2 (

(1-4) )

Fig. 4. Ordination of 36 plots and 21 species corresponding to the abundance values along the two DCA

axes (upside-down solid triangle, species; open triangles, plots; numbers 1-4 above triangles, four

seasons; capitalized letters, sampling stations).
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Fig. 5. Dendrogram showing the similarity in macro-invertebrate communities among 36 plots.
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Fig. 6. Dendrogram showing the similarity in important value indices among species.
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7. CCA 2 (

(1-4) )

Fig. 7. Ordination of 28 plots corresponding to three environmental vectors, DO, pH and salinity, along

the first two CCA axes (arrows, direction of maximum change of the variable across the diagram; solid

triangles, plots; numbers 1-4, four seasons; capitalized letters A-I, sampling stations).

8. 20 3 CCA 2

Fig. 8. Ordination of 20 species of macro-invertebrates corresponding to three environmental variables,

DO, pH and salinity, along the first two CCA axes.
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Fig. 9. Ordination of 28 plots corresponding to soil heavy metal contents along the first two CCA axes

(solid triangles, plots; numbers 1-4, four seasons; capitalized letters, sampling stations).
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Fig. 10. Ordination of 20 species of macro-invertebrates corresponding to soil heavy metal contents

along the first two CCA axes (solid triangles, species; arrows, direction of maximum changes of the

variables across the diagram).
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( 3) 3

1

9

8

Station code     Location          Species                                Cu        Cd       Zn        Pb         Ni       Cr        As        Hg  

A            Uca lactea 87.5     2.15     66.5     28.5     19.5     20.5     1.48      0.1   

B             Uca lactea 76.6     2.65     69.5     29        20.5     24        0.92      0.07

B2            Laternula marilina 24.5     3.5       57        52        32       31.5    2.15      0.06

C             Uca lactea 81.5     3.15     70.5     27        18.5    22        0.72      0.04

C2            Laternula marilina 51.5     3.1     118        51.5    41      55        3.66      0.06

D           Uca lactea 101       1.6       87        25        22        17        0.88      0.03

E             Macrophthalmus banzai 108        2.1      70.5     23        22.5     44        1.3        0.05

F            Uca arcuata 92        2.6      73       26        12          8.5     1.39      0.07

H           Uca lactea 130        2.65     97.5     26.5     23        19        0.88      0.03

3 . (mg/kg)

Table 3. Heavy metal contents (mg/kg) in the macro-invertebrates sampled at nine stations in the tidal

zone of Tatu Estuary in 2000

11. 

Fig. 11. Dendrogram showing the similarity in heavy metal contents in macro-invertebrates among heavy

metals (a) and among stations (b).

(a) (b)
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Fig. 12. Ordination of heavy metal contents in crabs and bivalves at nine sampling stations along the first

two PCA axes (solid triangles with number 1, crabs; solid triangles with number 2, bivalves; capitalized

letters A-H, sampling stations).
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13. CCA

( 1 2 )

Fig. 13. Ordination of heavy metal contents in crabs, bivalves and soils along the first two CCA axes

(capitalized letters A-H, sampling stations; solid triangles with number 1, crabs; solid triangles with

number 2, bivalve; arrows, soils). 
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Fig. 14. Ordination of heavy metal contents in crabs and soils along the first two CCA axes (solid

triangles, crabs; capitalized letters A-H, sampling stations; arrows, soils).
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Benthic Macro-Invertebrate Community in the Tatu

Estuary and Its Relation to Heavy Metal Contents

Ching-Yu Liou

Taiwan Endemic Species Research Institute, Chichi, Nantou, Taiwan

Abstract

Tatu Estuary in the central western Taiwan is the largest coastal sanctuary of the island. To

understand the interaction of the benthic macro-invertebrate community and its surrounding

environments in the tidal zone, macro-invertebrates were sampled seasonally at nine sampling stations at

intervals of three months in 2000. Salinity, pH value, and dissolved oxygen saturation were measured

seasonally. Contents of heavy metals, including cadmium, nickel, lead, zinc, chromium, copper, arsenic

and mercury in soil and macro-invertebrates were analyzed. The results indicated that there was

conspicuous variation in the benthic macro-invertebrate community structure among the sampling

stations, but not among the seasons. Water quality affected the community structure. The heavy metal

contents were highly variable among the stations for soils, but not for macro-invertebrates. The heavy

metal contents were also more variable among species than among sampling stations. The contents of

cadmium, nickel, lead, zinc, chromium and arsenic in bivalves were higher than those in crabs. 

Key words: benthic macro-invertebrates, community structure, heavy metals, Tatu Estuary, tidal zone
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