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Abstract 
  

Artificial reefs (ARs) have been deployed in the coastal waters of Taiwan for 

fisheries enhancement since the 1970s. Information on fish communities around ARs 

has been available for many AR sites. However, we still don’t have enough knowledge 

on mechanisms accounting for the resource enhancement and the limitations of the AR 

application. In a natural environment, fish communities are opted to be affected by both 

biological and non-biological environmental factors. And the trophic composition of the 

organisms basically implies the supply of energy and its transfer in an ecosystem. 

Stemmed from these perceptions, the present study has launched a wide spectrum of 

analysis on fish communities. Data of fish assemblages collected during 2008-2010 

from 135 AR sites by scuba divers in waters around Taiwan, along with data of 

epibenthic cover and environmental factors, were used for analyses on community 

characteristics, fish abundance and fish biomass. Dendrograms from cluster analysis 

showed 4 clear clusters of fish assemblages, which could be attributed to geographical 

areas. In contrast, the effect of AR types was less evident. BIO-ENV and ordination 

analysis revealed that the structure of overall fish communities were affected more by 

latitude, water transparency, substratum type, sedimentation, algal coverage and total 

live cover. Non-biological factors apparently predominated over biotic factors. Trophic 

analysis showed that invertebrate feeders were common at most AR sites. Besides, in 

southwestern waters, with the abundant cardinal fishes and damselfishes, a higher 

proportion of carnivores and piscivores occurred. At offshore islands, planktivores 

predominated. In both southeastern waters and offshore islands, higher biomasses of 

herbivores occurred in parallel to higher algal coverages in these regions. Using 

biomass as an indicator, Parapristipoma trilineatum, Epinephelus lanceolatus and 
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Oplegnathus fasciatus were regarded as the major fishery resource for the AR sites in 

northern waters; Lutjanus argentimaculatus, L. monostigma and Plectorhinchus cinctus

in southwestern waters; Prionurus scalprum and Pomadasys quadrilineatus in

southeastern waters; and Platax teira and Naso hexacanthus at offshore islands. Overall, 

ARs deployed in northern and southwestern waters were more effective in terms of 

enhancing the production of economically important fishes when compared with those 

in other waters, despite that the fish assemblages there were less diverse. 

Key words: artificial reef; fish community; trophic structure 
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2. SIMPER

Average dissimilarity
85.07

86.31 87.39

95.38 94.14 80.07

3.

Groups R
Statistic

Possible 
Permutations

Actual 
Permutations

Number 
>=Observed

Significance 
Level %

(4), (12) 0.222 1820 999 111 11.2
(4), (7) 0.926 330 330 1 0.3
(4), (7) 0.278 330 330 28 8.5
(12), (7) 0.132 50388 999 90 9.1
(12), (7) 0.233 50388 999 28 2.9
(7), (7) 0.334 1716 999 2 0.3

4.

Groups R
Statistic

Possible 
Permutations

Actual 
Permutations

Number 
>=Observed

Significance 
Level %

(7), (6) 0.251 1716 999 19 2
(7), (5) 0.089 792 792 159 20.1
(6), (5) 0.824 462 462 2 0.4
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5. (D) (H’)

(J’)

Kruskal-Wallis Test

Test Statistics Mean Rank
2 P (62) (24) (30) (18)

D 91.074 .000 49.48 30.92 103.90 117.67

H’ 57.215 .000 50.02 46.71 92.80 113.28

J’ 28.013 .000 51.18 72.38 75.87 103.28

6. (D) (H’)
(J’) Mann-Whitney Test

Mann-Whitney Test

D H’ J’

U P U P U P

442.0 .004 698.0 0.658 504.0 .021

54.0 .000 285.0 .000 578.0 .003

15.0 .000 73.0 .000 138.0 .000

.000 .000 100.0 .000 342.0 .754

.000 .000 23.0 .000 111.0 .008

126.0 .002 124.0 .002 151.0 .011



54

7.
(D

)
(H

’)
(J

’)

K
ru

sk
al

-W
al

lis
 T

es
t

Te
st

 S
ta

tis
tic

s
M

ea
n 

R
an

k
2

P
(1

8)
(1

5)
(2

3)
(3

)
(3

)

D
5.

00
4

.2
87

28
.9

4
26

.6
37

.0
4

21
.6

7
38

.6
7

H
’

6.
95

6
.1

38
26

.2
8

26
.6

7
37

.9
1

26
.3

3
43

.0
0

J’
28

.0
13

.6
84

28
.3

3
28

.2
7

34
.8

7
34

.6
7

37
.6

7
(6

)
(1

)
(8

)
(9

)
(0

)

D
4.

35
6

.2
26

7.
67

9.
00

14
.8

8
14

.0
0

-
H

’
4.

26
3

.2
34

7.
83

8.
00

14
.5

0
14

.3
3

-
J’

2.
26

3
.5

20
9.

83
17

.0
0

11
.5

0
14

.6
7

-
(7

)
(1

2)
(7

)
(0

)
(4

)

D
7.

31
8

.0
62

13
.0

0
18

.3
3

9.
43

-
22

.0
0

H
’

2.
39

4
.4

95
11

.8
6

18
.0

8
15

.7
1

-
13

.7
5

J’
2.

54
1

.4
68

12
.7

1
17

.3
3

17
.5

7
-

11
.2

5
(0

)
(6

)
(5

)
(0

)
(7

)

D
5.

72
9

.0
57

-
13

.5
9.

00
-

6.
43

H
’

2.
64

7
.2

66
-

8.
17

12
.8

0
-

8.
29

J’
3.

61
2

.1
64

-
6.

50
12

.6
0

-
9.

86



55

8.

Kruskal-Wallis Test

Test Statistics Mean Rank
2 P (62) (25) (30) (18)

23.625 .000 82.51 45.20 71.03 44.64

18.720 .000 65.40 46.32 91.43 68.00

9. Mann-Whitney Test

Mann-Whitney Test

U P U P

377.5 .000 538.5 .026

746.0 .125 540.0 .001

240.0 .000 550.0 .927

230.0 .014 161.0 .000

197.5 .498 134.0 .025

140.0 .006 171.0 .035
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11. 10 Mann-Whitney Test

U P
85 .071

108 .009
18 .366
5 .027

151 .521
10 .139
16 .441
5 .018

13 .084
0 .050

U P
2 .182

10 .071
5 .010
2 .117
1 .059

36 1.000

U P
0 .000
7 .025
0 .008

19 .052
6 .029
0 .008

U P
0 .006
6 .032

10.5 .225



58

12. 135 BIO-ENV

(1: Depth; 2:ReefHeight; 3:LTemperature;4:TotalCoverage; 5: Substratum; 6: Sediment;
7: Visibility; 8: Latitude; 9: Longitude; 10:ReefArea; 11: Algae; 12: Sponge; 13:
Hydroid; 14: Hard coral; 15: Soft coral; 16: Barnacle; 17: Ascidian)

Numbers of Variables Correlation Selections
3 0.647 5,7,8
4 0.644 5,7,8,17
4 0.644 5,7,8,13
5 0.642 5,7,8,13,17
4 0.637 4,5,7,8
5 0.636 4,5,7,8,17
5 0.634 4,5,7,8,13
6 0.633 4,5,7,8,13,17
3 0.612 7,8,17
2 0.611 7,8
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15. (a, b, c, d, e, f 
)

Herbivore (a) 0.18 0.13 1.47 5.09
Planktivore (b) 57.10 31.66 34.38 71.77
Invertivore (c) 39.15 41.57 34.09 7.16
Piscivore (d) 0.10 1.31 0.49 0.41
Corallivore (e) 1.41 3.68 17.46 3.32
Carnivore (cd, bcd) 1.71 20.75 8.72 6.81
Omnivore (ab, ac) 0.25 0.53 2.43 4.97
Cleaner (f) 0.09 0.37 0.96 0.47

Herbivore (a) 6.02 2.72 20.24 10.81
Planktivore (b) 11.24 7.29 8.75 44.42
Invertivore (c) 69.08 44.23 58.60 39.04
Piscivore (d) 13.15 45.27 11.07 4.32
Corallivore (e) 0.49 0.49 1.29 1.38
Cleaner (f) 0.01 0.01 0.04 0.02


