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ABSTRACT

K.H. Chang, S.C. Lee and K.T. Shao (1977). Evaluation of artificial reef
efficiency based on the studies of model reef fish community installed in northern Taiwan.
Bull. Inst. Zool,, Academia Sinica, 16(1): 23-36. The development of a community
on artificial reefs has been evaluated from model reef experiment carried out in
northern Taiwan during the period from June 1975 to August 1976. From June to
August 1975, 4 sets of the concrete multiple disc sampling apparatus (MDSA) and
the multiple pyramidal-frustrum sampling apparatus (MPSA) were set on the sea
floor at a depth of 10-14 m off Wanli, a fishing village in the northern Taiwan.
Periodical visual observations, photographing and collection of . fishes were made.
Fortyeight species of the fishes in twenty three families were recorded from the
model reef area. Among them, 24 species were not the members of the intertidal
pools of the Wanli rocky shore. Eighteen species have a commercial value. Both
the biomass and the number of species of fishes at the MPSA are higher than those
of the MDSA. Isolated model reefs attracted more fishes than the one nearby the
natural reefs. The installation of model reef MPSA in the isolated area 'have
completely changed the fish community structure in a year. - The possible reasons
for the artificial reefs to attract more fishes is discussed. :

and assessing efficiency of artificial reefs starting

To improve the fisheries resources around
the coastal waters of Formosa (Taiwan) and
Pescadores Islands (Penghu), the government of
Republic of China has conducted the project
on artificial reefs since 1974. Institute of
Zoology, Academia Sinica has bteen granted
to take this responsibility for reef site location

from 1975. As the results of the intensive
studies, the concrete blocks lowered to the sea
floor between Makung and West Islet of the
Pescadores Islands was the most stccessful in
attracting fishes among all casting sites in this
country (Chang, 1976¢), The questions arised
regarding the artificial reefs were: (1) Sélection
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of a suitable location for casting reef? (2) What
are the best materials and means of the artificial
reef constructions? (3) How does artificial reef
attract the fishes? (4) Do fishes really spawn
and live around there? (5) Is the artifical reef
beneficial or just a huge garbage dump? All
these questions stated above have already been
discussed by Carlisle (1964)®, Turner (19691
and Unger (1966)¢19. Besides these, Fast (1974)®
Kanayama (1973)¢®, and Randall (1963)¢1> have
studied the efficiency of artificial reefs.

The main purpose of this field experiment

was to evaluate the efficiency of the artificial ‘

reef by the application of the concrete model
reef involving the selections of the most
suitable type of construction and the best loca-
tion for attracting more fishes.

MATERIALS AND METHODS

Model reef construction:

The concrete disc (i.e. Multiple disc
sampling apparatus or MDSA) and the pyra-
midal frustrum (i..e., Multiple pyramidal-frustrum
sampling apparatus or MPSA) adopted from
Pearce (1968)® have been prepared by Chang,
et al,, (1977)¢® initially for the purpose of study
on encrusted organisms. Each MDSA has an
upper surface area of 0.0415m? and each
MPSA has an upper surface and . four inclined
faces, a total area of 0.1616 m® ‘Thus, total
surface area of a MPSA set (12 pieces of
pyramidal-frustrum) makes up 2.34 times of a
MDSA set (20. pieces of discs). Because pyra-
midal frustrum has concaved space underneath,
it could provide more sheltering space for
fishes.

The MPSA and MDSA were attached to the
heavy weighed steel frames of 160 cmx 120 cm X
150 em and 178 cmx 117 cmx 152 cm, respec-
tively.

-The study area:

The study area is about 100-200m- from
Kuei-Hou -Fishing Harbor (see Fig. 1) and is
about half way between two artificial reefs

previously cast in 1974 (Chang, 1976®) at
the vicinities of Ta-Wu-Lun and Yeh-Liu (Fig.
1). The water at the study area is less polluted
and less wave action.

Two sets of MPSA and MDSA was cast
respectively at areas A on June 22 and July 31,
1975 and B (Fig. 1, inset) on July 1 and
August 11, 1975 on a sandy bottom of 10-14 m
deep in a vicinity of natural reef to avoid any
disturbances by the local trawlers. A set of
MPSA and MDSA at area A is located much

%’ L2

£9 Sandy bottom
B Coral area

Wan-i

Map of Wanli area showing the
locations of the model reefs ins-
talled (A & B) and artificial reef

Fig. 1.

(C & D). cast in 1974.
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TasBLE !

Depth, locations, dates of installation and survey

Depth (Mean [ Distance from|
A Units | between high | the nearest Installing Survey date
rea s | and low tide | natural reef, date 1 ’ 9 3 ‘ 4
B level, m.) ft.) . 1 : B
MDSA* 10 5 |rune22,19751Aug. 201975 Oct. 4,1975 | Jun. 24,1976 Aug. 15,1976
A ~ SETyFRE T (102) (367) } -
MPSA** 10 6 Jul. 31,1975 Aug. 29,1975 Oct. 4,1975 | Jun, 24,1976 Aug. 15,1976
! 28 \ (65) (330) | —
MDSA ! 14 17 Jul.  1,1975'Aug. 30,1975 Oct. 6,1975 | Jun. 20,1976/Aug. 1,1976
5 | (60) 95) (355) (397)
MPSA | 14 21 Aug. 11,1975 Aug. 30,1975| Oct. 6,1975 | Jun. 20,1976/Aug, 1,1976
C @ (64) (334) (376

*t MPSA: Multiple pyramidal frustrum sampling apparatus.
#rx The number in the parenthes is the number of days after the installation of model reefs.

closer to the natural reef than the other set of
MPSA and MDSA at area B.

General study method:

The biological observations rely entirely on
SCUBA diving technique. The model reef were
observed visually during each dive and each
set took at least 30 minutes.

Four observations were undertaken during
the period from August 29, 1975 to August 15,
1976 (Table 1). Unfortunately, this program
was ended due to a diaster caused by typhoon
on August 9, 1976 when the model reefs were
destroyed.

Underwater observations and sampling in-
cluded (1) depth, (2) bottom temperature, (3)
number of fish species and their behaviors.
The depth and bottom temperatures were taken
by wrist gauges and horizontal water trans-
parency by vision on every dive. The number
and sizes of fish species as well as their
behaviors were recorded on an opaque plastic
slate. For the purpose of confirming species
identification, the fishes were collected by
speargun or by ichthyocide, NaCN. The bottom
conditions and the creatures observed were
photographed with 35 mm Nikonos II camera

well as a 8 mm movie camera. The high
. resolution color films of Kodachrome II and

Ektachrome X were being used for photo-
graphing.

OBSERVATIONS

Fourty-eight species of fishes were identified
during the period of underwater obsefvations.
The biological observations are given in Table
2 and Figs. 2-7.

Survey 1:

Very few fishes and benthic invertebrates
were found around the model reefs a month
after the first submergence. Some Labriidae,
Chaetodontidae and Serranidae (perhaps the
nearby natural reef dwellers) were found
swimming actively around the steel frames and
the members of Parapercidae, Synodontidae,
Lethrinidae, Mullidae and Pomadasyidae were
occasionally seen to feed on smaller benthic
invertebrates at the sandy bottom below the
model reefs. '

The topshells (Tectus sp.) were observed
on upper surface of the pyramidal frustrum.
This molluscan species was the largest in-
vertebrates ever found during this observation.
The juvenile Plectorhynchus pictus was hiding
under the frustrum (Fig. 2) and Centriscus
capito was pausing vertically along .the steel



26

K.H. CHANG, 8. C. LEE ‘AND K.T. SHAO

‘dInjew USYM [BLI0INIIA) pUB AIB[OS ofuoAn(

S UdYM $J991 [opowr oy} 1940 Junedaissy d a 8-1 +xSISU218104

S : SA0Qe sV o 9 4 sfuospavyort fnpfopnqy

S VSdIAL Jo dol 9yl 1940 I9A0H o) 3 S§-G°¢ +4SHIDIOU S0y

S §J991 [opowr Y} punole wWeM§ | D 9-6°1 +3S2S2]200 SnajuaIvUOG
: SBPLIIUSdBWOJ

S JdA0QR Sy 0 6-L +3SH24ND Uopolavy?)

S VS 19pun pue 1340 Juipeoj‘3uiIoloys D 8- *KSHIDUBUNOD SMYI0IUDE]
aepluopolaey)

< smp3arva 'S sy | L ds vpoSaup
. aepifeydsofierq

Joox

I “[epowr 9yl Iepun wolloq Apues 9y} uo SUnSIY p. | €1 *ds sisdousvdioog

8t ) $3014910 JoaI Tepow oyl Suowe SUIPIH 0 11-8 +D4G22 Sniyoodpusq
aepiused 100§
S SWBIJ JI91 TOpOW Y} dpIsaq Fuisned d L x01dv> SnIspus) -
QBPIOSLITU))

S Quiely jod1 [epouwr oy} punote Sunedeissy ad 0Z-11 +oquitiad viwnsLy
SEpILIRINISI]

19 aA0qQe sy ad €-C FJUBUBIOA 1215031y IUDD

bR | 9A0Qe Sy ad I€ +SHIDIMO2L0q]D UOLY10.1p
siuouodwos ovPHUOpOELAL

N 3931 1opowr jJo seoidsisjul oY) Suowre urpry d % +§da01gno U0V
SEpHUOIORIISO

1 sJoaI 1epow 3yl ygnoiyy SurrsAoy Ysy y a 8T +STISopowL uopoavAr
QBPIYIUBOBUOIN

qa sAoqe sy L 9 smip3uols vpLvg

Apuanbaiy syea1 1opow o3 ;
q Iopun Surreaoy ‘wonoq Apues oy uo Junsoy lo) d 01-8 $SMIV3o1vA Snpouds
oepriuopouLs -
sdnois VSdIN | VSAW | VSdIN | VSAIW | - (wo)
: Aep oy1 Supnp pajou InoiAegeg g ea1y V BAIY 9ZIS sa10adg
1eo18o100q ystq

Pa1Indd20 soroads

9L61 ST ‘T um=w=< ‘4T ‘0T Q,EH G161 ‘9 ‘p aopouoo ‘0£-67 15n3ny uo Surkesins IojemIspun
oy} Sulnp g pue v seale 1 YVSAN PUB VSAW $J921 [opOW 9U3 punole PaIImMdo0 SAYSY 9Yy3 uo ®ep Jedido[olg

7 H1av],



27

ARTIFICIAL REEF EFFICIENCY

d 2a0qe sV A A k! C6-¢ Lawsod g
Joo1 , :
q [opowt oY1 Iepun ‘woyjoq Apues 9y} uo SULISAOH o) A 4 | " €1-9 . younup i3ouow $18dojoos
S gunok ofIym JosI jopow dY} Ispun JulIAeYS | D A | 751 Sn1o1d Snyoudya01aald
, seprAsepemiod
d Joa1 1epowr oY1 ySnoIyl Apyusnbary Surwwimg o) _ d Z1-01 KDULDIZDIP 0189D20491d
" 9BpIUOISIB)
S juepunge 9IOW INQ JA0GE SY q 0o i 02§ WD snuvfing
. oepruefing
Joa1 [epowr .
g oy} Iopun ‘woijoq Apues 9y} uo FULIGAOH a LI-S1 ds snurayiey
9BPIULIYI]
I 2A0QE SV d 81 sHouadyovd sijoydowyds)
S $301A910 JooI TeInieu Suowe soYsy 1ed i 81 +xltifo082UL Sjoydoudsy
porrad 3uof
S B I0j JooI [epowr oy} Jopun A[as1or JuIpsoq 0 D A 12-€ snp1sofq uoridoyI 1y
S 2A0QE Sy d (44 snpivdos] g
SJ931 [opowr oY) PuUB JIII Jelnjeu 9yl
S U0aM19q IO $J93I [opow 91} punole JULIGAOH 0 81-71 wxSnmovw snitododidal
9BpIUBIIaS
Rt Kep oy Surinp Juraleys 0 d S e-1 wxlupliapaop uosody
aepruoSody
q A0QE SY B | 0 A 61-L1 LSnorpuy snauadnivg
q pues o) Juiqqnin ) o} P1-¢ + D304 ")
S QA0Qe Sy a4 (6] 9-v *I505U3q ")
2INJEW USYM JOOI Y] IOpUN SWsuedio
Suifomp pues oyl uo Suipagy ‘orusan! uoyYm
S $J99I [OpOW 9Y] 19AC YsY[eswep yium Furjooyos D | o-p sxSIsusoomiow snauady)
9epI[nN
| 7
sdnois VSdIW | VSAW | VSdIN | VSAN (wo)
Kep oyy Zuump pajou InolAryag g ®o1y V ®Baly ozZ1s so10adg
1es150100q ysig
pa1modo so10adg :

(panunuod) 9761 ‘ST I IsnSny ¢ ‘0T duUnf (GL6T ‘9 ‘b 1990100 ‘0g-6T Isndny uo SuikeAns Ieremiopun
oyl Sunmp g pue V SeoIe 38 VSN PUB VSQIA $J99I [SPOW 9y} PUMOIe PaInodo soysy oY) uo eep [edIsojolg

7 "Iav],



K.H. CHANG, S.C. LEE AND K.T. SHAO

28

‘d ‘siueprsarrwieg ‘S SJUAPISIY Y farey ‘Y ‘uoIszodQ ‘O ‘uowwo) O

*91BUImIdIOPU] ‘T (olqiueg ‘g ‘o1Serod
*PL6T UL sjood epll 9y} WOy PIjos[lod Uaaq dAeY suomwioadsg
*Apnis ay3 Juunp ps1o2[[od suswioads 4

S aA0qe sy d _ 8- +Snjoprdajodonu snamuortg
payoroidde 10A1p oY1 uoyMm 3Jo[ Ing
S ,«08 [opowr 9y} ssOIO WeMS YST (] JO [0OYIS V D A [0} d ¥1-9 Sudinovut snamy oy
SEPLINYIUBDY”
BEERS
q [epow oﬁ .Gvc: ‘woroq Apues oY) uo SurIeACH o) 81-H1 0LINZD UOPOL20YD)
S 2A0QR SY ad d 11-9 wxSHoodo{ sniqujopnasq
k3| 9A0QE SV d (o] S-€ +40]0019. T
S 9A0QE SY d dq (0] 9-¢ +xSTIDIPRUID S2p104qUT
S 9A0QE SV p: | (459 +owosoppy synfoylals
S QAOQB SY b fe) $1-6 wxSHd1dogozod Iy
, R QuieI) J99I [opoul 9y} punoie
S oc_wu& ‘§991 RINIEU AQIEOU Y] WOIJ QWED A o) d 01-9 Anoounjaut sar20yonvE
9epilIqe]
nl 90BJINS JOOI [opcwu oY) uo JulIsay d 9 Snosnf snqoldyivg
wWnIsniy
X3 prwelid jo 9pIS PIABOUOD 3y Iopun wq:ﬁmaﬁ Y| Z-5'1 supijopuuss snqodouoy
9epliqon
N sA0Qe Sy (o) A d A S-¢€ «SNNS04] UOSSUQ
NN 9oryInNS J391 [epowr oyl uo funsey A A 9-p +aJod vy SnESIT
depriuuayg
Anyusnbery joar jepow oy3 ;
q Ispun SurisAoy ‘wojloq Apues 9y3 uo Jurisey fo) A ¥1-9 wx0S0ngau swiadving
seproradered
Jear Tapouwr oy
d IBOU WIMS O] PIAISSQO dI9M S[ENPIAIPUL OM T, Y 8T *ds spouteyog
epIuIsyoyg
|
sdnoss VSdIN | VSAW | VS | VSaW (wo)
Aep oy3 Suumnp pajou Inoraeyag d edly _ Vv ®valy 9ZIS sa10adg
1es150]007 ) ysig

Pa1Inod0 $3109dg

QB_S,EOOV 9L6T ‘ST ‘1 In8ny ‘b7 ‘0T aunf /61 ‘9 ‘b 1890120 ‘0¢-6¢ 1sn8ny uo SuifeAIns Iojemispun
oy1 SulIp g PUB V SBAIR 18 VSJI PUB VSN SJO9I [Spow £y} punore PAIIN020 SIYSY Y31 uo wlep [eoidojolg

7 g18v]



ARTIFICIAL REEF EFFICIENCY 29

frames. Both species were using the model
reefs as protective covers.

Survey 2:

In general, a slightly decline in the
numbers of species and its abundance were
observed. However, Diploprion bifasciatus and
Pterocaesio diagramma were perhaps a new
colonizers. The place with the highest species
diversity was around the MPSA of the area B
where the snappers Lutjanus vitta swam in the
small groups of at least 20 individuals.

Survey 3:

The components of the model reefs were
already encrusted with the numerous organisms.
The filamentous hydroids were seen on the
surface of MPSA at area B. Consequently, this
would provide more favourable conditions to
attract the juvenile fishes. Schools of the
juvenile damselfish and goatfish were observed
in the great numbers around the MPSA at

area B. They fed on planktons during the day
time and hid among the frustrums during the
night time. On the other hand, these juvenile
fishes were frequently preyed upon by Epine-
phelus megachir and Dendrochirus zebra (Fig. 3).
It seems that the prey-predator relationship was
already established within this new reef com-
munity.

Survey 4:

A moderate change in fish species was
observed. The dominant species noted pre-
viously were replaced by at least 40 individuals
of Heniochus acuminatus (Fig. 4 a-b) who were
hovering over and under the MPSA. Fish
fauna observed at the MDSA of the area B
(Fig. 5) and both MDSA and MPSA of area A
were rather poor (Fig. 6).

Based on Turner (1969)'®, fishes observed
or collected from the model reefs were classified
into four ecological groups, i.e., true residents,
semiresidents of reef associations, pelagic and
benthic of non-reef associations (Table 2). The
true residents include Ostraction - cubiceps,
Arothron alboreticulatus, Canthigaster valentini,
Dendrochirus zebra, Apogon doederleini, Cephal-
opholis pachycentron, Ecsenius namiyei, Dasson
trosulus, Zonogobius semidoliatus, Bathygobius
fuscus, Labroides bicolor. Semiresidents include
Fistularia petimba, Centriscus capito, Heniochus
acuminatus, Chaetodon aureus,  Pomacentrus
coelestis, Chromis notatus, Abudefduf riclzqzdsoni,
Upeneus moluccensis, U. bensasi, Plectfopomus

maculatus, P. leopardus, Diploprion bifasciatum,
Epinephelus megachir, Lutjanus vitta, Plectorhyn-
chus pictus, Halichoeres melanochir, H. poeci-
lopterus, Stethojulis kalosoma, Labroides dimidi-
atus, Pseudolabrus japonisus, Acanthurus maculipus

TAsLE 3

The number of fish species and its percentages of 4 ecological groups.

: Area A Area B
Ecological groups i
MDSA | MPSA MDSA . MPSA

Reef associations: (60.0%) (70.6%) (70.0%) ('}6.6%)

Residents : 2 3 4 8

Semiresidents 7 9 10 . 15
Non-reef associations: (40.0%) (23.5% (30.0%) (20.0%)

Pelagic 1 0 . 1 1

Benthic 5 4 5 5
Indeterminates .0 1 0 1
Total species numbers observed 15 17 20 - 30
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TABLE 4

Comparison of the number of fish species and individuals between areas A and B.

Area A Area B
Survey date i ‘.

: MDSA | MPSA |MDSA+MPSA| MDSA | MPSA | MDSA +MPSA
1975, Aug. 11 7 15 8 - 10 18
@9)* (30) (59) 3D (48) 19
Oct. 5 7 11 8 6 12
) (14) @1 (14) . (3%) 49)
1976, Jun. 4 11 14 5 18 19
. (18) @4 (42) Q@1 (265) (286)
: Aug, o= — — 4 14 16
) (58) (198) (256)
Mean 6.7 8.3 13.3 6.3 12.0 16.3
(18.0) (22.7) (40.7) (31.0) (136.5) (167.5)

_* Figures in parentheses indicate number of individuals counted.

and  Prionurus microlepidotus. Pelagic fishes
include Pterocaesio diagramma and Echeineis sp.
Benthic fishes include Synodus variegatus, Saurida
elongatus, Onegocia sp., Upeneus tragula, Par-
. upeneus indicus, Lethrinus sp., Scolopsis mono-
g}gmnza, S. vosmeri, Parapercis nebulosa and
Choerodon azurio. Besides the above groups,
Nayodon modestus and Scorpaenopsis sp. are
indeterminates Table 3 shows a remarkable
efficiency of the model reef at area B in
attracting more fishes than those at area A.
Particularily, the MPSA of area B attracted 30
‘species wheareas MDS... of the area A attracted
only 15 species during the entire period of
observations.

TaBLE 5

Comparison of the number of fish species
and individuals between the types of
model reefs.

< Types of reef
Sm}gy;a{é\@dm MDSA f MPSA
1975, Aug. 18 (60)* 17 (78)
Oct. 11 21) 12 (49)
1976, Jun. 10 (39) 26 (289)
Aug. — —
Mean 13.0 (40.0) | 18.3 (138.7)

* Figures in parentheses indicate number of
individuals counted :

The correlations among the fish abundance,
the types of reef construction and the location
of model reefs are given in Tables 4+5. The
MPSA of any localities attract more species
and numbers than those of MDSA. Both types
of MPSA and MDSA at area B had attracted
more fish species and more fish individuals
than those at area A.

DISCUSSION

By the long range study of model reefs,
the artificial reef may serve asa shelter, feeding
ground and landmark for the fishes. This agrees
with the conclusion of Russel (1976)c10,

The MPSA itself provides a favourable
place for the fishes to avoid a strong current
and wave action. Furthermore, it could te
used to escape from the predators. On the
contrary, MDSA does not serve the above
goals. In comparison with the observations on
the benthic organisms on model reefs (Chang,
1977)», the MPSA provided more surfaces for
attracting epifauna than that of the MDSA.
The MPSA at area B served as a landmark for
the fishes (Russel, 1976)'D, even though its
range is smaller than the adjacent natural reefs.

The artificial model reef served not only
as a landmark for fishes but also as a tem-
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Fig. 2. Area B showing juvenile Plectorhynchus pictus hovering under the MPSA, about
one month after the installation. '

Fig. 3. Area B, showing Chromis notatus, Abudefduf “richardsori, Upeneus moluccensis and
Dasson trosulus fed on the hydroid over the MPSA, a predator, Epinepkelus
rmegachir, hid on the reef side, 10 months after the installation. .
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Fig. 4. a, Area B showing some Heniochus acuminatus hovered over and under the
MPSA, one‘year after the installation:

Fig. 4. b, Area B showing some Heniochus acuminatus hovered over and under the
MPSA, one year after the installation:
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Fig. 6. Area A showing a poor faunal colonization around the MPSA, 11 months after
the installation.
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Fig. 7. Area B showing egg‘masses'ffof'squid deposited against the frame surfaces of
“the MPSA. - '
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porary resting place. Some fishes may stay
there as the environmental conditions favour
them. The absence of the juvenile Chomis
notatus (3.5-5.0cm sl.), Abudefduf richardsoni
2.5-3.5cm sl) and Upeneus moluccensis (4.0-6.0
cmsl) after August 1976 might be linked with
their migration toward other larger shelters.
Storr (1964)1® suggested that the small reefs
can only provide a space just enough for small
fishes while larger shelters are headed for larger
fishes to keep away strong wave action. There-
fore, the disappearance of the above juveniles
may be an action of looking for a larger shelter
as they grow.

Ectone usually has a greater number of
species and higher population density (Odum,
1971)®; therefore, it is easier for the isolated
model reef installed at area B to form an
ectone (or transition zone) rather than the
adjacent natural reef.

Fluctuations in the fish species of model
reefs seem to agree with the general patterns

reported by Fast (1974)%, Randall (1963)(t% .

and Russel (1976)(!, The fishes appeared
~around the model reefs for the first time were
almost exclusively semi-residents such as
butterflyfishes, wrasses, surgeonfishes. These
were thereafter gradually replaced by the true
residents such as damselfishes, combtooth
blennies, cardinalfishes, gobies, triggerfishes,
ballonfishes and sea basses. There was no
apparent changes in population size of non-reef
associations during the whole period.

The spawning behavior of some fishes
inhabiting artificial reef were reported by Ahr
(1974)® and Klima (1971)(”. Many eggs and
larvae of the true residents such as™ Apogon
doederleini and Zonogobius semidoliatus and
juveniles of semiresidents Diploprion bifasciatus
were collected around the model reefs. Several
couples of shrimps (Stemopus sp.) and crabs
(Portunus sp.) were also found mating on the
structure of model reefs. Egg masses of squids
were found once on the surfaces of the steel
frames (Fig. 7). The egg masses of squids,
crustaceans and fishes could further attract

other species of fishes.

Tt is concluded that the MPSA ‘is the most
effective type of model reef and the model
reefs installed farther away from the natural
reef was more effective than that of the closer
one. The artificial reefs can - significantly
increase the survival rate of juvenile commercial
fishes or other smaller species of fishes and
invertebrates and it can serve to conserve the
fisheries resources.

Acknowledgements: The authors with to
express their gratitude to J.C.R.R. for the
financial support and to the colleages of the
laboratory for helping in the field work. ’

REFERENCES

1. Ahr, W.M. (1974). Geological considerations
for artificial reef location. Proc. Int. Conf. Art.
Reefs, pp. 31-33. )

2. Carlisle, J.G. (1964). Artificial habitats in the
marine “environment. Fish. Bull., Calif. Det.
Fish & Game 124: 1-93. ‘

3. Chang, K.H, (1976). Artificial reefs in Taiwan.
Monogr. Ser., Inst. Zool., Academia Sinica. 1:1-
68 (In Chinese with English Summary). - .

4, Chang, K.H., C.P. Chen H.L. Hsieh, and K.T.
Shao (1977). An experiment on the evaluation
of artificial reefs with invertebrate community.
Bull. Inst. Zool., Academia Sinica 16(1): 37-48.

5. Fast, D.E. and F. A. Pagan (1974). Comparative
observations on an artificial tire reef and
natural patch reefs off southwest Puerto Rico.
Proc. Int. Conf. Art. Reefs, pp. 49-50.

6. Kanayama, R.K. and E.W. Onizuka (1973).
Artificial reefs in Hawaii. Rep. Hawaii Fish &
Game T3: 1-23.

7. Klima, E.F. and D.A. Wickham (1971). At-
traction of coastal pelagic fishes with artificial
structures Trans. Amer. Fish. Soc., 100: 86-99.

8. Odum, E.P. (1971). Fundamentals of Ecology.
W+ .B Sausers., Philadelphia. 574 pp.

9. Pearce, J. (1968). Saucers in the sea. Underwater
Naturalist 5: 14-19.

10. Randall, J.E. (1963). An analysis of the fish
populations of artificial and natural reefs_in
the Virgin Island. Carib. J. Sci. 3: 31-47.

11. Russel, B. (1976). Man-made reef ecology-A
Perspetive view. Proc. First. Aust. Art. Reefs



36 K.H. CHANG, S.C. LEE AND K.T. SHAO

Symp. 1-14. Fish. Bull., Calif. Dept. Fish & Game 146: 1-221.

12. Storr, J.E. (1964). Some thoughts on structure 14. Unger, 1. and Russel, G.M. (1966). Artificial
and place of artificial reefs. Underwater Nat- reefs-a. reference review. Spec. Publ., Amer,. Litl.

_ wralist 2: 28-40. Soc. 4: 1-74.
13. Turner, C.H. (1966). Man-made reef ecology. .

AT f W oz % = W M

REEEILREREREREEY R
RERILZRERR

mEHE FEM BER

P 1975 4 6 A~1976 £ 8 ARIPTEN MARERRAR » WHEATAE LBWEL> BRE
21975 4 6~8 AHERESZHEZKRERRE (MDSA) RAfE (MPSA) MEEAFEIAIILE
BKEE 10~14 ARMTIE o MBKEMEXEE - BERRE > BHIH 23 8 48 BRRBEB IR
BT > HRRR EERERERNMNY 0 AXSEEBEHAR o AEERIIZABERER
R4S BGEREREE - TIRERRNITES R MAREERARS Z2H o WANBRERER
AR R AR ST E SR Eu%ﬁ"ﬁﬁ—fﬁé‘é%ﬂﬁﬁﬂi—-@%%ﬁ%gﬁ: Hﬂiﬁﬁ
ﬁ%% 3 ﬂﬁﬁkIﬁ#ﬁ%ﬁ%%ﬁ%ﬁ%ﬁ% °



	空白頁面

