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Biologically effective space in the artificial reef for the spiny lobster*

CHEN Sai-bin**, Seiichi WATANABE**, Yasuyuki KOIKE***
and Kazunori TAKAGI**

Abstract:
portantly for the spiny lobster’s habitat,

For the purpose of improving an effective plan of the artificial reef made im-
biological factors of the space of such a reef is

preliminarily analysed by means of selection experiments for live animals of 45.0~59.5 mm in

carapace length in an indoor tank of one-ton capacity.
in both frontage and height among space factors, but not necessarily in depth.

An apparent tendency is recognized
The meaning

of the experiments is discussed from the biological viewpoint.
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Table 1.
ments in 7 categories.

Body size of 27 specimens for experi-
BW, body weight in
g; CL, carapace length in mm, Exp, category
of experiments, represented by double code:
A-1 to B-2 (b), except of Control. Double
code corresponds to subtitle code in the text.

No CL BW Exp No CL BW Exp
1 49.4 88.0 A-1 16 50.0 71.0 B-2 (b)
2 46.7 76.0 A-2 17 50.0 69.0 B-2 (b)
3 55.0 94.9 A-3 18 52.5 83.0 B-2 (b)
4 50.6 76.0 B-1 19 50.0 74.0 B-2 (b)
5 55.0 87.0 B-1 20 58.0104.0 B-2 (b
6 53.5 82.4 B-1 21 52.5 85.0 B-2 (b)
7 52.0 92.5 B-1 22 53.0 90.0 Control
8 54.5 98.0 B-1 23 59.0 106.0 Control
9 53.7 85.0 B-1 24 49.0 76.0 Control
10 53.5 81.8 B-2 (a) 25 50.0 72.0 Contral
11 55.1 95.0 B-2 (a) 26 59.5110.0 Control
12 56.8 97.2 B-2 (a) 27 48.0 72.0 Control
13 45.0 537 B#Z (a) ....................................
14 57.0 99.3 B-2 (a) # 52.5 84.8
15 49.0 70.0 B-2 (a) ¢ 3.71 13.36
" 3

1 2

3 4

5 6
Fig. 1. Areal divisions (Areas 1-6) settled on

the bottom (176.8X87.2 cm) of an experimental
tank. Main drainage tube penetrates a corner
side in Area 5, and the sub-tube does the
bottom at an end part of the medial line
running through between Areas 5 and 6.

La mer 25, 1987

SEREAHE CTHNOMBUKR B K ETEREIN
7o ERPIEHETH 5,

ERICHW N, ET R, EHORADEERLE
BB, BIENCHHERE27EK T, D& (Table
1) 1Z, BEBPFET 45.0-59.5mm (¥1552.5 mm), &
E T 53.7-110.0g (F 15 84.8g) THD, thb%3

e O

Fig. 2. Diagrammatical open space (bold line)
in the model reef (thin line). a, frontage; b,
height; c, depth. Open space is a representa-
tive of the habitat of the animal in the natural

reef.
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Fig. 3. Diagrammatical disposition (bird’s-eye

view) of the model reefs in Areas 5 (left square)
and 6 (right square). Bold line, contour of the
open space. a, d, d’, distance along the medial
line of the experimental tank (cf. Fig. 1), from
each mouth of the open space to their facing
side of the tank; b, b’, distance from outer
side of the open space to the nearest side of
the tank; c, distance between inner sides of
open space in double-settled model reefs. Cir-
cle (in Area 5), horizontal section of the main
drainage tube at the level of drainage.
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Table 2. Specification (in cm and ml) of model
reefs (a and b) applied to Experiment A-1
(cf. Table 1).

Item a b

Reef proper

Width 33 30
Height 22 22
Depth 21.5 21.5
Open space
Frontage 15 6
Height 10 10
Depth 21.5 21.5
Volume 3225 1290

Table 3. Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment A-1 (cf,
Table 1).

Item Distance
a 130
b 8
b’ 14
c 44
d 25
d’ 25




112 La mer 25,

Table 4. Progress note on the animal distribution
by area in the tank during the execution of
Experiment A-1. cf. Tables 2 and 3.

Date ‘nga Remarks

7/13(16:30) 1-2 release of the animal in the areas
18:35 5  observation started in; in the open

space of model a

18:50 5 in the open space of model a;

sunset at 18:58

19:05 5 in the open space of model a
19:20 5 in the open space of model a
19:35 5 in the open space of model a
19:50 5 in the open space of model a
20:05 5 in the open space of model a;

observation interrupted
7/14 04:05 5 at the corner area, behind the

main drainage tube

C4:25 5 in the open space of model a;
sunrise at €4:36

04:45 5  at the corner area

05:05 5 in the open space of model a

05:25 5  in the open space of model 2

05:45 in the open space of model a
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at the corner area; observation
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Table 5. Specification (in-cm and m!) of model
reefs (a and b) applied to Experiment A-2
(cf. Table 1).

Item a b

Reef proper

Width 30 30
Height 30 18
Depth 21.5 21.5
Open space

Frontage 16 16
Height 18

Depth 21.5 21.5
Volume 3870 1290

Table 6. Disposition (in cm; cf. Fig. 3) of the
mode! reefs applied to Experiment A-2 (cf.
Table 1.

Ttem Distance
a 137
b 12
b’ 12
c 43
17
d’ 17

Table 7. Progress note on the animal distribution
by area in the tank during the execution of

Experiment A-2. cf. Tables 5 and 6.

Date Aléia Remarks
7/13(16:30) 1-2 release of the animal in the areas
18:30 1  observation started in
18:45 5 close to the main drainage tube;
sunset at 18:58
10:06 5 close to the main drainage tube
19:15 5 at the corner area, behind the

main drainage tube
19:30 5 at the corner area, behind the
main drainage tube
at the corner area, behind the
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main drainage tube
observation interrupted
on the outer part of model a
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04:20 2 sunrise at 04:36

04:40 5 on the outer part of model a
05:00 5 on the outer part of model a
05:20 5 . on the outer part of model a
05:40 5 in the open space of model a
06:00 5 in the open space of model a;

observation closed
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Table 8. Specification (in cm and ml) of model
reefs (a and b) applied to Experiment A-3
{cf. Table 1).

Item a b
Reef proper
Width 20 20
Height 22 22
Depth 21.5 43
Open space
Frontage 8 8
Height 10 10
Depth 21.5 43
Volume 1720 3440

Table 9.

Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment A-3 (cf.
Table 1).

Item sttance
a 130
b 8
b’ 14
c 44
d 25
d’ 25

Table 10.

Experiment A-3

Progress note on the animal distribution
by area in the tank during the execution of

cf. Tables 6 and 7.

Date

Area
No

Remarks

7/13(11:00) 1-2

7/15

18:

00

120
+40

100
120
:40
:00
:30
150
4:10

5
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release of the animal in the areas
observation started in; on the
outer part of model a

in the open space of model a

on the outer part of model b;
sunset at 18:58

observation interrupted

at the corner area

at the corner area

in the open space of model b
on the outer part of model a;
sunrise at 04:36

in the open space of model a
in the oven space of model a
observation closed
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Table 11. Specification (in cm and m/) of model
reefs (a and b) applied to Experiment B-1

Table 12. Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment B-1 (cf.

(cf. Table 1). Table 1).
Ttem a b Ttem Distance
Reef proper a 110
Width 70 70 b 8
Height 16 16 b’ 9
Depth! 21.5 21.5 ¢ 6
Open space d 45
Frontage 17 34 d’ 45
Height 16 10
Depth 21.5 21.5
Volume 3655 7310
Table 13. Progress note on the distribution (number of individuals by area) of an animal

group in the tank during the execution of Experiment B-1.

In Columns 5a and 6b,

distribution inside the open space of the respective model reefs, unless otherwise stated.
*  animal(s) at the corner area, behind the main drainage tube, in parenthesses; **,
animal(s) on the outer part of the model reef, in parentheses. cf. Tables 11 and 12.

Area No
Date — Remarks
1 2 3 4 5 5a 6 6b
7/15 (11:00) (6) release of animals in the areas
18:00 1 2 1 1 1 observation started in
18:20 2 2 2
18:40 1 1 2(1)* 1 1 sunset at 18:57
19:00 3(3) 2 1(1)**
19:20 1(1) 1 2 2
19:40 2 1(1) 1 1 1
20:00 3 3 observation interrupted
7/16 03:30 3(3) 2 1(1)
03:50 5(5) 1
04:10 3 1 2
04:30 3(3) 2 1 sunrise at 04:37
04:50 1 5
05:10 4(4) 2(1)
05:30 1 5(5) observation closed
Total 0 1 4 4 41(27) 7 18 9(3)
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Table 14. Specification (in cm and mZ) of model
reefs (a and b) applied to Experiment B~2 (a,b)
(cf. Table 1).
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Table 15. Disposition (in cm; cf. Fig. 3) of the
model reefs applied to Experiment B-2 (a, b)
(cf. Table 1).

Reef proper

Width 23 20
Height 22 42
Depth 21.5 21.5
Open space
Frontage 11 8
Height 10 30
Depth 21.5 21.5
Volume 2365 5160

ath B—Zb Distance
a a 123
b b’ 27
b’ b 29
c c 12
d d’ 32
d’ d 32

Table 16. Progress note on the distribution (number of individuals by area) of an animal

group in the tank during the execution of Experiment B-2 (a).

In Columns 5a and 6b,

distribution inside the open space of the respective model reefs. cf. Tables 13, 14 and 15.

Area No
Date _ Remarks
1 2 3 4 5 ba 6 6b
7/14 (11:00) (6) release of animals in the areas
18:05 1 1 2 1 1 observation started in
18:25 2(2)
18:45 1 3(3) 2 sunset at 18:58
19:05 2 4(4)
19:25 2(1) 1 3
19:45 1 1 1 1 1 1
20:05 1 1 1 1 2 observation interrupted
7/15 03:35 3(3) 1 2
03:55 1 1 2 2
04:15 1 1 2 2
04:35 3 1 1 1 sunrise at 04:36
04:55 2 1 2 1
05:15 3 1 1 1
05:35 4(3) 2 observation closed
Total 4 3 2 2 31(16) 12 15 15
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Table 17. Progress note on the distribution (number of individuals by area) of an animal
group in the tank durinkg the execution of Experiment B-2 (b). In Columns 5a and 6b,
distribution inside the open space of the respective model reefs. cf. Tables 13, 14 and 15.

Area No
Date - — Remarks
1 2 3 4 5 5b 6 6a
7/15 (11:00) (6) release of animals in the areas
18:05 1 1 1 1 1 1 observation started in
18:25 3 1 2
18:45 4(3) 1 sunset at 18:57
19:05 1 3 2(1)
19:25 1 4(4) 1
19:45 1 1 1(1) 3
20:05 2 1 3 observation interrupted
7/16 03:35 3 3
03:55 1 22 3
04:15 2 1 1 2
04:35 2 1 3 sunrise at 04:37
04:55 3 3
05:15 1 3 1 1
05:35 1 1 1 3 observation closed
Total 4 5 5 7 27(12) 6 28 2

Table 18. Progress note on the distribution (number of individuals by area) of an animal
group in the tank during the execution of control experiment. cf. Tables 1 and 13.

Area No
Date — _— Remarks
1 2 3 4 5 6
7/15 (11:00) (6) release of animals in the areas
18:10 6(6) observation started in
18:30 1 4(4) 1
18:50 2 4(4) sunset at 18:57
19:10 1 5(5)
19:30 6(6)
19:50 1 5
20:10 1 3 2 observation interrupted
7/16 03:40 6(6)
04:00 3(5) 1
05:20 6(6)
04:40 5 1 sunrise at 04:37
05:00 6(6)
05:20 5 1
05:40 3 2 observation closed
Total 1 3 2 1 69(48) 8
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BIAALAND - e OBELE OB A L I TEN (2
AEBUCERSHEE) 0b, TORBDDL S —DDF
ML 2B, T, MmOBE 56 OEXMICHELDE
LWREDBED SR NDICH LT, ZOHAHE bR

RYORDEND L BREEND, TiHbD, FHH

AL (Fv b) WIREER 6 BiRicd LT, Ewil (=
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Table 19. Attractivity (total number of the
animal(s) occupied the inside of open space) of
open spaces of the model reefs on selection
experiments (Exp), except of figures following
the symbol -+, which are the total number of
the animal(s) observed on the outer part of
model reefs. Difference, between Areas 5 and
6, respectively.

Area No
5 6
A-1 11 0
A-2 2+4 0
A-3 3+2 1+1
B-1 7 9+3
B-2(a) 12 15
B-2M) 6 2

Difference of

Exp selected open space

Frontage: 15cm: 6cm
Height: 18 cm: 6cm
Depth: 21.5cm: 43cm
Frontage: 17 cm: 34 cm
Height: 10 cm: 30 cm
Height: 30 cm: 10cm

Fva) WICEENR2MEETH B, BVHIKELDEL O
FFRD BN B ETRITORR B-2) OBALAEL
THD,

C HEHE®R

KBAEORKEC L 2ERTCONHDRED ZH DA
3B DHMERTE D, TEOKRKEX (Table 1)
%, FEHMEET 48.0-59.5mm (P 53.1mm), (A%
T 72-110g By 87.7g) Th b,

EERIHT (Table 18) 127 A15H11:00 EH2 5 7 H16
H05:40 T TTh b, AT CBOSAIZ, BIZBHIEE
#2355 K (BIEI4EIE~GHER) wEF L, 6K (6
EFER 8 fEK) 212U, 3-4 X (2 HENR 3 EE) &
T2 X (3EIERIEAR) EHRTELLEBLT
W5, Lad, 5XTREAT O R Em (19859
EE~ASTEMR) 2B TH D,

4. ® =&
KR TRSL BN DO EBRIZ TN gD
BNEDTIRH DL, TNTHA L EDHEE T VES

I+ RN E R BD D ENTED L5 A
bbb,

A9 CHEA X NAERAEZ, JHEER (Table 18)
TH LR E DI, FHKEDH D 5 KBATIc v
W ABWET MAEEZ WD, L, —HTHEkE
BREBEBMEZBEL T, EFVEBEEAD L CORERY
LW ZBFUSHRD BN T WD, &1L, EFVERE
OHEEHE B-2 (a, b) i& (Tables 16, 17), Z DA
HEROEZNICHRILO ZEMERIC BN FI D H S
TERTRBLTVWERTTHS, 2D LE, SLER
BRI EQFEEMFCE S SO THIIE, =F V&I

Table 20, Total number (Total) per time zone
of the animals occupied inside the open space
in the 3 group experiments of B series (cf.
Table 1). *, time zone including the time of
sunset or sunrise; No Exp, frequency of related

experiments,

Time zone No Exp Total Ind/Exp
(Hour) (a) (b) (b/a)
18-19* 3 14 4.7
19-20 3 9 3.0
20-21 1 3 3.0
03-04 2 6 3.0
04-05* 3 11 3.7
05-06 2 8 4.0

FRAHOBRNHEIECH R L ERKT230E A2 T
WBT EERBHRLTNS, WIThicd X, 5XBEATA
DT DBNSR, EEE, BEFUEBGEENOT
DEIGDOESAFMEEL LD, ZOHRSHED
MRCEINICAKERBEEDO—2>TH %,

AP0 ERTH 2 BRILO K E I OHEIC DN TH
&, SHORKRRRCETS1-ED, RT0oHAYR
&, FEThEITHIREVAR, Thbb, AHOKRE
WHIRE S = e nFEF | SN BB b/ Ei (Table 19)
MNEADBNDL, TTRER LS, BERTH 1EHD
BEL ) OFBAAOSER 12 Ak EE > TW5ED
T, TOZLREFRLOEIEZEDDLZ & EFELR,
T TRITOBEOFNMILERNRTEE I NS,

AR TOBETR, TTrBRE2EL S, BRI
BITICDOWCIRBEARR LElcikE D, BERRTLD
nTWil, Land, TO1EDOERRTESENED, F
PIRMD 5 E O HERRER L REOEECL T 5,
Thbb, ZOo0® FVEEEO I TR EZRL
D bhisnL (Table 10), BkILASAETRIL A
MOBELRIFDEAIZADOIND, TOT LICEE
LT, e QBRI B 5 TOx E D 2 fhfy OfE]
T, TERBELOFER LN TWDORERENS, RICT
O 1 HOEBFERNBREL SO TRV E TR, &2
BAOKELDHRDLINILVEWI BHT, F2%EH
FERL LU TCORTOFMIE, BPEI LD H{ERNATEEY
BHD, CORDBSHOEED DMERO—D2TH D,

BRI BB L €, IR IN5 01, W
DHERORRNEE TH S, 3EOHEREZEL T, 18K
HAOEHGKE T IBRAAOEES S L, FHIES
EAEBIC X > T ONEFFE) (Table 20) 45 &,
3.00:5 4.7 FTOHMBETEMLTCnD, TOZ LI
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Espace effectif, au point de vue biologique, d’un récif
artificiel particuliérement adapte aux langoustes

CHEN Sai-bin, Seiichi WATANABE, Yasuyuki KOIKE et Kazunori TAKAGI

Résumé:

Dans le but d’améliorer Iefficacité d’un modele de récif artificiel plus particuliére-

ment adapté aux langoustes, les facteurs biologiques conernant 1’espace utilisable par les
animaux vivant dans le récif sont préalablement analysés au laboratoire au moyen d’ex-
périences de sélection sur des animaux vivants de 45,0-59,5 mm de longueur céphalothoracique

dans un bac d’une tonne.

aussi commenté au point de vue biologique.

Deux facteurs, la largeur et la hauteur des abris ont apparement
une influence, ce qui n’est pas le cas de la profondeur.

La signification des expériences est





