Bioassay Data for Marine Pollution Using Sea Urchin
Eggs, 1984 to 1989

1984

Four experiments were made as follows.

I. Winter season, January 21, using Hemicentrotus pulcherrimus eggs, sec Table 1.

II. Spring season, April 3, using H. pulcherrimus eggs, see Table 2.

III. Summer season, June 23, using Anthocidaris crassispina eggs, see Table 3.

IV. Autumn season, September 4, using A. crassispina eggs, see Table 4.

(Notes common to all tables: Fertilization membrane formation examined 3 min.
after fertilization; minutes and hours in parentheses respectively after First cleavage,
Gastrulation and Pluteus indiacte the time after insemination; the maturation state
of gonads used was nearly ripe to full ripe; For the 5 mins. old sperm and 3-6 hrs.
old eggs, Degree of inhibitory effect 0 show the non-inhibition, 1 the slight inhibition,
2 the weak, 3 the moderate, 4 the strong and 5 the violent inhibition state of the sea
water tested (see Ranking III, Publ. Seto Mar. Biol. Lab., Vol. 30, No. 4/6, p. 224,
Table 6, 1985))

1985

Four experiments were made as follows.

I. Winter season, January 24, using Hemicentrotus pulcherrimus eggs, see Table 5.
II. Spring season, March 23, using H. pulcherrimus eggs, see Table 6.

III. Summer season, July 18, using Anthocidaris crassispina eggs, see Table 7.
IV. Autumn season, August 28, using 4. crassispina eggs, see Table 8.

(Notes common to all tables: See the notes mentioned above.)

1986

Three experiments were made as follows.
I. Winter season, January 23, using Hemicentrotus pulcherrimus eggs, see Table 9.
II. Spring season, March 28, using H. pulcherrimus eggs, see Table 10.
I1I. Autumn season, September 4, using Anthocidaris crassispina eggs, see Table 11.
(Notes common to all tables: See the notes mentioned above.)

1987

Four experiments were made as follows.

I. Winter season, January 17, using Hemicentrotus pulcherrimus eggs, see Table 12.
I1. Spring season, March 19, H. pulcherrimus eggs, see Table 13.
I11. Summer season, June 10, using Anthocidaris crassispina eggs, see Table 14.
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IV. Autumn season, August 28, using A. crassispina eggs, see Table 15,
(Notes common to all tables: See the notes mentoined above.)

1988

Four experiments were made as follows.

I. Spring season, March 29, using Hemicentrotus pulcherrimus eggs, see Table 16 and
May 30, using Anthocidaris crassispina eggs, see Table 17.

II. Summer season, July 19 and August 19, using A. crassispina eggs, see Tables 18
and 19.

(Notes common to all tables: See the notes mentioned above; For the 0 mins. old
sperm and O hrs. old eggs, Degree of inhibitory effect 0 show the no inhibition, 1 the
weak, 2 the moderate and 3 the strong inhibition state of the sea water tested (see
Ranking IV, Publ. Seto Mar. Biol. Lab., Vol. 34, Nos. 4/6, p. 235, Table 8, 1990))

1989

Four experiments were made as follows.

I. Winter season, February 21, using Hemicentrotus pulcherrimus eggs, see Table 20.
II. Spring season, April 5, using H. pulcherrimus eggs, see Table 21.

III. Summer season, July 3, using Anthocidaris crassispina eggs, see Table 22.

IV. Autumn season, August 30, using A. crassispina eggs, see Table 23.

{(Notes common to all tables: See the notes mentioned above.)

Naomasa Kobayashi

Biological Laboratory
Doshisha University
Kyoto 602, Japan
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Results of the Jan. 21, 1984 experiment with eggs of Hemicentrotus pulcherrimus.
Ranking IIT 1985.

Wind; 0, Test water temperature; 18°C, 5 mins. old sperms, 6 hrs. old eggs.

Time after insemination

Location 3 mins. 75 mins, 22 hrs. 45 hrs. Degree of
s - inhibitory
3 ® S
.83 = —~ g 3 = = —~ —_
£7 g g8 LF g2 & 08 g g o
g g s | % o g7 &~ ~
g2 * w3 S8 5% 3T 5 Ez 9
8§ % SE g Ef EE L,E ¢@ EB
%5 ¢ $5 E¢ 58 5% g% B2 53
(depth) RINS) -~ &g Ea &8 &8 %H @wm &%
(m)
. 99.5 0.5 99.5 0 0.5 99.5 0 1.0 99.0
Running
sea water of 98.5 1.0 99.0 0 1.0 99.0 0 1.5 98.5 0
Laboratory 990 10 990 0 05 995 0 15 985
Water from 99.0 1.0 99.0 0 0.5 99.5 0 1.0 99.0
open sea side
of Hatakejima 99.5 0.5 99.5 0 0.5 99.5 0 0.5 99.5 0
Surface 99.5 1.0 99.0 0 1.0 99.0 0 1.5 98.5
Water from 96.5 4.0 96.0 0 3.5 96.5 0 5.5 94.5
land side of 980 25 975 0 25 975 0 60 940 1
Hatakejima
Surface 97.0 3.5 96.5 0 3.0 97.0 0 4.5 95.5
95.0 6.0 94.0 0 3.5 96.5 0 5.5 94.5
Bottom (7) 98.0 2.5 97.5 0 4.0 96.0 0 6.5 93.5 1
96.0 5.0 95.0 0 3.0 97.0 0 5.0 95.0
Sea water from 92.0 9.0 91.0 0 56.5 43.5 0 295 70.5
Tsunashirazu 965 45 955 0 520 480 0 27.0  73.0 5
Surface 94.0 6.5 93.5 0 50.5 49.5 0 24.0 76.0
94.5 7.0 93.0 0 22.0 78.0 0 220 78.0
Bottom (5) 96.0 5.5 94.5 0 19.0 81.0 0 210 79.0 4
93.0 7.5 92.5 0 18.0 82.0 0 245 75.5
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Table 2. Results of the Apr. 3, 1984 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; 0, Test water temperature; 18°C , 5 mins. old sperms, 6 hrs. old eggs. Ranking 111 1985.

Time after insemination

Location 3 mins. 75 mins. 24 hrs. 48 hrs. Degree of
—~ T inhibitory
R > _
s ~ 3 R < 52 = = effect
g 0§ B o g = 4 08
g @ @g 92 28 & F Hz gg
= — — B2
s5 3 BF 35 % i§ af iE if
(depth) &8 -~ s2 E& B3 &8 ©5 "E 2R
(m)
Ruani 990 15 985 0 05 995 0 1.5 985
unning
sea water of 99.5 1.0 99.0 0 1.0 99.0 0 1.0 99.0 0
Laboratory 980 20 980 0 05 995 0 15 985
Water from 995 1.0 990 0 05 995 0 1.0 99.0
open sea side 990 15 985 0 05 995 0 05 995 0
of Hatakejima
Surface 980 20 980 O 1.0 99.0 0 15 985
Water from 975 3.0 970 0 1.0 99.0 0 1.5 985
land side of 970 35 965 0 15 985 0 1.0 99.0 0
Hatakejima
Surface 985 20 980 0 35 965 0 25 975
97.0 40 960 0 15 985 0 20 980
Bottom (7) 9%.0 45 955 0 30 97.0 0 25 975 0
980 30 970 0 25 975 0 40 96.0
Sea water from 98.0 2.5 97.5 0 1.5 98.5 0 6.0 94.0
CT;;‘;aSh“aZ“ 97.0 45 955 0 3.0 970 0 5.5 945 1
Surface 95 40 960 0 20 980 0 7.0 93.0
960 4.0  96.0 0 2.5 975 0 8.0 920
Bottom (5) 975 50 950 O 35 965 0 75 92.5 1
970 35 9.5 0 20 980 0 6.0 940
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Table 3. Results of the June 23, 1984, experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 26°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking 111 1985.

Time after insemination

Location 3 mins. 60 mins. 16 hrs. 26 hrs. Degree of
. = inhibitory
S < _ o~ —_
8= ~ N PR 59 2 3 = effect
TR B 1 I A
ES = =% & d3 §F F 58 i
£ % BI 35 F@ EE ef i: :iE
(depth) &8 A &8 EBR &3 2% EH SB 2a
(m)
Rugni 99,0 1.5 985 0 0.5 995 0 1.0 99.0
unning
sea water of 99.5 1.0 990 0 0 100 0 0.5 99.5 0
Laboratory 98.5 20 980 0 10 990 0 1.0 99.0
Water from 98.5 1.5 985 0 05 995 0 0.5 99.5
open sea side 99.0 1.0 990 0 .0 990 0 1.5 985 0
of Hatakejima
Surface 99.5 1.0 990 0 0.5 995 0 1.0 99.0
770 245 755 0 145 855 0 145 855
Bottom (15) 765 260 740 0 125 875 0 160 840 3
71.0 300 700 0 130 870 O 130 87.0
Water from 76,5 260 740 0 140 860 0 160 84.0
land side of
Tatakejima 780 250 750 0 110 8.0 0 170 830 3
Surface 790 300 700 0 155 845 0 13.0 87.0
810 195 805 0 1.0 99.0 0 3.0 97.0
Bottom (7) 790 235 765 0 40  96.0 0 3.5  96.6 2
755 270 730 0 45 955 0 6.5 93.5
Sea water from 785 240 760 0 110 89.0 0 150 850
;{f“,‘:”h“az“ 730 280 720 0 165 83.5 0 155 845 3
Surface 715 815 685 0  13.0 87.0 0 170 83.0
760 250 750 0 130 870 O 160 84.0
Bottom (5) 700 320 680 0 185 815 0 135 865 3
685 33.0 670 0 160 84.0 0 190 810
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Table 4. Results of the Sep. 4, 1984, experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 27°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking III 1985,

Time after insemination

Location 3 mins. 60 mins. 15 hrs. 24 hrs. Degree of
. % ;\; inhibitory
R < — ~ = = = _ —
£ ¢ 8 SF 3 £ € 2 g
€2 % 25 2 28 58 85 Ez g
b - — X | = = 2
SE % TE SF B EE 4B 2B GEf
o w W —_
(depth) &8 4 48 ER &2 8% 5% TR S&
(m)
Runn 995 10 990 0 05 995 0 1.0 99.0
unning
sea water of 990 15 985 0 1.0 99.0 0 05 99.5 0
Laboratory 99.0 1.0 99.0 0 1.0 99.0 0 2.0 980
Water from 980 20 980 0 2.0 98.0 0 40  96.0
open sea side
of Hatakejimma 995 15 985 0 25 97.5 0 3.5 965 1
Surface 990 20 980 0 1.5 985 0 6.0 940
980 25 975 0 1.0 99.0 0 1.5 985
Bottom (15) 990 15 985 0 2.5  97.5 0 2.0 980 0
980 20 980 0 1.0 99.0 0 1.5 985
Water from 985 20 980 0 1.5 985 0 2.0 980
land side of 980 25 975 0 20 980 0 1.5 985 0
Hatakejima
Surface 980 30 970 0 1.0 99.0 0 25 975
980 25 975 0 2.0 98.0 0 55 94,5
Bottom (7) 980 20 980 O 2.5 975 0 40 96.0 1
975 30 970 0 20 980 0 35  96.5
Sea water from  99.0 20 980 0 1.5 985 0 L5 985
};f“,‘:“hlraz“ 980 25 975 0 20 980 O 20 980 0
Surface 9.5 50 950 0 1.0 990 0 35  96.5
930 80 920 0 1.5 985 0 105 895
Bottom (5) 870 135 8.5 0 3.0 97.0 0 8.5 915 2
89.0 120 8.0 0 40 960 0 120 880




393

Table 5. Results of the Jan. 24, 1985 experiment with eggs of Hemiconirotus pulcherrimus.
Wind; NW1, Test water temperature; 18°C, 5 mins. old sperms, 6 hrs. old eggs. Ranking IIT 1985.

Time after insemination

Location 3 mins. 75 mins. 23 hrs. 45 hrs, Degree of
— = inhibitory
g ¥ S
22 ~ — g 7o <) 2 __ — ffect
—g =] B gﬂi\i — E\ E é é é — 3\0/ c\o ¢
g ;9_. g g = g8 8 8 = = 8 g @ = \:
¢ % ZE sF g% EE B 8% EE
52 ¢ 9§ B3 £8 gz 2% 52 §=3
{depth) L& L &g E& g8 88% 8% wB g8
(m)
Running 98.5 2.0 98.0 0 0.5 99.5 0 1.5 985
sea water of 99.0 1.5 985 0 05 99.5 0 0.5 99.5 0
Laboratory
Water from 99.0 2.0 98.0 0 0 100 0 1.0 99.0
open sea side 5 )
of Hatakejima 98.0 1.5 98.5 0 0.5 99.5 0 0.5 995 .0
Surface
Water from 97.0 3.0 97.0 0 1.5 985 0 25 975
land side of
Hatakejima 98.0 3.5 96.5 0 1.0 99.0 0 2.0 98.0 0
Surface

96.5 4.0 96.0 0 3.0 970 0 7.5 92.5

Bottom (7)
97.0 5.0 95.0 0 20 98.0 0 6.5 935 1

Sea water from 98.0 3.5 96.5 0 2.0 98.0 0 8.0 92.0

Tsunashirazu 975 40 960 0 15 95 0 55 945 1
cove

Surface
93.0 9.0 90.5 0.5 52.5 475 0 83.5 16,5

Bottom (5)
925 85 905 L0 605 395 0 58.0 42.0 5
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Table 6. Results of:the Mar. 23, 1985 experiment with eggs of Hemicentrotus pulcherrimus.

Wind; 0, Test water temperature; 17°C, 5 mins. old sperms, 6 hrs. old eggs. Ranking I1I 1995,

Time after insemination

Location 3 mins. 75 mins. 24 hrs. 48 hrs. Degree of
. -~ inhibotory
= 8 S I
;& b < R 32 32 3 3 effect
g 2 B2 S F 53\/ - T <
EQ = b ,.a 8 g 5 a ,(_é < « E 3 ,.E v
et — - B = =] = =
sE 3 TE 55 GE Ef .f g Ef
(depthy &8 L &4& ER R2 8% 5% w"a 2h
(m)
. 96.5 4.5 950 0.5 1.0 99.0 0 0.5 995
Running
sea water of 94.5 6.0 94.0 0 0.5 99.5 0 0.5 99.5 0
Laboratory 980 20 980 O 05 995 0 1.0 99.0
Water from 96.0 5.0 94.5 0.5 1.5  98.5 0 1.0 99.0
open sea side
of Hatakijima 94.0 6.0 94.0 0 0.5 99.5 0 0.5 99.5 0
Surface 98.5 20 980 O 1.0 99.0 0 0.5 99.5
Water from 88.5 135 86.5 0 7.5 925 0 73.0 2790
land side of 910 95 905 0 45 955 0 685 315 5
Hatakejima
Surface 90.5 10.0  90.0 0 6.5 93.5 0 71.0  29.0
91.5 9.5 90.5 0 6.5 93.5 0 3.0 97.0
Bottom (7) 90.0 10.0 84.0 6.0 45 95.5 0 25 97.5 2
94.0 7.0 93.0 0 40 96.0 0 3.0 97.0
Sea water from 96.0 50 95.0 0 3.5 96.5 0 3.5 96,5
Tsunashirazu 930 80 920 0 50 950 0 20 98.0 2
Surface 91.5 10.0  90.0 0 6.0 94.0 0 3.0 970
94.0 6.5 93.5 0 55 945 0 6.0 94.0
Bottom (5) 94.0 7.0 93.0 0 4.0 96.0 0 45 955 2
92.0 9.0 91.0 0 6.0 940 0 3.5 96,5
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Table 7. Results of the July 18. 1985 experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 27°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking 11T 1985.

Time after insemination

Location 3 mins. 60 mins. 16 hrs. 27 hrs. Degree of
— ~ inhibitory
S S
8= 5 e > oW X $ 5 g effect
£ g 5 ¥ =E 5= ¥ T w0
g5 0 Pz 8% 5% sf 4 Eg @3
(depth) &8 A 48 ER B2 2% 5% 25 2%
(m)
Running 980 15 985 O 0.5 99.5 0 1.0 99.0
sea water of 98.0 2.0 98.0 0 0.5 99.5 0 0.5 99.5 0
Laboratory 990 20 980 O 0 100 0 1.0 990
Water from 980 20 980 O 0 100 0 0.5 995
open sea side
of Hatakefima 99.0 15 985 O 0.5 995 0 0.5 99.5 0
Surface 99.5 1.0 990 O 05 995 0 0.5 99.5
975 30 970 0O 1.0 99.0 0 2.5 97.5
Bottom (15) 98.0 25 975 0 0.5 995 0 3.0 970 0
970 35 955 1.0 05 99.5 0 2.0 930
Water from 980 25 975 0 0.5 99.5 0 35 965
land side of
Hatahejima 985 30 9.0 1.0 1.0 99.0 0 55 945 1
Surface 97.0 35 950 1.5 2.0 980 0 3.0 97.0
955 50 930 20 15 985 0 4.0 96.0
Bottom (7) 950 6.0 935 0.5 20 98.0 0 6.5 93.5 1
93.0 75 900 25 30 970 0 50 950
Sea water from 925 8.0 805 115 125 875 0 245 755
Tsunashirazu 940 65 805 130 110 8.0 0 195 805 4
Surface 93.0 75 785 140 95 905 0 210 790
940 65 905 3.0 15 985 0 6.0 94,0
Bottom (5) 950 60 920 20 25 975 0 7.0  93.0 1
955 50 935 15 20 980 0 85 915
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Table 8. Results of the Aug. 28, 1985 experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 27°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking IIT 1985.

Time after insemination

Location 3 mins. 60 mins. 15 hrs. 24 hrs. Degree of
— -3 inhibitory
e 8 >
> ~ — g ) 3 S —~ ~ effect
T ¢ B o 12 T T g 08
§5  * sz 52 E% 3T 0§ Ez I3
< — — oo o
sE 0% OBE 32 E3 Ef i3 2E iZ
(depth) S8 A 48 EB 85 &% B SR &2
(m)
Runni 99.0 1.5 985 0 1.0 990 0 0.5 99.5
unning
sea water of 995 1.0 990 0 05 995 0 1.0 99.0 0
Laboratory 990 1.0 990 0 10 990 0 1.0 99.0
Water from 9.5 1.0 990 0 0 100 0 1.0 99.0
open sea side
oFHaheima 995 05 995 0 0.5  99.5 0 05 99.5 0
Surface 985 20 980 0 15 985 0 1.5 985
990 1.0 990 0 05 995 0 05 995 ,
Bottom (15) 980 25 975 0 10 90 0 1.0 99.0 0
980 20 980 0 15 985 0 2.0  98.0
‘Water from 98.0 2.5 97.5 0 1.0  99.0 0 1.5 98.5
land side of
Fiatakejima 9.5 45 955 0 1.5 985 0 2.5  97.5 0
Surface 97.0 3.5 96.5 0 2.0 98.0 0 2.0 98.0
970 35 965 0 15 985 0 25 975
Bottom (7) 945 7.0 930 0 20 980 0 35  96.5 0
960 45 955 0 30 970 0 3.0 97.0
Sea water from 565 455 545 0 60 940 0 50  95.0
Tsunashirazu 63.5 390 610 0O 45 955 0 45 955 4
Surface 560 430 570 0 85 915 0 7.5 02.5
815 195 770 35 10 990 0O 25 975
Bottom (5) 780 240 750 1.0 35 965 0 35  96.5 2
755 255 725 2.0 40 960 0 40 96.0
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Table 9. Results of the Jan. 23, 1986 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; NW1, Test water temperature; 19°C, 5 mins. old sperms, 6 hrs. old eggs. Ranking ITT 1985.

Time after insemination

Location 3 mins. 65 mins. 24 hrs. 48 hrs. Degree of
—_ —~ inhibitory
< 32 3
3 N ~ — — —
& D o 03 R S Q) 3 % effect
B 0§ & 3E ;% 5 T O_T
£ 2 23 g8 8% %3 0§ B B
SE % BE O3E EE EE .5 2% ER
-t
(depth)  && 4 &g E8 &2 8% £% ®AE 2R
(m)
Running 990 1.5 985 0 05 995 0 1.0 99.0
sea water of 100 05 995 0 1.0 99.0 0 0.5  99.5 0
Laboratory 995 20 980 O 15 985 0 1.0 99.0
Water from 930 80 920 0 45 955 0 2.5  97.5
land side of
Hatakejima 995 10 99.0 O 3.5 96.5 0 1.5 985 1
Surface 920 95 905 0 2.5 97.5 0 1.0 99.0
855 185 815 0 110 89.0 0 185 8L5
Bottom (7) 91.0 95 905 0 7.5 92.5 0 275 725 5
88.5 140 8.0 0 180 820 0 230 770
Sea water from 90.5 10.5 89.5 0 6.0 94.0 0 8.5 915
Tsunashirazu = 940 80 920 o0 35 9%5 0 130 8.0 2
Surface 91.5 100 90.0 0 75 925 0 7.0 93.0
9%.0 50 950 0 70 930 0 160 84.0
Bottom (5) 975 30 970 0 40 960 0 155 845 3
90.0 115 885 0 85 915 0 9.5 905
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Table 10. Results of the Mar. 28, 1986 experiment with eggs of Hemicentrotus pulcherrimus.

Wind; 0, Test water temperature; 19°C, 5 mins. old sperms, 6 hrs. old eggs. Ranking 111 1985,

Time after insemination

Location 3 mins. 65 mins. 24 hrs. 48 hrs. Degree of
= 3 inhibitory
SRS < L A~
<% 8 g _F 22 08 ¥ ¥ £ offect
EE 0§ fD %5 s os 3 3% 4%
g —V: _‘m ) Ia - i — 3 3
ZE 0% TE 5F GF OEE .2 if EE
o — w 7]
(depth)  && <~ &% ER B3 8% % S8R 2R
(m)
Running 965 45 955 0 15 985 0 05 99.5
sea water of 975 40 9.0 0 1.0 990 0 1.5 985 0
Laboratory 980 25 975 0 05 995 0 1.5 985
Water from 96.5 4.5 95.5 0 1.0 99.0 0 76.5 23.5
open sea side
Pilacasde, 970 40 960 0 1.0 990 0 100 0 5
Surface 985 20 980 0 05 995 O 100 0
Water from 9.5 45 955 0 35 965 0 165 83.5
ﬁgfaigfnf: 9.5 50 950 0 25 975 0 100 0 5
Surface 975 30 970 0 20 980 0 100 0
9.0 55 945 0 25 975 0 7.0 93.0
Bottom (7) 940 60 940 0 20 980 0 255 745 5
975 80 970 0 15 985 0 190 81.0
Seawater from 960 50 950 0 45 955 0 265 735
Tsunashirazu 950 55 945 0 50 950 0 535 465 5
Surface 985 30 970 0 30 970 0 635 365
9.5 55 945 0 65 935 0 35 965
Bottom (5) 9.6 50 950 0 55 945 0 40 960 1
970 30 970 0 35 95 0 30 970
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Results of the Sep. 4, 1986 experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 27°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking III 1985.

Time after insemination

Location 3 mins. 60 mins. 18 hrs. 30 hrs. Degree of
— —~ inhibitory
S0 s
= = ~ ¥ .8 3 03 =~ effect
57 3 8 -7 3£ € € g 8
g2 3 35 85 f£2 =5 5 B =z
f T ®SE =% 8 EE LB ¢ E:
5k © 985 B8 §S 5z 2=z £2 §=2
(depth) BN < e E& 83 & % ®A &6
(m)
R . 99.5 0.5 99.5 0 0.5 99.5 0 0.5 995
unning
sea water of 99.0 1.0 99.0 0 0.5 99.5 0 1.0~ 99.0 0
Laboratory 98.0 25 975 0 1.0 99.0 0 0.5 99.5
Water from 99.0 1.0 98.0 1.0 1.0 99.0 0 2.0 98.0
open sea side
of Hatakejima 98.5 1.5 97.0 1.5 1.5 98,5 0 1.5 985 0
Surface 98.0 1.5 97.0 1.5 1.5 98,5 0 0.5 99.5
98.5 1.0 98.5 0.5 20 98.0 0 3.0 97.0
Bottom (15) 98.0 2.0 97.0 1.0 2.0 98.0 0 2.5 97.5 0
97.0 3.0 96.0 1.0 1.5 98.5 0 1.5 98.5
Water from 97.0 3.0 95.5 1.5 35  96.5 0 3.5 96.5
land side of
Hatakejima 96.0 4.0 94.0 2.0 50 95.0 0 25 975 1
Surface 96.0 4.0 95.0 1.0 45 95.5 0 3.0 970
96.0 3.0 93.0 4.0 45 95.5 0 4.5 95.5
Bottom (7) 93.0 7.0 91.0 2.0 50 95.0 0 3.0 970 1
94.0 6.0 93.0 1.0 45 955 0 2.5 97.5
Sea water from 18.5 84.0 16.0 0 100 0 0
Tsunashirazu 150 860 140 0 100 0 0 5
Surface 26.0 75.0 25.0 0 100 0 0
81.5 21.0 74.5 4.5 40 96.0 0 5.0 95.0
Bottom (5) 80.0 20.0 78.0 2.0 45 955 0 4.5 95.5 2
77.5 21.0 76.0 3.0 45 955 0 6.0 94.0
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Table 12.

Results of the Jan. 17, 1987 experiment with eggs of Hemicentrolus pulcherrimus.

Wind; 0, Test water temperature; 19°C, 5 mins. old sperms, 6 hrs. old eggs. Ranking III 1985.

Time after insemination

Location 3 mins. 75 mins. 22 hrs. 45 hrs. Degree of
—_ — inhibitory
= B S _
4 & - 033 R 5 e < ) effect
B8 f £ 3§ 5. _% 5 P O_Y
8 7] 23] Q& =~ o= — @ = kA
Sf 0% %fo2F i§ fro.oif if
et v w
(depth) &8 L 42 ER &3 8% % ®E 8%
(m)
Running 980 30 970 0 0 100 0 1.0 99.0
sea water of 995 1.0 990 0 1.0 990 0 0.5 99.5 1
Laboratory 83.0 180 820 0 15 985 0 05 995
Water from 985 15 980 05 05 995 0 0 100
open sea side
ofHatakejima 99 10 990 0 1.0 990 0 0.5 99.5 1
Surface 875 125 870 05 15 985 0 1.0 99.0
I\/Vaéer from 980 25 970 05 35 965 0 1.0 99.0
and side of
Hatakejima 990 20 980 O 30 970 0 1.5 985 1
Surface 835 170 825 05 50 950 0 10 99.0
81.0 200 790 1.0 110 89.0 0 2.0 98.0
Bottom (7) 835 170 820 1.0 105 895 0 2.5 97.5 3
730 280 700 20 165 835 0 1.5 985
Sea water from  85.0 325 650 25 195 805 0 2.0 980
Tsunashiraza  g75 350 610 40 190 8.0 0 25 975 4
Surface 795 310 660 3.0 220 780 O 3.0 970
62.0 39.0 590 2.0 215 785 0 2.0 98.0
Bottom (5) 78.0 405 545 50 240 76.0 0 3.0 97.0 5
750 360 600 40 290 710 0 2.5  97.5
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Results of the Mar. 19, 1987 experiment with eggs of Hemicentrotus pulcherrimus.

Wind; 0., Test water temperature; 19°C, 5 mins. old sperms, 6 hrs. old eggs. Ranking IIT 1985,

Time after insemination

Location 3 mins. 75 mins. 24 hrs. 48 hrs. Degree of
—_ —~ inhibitory
—~ B o
.32 S ~ < ) e =) > < effect
£ g 88 LF g2 22 g s T
= 73 12 Y &= = = jo] =
GE % 3E X fF BE .f i i
i g w 2]
(depth) && &L 4§ ER B3 E2& &% "B ER
(m)
Running 98.5 2.5 97.5 0 1.0 99.0 0 1.0 99.0
sea water of 99.0 1.5 98.5 0 0.5 995 0 1.5 985 0
Laboratory 985 20 970 1.0 15 985 e 0.5 99.5
Water from 99.0 1.5 98.5 0 1.0 99.0 0 1.0 99.0
open sea side
of Hatakejima 99.5 1.0 99,0 0 0.5 995 0 1.0 99.0 0
Surface 98.5 1.5 97.0 1.5 20 98.0 0 1.5 98.5
Water from 96.0 4.0 95.0 1.0 20 98.0 0 1.5 98,5
land side of
Hatakejima 97.0 3.5 92.0 4.5 25 975 0 1.5 985 1
Surface 96.5 7.5 89.0 3.5 3.0 970 0 2.0 98.0
97.0 10.0 72,5 175 85 915 0 100 0
Bottom (7) 98.0 8.0 71.0  21.0 100 90.0 0 65.0 35.0 5
97.0 11.0 655 235 13.0 87.0 0 100 0
Sea water from 8.0 93.0 7.0 0
Tsunashirazu
cove 7.0 935 6.5 0 5
Surface 5.5 950 5.0 0
94.0 15.0 61.5 23,5 135 86.5 0 100 0
Bottom (5) 95.0 7.5 645 28.0 165 835 0 100 0 5
93.0 115 57.5 31.0 83.0 7.0 0 100 0
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Table 14. Results of the June 10, 1987 experiment with eggs of Anthocidaris crassispina.
Wind; 0, Test water temperature; 25°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking III 1985,

Time after insemination

Location 3 mins. 70 mins. 15 hrs. 24 hrs. Degree of
— 3 inhibitory
) 32 S
& g -~ e ") ) ) - = effect
o~ (PR N w3l 2 2 o =&
I O L A
b= @ 23 f£a &% ©3 5 2 38
5803 3fofF i BE L opp id
(depth) &8 4 S8 ER B3 2% %% RE &=
(m)
Runsi 995 1.0 990 0 05 995 0 10 99.0
unning
sea water of 99.0 10 990 0 0 100 0 2.0  98.0 0
Laboratory 980 25 975 0 10 9.0 0 15 985
Water from 99.5 1.0 990 0 1.0 99.0 0 1.5 985
open sea side - I
of Hatakejima 99.5 05 995 0 0.5 995 0 1.5 985 0
Surface 985 2.0 980 0 0.5 99.5 0 2.0 98.0
980 30 970 0 1.5 985 0 2.0 980
Bottom (15) 985 20 980 0 2.0 98.0 0 1.5 985 0
99.0 25 975 0 1.0 99.0 0 25 975
Water from 97.0 40 950 1.0 40 96.0 0 3.5 96.5
Land side of 985 2.0 975 05 35 965 0 45 955 1
Hatakejima
Surface 975 25 970 05 45 955 0 50 950
985 2.0 970 1.0 40 96.0 0 9.5 90.5
Bottom (7) 980 25 9.0 1.5 50 950 0 9.0 910 2
965 40 940 20 35 0965 0 9.5 905
Sea water from 98.0 3.0 96.0 1.0 4.0 96.0 0 4.5 95.5
};S‘f:as}“raz“ 97.5 35 9.0 05 3.0 970 0 50 95.0 1
Surface 96.0 50 940 1.0 35 965 0 40  96.0
950 55 925 20 45 955 0 105 895
Bottom (5) 960 35 940 25 60 94.0 0 9.0 91.0 2
940 65 900 35 50 950 0 100 90.0
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Results of the Aug. 11, 1987 experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 27°C, 5 mins. old sperms, 3 hrs. old eggs. Ranking III 1985.

Time after insemination

Location 3 mins. 60 mins. 18 hrs. 24 hrs. Degree of
< :\S g inhibitory
3 ~— — — - S —~
-t o 00 BN 32 32 3 g effect
o 2 @SS o £ = < D =
5.8 g g2 85 Es = s 84 =4
g3 — -8 L& €3 873 5 £8 &3
SE 0% %L 2% B OBE .E 5E if
(depth) &E& L 4§ E& B35 2% 5% Sh %R
(tm)
R . 93.5 7.0 93.0 0 0.5 99.5 0 0.5 99.5
unning
sea water of 9.95 1.0 990 0O 1.0 99.0 0 1.0 99.0 0
Laboratory 990 15 985 0 1.0 990 0 1.0 99.0
Water from 94.5 5.5 94.5 0 1.0 99.0 0 0.5 995
open sea side =
oF Hatakejima 99.5 0.5 995 0 0.5 995 0 0.5 995 0
Surface 99.0 1.0 99.0 0 0.5 99.5 0 1.0 99.0
94.5 6.0 94.0 0 0.5 995 0 1.0 99.0
Bottom (15) 98.5 20 980 O L0 99.0 0 1.5 985 0
98.0 2.5 97.5 0 1.0 99.0 0 2.0 98.0
Water from 93.5 7.0 93.0 0 1.5 98.5 0 2.0 98.0
land side of
Hatakejima 98.0 2.5 97.5 0 2.0 980 0 5.0 950 1
Surface 975 30 970 0 1.5 98,5 0 55 94.5
93.0 6.5 93.5 0 2.0 98.0 0 10.0  90.0
Bottom (7) 98.5 3.0 97.0 0 2.0 98.0 0 11.0  89.0 2
98.5 20 980 0 25 975 0 120 88.0
Sea water from 920 80  90.5 1.5 1.5 98.5 0 11.0  89.0
CT(fge“aSh“azu 96.5 40 940 20 25 975 0 13.0 87.0 2
Surface 97.0 4.5 92.5 3.0 3.0 97.0 0 10.5 89.5 ’
93.0 8.0 92.0 0 2.0 98.0 0 9.5 905
Bottom (5) 95.0 6.0 94.0 0 3.0 970 0 12,5 87.5 2
95.5 5.0 95.0 0 3.0 97.0 0 14.0 86.0




404

Table 16. Results of the Mar. 29, 1988 experiment with eggs of Hemicentrotus pulcherrimus.

Wind; 0, Test water temperature; 19°C, 5 mins. old sperms, 6 hrs.. old eggs. Ranking III 1985,

Time after insemination

Location 3 mins. 75 mins. 24 hrs. 48 hrs. Degree of
. = :\; inhibitory
2= N - T -
25T ¢ g F gE £ € F g o
g'g g g = 9 g % g == S Eg = Y
K — — 2 3 i R 3
SE % PE 35 EE OEZ sF 2E ES
(depth) &8 4 &g ER BS =% OB "R ER
()
R . 100 1.0 99.0 0 0.5 99.5 0 0.5 99.5
unning
sea water of 99.5 1.0 99.0 0 1.0 99.0 0 1.0 99.0 0
Laboratory 980 35 965 0 15 95 0 1.0 99.0
Water from 99.5 0.5 99.5 0 0.5 99.5 0 1.5 98.5
open sea side
of Hatakejima 100 1.0 98.0 1.0 0.5 99.5 0 1.5 98.5 0
Surface 97.0 5.0 95.0 0 1.0 99.0 0 3.0 97.0
99.0 6.0 94.0 0 1.0 99.0 0 4.5 95.5
Bottom (15) 99.5 5.5 94.5 0 0.5 99.5 0 5.0 95.0 1
95.0 17.5 82.5 0 2.5 97.5 0 7.5 925
\Va.ter. from 99.0 1.0 99.0 0 1.0  99.0 0 2.5 97.5
land side of 985 20 975 05 20 980 0 2.0  98.0 0
Hatakejima
Surface 99.5 7.0 93.0 0 4.0 96.0 0 3.5 96.5
99.0 1.5 98.0 0.5 2.0 98.0 0 3.0 97.0
Bottom (7) 99.5 2.0 97.5 0.5 1.5 98.5 0 2.5 97.5 1
93.0 12.0 87.0 1.0 3.5 96,5 0 4.5 95.9
Sea water from 99.0 1.5 98.5 0 1.5 98.5 0 5.0 95.0
;f(jgen“h‘m“ 980 20 975 05 20 980 0 6.0 940 1
Surface 94.0 10.0 89.5 0.5 3.0 97.0 0 7.5 92.5
98.0 4.0 96.0 0 2.5 97.5 0 2.0 98.0
Bottom (5) 99.0 2.0 96.5 1.5 3.0 97.0 0 1.5 98.5 1
92.0 18.0 81.0 1.0 4.0 96.0 0 4.0 96.0
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Ranking IV
1st cleavage (75 m) Pluteus formation (48 h)
. Remarks
Location normal 1cell multi- normal retard mal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) %o % % % % % % %o
Runni 99.5 0.5 97.5 2.5
unning
sea water of 99.0 1.0 97.0 3.0 0
Laboratory 97.0 3.0 96.0 4.0
Water from 99.5 0.5 93.5 1.0 5.5
open sea side
of Hatakejima 99.5 0.5 94.5 2.0 3.0 0.5 1
Surface 97.0 3.0 92.5 0.5 7.0
95.0 4.0 1.0 87.0 1.0 12.0
Bottom (15) 95.0 5.0 78.0 21.5 0.5 1
84.0 16.0 69.0 4.0 25.5 1.5
Water from 98.5 1.0 0.5 96.5 0.5 2.5 0.5
land side of
Hatakejima 98.5 1.5 97.5 2.0 0.5 1
Surface 94.5 5.5 91.5 0.5 6.0 2.0
98.5 1.5 96.0 4.0
Bottom (7) 99.0 1.0 93.5 6.5 1
89.5 10.5 85.0 L.5 12.0 1.5
Sea water from = 97.5 1.0 1.5 84.0 1.0 14.5 0.5
Tsunashirazu 985 15 820 20 160 1
Surface 90.5 9.5 83.0 6.5 9.5 1.0
96.5 3.5 94.5 5.0 0.5
Bottom (5) 98.0 1.0 1.0 95.0 0.5 4.5 1
86.0 14.0 83.0 3.0 12.0 2.0
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Table 17. Results of the May 30, 1988 experiment with eggs of Anthocidaris erassispina.
Wind; 0, Test water temperature; 22°C, 5 mins. old sperms 3.5 hrs. old eggs. Ranking IIT 1985,

Time after insemination

Location 3 mins. 60 mins. 20 hrs. 36 hrs. Degree of
= = 3 inhibitory
S S L L~ et
.2 = S =3 o o 3 7o eliec
g g 8w -F E s = 2 o8 &
g2 2 w3 98 58 5§ f Bz 33
iE = mf o2& EE OEE OB 5B B
i ¢ 95 B3 585 5% 98 EBE2 52
(depth) &8 A &g E8 &3 &H 8&% =B 2R
(m)
Runai 945 60 930 1.0 15 985 0 2.5 975
unning
sea water of 92.0 9.0 91.0 0 1.0 99.0 0 3.0 97.0 0
Laboratory 930 80 920 0 15 985 0 1.5 985
Water from 915 85 900 15 25 975 0 25 975
open sea side
of Hatakejima 920 85 915 0 1.0 990 0 1.5 985 0
Surface 930 7.5 925 0 1.5 985 0 1.5 985
870 135 8.5 0 3.5 96.5 0 1.5 985
Bottom (15) 880 130 870 0 55 945 0 3.0 97.0 1
90.0 11.0 8950 0 50 95.0 0 2.0 980
Water from 865 160 840 0 40 9.0 0 2.5 975
lﬁnd side of 8.0 150 850 O 35 965 0 3.0 97.0 1
atakejima
Surface 850 165 835 0 2.5  97.5 0 3.5  96.5
805 215 785 0 7.0 93.0 0 35 965
Bottom (7) 83.0 185 815 0 35 965 0 40 96.0 i
815 200 800 O 3.0 97.0 0 45 955
Sea water from 840 165 835 0 20 980 0 3.0 97.0
CT;;‘:aSh‘”aZ“ 855 160 840 0 6.0 94.0 0 3.5 96.6 1
Surface 83.0 175 825 0 6.5 835 0 50  95.0
800 250 750 0 85 915 0 3.5 965
Bottom (5) 81.5 200 800 0 65 93.5 0 45 955 1
795 215 785 0 60 940 0 6.0 940
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Ranking IV
1st cleavage (60 m) Pluteus formation (36 h)
. Remarks
Location normal 1 cell multi- normal ratard mal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) % % % % % % % %
Runni 95.5 4.0 0.5 96.0 3.5 0.5
unning
sea water of 96.5 3.5 98.0 1.0 1.0 0
Laboratory 97.0 30 %5 15 10 05 05
Water from 93.5 6.0 0.5 97.0 1.5 L5
open sea side
of Hatakejima 93.5 6.5 97.0 0.5 1.5 1.0 0
Surface 92.0 7.5 0.5 96.5 0.5 1.0 0.5 1.5
92.0 8.0 95.0 0.5 2.0 1.5 1.0
Bottom (15) 93.0 7.0 92.0 2.5 2.5 2.0 1.0 1
93.5 6.0 0.5 88.0 0.5 5.5 3.0 3.0
Water from 91.0 8.5 0.5 92.0 1.5 4.0 2.5
land side of
Hatakejima 90.0 9.5 0.5 90.0 5.0 2.0 3.0 1
Surface 84.5 14.0 1.5 93.0 5.5 1.0 0.5
87.5 12.0 0.5 90.5 6.5 2.0 1.0
Bottom (7) 85.5 13.5 1.0 92.5 5.0 2.0 0.5 1
86.0 13.0 1.0 91.0 5.0 3.5 0.5
Sea water from 90.5 7.5 2.0 85.5 3.0 5.5 3.0 3.0
Tsunashira 89.5 90 15 85 40 60 20 15 1
Surface 86.5 12:5 1.0 93.5 1.0 2.0 2.0 1.5
84.5 14.5 1.0 90.5 3.5 5.0 0.5 0.5
Bottom (5) 83.0 16.5 0.5 88.5 6.5 4.5 0.5 1
87.5 11.5 1.0 86.0 8.5 4.0 1.0 0.5
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Table 18. Results of the July 19, 1988 experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 26° C, 5 mins. old sperms, 3 hrs. old eggs. Ranking IIT 1985.

Time after insemination

Location 3 mins. 60 mins. 18 hrs. 36 hrs. Degree of
R = inhibitory
S S L o
8= ° e ) 32 2 3 3 effect
o = 09> — f <R = < =S o
é-ﬁ § 0§27 88 f8 S8 = By g
8 5% =E =g E£2 EE ,E &g E&
%5 ¢ SE B8 58 E3 g7 EEZ 53
(depth) &8 4 &8 ER O 8AZ 2% % wmAE &R
(m)
R . 97.0 3.5 96.5 0 0.5 99.5 0 0 100
unning
sea water of 99.5 1.0 99.0 0 0.5 99.5 0 0.5 99.5 0
Laboratory 9.0 1.5 985 0 0 100 0 0.5 99.5
Water from 98.5 2.0 98.0 0 0 100 0 0.5 99.5
open sea side
of Hatakejima 98.5 1.5 98.5 0 0.5 99.5 0 0.5 99.5 0
Surface 98.5 1.5 98.0 0 0.5 99.5 0 0.5 99.5
96.5 4.0 96.0 0 1.5 98.5 0 1.0  99.0
Bottom (15) 98.0 2.0 98.0 0 1.0 99.0 0 1.5 98.5 0
98.0 2.5 97.5 0 1.0  99.0 0 2.0 98.0
Water from 98.5 2.0 98.0 0 45 955 0 7.0 93.0
land side of 990 1.5 985 0 85 915 0 105 895 1
Hatakejima
Surface 98.0 2.5 97.5 0 7.0 930 0 9.5 90.5
98.0 2.5 97.5 0.5 3.0 97.0 0 2.5 975
Bottom (7) 98.0 2.0 98.0 0 3.5 965 0 3.0 97.0 0
98.5 2.5 97.5 0 25 975 0 30 97.0
Sea water from 95.0 8.5 91.5 0 2.5  97.5 0 3.0 97.0
Z;)S“,‘:”h“azu 98.5 3.0 970 0O 50 95.0 0 45 955 1
Surface 97.5 3.5 96.5 0 4.0 96.0 0 40 96.0
98.0 2.0 98.0 0 3.5 96.5 0 3.5 96-5
Bottom (5) 98.0 2.5 97.5 0 4.0 96.0 0 3.0 97.0 1
95,0 6.5 93.5 0 55 945 0 4.0 96.0
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Ranking IV
1st cleavage (60 m) Pluteus formation (36 h)
Locati Remarks
ocation normal 1 cell multi- normal retard mal-  pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) % % % % % % %
Running 98.0 2.0 99.0 1.0
sea water of 99.0 0.5 0.5 99.5 0.5 0
Laboratory 9.5 05 99.0 1.0
Water from 98.5 1.5 96.0 2.0 2.0
open sea side
of Hatakejima 98.5 0.5 1.0 98.5 1.5 0
Surface 99.0 1.0 99.5 0.5
96.5 3.5 96.5 0.5 3.0
Bottom (15) 97.0 2.0 1.0 96.5 1.5 2.0 0
98.5 1.5 98.0 1.0 1.0
Water from 98.0 2.0 86.5 4.0 9.5
land side of
Hatakejima 98.5 1.5 93.0 1.0 6.0 1
Surface 98.0 2.0 91.0 1.5 7.5
99.0 1.0 96.5 3.0 0.5
Bottom (7) 98.0 1.5 0.5 95.0 0.5 4.0 0.5 0
99.0 1.0 95.5 4.0 0.5
Sea water from 98.0 2.0 90.5 1.0 4.5 4.0
};S“,‘:asmmu 96.5 3.0 05 885 45 3.5 3.5 1
Surface 98.0 2.0 90.0 2.0 4.0 4.0
98.0 2.0 90.0 4.0 3.0 3.0
Bottom (5) 98.0 2.0 89.0 4.0 3.5 3.5 1
96.0 3.5 0.5 90.0 3.5 4.5 2.0
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Table 19. Results of the Aug. 19, 1988 experiment with eggs of Anthocidaris crassispina.

Wind; 0, Test water temperature; 27°C , 5 mins. old sperms, 3 hrs. old eggs. Ranking I1I 1985.

Time after insemination

Location 3 mins. 60 mins. 18 hrs. 36 hrs. Degree of
= < gcz inhibitory
& = 03 = ) - ) 2 = effect
'g = 8 wo\: = & R = o= - § S_\O/
ge g 8.‘—6 8 s} g < = < & E w =9
i w w2 Y Q‘ d — - —
§ 3 =mE z2E 3 EE i 5& Es&
55 g 93 273 g8 3 & 898 o= 8.2
(depth)  &£8 ~ &g E& 83 #5% TH we 28
(m)
R . 97.5 3.5 96.5 0 1.0 99.0 0 2.0 98.0
unning
sea water of 96.5 5.0 95.0 0 1.5 985 0 2.0 98.0 0
Laboratory 980 30 970 0 15 985 0 15 985
Water from 96.0 4.5 95.5 0 1.0 99.0 0 2.0 98.0
open sea s.1.de 97.0 4.0 96.0 0 1.0 99.0 0 1.0 99.0 0
of Hatakejima
Surface 98.0 3.5 96.5 0 1.5 98,5 0 1.0 99.0
92.5 9.0 91.0 0 20 98.0 0 3.5 96.5
Bottom (15) 91.0 10.5 89.5 0 2.5 97.5 0 2.0 98.0 0
93.0 9.5 90.5 0 25 975 0 3.5 96.5
Water‘ from 91.0 10.5 89.5 0 50 950 0 8.5 915
land side of 895 120 80 0 60 940 0 80 920 1
atakejima
Surface 88.0 13.5 86.5 0 40 96.0 0 7.0 93.0
85.5 17.0 83.0 0 3.5 96.5 0 12.5 87.5
Bottom (7) 83.0 18.5 81.5 0 6.0 94.0 0 13.5 96.5 2
81.5 20.0 80.0 0 5.0 95.0 0 120 88.0
Sea water from 41.0 60.0 40.0 0
Tsunashirazu 490 605 305 0 5
cove
Surface 38.5 635 36.5 0
69.5 31.5 68.5 0 7.0 93.0 0 9.0 91.0
Bottom (5) 69.0 33.0 67.0 0 40 96.0 0 7.5 925 1
73.5  29.0 71.0 0 7.5 925 0 7.0 93.0
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Ranking IV
Ist cleavage (60 m) Pluteus formation (36 h)
Location Remarks
normal 1 cell multi- normal retard mal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) % % % % % % % %o
Running 97.5 2.5 96.5 2.5 1.0
sea water of 99.5 0.5 96.0 2.5 1.5 0
Laboratory 9.0 1.0 970 25 05
Water from 98.5 1.0 0.5 97.0 1.0 2.0
open sea side
of Hatakejima 97.0 3.0 98.0 1.5 0.5 0
Surface 96.5 3.5 97.5 1.0 L5
97.0 3.0 96.0 3.0 1.0
Bottom (15) 94.5 5.5 95.5 4.0 0.5 0
93.5 6.5 95.5 3.0 1.5
1V\’a.ctler from 95.0 5.0 86.0 14.0
and side of
Hatakejima 95.5 4.5 86.5 12.5 1.0 1
Surface 93.0 7.0 81.0 16.5 2.5
92.5 7.5 63.5 28.0 8.5
Bottom (7) 87.0 13.0 72.0 21.0 7.0 2
84.5 15.5 71.5 23.0 5.5
Sea water from  46.5 53.5
Tsunashirazu
cove 39.0 61.0 3
Surface 42.5 57.5
71.5 28.5 82.0 11.0 7.0
Bottom (5) 79.0 21.0 87.5 7.5 5.0 1
76.5 23.5 87.0 8.5 4.5
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Table 20. Results of the Feb. 21, 1989 experiment with eggs of Hemicentrotus pulcherrimus.

Wind; 0. Test water temperature; 18°C. Ranking IV
Ist cleavage (75 m) Pluteus formation (48 h)
Location Remarks
normal 1 cell multi- normal retard mal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) %o % %o %0 % % % %

Running 99.5 0.5 96.5 2.5 1.0
sea water of 99.0 1.0 93.5 3.5 3.0 0
Laboratory 99.5 05 935 40 25
Water from 97.5 20 05 94.5 3.0 2.5
open sea side
of Hatakejima 99.5 0.5 94.0 3.5 2.5 0
Surface 99.0 1.0 93.0 4.0 3.0
Water from 97.0 3.0 92.0 3.5 3.0 1.5
land side of
Hatakejima 99.0 1.0 94.0 3.0 2.5 0.5 1
Surface 98.5 1.5 91.0 4.0 3.5 1.5

97.5 2.5 88.5 6.0 4.5 1.0
Bottom (7) 97.5 2.5 87.5 5.5 6.5 0.5 1

99.0 1.0 84.5 7.5 7.0 1.0
Sea water from  96.5 3.5 89.0 4.5 5.5 1.0
Tsunashirazu 980 2.0 8.0 65 70 L5 1
Surface 98.5 1.5 83.0 7.0 8.5 1.5

96.5 3.5 84.5 7.0 6.0 2.5
Bottom (5) 97.5 2.5 84.0 6.5 7.5 2.0 1

99.0 1.0 82.0 7.5 8.5 2.0
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Table 21.  Results of the Apr. 5, 1989 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; 0. Test water temperature; 17°C. Ranking IV
Ist cleavage (75 m) Pluteus formation (48 h)
Location Remarks
normal 1 cell multi- normal retard mal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) % %o % % % % % %
Running 99.5 0.5 99.0 1.0
sea water of 99.5 0.5 99.5 0.5 0
Laboratory 99.0 1.0 985 15
Water from 99.0 1.0 98.5 1.5
open sea side
of Hatakejima 99.5 0.5 97.0 2.0 1.0 0
Surface 98.5 1.0 0.5 98.0 1.0 1.0
}Natcr from 99.0 1.0 97.0 3.0
and side of
Hatakejima 98.5 1.5 95.0 2.0 3.0 0
Surface 98.5 1.0 0.5 96.0 2.0 2.0
99.0 1.0 95.0 5.0
Bottom (7) 99.0 0.5 0.5 94.5 3.0 2.5 1
98.0 1.5 0.5 91.5 6.5 2.0
rSrea water from  99.0 1.0 93.5 6.5
sunashirazu
cove 98.5 1.5 94.0 4.5 1.5 1
Surface 98.0 L5 0.5 92.5 6.5 1.0
96.5 2.5 1.0 31.5 45.5 23.0
Bottom (5) 95.5 3.0 1.5 48.5 32.0 19.5 3
96.0 3.5 0.5 44.0 1.5 33.5 21.0
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Table 22. Results of the July 5, 1989 experiment with eggs of Anthocidaris crassispina.

Wind; ; 0. Test water temperature; 25°C. Ranking IV
Ist cleavage (60 m) Pluteus formation (36 L)
Location Remarks
normal 1cell multi- normal retard mal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) % % % % % % % %
Running 97.0 3.0 98.0 2.0
sea water of 94.0 6.0 96.0 3.5 0.5 0
Laboratory 980 20 9.0 1.0
Water from 99.5 0.5 99.5 0.5
open sea side
of Hatakejima 95.0 5.0 97.0 2.5 0.5 0
Surface 99.0 1.0 98.5 1.5
97.5 2.5 98.0 2.0
Bottom (15) 92.0 8.0 97.0 2.0 1.0 0
96.0 4.0 97.0 3.0
Wactler from 96.0 4.0 97.0 2.0 1.0
land side of
Hatakejima 91.5 8.5 95.0 3.0 1.0 1.0 0
Surface 95.5 4.5 96.0 2.5 0.5 1.0
91.0 9.0 96.0 3.0 0.5 0.5
Bottom (7) 90.0 10.0 93.0 4.0 1.0 2.0 1
95.0 5.0 95.0 3.5 0.5 1.0
Sea water from  90.0 10.0 94.5 5.0 0.5
Tsunashirazu = g5 135 %0 65 10 25 1
Surface 94.0 6.0 93.0 5.5 0.5 1.0
91.0 9.0 88.0 10.0 0.5 1.5
Bottom (5) 85.0 15.0 83.0 12.0 1.5 3.5 1

93.0 7.0 87.0 11.0 2.0
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Table 23. Results of the Aug. 30, 1989 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature; 27°C. Ranking IV
Ist cleavage (50 m) Pluteus formation (32 h)
. Remarks
Locat:
ocation normal Icell multi- normal retard wmal- pre- dead
cell form pluteus embryo grade
(depth) (polyspermy) N R P, P, D
(m) % % % % % % % %
Running 97.0 3.0 98.0 1.0 0.5 0.5
sea water of 98.5 1.5 99.0 0.5 0.5 0
Laboratory 9.0 20 975 15 1.0
Water from 95.5 4.5 93.0 2.5 2.5 2.0
open sea side
of Hatakejima 94.0 6.0 94.0 4.0 1.0 1.0 1
Surface 96.5 3.5 93.5 3.0 3.0 0.5
96.5 3.5 97.0 2.5 0.5
Bottom (15) 97.5 2.5 98.0 1.0 1.0 0
99.0 1.0 97.5 2.0 0.5
Water from 92.5 7.5 96.0 1.0 1.5 1.5
land side of
Hatakejima 96.0 4.0 94.0 3.0 2.0 1.0 1
Surface 93.5 6.5 94.5 3.5 1.0 1.0
92.5 7.5 96.0 3.0 1.0
Bottom (7) 95.0 5.0 93.0 4.0 1.5 1.5 1
91.5 8.5 92.5 3.5 2.5 1.5
Sea water from  92.0 8.0 95.5 2.0 2.0 0.5
Tsunashirazu 935 65 920 45 15 20 1
Surface 93.0 7.0 93.5 4.0 1.5 1.0
93.5 6.5 93.0 4.0 2.0 1.0
Bottom (5) 91.0 9.0 90.5 8.0 1.0 0.5 1
92.0 8.0 89.0 10.0 0.5 0.5






