Bioassay data for marine pollution using sea urchin eggs,
1976-1981.

1976

Six experiments for biological assay were made using sea urchin eggs to check
marine pollution around the Seto Marine Biological Laboratory.
1. Winter season, February 14. Eggs of Hemicentrotus pulcherrimus (A. Agassiz) were
used, see Table 1.
II. Spring season, March 19. Eggs of Hemicentrotus pulcherrimus were used, see Ta-
ble 2.
III. Summer season, two experiments were made in July—August, using Antho-
cidaris crassispina (A. Agassiz) eggs.

1. July 9, see Table 3. 2. August 7, see Table 4.
IV. Autumn season, two experiments were made in September-November, using
Anthocidaris crassispina or Pseudocentrotus depressus (A. Agassiz) eggs.

1. September 3, see Table 5. 2. November 26, see Table 6.
(Notes common to all tables: Fertilization membrane formation examined 3 min.
after fertilization; minutes and hours in parentheses respectively after First cleavage
and Gastrulation indicate the time after insemination; the maturation state of gonads
used was nearly ripc to full ripe; Degree of inhibitory effect 0 shows no inhibition,
1 a slight inhibition, 2 a weak and 3 a moderate inhibition by the sea water tested
(see Pub. Seto Mar. Biol. Lab., XXI (5/6), p. 391, Table 8, 1974).

1977

Four experiments for biological assay were made using sea urchin eggs to check
marine pollution around the Seto Marine Biological Laboratory.
I. Winter season, February 16. Eggs of Hemicentrotus pulcherrimus were used, see
Table 7.
II. Spring season, April 5. Eggs of Hemicentrotus pulcherrimus were used, see Table 8.
III. Summer season, two experiments were made in June—August, using Antho-
cidaris crassispina eggs.

1. June 18, see Table 9. 2. August 1, see Table 10.
(Notes common to all tables: See the notes mentioned above.)

1978

Four experiments were made as follows.
I. Winter season, January 18. Eggs of Hemicentrotus pulcherrimus were used, see
Table 11.

II. Summer season, three experiments were made in July—-August, using Anthocidaris

Publ. Seto Mar. Biol. Lab., XXVII (4/6), 293-304, 1983. (Biological data 3)
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crassispina eggs.
1. July 10 and 21, see Table 12 and 13.
2. August 19, see Table 14.
(Notes common to all tables: See the note mentioned above.)

1979
Three experiments were made as follows.
I. Winter season, January 18. Eggs of Hemicentrotus pulcherrimus were used, see

Table 15.
II. Summer season, two experiments were made in July-August, using Antho-

cidaris crassispina eggs.
1. July 10, see Table 16. 2. August 24, see Table 17.
(Notes common to all tables: See the note mentioned above.)

1980
Four experiments were made as follows.
I. Winter season, January 24. Eggs of Hemicenirotus pulcherrimus were used, see

Table 18.
II. Spring season, two experiments were made in March and May, using Hemi-

centrotus pulcherrimus and Anthocidaris crassispina eggs.

1. March 9, see Table 19. 2. May 15, see Table 20.
III. Summer season, June 11. Eggs of Anthocidaris crassispina were used, see Table
21.

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

1981
Two experiments were made as follows.
I. Winter season, January 28. Eggs of Hemicentrotus pulcherrimus were used, see

Table 22.
II. Summer season, July 2. Eggs of Anthocidaris crassispina were used, see Table

23.

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

Naomasa Ko0BAYASHI
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Table 1. Results of the Feb. 14, 1976 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; 0. Test water temperature; 20°C. (warmed). 6 hours old eggs.
) | Ferdliz. | First cleavage (90 min.) Gastrulation (24 hrs.) Other o of
Location L g § . notes D;:lgtr)<;e o
(depth) membrane| 1 cell | 2 cell multi-cell |permanent| gastrula | exo- abnormal lneﬁ‘;(t:?ry
N formation (normal)|(polyspermy)| blastula |[(normal)| gastrula| develop.
(m) % % % % % % %
Running 98.5 5.5 92.5 2.0 L5 98.0 0.5 0
sea water of 99.5 1.5 97.0 1.5 3.0 96.5 0.5
Laboratory
Water from
open sea side 97.0 6.5 91.5 2.0 2.0 98.0 0 0
of Hatakejima 98.5 4.0 95.5 0.5 3.5 96.5 4]
Surface
Water from .
land side of 98.5 |15.5 82.5 2.0 2.0 98.0 0 1
Hatakejima 98.0 7.0 91.5 1.5 3.0 97.0 0
Surface
99.0 (145 81.0 4.5 6.5 92.5 1.0
Bottom (27) 980 | 60 | 805 3.5 90 | 905 | 05 1
Sea water from|
T'sunashirazu 97.5 8.5 87.0 4.5 1.0 98.5 1
cove 96.0 [12.5 84.0 3.5 4.5 94.5 1.0
Surface
98.5 |20.5 78.5 1.5 24.5 75.0 0.5
Bottom (3) 970 [12.0 | 835 45 210 | 785 | 05 2
Table 2. Results of the March 19, 1976 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; NW2, Test water temperature; 13°C. 8 hours old eggs.
Location | Fertliz. | First cleavage (120 min,) Gastrulation (24 hrs.) Other Degrec of
(depth) membrane| 1 cell | 2 cell | multi-cell |permanent | gastrula ‘ €Xxo- abnormal | ' }_flt(zry
B formation (normal)|(polyspermy)| blastula |(normal)| gastrual| develop. cliec
. (m) % % % % % % %
Running 99.0 1.5 98.5 0 L.5 98.5 0
sea water of 99.0 1.0 99.0 0 1.0 99.0 0 0
Laboratory 99.5 0.5 99.5 0 1.0 99.0 0
Water from 975 | 3.0 | 970 0 20 | 980 | o
land side of 9.0 | 45 | 955 0 15 | 985
Hatakejima 9%6.0 |25 | 9.0 L5 13 |3 | 0 0
Surface : i : . ’ : 0
Sea water from
: 98.0 2.5 96.0 1.5 2.5 97.5 0
E;S:;mh“z“ 955 | 6.0 | 940 0 1.5 98.5 0 2
Surface 96.0 4.5 92.0 3.5 2.5 97.5 0




296

Table 3. Results of the July 9, 1976 experiment with eggs of Anthocidaris crassispina.
Wind; SEl. Test water temperature; 25°C. 4 hours old eggs.

Gastrulation (20 hrs.)

" Other

! Degree of

. Fertiliz. First cleavage (60 min.) '
Location B ‘ e » j__notes inhibitory
(depth) membrane | | cell| 2 cell multi-cell | permanent| gastrula| exo- abnormal i effect
formation «(normal)|(polyspermy)| blastula [(normal)| gastrula| develop.
(m) % % % % % % %
Running 99.0 1.0 99.0 0 0.5 99.5 0 i
sea water of 99.5 1.0 99.0 0 0 100 0 i 0
Laboratory | 98.0 | 25 97.5 2.0 98.0 0 | I
Water from " amn B o
AR AN A :
oFHata.kcjima 98, 0 -2 0 1.5 98.5 0
S 5 |20 | %0 | o . . 0
99.0 1.5 98.5 0 2.0 98.0 0
Bottom (25) 98.5 3.5 96.5 0 1.0 99.0 0 0
99.0 2.0 98.0 0 1.5 98.5 0
Water from 985 |20 | 980 0 1.5 985 | o
Hatakejima 98.0 2.5 97.5 0 2.0 98.0 0 0
Surface 97.0 35 96.5 0 2.0 98.0 0
96.5 5.5 94.5 0 3.0 97.0 0
Bottom (27) 98.0 4.5 95.5 0 2.0 98.0 0 0
97.5 5.0 95.0 0 1.5 98.5 0
Sea water from e i
: 96.0 5.0 94.0 1.0 7.0 93.0 0 :
Tsunashirazu | 94’5 | 6l | 935 0.5 85 |95 | o | gEMY 3
Surface 95.5 5.0 95.0 0 7.5 92.5 0
97.0 3.0 97.0 0 4.0 96.0 0
Bottom (5) 96.0 4.5 95.5 0 5.0 95.0 0 1
95.0 6.0 94.0 0 3.5 96.5 0
Table 4. Results of the Aug. 7, 1976 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature; 28°C. 3 hours old eggs.
. Fertiliz, First cleavage (50 min.) Gastrulation (15 hrs.) Other Degree of
Location notes inhibito
(depth) membrane| 1 cell | 2 cell multi-cell |permanent| gastrula ! exo- abnormal effcctry
formation .(normal)|(polyspermy), blastula (normal): gastrula| develop.
(m) % %, % % % ! %
Running sea 98.0 2.5 97.5 0 0.5 99.5 ' 0 : 0
water of 97.0 4.0 96.0 0 1.0 9.0 | 0 i
Laboratory L : !
Water from
open sea side 98.5 2.0 98.0 0 1.0 99.0 0 0
of Hatakejima 98.0 2.5 97.5 0 1.5 98.5 0
Surface o N R D ~
Sea water from
Tsunashirazu 95.0 6.0 94.0 0 5.0 95.0 0 1
cove 96.5 5.0 95.0 0 4.5 95.5 0
Surface
91.0 }10.5 89.5 0 13.0 87.0 0
Bottom (5) 935 |.85 | 915 0 11.5 885 | 0 2




Table 5. Results of the Sep. 3, 1976 experiment with eggs of Anthocidaris crassispina.

Wind; 0. Test water temperature; 25.5°C. 3 hours old eggs.
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Location Fertiliz. First cleavage (60 min.) Gastrulation (18 hrs.) ggt‘:; Digffc of
(depth) membrane| 1 cell] 2 cell | multi-cell |permanent|gastrula|exo- abnormal | ' h_xtt:(t)ry
formation (normal)|(polyspermy)| blastula (normal) gastrula| develop. ete
(m) % | % % % % %
Running 95.5 6.0 94.0 0 0.5 99. 5 0 0
sea water of 98.0 2.5 97.5 0 2.0 98.0 0
Laboratory 96.5 5.0 95.0 0 1.0 99.0 0
Water ff°f.'é 96.0 | 50 | 950 0 0.5 99.5 0
OFC}? Sei‘: side 98.5 3.0 97.0 0 1.5 98.5 0 0
of Dataxeuma | 950 | 45 | 955 0 1.0 99.0 0
Surface
955 | 55 | 94.5 0 1.0 99.0 0
Bottom (25) 985 | 2.0 | 98.0 0 1.5 98.5 0 0
955 | 5.5 | 945 0 1.5 98.5 0
Water from
. 945 | 65 | 935 0 5.0 95.0 0
ﬁgf‘a;gfnf; 97.0 | 50 | 950 0 40 9%.0 | 0 1
S 940 | 8.0 | 920 0 6.5 93.5 0 B
92.0 [10.0 | 90.0 0 8.5 91.5 0 .
Bottom (27) 950 | 7.0 | 93.0 0 11.5 88.5 0 i,l‘%h“" 3
915 | 95 | 905 0 14.0 86.0 0 clay
Sea water from 93.5 9.0 91.0 0 9.0 91.0 0
Tsunashirazu 96.0 7.5 92.5 0 10.0 90.0 0 2
cove 920 |85 | 915 0 13.0 87.0 0
Surface
91.0 [11.0 | 98.0 0 135 86.5 0 .
lightl
92.5 [100 | 90.0 0 16.5 83.5 0 sugntly 3
Bottom (5) 8.0 |12.5 | 87.5 0 18.5 8l5 | o delay

Table 6. Results of the Nov. 26, 1976 experiment with eggs of Pseudocentrotus depressus.

Wind; 0. Test water temperature; 15°C. 8 hrs. old eggs.

Location Fertlllz First cleavage (110 mm.) Gastrulatmn (24 hrs.) ggtfsr ‘Dﬁgr?c of
(depth) membrane| 1 celli 2 cell | multi-cell |permanent|gastrula | exo- abnormal | ' ;:lf)ltc;ry
formation (normal)|(polyspcrmy) blastula |(normal)| gastrula| develop. | e‘ CC__
(m) % % % % % % %
Running 95.5 9.5 90.5 0 2.0 98.0 0 0
sea water of 98.0 2.5 97.5 0 3.5 96.5 0
Laboratory
Water from
open sea side 95.0 8.0 92.0 0 1.5 98.5 0 0
of Hatakejima 98.5 2.0 98.0 0 3.0 97.0 0
Surface
Water from
land side of 94.0 (100 90.0 0 4.5 95.5 0 1
Hatakejima 97.5 2.5 97.5 0 6.0 94.0 0
Surface
92.5 |[12.0 88.0 0 12.5 87.5 0
Bottom (27) 955 | 50 | 95.0 0 10,0 900 | o 2
Sea water from
Tsunashirazu 93.5 11.0 89.0 0 8.5 91.5 0
cove 97.0 | 35 | 96.5 0 6.5 935 | o0 1
Surface
93.0 (10.5 89.5 0 13.5 86.5 0
Bottom (3) 950 | 50 | 95.0 0 115 885 | 0 2
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Table 7. Results of the Feb. 16, 1977 experiment with eggs of Hemicentrotus pulcherrimus.

Wind; NW2. Test water temperature; 12°C. 8 hrs. old eggs.

Location | Fertiliz.  First cleavage (120 min.) Gastulsson (2485) | OB Degrecof
(depth) ‘membrane! Tecell| 2cell | multi-cell |permanent gastrula exo- | abnormal ml:ﬁb;c:ry
formation i(normal)|{(polyspermy)| blastula (normal)| gastrula| develop.
(m) % %, % % % %] %!
Running 1000 05 | 995 0 0.5 9951 o | 0
sea water of 98.5 20 | 98.0 0 1.0 99.0 0
Laboratory 99.0 1.0 . 99.0 0 0.5 99.5 0 l B
Water from ! |
. 98.5 2.0 98.0 0 A 98.5 0
o el 980 |30 | 970 0 1.0 990 | 0 0
Surface 98.5 2.5 97.5_ B 0 1.5 98.5 0 |
97.0 4.0 96.0 0 3.5 96.5 0
Bottom (27) 96.5 5.0 95.0 0 4.0 96.0 0 1
98.0 2.5 97.5 0 5.0 95.0 0
Sea water from
; 98.0 3.0 97.0 0 2.5 97.5 0
Tsunashirazu | g75 | 55 | 945 0 2.0 980 | o0 0
Surface 96.0 5.0 95.0 0 3.0 97.0 0
92.5 8.5 91.5 0 5.0 95.0 0
Bottom (5) 91.0 9.5 90.5 0 6.5 93.5 0 1
92.5 9.0 91.0 0 7.5 92.5 0
Table 8. Results of the Apr. 5, 1977 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; 0. Test water temperature; 15°C. 8 hrs. old eggs.
Location Fertiliz. | First cleavage .(1 10 n’mil B Gastrulatlon (24- hrs.) ] -“g;l:;r 'I)Egll;?e of
(depth) membrane| 1 cell| 2 cell | multi-cell |permanent|gastrula]exo- abnormal | ' }_Tlt(t’ry
__ _formation | _ .(normal)|(polyspermy)| blastula ,(normal)|gastrula, develop. | ¢ "Ec_ B
(m) % | %‘ % % % % % |
Running 98.5 } 251 975 | 0 1.5 98.5 0 0
sea water of 99.0 1.5 98.5 ‘ 0 1.0 99.0 0
Laboratory | 97.0 |, 40 | 960 0 0.5 99.5
Water from T Ny B N T
A 985 |20 | 980 | 0 2.0 98.0 0
g?‘;}‘aﬁigﬂﬁa 98.5 l 1.5 | 985 ‘ 0 0.5 99.5 0 0
Surface ,.,.98'(_). B 3.0 _??.9 _0 1.0_ 99.0 B 70~_ ] ,
Water from [~ o709 | 50 . 950 © 0 20 | 980 | o
Hatakejima 96.0 6.0 94.0 0 3.0 97.0 0 0
Surface 95.5 | 5..5‘ . 94_. ) Ov' N _3:.5 . 96.5 --O ) L
93, 0 1 9.0 91.0 0 8.0 92.0 0
Bottom (27) 95.0 6.0 94.0 0 8.5 91.5 0 1
93.5 7.5 92.5 0 6.0 94.0 0
Sea water from o T T ir ome B T
Lo 96.5 4.5 95.5 0 6.5 93.5 0
Tsunashirazu 950 | 60 | 940 0 {80 920 ' 0 1
Surface 94.5 l 7.0 93.0 i 0 [ 5.0 » 95.0 0 ] o
915 95 | 905 o s s | o I
Bottom (5) 93.0 | 9.0 91.0 0 10.0 90.0 0 2
90.5 |IL.5 88.5 0 10.5 89.5 0




Table 9. Results of the June 18, 1977 experiment with eggs of Anthocidaris crassispina.

Wind; 0. Test water temperature; 23°C. 4 hrs. old eggs.
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. Fertiliz. First cleavage (60 min.) Gastrulation (20 hrs.) Other Degree of
Location notes inhibito:
(depth) membrane| 1 cell] 2 cell | multi-cell |permanent|gastrula | exo- abnormal ffl try
formation (normal}|(polyspermy )| blastula |(normal)| gastrula| develop. ctiec
{m) % % % % % % %
Running 98.5 2.5 97.5 0 1.0 99.0 0 0
sea water of 97.0 3.5 96.5 0 1.5 98.5 0
Laboratory
Sea water from |
Tsunashirazu 96.5 7.0 93.0 0 3.0 97.0 0 1
cove 95.0 8.0 92.0 0 5.0 95.0 0
Surface
920 |15 | 885 0 55 945 | o !
Bottom (5) 90.5 [13.0 | 87.0 0 9.0 910 | o0 | !
Table 10. Results of the Aug. 1, 1977 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature; 28°C. 3 hrs. old eggs.
Location | Fertiliz. | First cleavage (50 min.) Gastrulation (15 hrs.) Other Degree of
(depth) membrane| 1 cell | 2 cell | multi-cell |permanent|gastrula i exo- abnormal | '™ }fét(:ry
fromation (normal)|(polyspermy}| blastula |(normal)| gastrula| develop. cliec
(m) % % % % % % %
Running 97.5 4.0 96.0 0 1.0 99.0 0 0
sea water of 98.0 2.5 97.5 0 2.0 98.0 0
Laboratory 99.0 2.0 98.0 0 1.5 98.5 0
Sea water trom
: 95.0 (115 88.5 0 7.5 92.5 0
Tsunashirazu | 930 1150 | 850 0 9.0 91.0 | © 1
Surface I 94.0 [10.5 89.5 0 85 91.5 0 )
90.0 {17.0 83.0 0 10.5 89.5 0
Bottom (5) 88.5 122.0 78.0 0 13.0 87.0 0 “ 2
89.0 [15.0 85.0 0 12.5 87.5 0 ,
Table 11. Results of the Jan. 18, 1978 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; NWI1. Test water temperature; 19°C. (warmed). 6 hrs. old eggs.
Location _Fertiliz. First cleavage (90 min;) . Gastrulation (24 hrs.) ?12)}::; . Dﬁg{)ge of
(depth) membrane] 1 cell| 2 cell multi-cell permanent| gastrula | exo- abnormal me;f;‘t:(:ry
formation (normal)|(polyspermy)’ blastula |(normal) gastrula__de_velop. | o
(m) % % % % % % %)
Running 99.5 1.0 99.0 0 0.5 99.5 0 0
sea water of 98.5 2.0 98.0 0 1.0 99.0 0
Laboratory 97.0 3.5 96.5 0 1.0 99.0 0
Sea water from P P T T
: 97.0 4.0 96.0 0 1.5 98.5 0
Tsunashirazu | 5’5 | 600 | 94.0 0 25 | 975 | 0 0
Surface 96.0 5.0 95.0 0 2.0 98.0 0
91.5 |10.0 90.0 0 5.5 94.5 0
Bottom (5) 93.0 9.0 91.0 0 3.5 96.5 0 1
92.0 9.0 91.0 0 6.5 93.5 0
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Table 12. Results of the July 10, 1978 experiment with eggs of Anthocidaris crassispina.

Wind; 0. Test water temperature;

27°C. 3 hrs. old eggs

_ Fertiliz. | First c]cavage (50 min.) Gastrulation (15 hrs.) Other | 1y e of
Location notes 'nh%b't
(depth) membrane| 1 cell| 2 cell | multi-cell pcrmanent’ gastrula | exo- abnormal | ffl czry
formation (normal)i (polyspermy) blastula [(normal)| gastrulaj develop. __f_ec___
(m) % % % % % | % %
Running 98.5 0.5 99.5 0 0.5 I 995 0 0
sea waterof | 98.5 1.0 99.0 0 0.5 99.5 0
Laboratory i _ - -~ [ o o B
Sea water from i
Tsunashirazu 97.0 3.0 97.0 0 1.5 98.5 0 0
cove 95.5 5.0 95.0 0 2.0 98.0 0
Surface L
93.5 7.5 92.5 0 4.5 95.5 0
Bottom (3) 915 |11 | 880 0.5 7.0 930 | 0 1
Table 13. Results of the July 21, 1978 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature; 28°C. 3 hrs. old eggs
Location Fertiliz. I Frist cleavagzi _(?O min.) N Gastrulation (JSh:S_) B gct)}tl:sr Degree of
(depth) membrane] 1 cell| 2 cell | multi-cell |permanent| gastrula |[exo- | abnormal mh;}l:gltory
B formation (normal)|(polyspermy)| blastula _|(normal)|gastrula | develop. € CCL__
(m) % % % % % % % ST '
Running 100 0.5 99.5 0 0.5 99.5 0 0
sea water of 99.0 1.5 98.5 | 0 0 99.0 0
Laboratory | 985 |10 | 90 ! o | i5 loess | o | |
Water from 990 |10 | 90 | o 0.5 995 | o
o?g_‘f Sei Side 98.5 2.0 98.0 1 0 0.5 99.5 0 0
of Hatakejima | 999 | 10 | 99.0 | o 1.0 99.0 0
Surface | S e - _l S B
Water from 970 |35 | 965 | o 25 | 975 | o
land side of 980 |25 | 975 0o ' 10 90 | 0 o
G syima 9.5 140 { 960 « 0 r5.1 98.5 0
urface : . o .
95.5 5.0 945 | 0.5 i 3.5 96.5 0 licht!
Bottom (27) 925 |85 | 915 0 5.5 94.5 0 gy 3
91.0 105 | 895 0 | 65 | 935 | 0 clay
Sea water from RN T ! T ) ! -
: 945 |60 | 940 | 0 | 30 |, 970 | o0
};f;‘:ash'm“ 950 |55 | 945 © 0 '35 %5 | 0 1
Surface ] 93.5 8.5 91.5 { - E.W } 5.5 ! 94.5 0 3
905 (105 | 895 | 0 75 925 | o el
Bottom (5) 89.5 [12.0 | 88.0 0 8.0 92.0 0 sy 3
875 |[13.0 | 87.0 0 9.5 905 0 cay

4
|
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Table 14. Results of the Aug. 19, 1978 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature; 28°C. 3 hrs. old eggs.

, Fertiliz. | First cleavage (50 min.) Gastrulation (15 hrs.) Other | 1, ce of
Location notes |~ nhgibito
(depth) membrane| 1 cell| 2 cell | multi-cell |permanent]gastrula |exo- abnormal cffcctry

formation (normal}|(polyspermy)| blastrula |(normal)} gastrula| develop.

) %| % % % % % %

Running 99.5 0.5 99.5 0 0.5 99.5 0 0
sea water of 99.0 1.5 98.5 0 1.0 99.0 0
Laboratory 98.0 2.0 98.0 0 1.5 98.5 0
Sea water from| 955 | 60 | 940 0 3.0 970 | o
cove razy 935 |80 | 920 0 4.0 96.0 0 1
Surface 92.5 9.5 90.5 0 5.5 94.5 0
90.5 [10.5 89.5 0 11.5 88.5 0 .
Bottom (5) 87.5 |145 | 855 0 95 905 | 0 slightly 3
89.0 [10.5 | 89.0 0.5 10.0 90.0 0 clay

Table 15. Results of the Jan. 18, 1979 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; NWI1. Test water temperature; 20°C. (warmed). 6 hrs. old eggs.

Location Fertiliz. First cleavage (90 min.) Gastrulation (24 hrs.) g;ltl;r Degree of
(depth) membrane| 1 cell ’ 2 cell | multi-cell |permanent| gastrula | exo- abnormal mhgltory
formation (normal){(polyspermy)} blastula |(normal)|gastrula| develop. eftect
e % % % % % % %
Running 99.0 1.5 98.5 0 0.5 99.5 0
sea water of 100 05 | 995 0 0.5 99.5 0 0
Laboratory 99.0 1.0 99.0 0 1.0 99.0 0
,?Fa Al af;ﬁm 985 |25 | 975 0 1.5 98.5 0
-y 98.0 |05 [ 995 0 2.0 98.0 0 0
g?xrfacc 97.0 4.0 96.0 0 1.5 98.5 0
90.5 5.0 95.0 0 4.5 95.5 0
Bottom (5) 93.0 6.5 93.5 0 6.0 94.0 0 1
91.0 |10.5 89.5 0 8.5 91.5 0
Table 16. Results of the July 10, 1979 experiment with eggs of Anthocidaris crassispina.
Wind; S1. Test water temperature; 27°C. 3 hrs. old eggs.
Location Fertiliz. First cleavage (50 min.) Gastrulation (15 hrs.) S;?:S‘ Degree of
{depth) membrane! 1 cell | 2 cell multi-cell |permanent| gastrula | exo- abnormal 1nh1flf)1tory
formation (normal){(polyspermy)| blastula |(normal)|gastrula| develop. eftect
(m) % % % % % % %
Running 98.5 1.5 98.5 0 0.5 99.5 0
sea water of 97.0 |35 | 965 0 1.0 99.0 0 0
Laboratory 99.0 1.0 99.0 0 0.5 99.5 0
Water from
weeam. | ms [eslmsl o [T s
of Hatakejima | 44’ 05 | 995 0 0 100 0 0
Surface i ) 0 0
Water from
. 97.5 3.0 97.0 0 3.0 97.5 0
land side of 955 |50 | 950 0 2.5 985 | 0 0
Suvtace 965 | 45 | 955 0 1.5 95.5 0
93.5 7.0 93.0 0 4.5 97.0 0
Bottom (27) 91.5 8.5 91.5 0 5.5 94.5 0 1
92.5 8.0 91.0 1.0 6.0 94.0 0
Sea water from
: 94.5 5.0 95.0 0 2.5 97.5 0
Tsunashirazu | 957 | 5.5 | 945 0 1’5 985 | 0 0
Surface 9.5 | 4.0 | 96.0 0 0.5 99.5 0
91.5 {105 89.5 0 4.5 95.5 0
Bottom (5) 89.5 |11.5 88.5 0 7.5 92.5 0 2
88.0 |13.0 87.0 0 11.0 89.0 0




302

Table 17. Results of the Aug. 24, 1979 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature, 27°C. 3 hrs. old eggs
Location Fertiliz. | First cleavage (50 min.) Gastrulation (15 hrs.) | 8;?:5’ Dfusr?c of
(depth) membranej 1 cell | 2 cell multi-cell permanent, gastrula | exo- abnormal | ™ ﬁl?mt)ry
L formation |(normal)i(polyspermy)| blastula (normal) gastrula; develop. | chiec
) %| % % % %,
Running 995" | 1.0°| 9.0, 0 0.5 995" 0 | 0
sea water of 980 |20 | 980 [ o 1.0 90 | 0 |
Laboratory 985 |15 | 985 0 L 05 ! 995 _ 0 ! _
Sea water from ! :
: 94.5 6.0 94.0 0 3.0 97.0 : 0
Tsunashiraza | 995 | 85 | 915 0 ¥5 | 955 | 0 ,I 1
Sove 930 |90 | sl 0 5.5 | 940 | 05
| ) ("
89.5 (10.5 89.5 0 6.5 i 93.5 0 -
Bottom (5) 880 [12.0 | 880 0 7.0 930 | o | Sisbily 3
87.5 [14.0 | 86.0 0 85 | 915 0 | cay
Table 18. Results of the Jan. 24, 1980 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; NWI1. Test water temperature; 19°C. (warmed). 6 hrs. old eggs
Location | i effili-z First cleavage (90 min. ) Gastrulatlon (24 hrs, ) El);ltl:; Dflg-{;?e of
(depth) membrane| 1 cell | 2 cell | multi-cell |permanent] gastrula | exo- abnormal [ 1" lﬁ_lt(t)l'y
_ ___ lformation| _|(normal)i(polyspermy)| blastula_{(normal) gastrula | develop. ‘e ec _
) %A % % | % % %
Running 98.5 2.0 98.0 0 0.5 99.5 0 0
sea water of 99.0 1.0 99.0 0 0 100 0
Laboratory | 975 ] 3.0 | 97.0_ 0 1.0 990 | o o
Sea water from| 970 | 35 | 965 0 2.0 980 | o
sunashirazu 98.0 |25 | 975 0 1.5 98.5 0 0
cove 9.5 | 40 | 96.0 0 2.5 97.5 0
Surface | | P I o .
92.0 8.5 91.5 0 4.5 95.5 0
Bottom (5) 91.5 9.0 91.0 0 5.5 94.5 0 1
89.5 |[11.0 89.0 0 6.0 94.0 0
Table 19. Results of the Mar. 9, 1980 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; 0. Test water temperature 19°C. (warmed). 6 hrs. old eggs.
) N ' o Other !
. Fertxhz. First cleavage (90 min.) Gastrulation (24 hrs. ) Degree of
Location nOteS | inhibitor
(depth) membrane| 1 cell| 2 cell multi-cell |permanent| gastrula | exo- abnormal effect Y
| formation | (normal) |(polyspermy)| blastula |(normal) gastrula| develop. | e B
(m) % | W% _ % % % % %
Running 99.0 0.5 99.5 0 0 100 0 0
sea water of 99.5 0.5 99.5 0 0.5 99.5 0
Laboratory 98.0 1.0 99.0 0 1.5 98.5 0
sea water from| g5 | 95 | 975 0 2.0 980 | 0
sunashurazu 955 | 50 | 95.0 0 2.5 97.5 0 0
S ace 97.0 | 40 | 96.0 0 L5 98.5 0
92.5 8.0 92.0 0 4.5 95.5 0
Bottom (5) 91.0 9.5 90.0 0.5 5.5 94.0 0.5 1
93.0 8.5 91.5 0 6.0 93.5 0.5




Table 20. Results of the May 15, 1980 experiment with eggs of Anthocidaris crassispina.

Wind; 0. Test water temperature; 20°C. 6 hrs. old eggs.
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, Fertiliz. | First cleavage (85 min.) Gastrulation (24 hrs.) Other | @ @ cc of
Location notes inh%bitor
(depth) membrane| 1 cell | 2 cell | multi-cell |permanent| gastrula |exo- abnormal | ™ o o b4
formation (normal)|(polyspermy)| blastula (normal) gastrula| develop. ¢
(m) % % % % % %
Running 97.5 4.0 96.0 0 1.5 98. 5 0 0
sea water of 98.5 1.5 98.5 0 1.0 99.0 0
Laboratory 97.0 4.0 96.0 0 1.0 99.0 0
Water from 980 |25 | 975 0 0.5 995 | 0
OF;? sei side 97.5 3.0 97.0 0 1.0 99.0 0 0
o matakeima | 985 | 2.0 | 980 0 0.5 98.5 0
Surface
Water from 9.5 |55 | 945 0 3.5 9%.5 | 0
ﬁn ls<l i€ 0 97.0 4.5 95.5 0 4.0 96.0 0 0
Ga shima 950 | 6.0 | 94.0 0 2.5 97.5 0
urface
91.5 9.0 91.0 .0 6.5 93.5 0
Bottom (27) 94.0 6.5 93.5 0 7.0 93.0 0 1
90.5 |10.5 89.5 0 8.5 91.5 0
Sea water from| 955 | 60 | 940 0 3.5 %5 | 0
o nastia: 970 |45 | 955 0 2.5 97.5 0 0
Surface 93.5 4.0 96.0 0 3.5 96.5 0
90.5 {10.5 89.5 0 5.5 94.5 0
Bottom (5) 89.0 [12.0 88.0 0 7.5 92.5 0 1
85.5 |15.0 85.0 0 8.5 90.5 1.0
Table 21. Results of the June 11, 1980 experiment with eggs of Anthocidaris crassispina.
Wind; 0. Test water temperature; 25°C. 4 hrs. old eggs.
Location Fertiliz. First cleavage (60 min.) Gastrulation (20 hrs.) (r?;ltlccsr Dig{)‘?e of
(depth) membrane! 1 cell| 2 cell | multi-cell |permanent| gastrula | exo- abnormal | 7 }f:t(:ry
formation !(normal)|(polyspcrmy) blastula |(normal)| gastrula | develop. | ehtec
(m) %] 10 % % % % %
Running 99.0 25 99.0 0 0.5 99.5 0 0
sea water of 98.0 0.5 97.5 0 1.0 99.0 0
Laboratory 995 ) 99.5 0 05 | 995 0 . o
Sea water from| gg5 | 15 | 985 0 0.5 995 | 0
c;“/le asht 96.5 4.0 96.0 0 2.5 97.5 0 1
Surface ._9_7 .0 4.5 95.5 0 5.5 94.5 0 B
90.0 |11.5 88.5 0 8.0 92.0 (]
Bottom (5) 88.0 [12.0 87.0 1.0 9.5 90.0 0.5 2
86.5 |15.0 85.0 0 10.5 89.5 0
Table 22. Results of the Jan. 28, 1981 experiment with eggs of Hemicentrotus pulcherrimus.
Wind; 0. Test water temperature; 19°C. (warmed). 6 hrs. old eggs.
Location | Fertitiz. | First cleavage (90 min. Gastrulation (24 hrs.) Other D;gme of
(depth) membrane| | cell| 2 cell multi-cell | permanent| gastrula | exo- abnormal | '™ gntory
formation (normal)|(polyspermy) blastula |(normal)| gastrula| develop. eftect
() % # % % A
Running 99.5 0.5 99.5 0 0 100 0
sea water of 990 |15 | 985 : 0.5 9.5 | 0 0
Laboratory 98.5 1.5 98.5 0.5 99.5 0
Sea water from o
: 97.5 3.0 97.0 0 1.5 98.5 0
Tsunashirazu | 965 | 35 | 9635 0 1.0 990 | 0 0
Surface 98.0 2.0 98.0 0 1.5 98.5 0
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Table 23. Results of the July 2, 1981 experiment with eggs of Anthocidaris crassispina.
27°C. 3 hrs. old eggs.

Wind; 0. Test water temperature;

Location Fertiliz. First cleavage (50 min.) Gastrulation (15 hrs.)
(depth) membrane 2 cell permanent| gastrula
formation (normal)|(polyspermy)| blastula_(normal)
(m) % % % %
Running 99.5 0.5 99.0 0.5 99.5 0
sea water of 99.0 0.5 99.5 0 1.0 99.0 0
Laboratory 99.5 | 3.0 97.0 0o 1_10 99.0 0
Water from
N 97.5 2.5 97.0 0.5 1.0 99.0 0
open igi;}i‘:a 970 | 30 | 965 0.5 1.5 98.5 0
gurf:ce J 99.0 3.5 96.5 0 2.0 98.0 0
Water from 97.0 | 40 | 950 1.0 15 985 | o
Hatakeiima 97.0 7.0 92.5 0.5 2.0 98.0 0
SurfaceJ 98.5 7.0 93.0 0 1.5 98.5 0
Sea water from
- 96.5 5.5 94.5 0 2.0 98.0 0
Tsunashirazu 975 | 65 | 935 0 2.5 97.5 0
gﬁ‘r";ace 97.0 7.5 92.5 0 1.5 98.5 0






