
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. 
I. 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 ripe 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. 
III. Summer season, two 
cidaris crassispina eggs. 

Eggs of Hemicentrotus pulcherrimus were used, see Table 8. 
experiments were made in June-August, using Antho-

1. June 18, see Table 9. 
(Notes common to all tables: 

2. August 1, see Table 10. 
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. 
I. 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. 

I. 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 Hemicentrotus 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. 

I. 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 KoBAYASHI 



295 

Table I. Results of the Feb. 14, 1976 experiment with eggs of Hemicentrotus pulcherrimus. 

Wind; 0. Test water temperature; 20°C. (warmed). 6 hours old eggs. 
.. ---

Other 
Location I Fertiliz. First cleavage (90 min.) Gastrulation (24 hrs.) notes Degree of 

(depth) membrane -1 cell I 2 cell I multi-cell permanent! gastrula I exo- abnormal inhibitory 

, formation (normal) (polyspermy) blastula (normal) gastrula develop. effect 

(m) I % % % % % % % 
Running 

I 
98.5 5.5 92.5 2.0 1.5 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 

I 
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 0 
Surface 
Water from I 
land side of 98.5 15.5 82.5 2.0 2.0 98.0 0 I 1 Hatakejima 98.0 7.0 91.5 1.5 3.0 97.0 0 

I Surface 

Bottom (27) 99.0 114.5 
I 

81.0 

I 
4.5 

I 
6.5 

I 
92.5 

I 
1.0 

I I 
1 98.0 6.0 80.5 3.5 9.0 90.5 0.5 

Sea water from 

I Tsunashirazu 97.5 8.5 87.0 4.5 1.0 98.5 0 1 cove 96.0 12.5 84.0 3.5 4.5 94.5 1.0 
Surface I 

Bottom (5) 98.5 120.5 I 78.5 

I 
1.5 

I 
24.5 

I 
75.0 

I 
0.5 

I I 2 97.0 12.0 83.5 4.5 21.0 78.5 0.5 
---

Table 2. Results of the March 19, 1976 experiment with eggs of Hemicentrotus pulcherrimus. 

Wind; NW2. Test water temperature; !3°C. 8 hours old eggs. 

Location -- Fertili~-. -~leava~~-~n-.)--~trul:::~ ~~~?~~e~r pe~r~e-of-
(d · " . I ----- mh1b1tory epth) membrane 1 cell I 2 cell 

1 
multi-cell permanent gastrula I exo- abnormal ffi t 

formation (normal)i(polyspermy) blastula !(normal) gastrual develop. e ec 

Running 99.0 1.5 98.5 0 1.5 98.5 0 
-·-(m)-1 ----- % % %rT% % % % I 
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 "'-----i--1----+-1 ~-land side of 97.5 3.0 97.0 0 2.0 98.0 0 
Hatakejima 96.0 4.5 95.5 0 1.5 98.5 0 0 
Surface 96.0 2.5 96.0 1.5 1.5 98.5 0 

Sea water from 
Tsunashirazu 
cove 
Surface 

98.0 
95.5 
96.0 

2.5 I 6.0 
4.5 

96.0 
94.0 
92.0 

1.5 
0 
3.5 

2.5 
1.5 
2.5 

97.5 
98.5 
97.5 

0 
0 
0 

2 
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Table 3. Results of the July 9, 1976 experiment with eggs of Anilwcidaris crassispina. 

Wind; SEI. Test water temperature; 25°C. 4 hours old eggs. 

Location 
(depth) 

(m) 
Running 
sea water of 
Laboratory 
Water from 
open sea side 
of Hatakejima 
Surface 

Bottom (25) 

Water from 
land side of 
Hatakejima 
Surface 

Bottom (27) 

99.5 
99.0 
98.5 

99.0 
98.5 
99.0 

96.5 
98.0 
97.5 

2.0 
1.5 
2.0 

1.5 
3.5 
2.0 

4.5 95.5 0 2.0 98.0 
5.0 95.0 0 1.5 98.5 

0 

0 

0 

0 

Sea water from 
Tsunashirazu 
cove 

5.5 I 94.5 I o 3.0 97.0 I o
8 

I I 
·-·----~~-----r----~----~----~--------. r-sJ> ___ 94.0 

Surface 

Bottom (5) 

96.0 
94.5 
95.5 

I 6.o 93.5 
5.0 95.0 

97.0 I 95.5 
94.0 

97.0 13.0 
96.0 4.5 
95.0 6.0 

1.0 
0.5 
0 

0 
0 
0 

7.0 
8.5 
7.5 

4.0 
5.0 
3.5 

93.0 
91.5 
92.5 

I 

96.0 
95.0 
96.5 

0 
0 
0 

0 
0 
0 

slightly 
delay 

Table 4. Results of the Aug. 7, 1976 experiment with eggs of Antlwcidaris crassispina. 

Wind; 0. Test water temperature; 28°C. 3 hours old eggs. 

3 

- ---~-,~. -=..--==--=;----·------=------.r~-~-~--=~;=-.-

Fertiliz. . Fi~t cleavage (50 min.) .,. Gastrulation (15 hrs.) notes Degree of 
Location . -,-e::.=..:.:"'-,--1 inhibitory 
(depth) membrane I cell I 2 cell I multi-cell permanent! gastrula! exo- abnormal effect 

formation ~(normal). (polyspermy) 1 blastula (normal),..,_; g£as:::::.:::trcc::u=la.~..::cd:.::.ev..:..e::.:.loc.Jpc...-+-----

Other 

0 
----(m) % %' %1 % i %I -~ %1 
Running sea 98.0 2.5 I 97.5 0 

1

, 0.5 99.5 1 0 
water of 97.0 4.0 96.0 0 1.0 99.0 

1 
0 :: 

Laboratory 

f""~·~-,-2-ai';""f:~f'-i~-e·a--:-l-_-~-g:_g_-] i:~ I ~~:~ g· I L~ __ j ~~ g ------·;·'-__ o __ 

Sea water- from­
Tsunashirazu 
cove 
Surface 

Bottom (5) 

95.0 
96.5 

91.0 
93.5 

6.0 
5.0 

ro.s 
~8.5 

94.0 
95.0 

89.5 
91.5 

0 
0 

0 
0 

5.0 
4.5 

1

13.0 
ll.5 

95.0 
95.5 

87.0 
88.5 

0 
0 

0 
0 2 
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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. 

Fertiliz. First cleavage (60 min.) Gastrulation (18 hrs.) Other 
Degree of 

Location notes 
(depth) membrane I cell I 2 cell I multi-cell permanent! gastrula I exo- abnormal inhibitory 

formation (normal) (polyspermy) blastula (normal) gastrula develop. effect 

(m) % % %i % 
%1 

% % 
Running 95.5 6.0 94.0 

I 
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 I 99.0 0 
Water from 96.0 

I 

5.0 95.0 0 0.5 99.5 0 
oren sea side 98.5 3.0 97.0 0 1.5 98.5 0 0 o Hatakejima 96.0 4.5 95.5 0 1.0 99.0 0 Surface 

95.5 5.5 94.5 

I 

0 1.0 99.0 0 

I 
Bottom (25) 98.5 2.0 98.0 0 1.5 98.5 0 0 

95.5 5.5 94.5 0 1.5 98.5 0 

Water from 94.5 

I 

6.5 93.5 0 5.0 95.0 0 

I 
land side of 97.0 5.0 95.0 0 4.0 96.0 0 1 Hatakejima 94.0 8.0 92.0 0 6.5 93.5 0 Surface 

92.0 10.0 90.0 0 8.5 91.5 0 slightly 

I 
Bottom (27) 95.0 7.0 93.0 0 11.5 88.5 0 3 

91.5 9.5 90.5 0 14.0 86.0 0 
delay 

Sea water from 93.5 9.0 91.0 0 9.0 91.0 

I 

0 I 
Tsunashirazu 96.0 7.5 92.5 0 10.0 90.0 0 

I 
2 

cove 92.0 8.5 91.5 0 13.0 87.0 0 
Surface 

91.0 11.0 98.0 0 13.5 86.5 0 slightly 92.5 10.0 90.0 0 16.5 83.5 0 3 Bottom (5) 89.0 12.5 87.5 0 18.5 81.5 0 
delay 

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

Wind; 0. Test water temperature; l5°C. 8 hrs. old eggs. 
- .. 

·-~----:-=_ --- .. - -.~ -:--=-=--:= 

Fertiliz. First cleavage ( 110 min.) Gastrulation (24 hrs.) Other 
Degree of 

Location notes 
(depth) membrane 1 celi I 2 cell j multi-cell permanent! gastrula I exo- abnormal inhibitory 

formation (normal) (polyspermy) blastula (normal) gastrula develop_._ 
effect 
---· ~-

(m) % % % % % 
%1 %1 

Running 95.5 19.5 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 

I I I I 
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 

I I 
land side of 94.0 10.0 90.0 0 4.5 95.5 0 1 Hatakejima 97.5 2.5 97.5 0 6.0 94.0 0 
Surface 

Bottom (27) 92.5 112.0 I 
88.0 

I 
0 

I 
12.5 

I 
87.5 

I 
0 

I I 
2 95.5 5.0 95.0 0 10.0 90.0 0 

Sea water from 

I 
Tsunashirazu 93.5 11.0 89.0 0 8.5 91.5 0 1 cove 97.0 3.5 96.5 0 6.5 93.5 0 
Surface 

Bottom (5) 93.0 110.5 
I 

89.5 

I 
0 

I 
13.5 

I 
86.5 

I 
0 

I 2 95.0 5.0 95.0 0 11.5 88.5 0 
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Table 7. Results of the Feb. 16, 1977 experiment with eggs of Hemicentra Ius pulcherrimus. 

Wind; NW'2. Test water temperature; 12°C. 8 hrs. old eggs. 

I Fertiliz. ' First cleavage (120 min.) Gastrulation (24 hrs.) I Othter I. Degree of 
Location • no es 
(depth) ! membraneJ T eeiTf2 cell I multi-cell I permanent'~gastri.ila-1 exo::-- abnormal ,, i~~;~~ry 

--,---.-.,;--'1 formation [(normal) (polyspermy) blastula (normal) gastrula develop. 

!~:!~!r~~) ~~~./~, g£~i ~~:6%~ -- 8 % ?:6~%--~ ~i:g%111--gT---~---0--
Laboratory 99.0 1.0 99.0 __ 1 _ 0 0 5 99 5 0 
Water from 
land side of 
Hatakejima 
Surface 

~~:6 I ~:8 I ~~:8 I 
98.5 2.5 97.5 

1----·-------
97.0 4.0 

1

. 96.0 

~Bo-t-to-m-(2---,7,--) --'--~-~:_6_:1-~_:_g -+--~-~_:g_l-· 
Sea water from 
Tsunashirazu 98·0 3·0 97 ·0 

97.5 5.5 94.5 
s~~face 96.0 5.0 95.0 

92.5 8.5 91.5 I 
91.0 9.5 90.5 

9~~--9_.o __ 9~.o-! 
Bottom (5) 

--

- -· -

I 
I 0 

I 
1.5 98.5 0 ' 

0 

I 
1.0 99.0 0 

I 0 1.5 98.5 0 
-I 

0 I 3.5 96.5 0 
0 I 4.0 96.0 0 
0 I 5.0 95.0 0 

0 2.5 97.5 0 
0 2.0 98.0 0 
0 3.0 97.0 0 

0 5.0 95.0 0 
0 6.5 93.5 0 
0 7.5 92.5 0 

------ - --~ ----~ -- -~ 

Table 8. Results of the Apr. 5, 1977 experiment with eggs of Hemicentrotus pulc!terrimus. 

Wind; 0. Test water temperature; l5°C. 8 hrs. old eggs. 

I 0 

I~ 

I 

I 0 

I 

I 
I 

----

Location I Fertil~. _I __ First cleav~e- ~~ mi~L I ____ ~~st~ation (24h~.) _ -~--~~~:: --I ~h~£f~o of 
(depth) :membrane!! cell I 2 cell I multi-cell I permanent! gastrula I exo- abnormal ffi try 

, formation ,(normal)i(polyspermy) blastula :(normal) gastrula, develop. I e ec 

Running (m) -~- 98.5%!1 2}~~1· 97.5%;

1 

0 % -~- 1.5 % -~98.5%- ~--%~~-- i ~--
sea water of 99.0 1.5 98.5 0 1.0 99.0 0 I 
Laboratory 97.0 . 4.0 96.0 0 0.5 _ 99.5 0 

:-~~e~!~~: --~- 98.s l-2~-o--98.o 1 o [' 2.o 98.o ---o- ·· 
of Hatakejima 98.5 1.5 98.5 I 0 0.5 99.5 0 
Surface 98.0 • 3.0 97.0 0 1.0 99.0 0 
Water from--­
land side of 
Hatakejima 
Surface 

Bottom (27) 

97.0 
96.0 
95.5 

1

93.0 
95.0 
93.5 

--···---

1 5.0 95.0 

I 
6.0 94.0 
5.5 94.5 

I 9.0- I 91~0 
I 6.0 I 94.0 I 
1 7.5 92.5 

0 
0 
0 

0 
0 
0 

Tsunashirazu . 0 95.0 6.0 94. 0 

' 

2.0 
3.0 

--'-~5 
8.0 
8.5 
6.0 

6.5 
8.0 
5.0 

Sea water from -----9-6-_5- ., ... 4~~9s'5--~~- 0 

s~~race 94.s 1 1.o 93.o o 
-----T----

90.5 

1

. 

Bottom (5) 
91.5 
93.0 
90.5 

9.5 
I 9.o 
[11.5 

91.0 
88.5 

0 
0 
0 

11.5 
10.0 
10.5 

98.0 
97.0 
96.5 

92.0 
91.5 
94.0 

93.5 
92.0 
95.0 

·--------

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

__ I __ __ 

2 
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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. 

I Fertiliz. First cleavage (60 min.) Gastrulation (20 hrs.) Other 
Degree of Location notes 

(depth) membrane 1 cell I 2 cell I multi-cell permanent! gastrula I exo- abnormal inhibitory 

1 formation (normal) (polyspermy) blastula (normal) gastrula develop. effect 

(m) I % % % % % % 
%1 Running 98.5 2.5 97.5 0 1.0 99.0 0 

sea water of 
I 

97.0 3.5 96.5 0 1.5 98.5 0 0 

Laboratory 
Sea water from I Tsunashirazu 96.5 7.0 93.0 0 3.0 97.0 0 I I cove 95.0 8.0 92.0 0 5.0 95.0 0 

I Surface 

Bottom (5) 92.0 I Jl.5 
I 

88.5 

I 
0 

I 
5.5 

I 
94.5 

I 
0 

I 
I 1 90.5 13.0 87.0 0 9.0 91.0 0 I 

Table I 0. Results of the Aug. I, 1977 experiment with eggs of Anthocidaris crassispina. 

Wind; 0. Test water temperature; 28°C. 3 hrs. old eggs. 
-

Other 
Location 

Fertiliz. First cleavage (50 min.) Gastrulation ( 15 hrs.) notes Degree of 

(depth) membrane I cell I 2 cell I multi-cell permanent! gastrula i exo- abnormal inhibitory 

fromation (normal) (polyspermy) blastula (normal)i gastrula develop. effect 

(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 from\ 95.0 11.5 88.5 0 7.5 92.5 0 Tsunasbirazu 93.0 15.0 85.0 0 9.0 91.0 0 I cove 94.0 10.5 89.5 0 8.5 91.5 0 Surface 

90.0 17.0 

I 
83.0 0 10.5 89.5 0 I Bottom (5) 88.5 22.0 78.0 0 13.0 87.0 0 2 

89.0 15.0 85.0 0 12.5 87.5 0 ' 
' 

Table II. Results of the Jan. 18, 1978 experiment with eggs of Hemicentrotus pulcherrimus. 

Wind; NWI. Test water temperature; l9°C. (warmed). 6 hrs. old eggs. 

Fertiliz. First cleavage -(gQ min.) I Gastrulation (24 hrs.) .. Othter-- -~ Degree of 
Location ----,---l"""'c--~.-------oo:-------co--.---c---o-. -- . no es inhibitory 
(depth) ~embrane 1 cell I 2 cell I multt-cell permanent! gastrula I exo- abnormal ffi t 

----;--;--+formation (normal) (polyspermy)' blastula (normal) gastrula develop. e ec 
(m) -'----o-'-c%.'--+----:-%,-:--'-==- % % % %---%i---~----

Running 99.5 1.0 99.0 0 0.5 99.5 0 I 0 sea water of 98.5 2.0 98.0 0 1.0 99.0 0 , 
~;-:-:---=:-r:"--:---=~-(""'rr,---o-m-\---~9 _ _:__7•:_::0_---\_3.5 96.5- 0 ____!_:_0 ____ _1_9._0_1 __ o __ .- ---------
Tsunashirazu 97.0 4.0 96.0 0 1.5 98.5 I og 
cove 95.5 6.0 94.0 0 .1 2.5 97.5 0 
Surface 96.0 5.0 95.0 0 2.0 98.0 

Bottom (5) 
91.5 
93.0 
92.0 

10.0 
9.0 
9.0 

90.0 
91.0 
91.0 

0 
0 
0 

5.5 
3.5 
6.5 

94.5 
96.5 
93.5 

0 
0 
0 
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Table 12. Results of the july 10, 1978 experiment with eggs of Antlwcidaris crassispina. 

Wind; 0. Test water temperature; 27°C. 3 hrs. old eggs. 

Location 
(depth) 

Fertiliz. 'I First cleavage (50 min.) I Gastrulation (15 hrs.) O~er Degree of 
1--.,-------- noes inhibito 
membrane 1 cell I 2 cell I multi-cell I permanent' gastrula I exo- abnormal ffi try 
formation I (norma1)i(polyspermy) blastula (normal) gastrula develop. e ec 

(mf-~- %I % --%- -~%- · %I % %------
Running 99.5 0.5 99.5 0 ~-5 I 99.5 0 0 sea water of , 98.5 1.0 99.0 0 0.5 ~- 99.5 0 
Laboratory i _________ _ 

Tsunash1razu 97.0 3.0 97.0 0 1.5 98.5 0 0 
Sea.wat~r from -~ t--- j l 
cove 95.5 5.0 95.0 0 2.0 98.0 I 0 
Surface __ _ 

91.5 11.5 88.0 0.5 7.0 93.0 0 
Bottom (5) 93.5 17.5 92.5 0 I 4.5 95.5 I 0 I 
------ -------'----L...----'--------'--------'-------'----·· --- ---'-----

Table 13. Results of the July 21, 1978 experiment with eggs of Antlwcidaris crassispina. 

Wind; 0. Test water temperature; 28°C. 3 hrs. old eggs. 
==='7====--- ---

I b~ Fertiliz. Frist cleavage (50 min.) Gastrulation (15 hrs.) t Degree of 
Location no es 
(depth) membrane~· I cell-, 2 cell -~ -multi-cell-- permanent[ gastrula .,.e---;:0- -- abnormal inh;},>it~ry 

formation (normal) (polyspermy) blastula (normal) gastrula develop. e ec 

;~nning (m) 100 % II 0.5% 99.5%1 --;;% T ~~ %-- 99.5%1 -0 % - - I n 0 --

sea water of 99.0 1.5 98.5 1 0 [ 1.0 99.0 I 0 I 
Laboratory 98.5 1.0 99.0 , 0 1.5 98.5 0 
Waterfr~9989._o5 1.0 ,. 99.0 ·1 o ~- 0.5 --~-9999:_55 ___ 0 ___ ---· 
opf eHn seak s_i_de 2.0 98.0 0 0.5 0 
Surf:~: eJima 99.0 1.0 99.0 0 I 1.0 99.0 0 

~:Je~iJ~o:r --- 97.0--i ~:fj~ 0 l 2~5---~-
~:r~~~~ima ~~:g ; 4.0 ~~:6 g 1:? i 

Bottom (27) ~~:~ I ~:g ~n g.s---~- f~ ·-r 
91.0 . 10.5 89.5 0 I 6.5 I 

i~~-;:-~-~,.--i-~a"f~-~-m-+1--94.5 --~-6-_-o----7-9-4 ___ 0_ \ - _0 ___ ··~--3~0 1 

95.0 5.5 94.5 , o I 3.5 
~~~~ace 93.5 8.5 91.5 1 0 5.5 ---+----+------ - ___ _.__ __ 

Bottom (5) 

---~-

-~~-- _t~_:8_IJ! _I__ 8 J _ 7.5 
8.0 
9.5 

--····----·- --
97.5 I 0 
99.0 0 
98.5 I 0 

96.5 

I 

0 slightly 94.5 0 
93.5 0 

delay 

·- -
97.0 0 
96.5 0 
94.5 0 L 
92.5 0 slightly 92.0 0 
90 5 0 

delay 

--~~ 

0 

0 

3 

3 
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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. 

Ferti1iz. First cleavage (50 min.) Gastrulation (15 hrs.) Other 
Degree of 

Location notes 
(depth) membrane I cell[ 2 cell I multi-cell permanent[ gastrula I exo- abnormal inhibitory 

formation (normal) (polyspermy) blastrula (normal) gastrula develop. effect 

(m) % % % % % % % 
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 95.5 6.0 94.0 0 3.0 97.0 0 
Tsunashirazu 93.5 8.0 92.0 0 4.0 96.0 0 1 
cove 92.5 9.5 90.5 0 5.5 94.5 0 
Surface 

90.5 10.5 89.5 0 11.5 88.5 0 slightly 
Bottom (5) 87.5 14.5 85.5 0 9.5 90.5 0 3 

89.0 10.5 89.0 0.5 10.0 90.0 0 
delay 

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

Fertiliz. First cleavage (90 min.) Gastrulation (24 hrs.) Other 
Degree of 

Location notes 
(depth) membrane I cell I 2 cell I multi-cell permanent[ gastrula I exo- abnormal inhibitory 

formation . (normal) (polyspermy) blastula (normal) gastrula develop. effect 

(m) % % % % % % % 
Running 99.0 1.5 98.5 0 0.5 99.5 0 

0 sea water of 100 0.5 99.5 0 0.5 99.5 0 
Laboratory 99.0 1.0 99.0 0 1.0 99.0 0 
Sea water from 98.5 2.5 97.5 0 1.5 98.5 0 Tsunashirazu 98.0 0.5 99.5 0 2.0 98.0 0 0 cove 97.0 4.0 96.0 0 1.5 98.5 0 Surface 

90.5 5.0 I 95.0 
I 

0 4.5 95.5 0 

I Bottom (5) 

I 
93.0 6.5 

I 
93.5 

I 
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; Sl. Test water temperature; 27°C. 3 hrs. old eggs. 

Location Fertiliz-.-~-- First cleavage (50 min.) G~trulati~n (15hrs.) - -~::-0--:~=e~=r~=D=e=gr=ee-=o=f-
(depth) membrane I cell[ 2 cell [ multi-cell permanent[ gastrula [ exo- -a-:-b::.:n::::or:::::m::.a~l-l inhibitory 

----.-,-+~fu~r~m=a=t~io~n~~~~~(~n~orm~~al~)P(£p~ol~y~sp~e=rm~y~)~=bl=as~t=u=la;-p(=n~or=m~al7)~g~a=s~tru==la~~d=e~v~e~lop~.~-e-ffi_e_ct __ 
(m) % % % % % % % 

Running 98.5 1.5 98.5 
sea water of 97.0 3.5 96.5 
Laboratory 99.0 1.0 99.0 
Water from 99.5 O.S 99_5 open sea side 98 5 2 0 8 of Hatakejima · · 9 ·0 
Surface 100 0.5 99.5 

Water from 
land side of 97·5 3·0 

Hatakejima 95·5 5·0 

Surface 96·5 4·5 

Bottom (27) 

Sea water from 
Tsunashirazu 
cove 
Surface 

Bottom (5) 

93.5 
91.5 
92.5 

94.5 
95.0 
96.5 

91.5 
89.5 
88.0 

7.0 
8.5 
8.0 

5.0 
5.5 
4.0 

10.5 
11.5 
13.0 

97.0 
95.0 
95.5 

93.0 
91.5 
91.0 

95.0 
94.5 
96.0 

89.5 
88.5 
87.0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
1.0 

0 
0 
0 

0 
0 
0 

0.5 
1.0 
0.5 

0.5 
1.0 
0 

3.0 
2.5 
1.5 

4.5 
5.5 
6.0 

2.5 
1.5 
0.5 

4.5 
7.5 

11.0 

99.5 
99.0 
99.5 

99.5 
99.0 

100 

97.5 
98.5 
95.5 

97.0 
94.5 
94.0 

97.5 
98.5 
99.5 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

95.5 I o 92.5 0 
89.0 0 

0 

0 

0 

0 

2 
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Table 17. Results of the Aug. 24, 1979 experiment with eggs of Antlwcidaris crassispiTlll. 

Wind; 0. Test water temperature; 27°C. 3 hrs. old eggs. 

Location 
(depth) 

Gastrulation (15 hrs.) I Othter Degree of noes 
membrane 1 cell I 2 ce~~ muiti--cell permanent/ gastruia-~exo- ~--abo--n-o'-r-m-a--:1-l in~~~~~ry 

Fertiliz. First cleavage (50 min.) 

formation (normal) (polyspermy) blastula (normal) gastrula develop. :-----

Running (ffi)____ 9~.5% 1.0%1'-99~~ 0 %-~-0.5 % ,-9~% 0 %1 
sea water of 98.0 2.0 98.0 1 0 1 1.0 99.0 0 
Laboratory 98.5 1.5 98.5 0 0.5 _ 99.5 0 

0 

i~~::~~!;~m ~n --- ~:~ 1 ~t:f ~ 8--,,--!:~-~~~~~:~ i 8 
~~~~ace 93.0 9.0 91.0 0 5.5 94.0 I 0.5 

Bottom (5) ~~:6 -~~:6 ~~:6-~~-g-· I ~:6 §~:f"l g---~ ~~1:~Y I 3 

____ ~?-~·o_ 86.0 o ! 8.5 91.5 _o_ 1 _________ _ 

Table 18. Results of the Jan. 24, 1980 experiment with eggs of Hemicentrotus pulcherrimus. 

Wind; NWI. Test water temperature; l9°C. (warmed). 6 hrs. old eggs. 
~~ ----- -- ~- .--- ----,------"2=o===c= 

I 
Other--

Fertiliz. First cleavage (90 min.) Gastrulation (24 hrs.) notes Degree of 
Location 
(depth) !-membrane ·I cell/ 2 cell 1 multi-cell permanent/ gastrula I exo- abnormal· in~~~~~ry 

I formation (normalli(polyspermy) blastula (normal) gastrula develop. 

~~;!~~:) i l!g" jg" ~g'' .. 8~,.-- gs~,.-,.-Ig6·5%- g %----- - o 
~~bor~<_>ry___ _ 97.5 3.0 __ __22.0_ -~0 1.0 99.0 0 _____ _ 

~~~~:~~~!;~m~ ~~:8 'I ~:~ I ~~:~ 8 ~:~ I ~~:~ _l_ooo o 
~~~~ace 1 96.5 4.0 1 96.0 0 2.5 97.5 

·~---- __\.._ __ -____ ---------- ---·~----

Bottom (5) 

1 ~lLJC#tiJ - iLIJH . U __ 
Table 19. Results of the Mar. 9, 1980 experiment with eggs of Hemicentrotus pulcherrimus. 

Wind; 0. Test water temperature; l9°C. (warmed). 6 hrs. old eggs. 

Location -~--mFe-~mrtiliz. Fir=st=c=l=ea=v=a=ge-(9=0=nu=. n=.=) =~=G=as=t=ru=l=a=tio;; (24 hrs~)~ =;===;~"":;""t=:s=r- ,.._ =D=e=g=re=e=~~f-

1 I 

. 1 inhibitory 
(depth) brane I cell 2 cell multi-cell permanent/ gastrula J exo- abnorma ffi t 

--------,----c--l_!,ormation (normal) (polyspermy) blastula (normal) gastrula develop. e ec _ 
(m) %-f" % % % % %- -- % ------

Running 99.0 I 0.5 99.5 0 0 100 0 
sea water of 99.5 0.5 99.5 0 0.5 99.5 0 0 

Laborato:_;ry~-+----=98.0 I 1.0 99.0 0 1.5 98.5 __ 0"-------+-----+-- __ 
Sea water from J 
Tsunashirazu 98.0 2.5 97.5 0 2.0 98.0 0 

0 95.5 I 5.o 95.o a 2.s 97.5 a 
~~~~ace 97.0 4.0 96.0 0 1.5 98.5 0 

1---- -- -:-------i--~----i-----:--------~---+------------'----~-

Bottom (5) 
92.5 
91.0 
93.0 

8.0 
9.5 
8.5 

92.0 
90.0 
91.5 

0 
0.5 
0 

4.5 
5.5 
6.0 

95.5 
94.0 
93.5 

------ --'------ ----'------

0 
0.5 
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. 

Fertiliz. First cleavage (85 min.) Gastrulation (24 hrs.) Other 
Location notes 
(depth) membrane 1 cell I 2 cell I multi-cell permanent! gastrula J exo- abnormal 

formation (norm~!) (polyspermy) blastula (normal) gastrula develop. 
(m) % % % % % % % 

Running 97.5 4.0 96.0 0 1.5 98.5 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 

I 
98.0 2.5 97.5 

I 
0 0.5 99.5 0 open sea side 97.5 3.0 97.0 0 1.0 99.0 0 of Hatakejima 98.5 2.0 98.0 0 0.5 98.5 0 

Surface 
Water from 96.5 5.5 94.5 0 

I 
3.5 96.5 0 land side of 97.0 4.5 95.5 0 4.0 96.0 0 

Hatakejima 95.0 6.0 94.0 0 2.5 97.5 0 Surface 

91.5 9.0 91.0 .o 6.5 93.5 0 
Bottom (27) 94.0 6.5 93.5 0 7.0 93.0 0 

90.5 10.5 89.5 0 8.5 91.5 0 

Sea water from 95.5 
16.0 

94.0 

I 
0 3.5 96.5 0 Tsunashirazu 97.0 4.5 95.5 0 2.5 97.5 0 cove 93.5 4.0 96.0 0 3.5 96.5 0 Surface 

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 

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. 

\Vind; 0. Test water temperature; 25°C. 4 hrs. old eggs. 
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--
Degree of 
inhibitory 

effect 

0 

0 

0 

1 

0 

1 

Location Fertiliz. ~-- First cleavage (60 min.) - Gastrulation (2~) ~- ~~~: Degree of 

--

(depth) me~ll cell I 2 cell I multi-cell permanent! gastrula I exo- abnormal in~~~~~ry 

~~~!~!r ~~) I fo;;;: u I(•;;~ (poly~y) b;t (no•mol) '""'"%
1

1 develop._~--~--
Laboratory 99.5 °·5 99.5 0 0.5 

% % 
99.5 0 
99.0 0 
99.5 0 

r~t:~~:::m- ;g J H I :! g H . ~--_ ----
- ~-~-

99.5 0 
97.5 0 
94.5 0 

Bottom (5) 
90.0 
88.0 
86.5 

l

:t6 1 
15.0 

88.5 
87.0 
85.0 

0 
1.0 
0 

8.0 
9.5 

10.5 

92.0 
90.0 
89.5 

0 
0 
0 

.5 2 

Table 22. Results of the Jan. 28, 1981 experiment with eggs of Hemicentrotus pulcherrimus. 

Wind; 0. Test water temperature; l9°C. (warmed). 6 hrs. old eggs. 

Location 
Fertiliz. First cleavage (90 min.) Gastrulati 

(depth) membrane I cellJ 2 cell I multi-cell permanent! ga 
formation (normal) (polyspermy~ blastula (n 

(m) 

I 
% % % 0 

%11 Running 99.5 0.5 99.5 
0 

0 
sea water of 99.0 1.5 98.5 0.5 
Laboratory 98.5 1.5 98.5 0 0.5 
Sea-water from 

97.5 

I 
3.0 97.0 0 1.5 

I 
Tsunashirazu 96.5 3.5 96.5 0 1.0 cove 98.0 2.0 98.0 0 1.5 Surface 

~Oth~; =-~-== 

on (24 brs.) notes Degree of 

strulaJ·ex;:;:-- abnormal inh~it~ry 
ormal) gastrula de\'_elop. e ec 

00 %-1- 0 % 
99.5 0 
99.5 0 

----------

98.5 0 
99.0 0 
98.5 0 

0 

0 
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Table 23. Results of the July 2, 1981 experiment with eggs of Antlwcidaris crassispina. 

Wind; 0. Test water temperature; 27°C. 3 hrs. old eggs. 
=======-~====~================~====~~-------~~~==~===== 

I Other 
Fertiliz. First cleavage (50 min.) Gastrulation (15 hrs.) notes Degree of 

Location l----.---1-,.--.....-.,--,,---;-;---,-----,-,.-o--;-;- ------,---,----.-.----1--.--.-1 inhibitory 
(depth) membrane I cell' 2 cell I multi-cell I permanent/ gastrula I exo- abnormal effect 

S

Reuanwnaintegr (omf) for:~~: I 0.5%1(no9::~~(pol~?y) bl:rul% (::? g~~~~ sievelop.l 

99.0 0.5 99.5 0 1.0 99.0 0 
Laboratory 99.5 ____ 3:0 97 0 0 _ _ _ -~·0 _?9.0 0 ___ ___ _ _ 

Water fro~--~--97.5 2.5 97.0 0.5 I 1.0 99.0 0 I 
~rFr:::~~~i~a _}~:g ~~L ~- ~~:~ g.s - U ~~:~_ -- g __ ----
Water from 
landside of 
Hatakejima 
Surface 
Sea water from 
Tsunashirazu 
cove 
Surface 

97.0 
97.0 
98.5 

96.5 
97.5 
97.0 

4.0 I 7.0 
7.0 

5.-'> 
6.5 
7.5 

95.0 
92.5 
93.0 

1 

94.5 I 93.5 
92.5_ --

1.0 
0.5 
0 

0 
0 
0 

1.5 
2.0 
1.5 

2.0 
2.5 
1.5 

98.5 
98.0 
98.5 

0 
0 
0 

_i!_:~ __ l_z __ l _______ _ 

0 

0 

0 

0 




