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bioassays employing spent sulfite liquor (SSL) in test 

concentrations ranging from 10 to 45 ppm was made at two 

incubation temperatures, 20° and 24° C. Fourteen separate 

bioassays, each employing embryos originating from three to 
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Comparative SSL bioassays at 20° and 24° C showed that 

significantly greater numbers of normal oyster larvae were 

always produced at an incubation temperature of 24° than at 

20° (p < 0.01). In addition, the comparative median ef- 

fective concentration (EC50) values obtained from ten 

separate daily bioassays indicated that in each case the 

inimical affects of SSL were considerably less at 24° than 
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at 20 °. The calculated reductions in toxicity ranged from 

17.1 to 60.3 percent, resulting in an average of 34.0 per - 

cent toxicity decrease. Further, 24° C incubated larvae 

were considerably more normal in appearance, and length 

measurements of larvae made from 20° and 24° control 

groups from the same parentage showed significantly larger 

sizes at 24 °. 

A probable explanation of the cause for diminished 

inimical effects of SSL on Pacific oyster embryos when 

incubated at 24° C as compared to 20° is that the higher 

temperature was probably nearer the optimum for embryonic 

development of the species. 
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TEMPERATURE EFFECTS ON PACIFIC 
OYSTER EMBRYOS SUBJECTED 

TO SPENT SULFITE 
LIQUOR 

INTRODUCTION 

The purpose of this study was to ascertain if tem- 

perature differences affected embryonic development of 

the Pacific oyster, Crassostrea gigas (Thunberg), 

when used in 48 -hour larval bioassays of spent sulfite 

liquor (SSL). 

The experimental bioassays were conducted during the 

period of June through September 1964 at the Yaquina Bay 

laboratory located approximately four miles from the har- 

bor entrance and operated by the Department of Fisheries 

and Wildlife, Oregon State University. 

Embryos and larvae of the Native oyster, Ostrea lurida 

Carpenter, and of the Bay mussel, Mytilus edulis L., have 

been employed for a number of years at the Yaquina labora- 

tory in bioassay evaluations of pulpmill effluents and of 

some chemicals associated with wood -processing industries. 

Although Bay mussels occur naturally in most Oregon bays, 

Native oysters are present in only two locations, Yaquina 
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and Netarts bays, Successful reproduction of the Pacific 

oyster seldom occurs in Oregon waters except as occasion- 

ally evidenced by a few spat observed in some years. Pre- 

sumably water temperatures may be too low to initiate 

successful spawning or to allow for successful development 

of embryos and pelagic larvae. This exotic species grows 

exceptionally well when planted as seed oysters in several 

Oregon bays (sections of Coos, Yaquina, and Tillamook bays) 

and to a lesser extent in three or four other estuarial 

locations. 

The Pacific oyster is widely distributed along the 

coast of Japan and Korea (Yonge, 1960) but is most abundant 

from central to southern Japan (Cahn, 1950). According to 

Seno, Hori, and Kusakabe (1926) the early development of 

the fertilized egg of O. gigas was greatly influenced by 

water temperature. They found that the optimum temperature 

for the development of O. gigas embryos was between 23° and 

25° C. At temperatures above and below this range, only a 

few eggs developed to the normal straight hinge stage, and 

most larvae were abnormal. 

The Pacific oyster may be found in bays and estuaries 

which have a salinity range from 15 to 30 parts per 

thousand (ppt) (Cahn, 1950), but Amemiya (1928) found that 

the optimum salinity range was 23 to 28 ppt, In salinities 

. 
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below 23 ppt abnormal larval forms appeared, and there was 

an increase in the number of non -segmented impregnated 

eggs (Amemiya, 1928). 

Woelke (1960) in conducting continuous -flow bioassay 

tests with the Native oyster found evidence that 16 to 128 

ppm concentrations of SSL frequently caused aborting of 

eggs and development of abnormal larvae. He also found 

that concentrations of less than eight ppm may affect in- 

imically the reproductive cycle at the time of early 

embryonic development. Woelke also stated in another pub- 

lication (1960) that concentrations above 18 ppm result in 

98 percent abnormal larvae. Larvae which developed from 

eggs which were both fertilized and allowed to develop in 

SSL concentrations had a higher incidence of abnormality 

than did larvae which developed from eggs which were ferti- 

lized one hour before being introduced to the SSL concen- 

trations. 

3 
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METHODS AND MATERIALS 

The general procedure employed for the bioassays may 

be briefly outlined as follows. Eggs and sperm were ob- 

tained from oysters and fertilized in sea water containing 

concentrations of SSL ranging from 10 to 45 ppm. The 

embryos were allowed to develop for 48 hours at constant 

temperatures, usually 20° and 24° C ± 1 °, after which the 

larvae were counted under a binocular microscope. The 

numbers of normal and abnormal larvae present were deter- 

mined. A flow diagram outlining these general steps is 

given in figure 1. 

The adult oysters from which gametes were obtained 

were grown in the Yaquina Bay by the Oregon Oyster Company 

from "seed" obtained from Japan. They were cleaned of 

extraneous growths such as barnacles and algae. In order 

to condition the oysters for the development of mature 

gonads, they were held in trays of running water (approxi- 

mately one liter per minute) at a temperature of 18° to 

20° C for four to six weeks. 

Immediately before starting the tests, the sex 

products were removed by a process termed "stripping." 

This was accomplished by opening the oyster, cutting into 

the fully developed gonad, and rinsing the sex products 

into a dish of salt water. Stimulated spawning, another 



Oysters Water Test dishes 

Gametes matured by 
conditioning 4 to 6 
weeks at 18 to 20° C 

v 
Gametes removed by 
stripping 

Eggs and sperm added 
(vol. 2 ml) to test 
concentrations 

Salt water obtained 
at lab 

Adjusted to 25 ppt 
salinity 

Water filtered, 
sterilized, and 
temperature raised 
to 20° and 24° C 

Incubated 48 hours, 
20° and 24° C 

SSL solution 
and diluent 
water added 
(vol. 200 ml) 

Larval sample pre- 
pared and counted 

Figure 1. Flow diagram outlining general steps followed 
in oyster larvae bioassay. 
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method for obtaining gametes, differs mainly in that con- 

ditioned oysters are induced to spawn by a rise in water 

temperature to about 30° C (Loosanoff, 1954). In order 

that the viability of the eggs or sperm of each oyster 

could be evaluated, the gametes from each adult were held 

separately and thus identified through each bioassay. 

Gametes were rinsed in a series of stainless steel 

sieves to remove foreign material occurring in the "strip- 

ping" process. The eggs were first poured through an 88 

micron mesh sieve and then rinsed in a 66 micron mesh 

sieve which retained the eggs. The sperm were allowed to 

pass through a 43 micron mesh sieve. 

Salt water employed in the rearing of the embryos was 

obtained from the laboratory holding tanks which were 

filled daily from the bay. The density of the water was 

obtained with a set of three sensitive hydrometers accurate 

to four decimal places; then the salinity corresponding to 

the density and temperature of the water was found from a 

prepared table (Zerbe and Taylor, 1953). Diluent water 

salinity was adjusted to 25 ppt with fresh water collected 

in a glass jar directly from the spring supplying the 

laboratory. After dilution, the test water was filtered 

through glass wool to remove particles of suspended mate- 

rial and then allowed to flow through an ultraviolet 

6 
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apparatus similar to that described by Loosanoff and Davis 

(1950 for sterilization. 

The SSL sample used in the bioassays was a blow -pit 

effluent sometimes referred to as "hot blown liquor." 

It was obtained from an Oregon mill which employs a calcium 

base and uses approximately 95 percent hemlock and five per- 

cent white fir. The sample was adjusted to 10 percent 

solids by the following process given by Williams et al. 

(1953): 

Three 10 ml samples (20° C) were measured 
accurately into capped weighing bottles. Simul- 
taneously, three more 10 ml samples were measured 
into weighed evaporating dishes and placed on a 
steam bath. While these samples were being allow- 
ed to evaporate, the samples contained in weighing 
bottles were weighed on an analytical balance. 
After evaporation over a steam bath for one hour, 
the evaporation dishes and their contents were 
placed in a drying oven for at least 18 hours. 
The samples were then weighed after cooling in a 
desiccator for 30 minutes. The percentage of 
solids present in the sample was calculated as 
follows: 

Average weight of solids x 100 = percent total 
Average weight of 10 ml SWL solids 

Before each bioassay, one ml of this adjusted effluent 

was measured into a graduated cylinder, and 999 ml of test 

water were added. The desired amount of this stock solu- 

tion was measured with a 10 ml pipette into test dishes, 

and test water was added to bring the contents of each dish 

to 198 ml. Then the eggs were fertilized in the test solu- 

tion. This was accomplished by transferring approximately 

. 
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6000 to 12,000 eggs in a one ml pipette into each test dish 

containing the desired amount of SSL and water. The number 

of eggs was estimated by several one ml representative 

total counts. The sperm were diluted with approximately 

100 ml of salt water, and then one ml was added to the test 

dishes. With the addition of the eggs and sperm suspen- 

sion, the total contents of each dish was 200 ml. 

Immediately following fertilization at room tempera- 

ture, the test dishes were placed in incubators which for 

most tests were set for 20° or 24° C. Deviation of + 1° 

were noted occasionally. The entire preparation process 

from the obtaining of water to the placing of the dishes 

with fertilized eggs in the incubators usually took from 

one and one -half to two hours time. 

After an incubation period of about 46 hours, a drop 

of "neutral" red stain in distilled water was added to each 

test dish. Normal and abnormal larvae absorbed the stain 

differently which facilitated in differentiating and count- 

ing. At the end of a 48 -hour incubation period, the test 

dishes were removed from the incubator, and the larvae were 

prepared for counting. This was done by pouring the con- 

tents of each dish into a 250 ml glass jar and adding 

approximately one ml of a well -known preserving mixture of 

isopropyl alcohol, formalin, and glacial acetic acid desig- 

nated as "AFA." 

8 
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As the sample contents were being agitated, a syringe 

similar to a battery hydrometer was used to withdraw an 

aliquot which was placed in a 30 ml rectangular transparent 

counting flask. A transparent grid marked into one mm 

squares was placed under the flask to facilitate counting. 

Using a binocular microscope, differential counts 

were made of the first 150 larvae observed, The numbers 

of normal larvae were recorded from which percentages of 

normal larvae were calculated. Larvae with a straight 

hinge edge ("D" shaped) were considered normal, and those 

without a straight hinge edge were considered abnormal. 

Unfertilized eggs encountered in the sample were recorded 

as abnormal forms, 

For comparison purposes, the Median Effective Concen- 

tration (EC50) value was estimated graphically. The EC50 

is the estimated concentration of SSL in ppm which is ex- 

pected to produce 50 percent abnormal larvae, or conversely 

50 percent normal larvae. 

. 
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RESULTS 

Effects of Temperature Difference 

In order to ascertain if incubation temperatures of 

20° and 24° C produce significant differences in SSL - 

Pacific oyster embryo bioassay results, ten tests were 

conducted on different days at the two experimental tem- 

peratures. Eggs from two or three females with sperm from 

a common male were employed in each of the separate daily 

tests. The SSL concentrations ranged from 10 to 30 ppm 

for 20° C groups and from 20 to 45 ppm for 24° groups. 

These selected concentrations were indicated as effective 

test ranges for the two incubation temperatures from 

screening test results previously obtained by W. P. Breese. 

Appendix table A -1 records results from the ten bioassays 

in which the percentages of normal larvae in paired control 

groups ranged from 90 to 100 percent, and appendix table 

A -2 records the separate test results in which the percent- 

ages of normal larvae were below 90 percent in paired con- 

trol groups. The bioassay results were not considered as 

reliable when the control groups fall below 90 percent 

normal (Woelke, 1961). 

Table 1 presents the mean percentages of normal larvae 

produced in SSL concentrations at the two experimental 



Percentages of normal larvae produced in SSL concentrations at in- 
and 24° C and estimated EC50 values. cubator temperatures of 20 

........ 
0.0 ppm 10 

SSL Concentrations 
20 ppm 30 ppm 

20° 24° 20° 20° 24° 

6-1 
6-2 
6-8 
6 -15 
6-16 
6 -17 
7-6 

8-4 
9 -1 

20° X 
24° X 
Diff. 
20° 
24° g 
20° SR 
24° SR 

Rel. 
normal 
larvae 

20° 
24° 

98.4 98.9 
96.o 98.6 
98.1 98.7 
98.3 97.5 
94.8 98.2. 
96.1 97.3 
98.7 99.3 
93.2 96.7 
93.0 98.7 
92.9 98.6 

0. 

96.0 92.4 98.2 
8.6 94.0 
90.9 97.8 
52.9 91.8 
82.9 92.6 
76.0 

89.3 
44.3 92.7 
66.7 98.9 
79.5 95.8 

90.7 
94.4 

88.6 
86.9 
90.0 
91.7 
86.4 
81.3 

89.9 

20.2 
0.0 

37.6 

26.4 
6.9 
3.3 

11.7 
19.'7 
5.8 

64.7 
6.7 
61.8 
74.2 
82.0 
68.7 

84.0 
55.6 
84.2 

16.0 
10.7 
19.3 

11,1 
5,1 
3.3 
9.4 
8.4 
2.7 

25.3 33.8 
13.7 34.7 
28.0 34,6 
20.4 34.5 
26.0 35.9 
23.2 33.6 
22.5 30.5 
18.4 35.1 
22.4 30.7 
23.4 35.4 

2.37 
0.03 

0.75 
0.01 

4.29 

1.36 

94.0 
+27.8 

25.40 
3.63 

8.03 
1,3.5 

6 

11.47 5.25 
3.75 

3.67 1.63 

4,09 

1.29 

+11.5 

0.58 

Table . 1. 

Date 
ppM 

.:,.:,-......,... 

. 

'98.3 
' +2.3 

S 

% 

93.6 

67.3 

66.2 

. 

, 

. 

65.0 
95.6 

45, ppm EC50 ppm 

20° 24° 24° 20 24° 

8.4 

13.9 22.3 
' 70.5 - 9.5 33.8 

11.86 
1.85 

. . 

14,5 23.0 
71:7 9.7 34.6. 
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temperatures and in which paired control groups at 20° and 

24° C were above 90 percent normal; and also the estimated 

EC50 values for each of the ten bioassays are recorded in 

SSL ppm. 

In each of the bioassays, percentages of normal larvae 

always decreased with increases in the SSL concentration 

which ranged from 10 to 45 ppm, and these decreases were 

significantly greater at 20° than at 24° C. Only once 

(June 15) did percentages of normal larvae in a 20° control 

exceed ( +0.8 percent) those in 24° control groups, but this 

was not considered to be a significant difference. 

When the total mean percentages of normal larvae pro- 

duced in identical test concentrations are compared, the 

mean differences were always significantly greater 

(p values < 0.01) at 24° C ( +2.3 at 0.0 ppm SSL, +27.8 

at 20 ppm, and +56.6 at 30 ppm). Figure 2 presents the 

relative mean percentages of normal larvae obtained from 

the combined results of the ten separate bioassays. These 

values were obtained as follows: 

Relative % normal = 
number normal larvae 

X 10 
number normal and abnormal larvae 

This also graphically illustrates, by inspection, that de- 

crease of normal larvae occurred with increases in SSL 

concentration and that greater numbers of normal larvae 

were produced at 24° than at 20° C. 



100 

20 

10 20 30 
SSL concentrations ppm 

40 

Figure 2. Relative mean percentages of normal larvae (ten bioassays) 
at 20° and 24° C in SSL concentrations 0.0 to 45 ppm. 
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Comparisons of the estimated EC50 values further sub- 

stantiated that each of the ten daily bioassays were always 

reduced in SSL toxicity at 24° C (table 2). The mean EC50 

value at 20° was 22.5 ppm SSL, ranging from 13.7 to 28.0 

ppm; whereas the mean EC50 value at 24° was 34.1 ppm SSL, 

ranging from 31.6 to 35.5 ppm. These figures include all 

tests recorded in appendix table A -1 (paired control groups 

with 90 percent and above normal larvae) and appendix 

table A -2 (paired control groups with less than 90 percent 

normal). This latter group of three tests occurred on 

July 6 and August 4, and each had EC50 values which were 

typical for 20° C (23.2 to 23.9 ppm SSL) and for 24° C 

(32.6 to 33.4 ppm). 

Toxicity decreases, comparing 24° to 20° C EC50 

values, ranged from 17.1 to 60.5 percent, averaging 34.0 

percent reduction for the ten bioassays (table 2). The 

toxicity decreases were computed as follows: 

Toxicity of ° 20 
reduction 

EC 50 value at C 100 - (EC 50 value at C X 100) 

In each of the bioassays, the EC50 values for 24° were 

always significantly greater than those obtained at 20° C. 

In addition, four single temperature bioassays were 

conducted on different days, two at 20° C on June 22 and 23 

and two at 24° on August 10 and 25. The results are pre- 

sented in appendix table A -3. The two daily EC50 values 

. 

. 

- 
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Table 2. EC50 values in SSL ppm obtained from paired 
larval groups in 10 separate daily bioassays 
incubated at 20° and 24° C; and calculated 
toxicity decrease at 24° C. 

Bioassay 
desig. 

2 
3 

6-2 1 

2 
3 

6-8 1 

2 

3 

6-15 
2 
3 

6-16 1 

2 
3 

6-17 1 

2 
3 

A 
(20°) 

B 
(24°) 

Difference 
(á..4 ) 

% toxicity de- 
,lrePgle at 24° C 

23.7 24.7 1.0 
24.9 40.0 15.1 
27.4 37.6 10.2 

25.3 33.8 8.8 25.0 

13.9 29.5 15.6 
12.4 37.7 25.3 
14.8 37.0 22.2 

13.7 34.7 21.0 60.5 

24.5 24.7 0.2 
30.0 41.5 11.5 
29.5 37.5 8.o 

28.0 34.6 6.6 

14.3 35.6 21.3 
23.7 34.4 10.7 
23.1 33.6 10.5 

20.4 34.5 14.2 40.9 

30.0 36.2 6.2 
24.0 35.9 11.9 
23.7 35.6 11.9 

26.0 35.5 10.0 26.8 

22.6 31.8 9.2 
23.4 35.2 11.8 
23.7 33.7 10.0 

23.2 33.6 10.4 31.0 

15 

6-1 1 
' 

X 

, 

x 

X 

' 

. 

7. 

X 

X 

17.1 

, 

1 
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Table 2 (Continued) 

Bioassay A 
desig. (20 °) 

22.5 
23.2 
23.9 

23.2 

19.6 
17.2 

18.4 

8-4 1 22.4 
2 22.4 
3 24.8 

23.2 

9-1 
(2) 

23.5 
23.3 

23.4 

s 

sR 

22.5 

4.10 

1.30 

B 
(24°) 

Difference 
(B -A) 

30.5 8.0 
33. 10.4 
32.6 8.7 

32.2 9.0 

33.4 13.9 
36.7 19.5 

35.1 16.7 

31.0 8.6 
30.4 8.0 
33.4 8.6 

31.6 8.4 

35.2 11.7 
35.6 12.3 

35.4 12.0 

34.1 11.4 

1.36 4.18 

0.43 1.32 

Toxicity decrease 

% toxicity de- 
crease at 24° C 

28.0 

47.6 

26.6 

34«Q 

12.71 

4.02 

17# 17.1 to 60.5 

x 

. 

X. 

° 

. 

w 
34.0 

7-6 1 

2 
3 

7-7 1 

2 
x 

1 



at 20° C were 25.9 and 21.8 ppm SSL, respectively; and the 

two EC50 values at 24° were 34.4 and 32.7 ppm SSL, re- 

spectively. These #s 
were near the mean values and 

within the expected range limit (table 1) for SSL-embryo 

bioassays conducted at 20° and 24° C. 

It will be noted from appendix tables A -1 and A -3 

occasionally on certain test dates, embryos originat- 

ing from particular females and males gave EC50 values 

that were noticeably lower than the expected mean values 

of about 20 to 29 ppm SSL at 20° C and 30 to 39 ppm SSL 

at 24 °. It was suspected that these obvious occasional 

variations in EC50 values may have resulted from differ- 

ences in viability of embryos or from unknown water 

quality differences in the diluents. Currently, such 

suspected variable factors are under investigation at the 

Marine Science Center at Newport. 

Photographs comparing the appearances of larvae rear- 

ed at the two experimental temperatures in SSL concentra- 

tions of 0.0, 20, and 30 ppm are presented in figures 3, 

4, and 5. The control group larvae reared at 24° C were 

larger, clearer in outline, and had a straighter "hinge" 

edge than those reared at 20 °. At 20 ppm SSL concentra- 

tion, the larvae reared at 24° appeared about the same as 

control group larvae reared at 20 °; and at 30 ppm the 

17 
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B 

Figure 3. (A) Oyster larvae control group reared at 
20° C, 92.9% normal. 

(B) Oyster larvae control group reared at 
24° C, 98.6% normal. 

Magnification approximately X 125. 
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Figure 4. (A) Oyster larvae reared in 20 ppm SSL con- 
centration, 20° C, 79.5% normal. 

(B) Oyster larvae reared in 20 ppm SSL con- 
centration, 24° C, 95.8% normal. 

II 

'.i 

li 

l 

u 

i 

h 

` 



Figure 5. 
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(A) Oyster larvae reared in 30 ppm SSL con- 
centration, 20° C, 5.8% normal. 

(B) Oyster larvae reared in 30 ppm SSL con- 
centration, 24° C, 84.2% normal. 
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larvae reared at 24° had about the same appearance as 

larvae reared at 20° in a 20 ppm SSL concentration. The 

photographs were made from larvae originating from the 

same parents. 

Influence of Temperature on Larval Size 

Shell length measurements were made of 48 -hour 

straight- hinged larvae produced in the two experimental 

temperature control groups, 20° and 24° C. The larvae 

were from embryos originating from the same female and a 

single male, and the sample size was 40 normal larvae for 

each temperature group. Table 3 records the individual 

length measurements in microns. 

The 20° larvae ranged in size from 61.3 to 80.9 

microns, averaging 73.7 microns in length; and the 24° 

group ranged from 88.1 to 90.7 microns, averaging 88.9 

microns. No larva in the 20° group was as long (maximum 

length 80.9 microns) as the smallest larva (88.1 microns) 

in the 24° group. Since the mean difference was 15.6 

microns greater in the 24° group (p < 0.01), it is evident 

that the 24° incubation temperature produced significantly 

larger size straight- hinged larvae than did 20 °. 

. 

. 
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Table 3. Length measurements of 48 -hour larvae 
from identical parentage produced at 
incubator temperatures 20 and 24° C; 

40 larvae per sample. 

Length in microns 

20' 

73.8 
74.7 
75.6 
74.7 
76.5 
72.9 
71.1 
76.5 
78.2 
71.2 

80.1 
75.6 
75.6 
72.0 
72.9 
67.6 
74.7 
70.2 
78.2 
76.5 

24° C 

61.3 88.9 88.9 
72.9 89.8 88.9 
72.9 88.9 89.8 
72.9 88.9 88.1 
69.3 88.9 88.9 
72.9 88.9 89.8 
78.2 88.1 88.9 
62.2 88.9 88.9 
79.1 88.9 90.7 
79.1 88.9 88.1 

66.7 88.9 88.9 
79.1 88,9 88.9 
71.2 88.9 88.9 
71.2 88.9 

88'9 
77 88.9 88.9 
80.9 88.9 58.9 
69.3 88.9 88.9 
76.5 88.9 88.9 
72.1 88.9 88.1 
78.2 88.1 88.9 

73.7 microns 

R 17.7 (61.3 .. 80.9) 

s .648 

Si .102 

mean difference 

88.9 microns 

2.6 (88.1 - 90.7) 

0.076 

0,012 

15.2 microns 

. 

, 

3r 



a tripped" Compared to Stimulated 

A test was conducted to ascertain if eggs obtained by 

"stripping" were as satisfactory for testing purposes as 

those obtained by stimulated spawning by 'Welke (1961). 

In seven separate SSL bioassays conducted on August 15, 

eggs were obtained from different females (numbers 1 to 7) 

first by stimulated spawning and then immediately follow- 

ing by the "stripping" method. The bioassays were conduct- 

ed at 24° C, and the results in percentages of normal 

larvae produced and EC50 values (SSL ppm) are recorded in 

table 4. 

The mean values (EC50's and percent normal larvae) 

for the combined results of the seven bioassays were 

practically identical for the two methods of obtaining 

eggs, except perhaps in the 30 ppm SSL' concentration. In 

that SSL concentration, the mean percentage of normal 

larvae originating from stimulated spawning (84,3 percent) 

exceeded that from "stripping" (79.5 percent) by 4.8 per- 

cent; however, this is significant only at a probability 

level of 40 to 50 percent. 

The bioassay results indicated that eggs obtained by 

the two different methods resulted in embryos that were 

approximately of the same viability when tested in SSL 

concentrations at 24° C. It is interesting to note that 

23 
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Table 4. Comparison percentages of normal larvae produced from 
gametes obtained by stimulated spawning and "stripping" 
methods; SSL concentration 20 to 45 ppm, at 24° C. 

Female 
designation 

SSL concentration 

0.0 ppm 20 ppm 30 ppm 45 ppm áC50 SSL 

spawn strip spawn strip spawn strip spawn strip spawn strip 

1 97.3 92.7 92.0 94.7 81.3 72.7 1.3 2.7 35.1 34.4 

2 96.0 93.3 96.0 96.7 84.7 83.3 6.0 6.7 35.7 35.8 

3 96.0 94.0 92.0 90.7 78.0 75.3 0.7 0.7 34.8 34.4 

4 95.3 96.0 93.3 96.0 90.0 76.0 7.3 6.7 36.5 35.0 

5 97.3 100.0 97.3 97.3 92.0 85.0 12.7 6.7 34.2 36.5 

6 96.0 98.o 95.3 93.3 83.3 84.0 4.7 2.0 35.6 35.5 

88.0 90.7 92.7 88.0 80.7 80.0 3.3 10.0 35.1 35.6 

95.1 95.0 92.7 93.8 84.3 79.5 5.1 35.6 35.3 

'. 

- 

7' 
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the seven EC50 values at 24° C incubation temperature, 

which ranged from 34.4 to 37.2 3$L ppm, were in good 

agreement with the EC50 recorded in table 1. values 



DISCUSSION 

Comparative results from several 48 -hour Pacific 

oyster embryo bioassays conducted in SSL concentrations 

ranging from 10 to 45 ppm significantly showed that 

greater numbers of normal larvae were produced at an in- 

cubation temperature of 24° C than at 20 °. Also, com- 

parative EC50 values obtained from ten separate daily 

bioassays indicated in each case that inimical affects of 

SSL to embryos were considerably less at 24° than at 20° 

(table 2). Further, 24° incubated larvae were consider- 

ably more normal in appearance (figures 3, 4 and 5); and 

length measurements of larvae made from 20° and 24° con- 

trol groups (0.0 ppm SSL concentration) with the same 

parentage showed significantly larger size at 24 °. A 

probable explanation of the cause for the diminished 

affect of SSL at 24° may be that the incubation tempera- 

ture of 24° was nearer the optimum for the embryos of the 

species than was 20 °. In 1926, Seno, Hori, and Kusakabe 

stated that 23° to 25° C was the optimum temperature for 

Pacific oyster embryos, 

The "stripping" method of obtaining gametes from 

conditioned adult oysters appeared to be as satisfactory 

as the customary stimulated spawning procedure. Because 

the "stripping" method required less time and effort to 

26 
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obtain gametes, it was employed. 

Since results from measurements of a limited number 

of larvae indicated a highly significant difference in 

size at the two experimental temperatures, it is suggested 

that experimental consideration be given to this aspect 

in further bioassays, particularly in the several SSL 

concentrations. 

. 
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APPENDIX 



Appendix Table Á 1. Percentages of normal larvae produced in spent sulfite 
liquor concentrations at temperatures of 20° and 24° C, 

and estimated median effective concentrations; control 
groups 90 to 100% normal larvae; bioassay designation 
includes date and different female parent. 

Bioassay 
SSL concentrations 

0.0 ppm 10 ppm 20 ppm 30 ppm 45 
ppm EC50 SSL ppm desig. 

20° 24° 20° 20° 24° 20° 24° 24° 20° 24° 

6-1 

6-2 

6-8 

1 

2 
3 

1 

2 
3 

1 

2 

3 

7 

X 

x 

99.3 
98.0 
98.o 

98,4 

95.6 
96.3 
96.o 

96.o 

9 8 .3 
97. 
98.3 

98.1 

98.7 
98.7 
99.3 

98.9 

99.3 
99.3 
97.3 

98.6 

9 2.7 
9$.0 
99.3 

98.7 

94.o 
95.3 
98.7 

96.o 

94.0 
88.7 
89.3 

90.7 

97.3 
94.0 
92.0 

94.4 

84.7 
95.3 
97.3 

92.4 

1.3 
3.3 

21.3 

8.6 

94.0 
90.7 
88.o 

90.9 

97.3 
98.7 
98.7 

98.2 

94.0 
96.7 
91.3 

94,o 

97.3 
98.0 
98.0 

97.8 

2.7 
11.3 
46.7 

20.2 

0.0 
0.0 
0.0 

0.0 

14.0 
50.0 
48.7 

37.6 

4.7 
94.0 
95.3 

64.7 

48.0 
93.3 
88.7 

76.7 

4,7 
94.7 
86.o 

61.8 

0.0 
32.0 
16.0 

16.0 

0.0 
18.0 
14.0 

10.7 

0.0 
38.0 
20.0 

19.3 

23.7 
24.9 
27.4 

25.3 

13.9 
12.4 
14.8 

13.7 

24.5 
30.0 
29.5 

28.0 

24.7 
40.0 
37.6 

33.8 

29.5 
37.7 
37.0 

34.7 

24.7 
41.5 
37.5 

34.6 

w o 

. 

, . 

' 

_ 

" 



Appendix Table A (oontinued ) 

Bioassay 
SSL concentrations 

0.0 ppm 10 ppm 20 ppm 30 ppm 45 ppm EC50 SSL ppm desig. 

20° 24° 
. 

20° 20° 
. 

24° 
, _ 

20° 24° 
.,._..... 

24° 20° 24° 

6-15M 99.0 97.3 94.7 8.0 96.0 0.0 81.3 10.7 14.3 35.6 

3 
98.o 
98.o 

98.o 
97.3 

89.3 
94.0 

78.7 
72.0 

90.7 
88.7 

12.0 
10.0 

73.3 
68,o 

10.7 
5.3 

23.7 
23.1 

34.4 
33.6 

98.3 97.5 92,7 52.9 91.8 7.3 74.2 8.9 20.4 34.5 

6-16 1 95.3 100.0 91.3 84.0 95.3 54.0 80.7 16.7 30.0 36.2 
2 95.6 98.0 95.3 84.7 93.3 15.3 82.7 8.7 24.3 35.9 
3 93.6 96.7 79.3 80,0 89.3 10.0 82.7 8.o 23.7 35.6 

94.8 98.2 88.6 82.9 92.6 26.4 82.0 11.1 26.0 35.9 

6-17 i 97.6 97.3 90.7 68.7 90.7 6.7 58.0 4,0 22.6 31.8 
2 94.6 96,7 85.3 76.o 87.3 8.7 79.3 6.0 23.4 35.2 
3 96.3 98.0 84.7 83.3 88.0 5.3 68.7 5.3 23.7 33.7 

96.1 97.3 86.9 76.0 88.7 6.9 68.7 5.1 23.2 33.6 

7-6 (1) 98.7 99.3 90.0 67.3 89.3 3.3 53.3 3.3 22.5 30.5 

7-7 (1) 93.3 
93.0 

95.0 
98.3 

94.7 
88..7 

49.3 
39.3 

90.0 
95.3 

13.3 
10.0 

78.0 
90.0 

8.7 
10.0 

19.6 
17.2 

33.4 
36.7 

93.2 96.7 91.7 44 r3 92.7 11.7 84.o 9.4 18.4 35,1 

w 

2 

, 

..., 

If 

X 

(2) 

X 



Appendix Table A (Continued) 

Bioassay 
desig, 

8- 

SSL concentration 

0.0 ppm 10 ppm 20 ppm 

20° 24° 20° 20° 24° 

96.0 98.0 
90.0 99.3 

X 93.0 98.7 

90. 90.0 98.5 
95.7 98.7 

92.9 98.6 

90.7 
82.0 

86.4 

78.8 
4.7 

81.3 

67.3 
66.0 

66.7 

80.3 
78.7 

79.5 

3© ppm 

20° 24° 

45 ppm 50 SSL ppm 

20° 24° 

93.0 16.7 59.3 4.0 22.4 31.0 
86.7 22.7 52.7 12.7 22.4 30.4 

89.9 19.7 55.6 8.4 22.4 30.7 

99.3 5.3 81.7 2.7 23.5 35.2 
92.3 6.3 $6.7 2.7 23.3 35.6 

95.8 5.8 84.2 23.4 35.4 

= 

24° 

{l) 

9-1 (1 
(2- 

X. 2.7 

(2) 



Appendix Table A -2. Percentage of normal larvae produced in spent sulfite 
liquor bioassays at temperatures 20° and 24° C; and 
estimated median effective concentrations; paired con- 
trol groups below 90 percent. 

Bioassay 

desig. 0.0 ppm 

20° 24° 

7-6 88.7 
96.á 

X 87.0 92.0 

8-4 t3i 90.7 78.7 

SSL concentration 

10 ppm 20 ppm 30 ppm 45 ppm EC50 SSL ppm 

20° 20° 24° 20° 24° 
-,._.....,- 

24° 20° 24° 

76.0 69.0 90.0 14,7 80.0 8.7 23.2 33.6 
80.7 77.3 90.0 15.3 66.0 11.3 23.9 32.6 

78.4 73.2 90.0 15.0 73.0 10.0 23.6 33.1 

93.3 79.3 86.0 33.3 68.0 0.7 24.8 33.4 

` 

.. 

(1) 
2 85.3 

r 

Lt) 
Lk) 



Appendix Table A -3. Percentages of normal larvae and EC50 values at 20° and 24° C 
from SSL bioassays conducted on four different days; bioassay 
designation includes date and different female parents. 

Bioassay 
SSL concentrations 

0.0 pim 10 Ppm 20 ppm 30 ppm 45 ppm EC50 SSL ppm deli. 
20° 24° 20° 20° 24° 20° 24° 24° 20° 24° 

6-22 1 98.1 96.0 83.2 25.1 25.2 
2 98.2 98.2 94.5 39.7 27.6 
3 98.2 96.8 84.5 20.9 25.4 
4 97.7 94.1 87.7 24.2 25.5 

7 98.1 96.3 88.0 27.5 25.9 

6-23 1 99.3 97.2 88.3 20.3 25.3 
98. 5 96.4 58.7 10.2 21.0 

Oti 

98. 
96.9 94.5 

82.5 
25.2 

15.4 
2.0 

24.3 
16.6 

7 98.4 96.7 63.4 12.0 21.8 

8-i0 (l} 98.0 88.3 70.0 12.0 33.9 
2 98.7 90.3 58.8 8.4 31.8 
(3) 93.4 91.0 81.8 22.7 37.5 

X 96.7 89.9 70.2 14.4 34.4 

8-25 1 91.2 86.0 33.5 1.2 27.5 
2 97.3 94.2 71.8 6.7 33.5 
3 95.1 88.4 74.3 1.0 34.3 
4 93.5 90.0 85.2 2.5 35.5 

Lo 
X 96.8 89.7 66.2 2.9 32.7 

1 

_l . r _"._._ 

98.7 

- s.-4. 
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