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Studies on Resisting Power of the Pearl Ovyster, Plevia (Pinctada) maritensii
(DUNKER), against Changes of Environment.
(2). On the Heart Beats.
By
Hiroshi KOBAYASHI

The effects of temperature, pH, and osmotic pressure on pulsation of isolated
heart of the pearl oyster, Pleria (Piuctada) martensii (DUNKER), were investigated
quantitatively by suspension method in sea water. Taking the heart beat as an
indicator of vital forces of the bivalve, suitable conditions or tolerant properties of
the oyster for the above mentioned environmental factors were estimated.

- 1) The relations between number of the heart beat in unit time and temperature
in various periods were studied by applying Arrhemius’s formula. The values
of ., temperature characteristic of Crozier, are given in Table 1.

2) The standard deviation and deviation coefficient of the heart beats at each
temperature were calculated (Table 2). In summer a temperature of about 24°C,
which seems to be optimum for culture of the oyster, mostly gave the smallest
value for the deviation coefficients.

3) Judged from lower threshold temperature for heart beat and such temperatures
as related to continuance of irregularity or regularity of the heart beat (Fig.4),
tolerance of the oyster for lower temperatures seems to be greater in winter than
in summer. Consequently tolerance of the oyster should be looked upon from view-
point of adaptation for temperature as well.

4) Although suitable and optimum temperatures for culture of the oyster change
with season, the results shown in Fig. 4 and the data fitted to Arrhenius’s formula
point to the conclusion that a temperature range from about 12°C to about 24°C
which is good for maintenance of regularity of heart beat all year round meets
requirements for the oysters to lead their life.

5) With a vitw to clarify the effects of pH on the heart beats, works done by
the heart of the oyster (number of beat per minute x amplitude of contraction)
were measured over 50 hours at various pH values. When pH is below 6.4, the
relative works of the heart beats decrease remarkably; therefore, pH values beiow
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6.4 are perhaps not suitable for life of the oyster.

6) Lowering of osmotic pressureﬁvas attained by diluting sea water (o15=1.02450)
with distilled water. The effect of the diluted sea water oh the heart beats began
to appear with 70% sea water when suddenly given, but it became apparent with
50% sea water when administered by degrees. Suspension of beats occurred in 50%
and 30% dilutions respectively. These results stand in discrepancy with thoese
obtained by Kawamoto. Possibly such inconsistency is due to different
environmental conditions on both sides. It may be mentioned that the mollusk
has been adjusted to laboratory conditions before experiments by the present

author.
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the relation between temperature and heart beats of the pearl oyster in December. At
15.4°C, until the heart beats

Fig. 1. Showing
. I
First the temperature was lowered from the room temperaturs,
stopped, then the temperature was slowly raised.
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Fig. 5. Showing application of Arrhenius’ s formula to the activity

of the heart beats of pearl oyster in each
period. The abscissa represents

the

absolute temperature.

Table 1.

Observed values, standard deviation and

Arrhenius’s formula is also tabulated.
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variation coefficient of heart beat per minute
of the pearl oyster in relation to temperature, and values of heart beat calculated by

Period Temp. |No. of heart| Standard Variation . - .
of exp. °C beats (obs.) | deviation coefficient No. of heart beats (calcu.) Difference
13 4.2 2.77 66.2 ( 4.4 —0.2
14 4.9 2.09 42.8 5.0 —0.1
+ i6 6.7 2.35 35.1 6.4 0.3
o 18 8.2 2.06 25.2 ) 8.2 0
2 20 10.7 1.77 16.6 p=20,400 1 10.5 0.2
< 22 12.9 1.31 10.2 13.2 —0.3
24 16.6 0.54 3.3 L 16.6 0
26 21.0 0.85 4.1 20.9 0.1
7 2.6 — — Jr 2.6 0
8 3.3 0.46 14.2 p=18,200 3.2 0.1
9 3.9 0.49 i2.7 l 3.9 0
i0 4.7 0.47 10.1 4.7 0
11 5.1 0.40 7.9 5.2 —0.1
12 5.4 0.81 15.1 5.9 —0.5
> 13 6.5 0.98 15.1 6.6 0.1
> 14 7.8 1.04 13.4 7.3 0.5
15 8.5 1.24 14.6 ©=232,400 8.1 0.4
16 a.1 1.88 20.7 2.0 0.1
17 10.5 1.00 9.5 10.1 0.4
18 ——— — — il.4 —
19 12.0 1.30 10.9 12.5 —0.5
20 12.5 1.73 13.9 14.1 —~—1.6
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3 © 2.0 1.21 60.5 )’ 2.0 0
9 2.8 1.28 44.0 #=37,800 | 2.6 0
10 3.2 1.32 41.5 { 3.5 -0
12 4.9 0.28 6.7 4.4 -0
14 5.7 0.57 10.2 5.5 0.
15 6.0 — — 6.1 —0.
5 16 6.6 0.62 9.4 6.9 -0.
5 17 7.5 — — 7.6 -0
H 18 8.8 1.25 14.2 8.5 0.
9 1 8.3 — — .3 -0
a 28 1.1 1.47 13.3 f¢=18,300 ¢ 13.7 0
21 12.0 — — 11.7 0
22 14.3 1.39 9.7 13.1 1
23 16.0 — — 14.4 i
24 16.4 1.80 11.0 16.0 0
25 15.0 — — 17.8 -2
25 | 19.5 0.71 3.6 19.7 -0
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Table 2. Arrhenius’s

temperaturss.

formula and p, temperature characteristic of Crozier, in zach range of
f;

number of heart beat per minute, T; absolute temparature.

Period of experiment |Range of temperature Arrhenius’s formula 2

- 1

7 9°C nf = —16,200 T + 53.81 32,400

May

1

10—-20°C nft = — 9,100 T 4 33.69 18,200
1

August 13—25°C nf = —10,200 = 4 37.18 20,400
1

g—11°C in f = —18,900 T - 67.94 37,800

December

1

12 26°C inf = — 9,130 T -~ 33.58 18,300

Table 3. Values of the temperature coefficient Q10 of number of heart beat against temperature.

Temperture °C. Q1o Temperature °C. Q1o
13 —— 18 2.8 i6 —— 26 3.1
13 —— 20 3.8 18 —— 24 3.3
August 13 —— 22 3.5 18— 26 3.2
14 —— 24 3.4 20 —— 26 3.1
7 — 17 4.0 10 — 20 2.7
77— 12 4.3 i1 — 16 3.2
May 5 —— 13 3.7 12— 17 3.8
9 — i4 4.0 i4 — 19 2.4
2 19 3.1 15 — 20 2.2
10 - 15 .3
3 — 18 4.4 15 —— 20 3.4
9 — 14 4.2 15 — 25 2.5
9 — 19 3.0 6 — 21 3.3
10 —— 15 3.5 i6 —— 26 3.0
December 10 — 20 3.5 17 —— 22 3.6
12— 17 3.2 18 —— 23 3.3
12 —— 22 3.4 19 —— 24 3.9
14 — 19 2.1 20 -—— 25 1.8
14 — 24 2.9 21 ——— 26 2.7
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Table 4. Influence of cold temperature on heart beats of the pearl oyster.
~ . - ) Before exposure After exposure 1L L !
Luration ot exposure to ! ¥ Felative work 9%, E
cold temperature  (hr.) Freq Ampli Freq Ampli. (wgrk before exposure = 100) ;
3 5.7 5.7 9.7 5.0 74 !
6 10.5 5.0 9.7 5.1 94 ;
12 12.8 5.0 8.5 6.0 79 !
16 14.0 7.2 11.5 7.1 81 g
21 10.9 9.0 83 :
24 9.0 0 0 g
Control 1 11.6 5.0 11.6 4.2 84 ;
Control 2 11.0 3.6 11.4 3.0 86 !
Control 3 11.6 5.0 9.0 6.5 101 |
Notes : Freq., number of heart beat per minute.

Ampli., amplitude of contraction (mm).

35 hrs.

Controls 1, 2 and 3, relative work after 11 hrs., 20 hrs., and respectively,
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Fig. 7 Showing the influence of alternation of the medium, in which the heart is immersed. The
influence disappeared in 20 min. after the alternation.
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Fig. 8. Showing heart beats of pear| oyster affected by respective values of pH. The ordinate
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Fig. 9. Showing the effects of pH on the heart beats of pearl oyster.
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Temp. 22.23'C, Time 6 sec. ( No. 2, 12th Mar :54)

Fig. 10. Showing the eFFects of pH on the heart beats of pearl oyster, and the recovery oF the affected
heart beat in ordinary sea water.
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Fig. 11. Showing the effects of pH on the heart beats of peari oyster

Table 5. Heart beat affected by lowering of pH and recovery in ordinary sea water,

. . . Before immersion Recovery after 12 hrs. in o. s. w.
Y Time of immersion
P . -~ T
(hr.) . . Relative work 9%,
Freq. Ampli, Freq. Amsli i(‘work before immersion = 100)

6.8 21 11.5 5.0 14.2 4.5 111.0

5.4 24 16.0 12.2 9.1 7.2 33.6

3.8 2.5 18.6 13.8 9.6 4.1 15.3

Notes : Freq., Number of heart beat per minute.
Ampli., Amplitude of contraction (mm).
0. s. w., Ordinary sea water.
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Fig. 12. Showing the effects of dilute sea water on the heart beats of pearl oyster; €, the heart was
g

immediately transferred from the ordinary sea water to respective dilute sea water; (O, dilution
of the medium was continued with a rate of 10% per 4 hours. The relative works for 100%
sea water represent the values of control experiments. The ordinate represents the relative

works (%) done by the heart beats (number of the heart beats per minute X amplitude of

contractton).
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