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Studies on the Resisting Power of Pearl-Oyster (Piunctada
mayrtensii) against the Change of Environment.
' 1. On Ciliary Movement of the Gill

By

Hiroshi KOBAYASHI and Junpei MATSUI

The effects of temperature, pH, osmotic pressure and methylen-blue on ciliary
movement of the gill of pearl-oyster (Piuctada martensii) were investigated
quantitatively by means of Nomura-Tomita's method (/33). Judging from the
results, the suitable condition and physiological properties for the above-mentioned
factors which would, of course, be the most important ones for the culture and
transportation of the oyster, and also would bear the resisting vital-power of the
oyster against the change of environment, were inferred as follows:

1) The relation between the velocity of the ciliary movement and the temper-
ature was considered with the application of Arrhenius’ empirical formula. From
the value of x, temperature characteristic coefficient for Crozier, and from the
critical increment temperature, the living suitable temperature for the oyster is
estimated to be from 12° to 23°C, and about 23°C is estimated to be the optimum
temperature. The lethal temperature in lower side seems to be 7°C, because the
crawling movement of the gill-pieces stopped irreversibly at the temperature from
6° to 7°C in 24 hours. ,

2) From the results for the effects of pH and osmotic pressure were obtained
the same trends as those gathered from other Lamellibranchia, though the oyster
showed noticeably lesser resisting vital-power. And the lethal values in lower sides
of pH and osmotic pressure were considered to be in about6.3 and 13.09/¢0 (S.),
respectively.

3) The velocity of ciliary movement in dilute solution ranging from 10-6 to
10-7 mol of methylen-blue was accelerated 70% as compared with the velocity

obtained in normal sea water.
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Fig. 1. Showing the three types of measuring tubes used

+0.2°CTH D, FMEOFE: in this experiment. Type-I is a burette tube cocked with stoppers
s . U in both erds, which are modified in Type-II. In Type-III, two
TLOE O CO>W-CHlZE L, tubes are joining in right angle, connecting by the plug with
b S EE 17 A LA <R 3y a large hole. One arm is Ffilled with normal sea water, the
FRBEIC R B R RS T other with experimental solution, A and B show the each position
HER(EIE,E 2R, BBoE where the gill-piece entrances from normal sea water to
- ) R L ) experimental solution. Tubes; 10 mm in diameter, graduating
'ﬁ@ 28~30 Cﬁi%%fy ¥ in mm.
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Speed of ciliary movement
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Table 1. Showing the experimental theorical values (E. V., T. V. ) for
the speed of the ciliary movement in relation to the temperature,
Temp. Speed of the ciliary movement (mm/min)
( °C) E.V T. V. T. V. T. V. Difference
T at p=80160 at p=25930 at £=7330
8 0.5 0.5 0
9 1.0 0.9 0.1
10 1.3 1.3 0
11 2.2 2.2 0
12 3.0 3.3 —0.3
13 3.9 3.9 . 0
14 4.7 4.6 0.1
15 4.8 5.4 0.6
16 6.0 6.3 -0.3
17 7.2 7.3 —-0.1
18 8.6 8.5 0.1
19 10.1 9.9 0.2
20 12.9 11.6 1.3
21 11.2 13.4 —2.2
22 15.6 15.6 0
23 19.3 18.1 1.2
24 19.3 17.9 1.4
25 18.0 18.6 —-0.8
26 20.6 19.4 1.2
27 20.2 20.2 0
28 21.0 21.0 0
29 21.9 21.9 0
30 23.0 22.9 0.1
31 23.0 23.7 -0.7
N XV EBCHTT HCHNZOHEEZHODC
3 ETL, 41~42°C TE LT 5 (REAITE7
. NV ~8°C CIH ONESELT 5o KICHED
) 09 ® P Y AR VIR N —
e FERTIEHREE O S, BEORNM TR
| . . + %, 8~11°C, 12~23°C, 24~31°C
o e . TRRAERWBFRAED 0 (E3XD, BE
. Ik B EEE M EE Ok Arrhenius ©
i I e RCHEAINBOT, HRETRD D LR

Temperature G°

Fig. 2.Showing the speed of the ciliary movement
of the gill of pearl-oyster, in relation to
the temperature,

Table

K KU Crozier ("24) K HIREENE v OfE
FEE2FEOEITH 5o I BHABEIZLL~
12°C, 23~24°C LCHET 2 LE2H
Do # ICERDTRO7ZEGRE & FHIE & O
EEE 1HBCR L,

2. Showing the Arrhenius’ formula and g, temperature characteristic coefficient for
Crozier, in each range of the temperature. K: speed of the ciliary movement,
Ty absolute temperature, e; base of natural logarithm,

Range of the temp. Arrhenius® formula i

8 ~ 11°C Ko — T 114192 80160
12 ~ 23°C hme— X BTl 25930
24 ~ 31°C (oo 115123 7330
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Fig. 3. Showing the application
of Arrhenius’ empirical formula
to the activity of the ciliary
movement of the gill of pearl-
oyster. The abscissa represents
the reciprocal of the absolute
temperature,
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WMEEHRETYRE Lle, WIERBOERE YO E
CHT 2ESERTCEBLZERC L, SKEMOGHE
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RIO#E M na kB IAE T L, 2 4RHEIDE
TERHEEEESRE Lab0k (833,

2. pHoEE HAEER Typelll GE1RD ©H
Bo A OPpHE A ¥EK100ceiC V4o N HCI, 3 140N
NaOH ¥%*% 0.1, 0.2, 0.3, 0.4, 0.6, 0.8,
1.0cc DEIFICANTHREL, pHEOHER Y~ F
v Y BRNCHR D CIT Do EEOPHOWR/KH THRIT %
WEOHEE Y @K OEBICHT 2E SR THD
LiziERcfHinE, pH 8.0 DIETREEEOEENES
KT FEAREZNDDS, PH 7.9 (TEMERE
FOH/K pHIE) DIFTRIEELC\nd BCEBRER T
F#E L, pH 6.3 TE¥H 425 CTHELFELE

(84, 5%, B4RDo

Table 3. Showing the influence of the cold treated on the ciliary movement.

Time of cold Speed of the ciliary movement (mm/min) Relative speed(95) A
(hr) before cold | after cold (Speed before cold=100) |’ verage

0.5, exp. | 4.7 5.4 114.8 123.7
2 N 8.9 11.8 132.6

1.0 2 ] 3.1 6.2 200.0 157.1
z N 7.7 8.8 114.3

2.0 =2 | 8.4 8.2 97.6 103.8
| 12.9 14.2 110.0

50 =2 i 5.2 2.3 44.2 63.2
z i 12.9 11..9 05.2

7.0 =~ | 6.7 5.7 85.1 107.7
z 8.5 11.2 130.3

8.0 =2 | 7.2 15.8 219.4 276.3
z 6.0 20.0 333.3

10.0 =2 ! 10.2 2.3 22.5 22.5
z

16.0 =2 | 7.2 1.4 18.4 19.4
#

240 =~ | 5.2 0 — stop,
z |l

MBEEENEFEOREE (v) LpH (x) 20BER, pH 7.9 UTFTR

y = ax—b

TEDLEN (RERTE ¢ = 82.9, b=324.5), pH 7.9~pH 8.5T1%

Y = const,
LE2NDH (KRERTE const.

- 103 B 7)0
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Table 4. Time relation of the relative speed of the ciliary movement effected
by adding Y40 N HCL. (Speed in normal sea water 100%)

ce of Relative speed (9)
N/10 HCI | PH 5 ] 10 [ 15172 | 5 ] ® | 3 | 40 ] 45 | %0
0.1 7.696.5 | 82.3|77.3|76.6 | 81.6 | 86.5
0.2 7.5 82.0 | 76.3 | 63.0 | 62.0 | 59.0
0.4 7.0189.6|71.3 | 64.0 | 63.0 | 69.5 | 65.0
0.6 6.7167.3148.0138.6|32.6|23.6!25.0
0.8 6.5 | 65.6 | 59.0 | 55.3 | 32.6 | 26.0 | 25.0 | 20.0
0.9 6.4 160.0 | 53.0 | 41.0 | 29.0 | 22.0 | 14.0 | 15.0 | 17.0 | 16.0 | 8.0
1.0 6.3 | 61.7 | 46.0 [ 32.0 | 23.7 | 15.7|105| 6.5 6.7

Table 3. Time relation of the relative spead of the ciliary movement effected by

adding 1/10 N NaOH. (Speed in normal sea water 100%5)

T cc of Relative speed (%)

N/10 NaOH | PH 5 0 15 0 B 0 5 0
0.1 7.91 112 34| 1451 118 134 148 | 144
0.2 |7.: = 10| 08| 107! 121 105
0.3 |805 a5 106 | 16| 108 87 74
0.4 s 99 75 97| 104|113 18 115 107
0.5 |s8i5| 103 105| 100! 118 e 119
06 8.3 108 113 | 104 % 01 g7 6
0.7 |96 _ = s 108 % &

3. BBEDRE FERTIEZ3I0H
B2 OB OMEREOR BT
~Feo HERRGWEIL 3 00 BOBEAR
Type-lIORI S CER2 LFBTH %
7%, 20RO G513 Type-TI(E 1D
OHlEE TEEE/KhOME (20°) %
HiEL<on, EOME kg (K2

Relative speed (%)

HBEH) 100cc3DOANT2150ccD =
77 xalcflL, 20°C OERRE IR
3 y G L o S L Fig, 4. Showing the effect of hydrogen-ions

PTzo K92 ORFRBRICERN T HRERE - HK (pH) en the ciliary movement of pearl-oyster,

TR L, e B E ST 2 L The ordinate represents the relative speed of
e Co . : crawvl (aormal speed : 100%).
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Table 8. The general quality of the sea water, diluted with distilled water and the relative
speed (speed in normal sea water 1009;) of the ciliary movement effected with
the hyposis.
Dilution of Specific Salinity(? Osmotic pressure H Relative speed (%)
sea water | gravity alinity (%) A atmosphere | after 2 hrs [after 30 mins
100 1.02469 33.31 1.80 22.84 7.9 109.6 —
20 1.02222 30.08 1.72 20.68 7.9 121.2 74.5
80 1.01934 26.28 1.53 18.40 7.9 106.2 64.7
70 1.01853 22.68 1.34 16.12 7.9 104.3 65.9
60 1.01461 20.15 1.14 13.72 7.9 74.3 33.9
‘BD 1.01191 16.61 0.%4 11.32 7.8 28.3 50.5
40 1.00920 13.08 0.79 9.814 7.7 2.0 0
(7%, IBGEEOERTE#EBEGHOEmEBICH
- . TR LR L BHTB B (BB 75
% l?DrA BRACER HEEIZEHENT, 9 0%HEINERE
s A e IKTRAOTEIESE L RL TN D (955,
: 0 4. AFLTUa—~DOHE AFrvvT U a-

80

BETLEOIEE CRAEBFETDH 5005, Bl
FEREE Rl R 2 o EE LG AF v 7Y
2~ OREBEOEENCHET HIBE T~z EBRIC
R Uilleel Typelll Td %, EBREHRICA
NThH e 3 0 MOFHEE CHE L2 BOEE)
MEEOFRIRIFPERLFART, AFver7Va—0O
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Fig. B. Showing the effect of LT AR A (BE). WMATF vy T U a—&

osmotic pressure on the ciliary movement

of pearl-oyster. The ordinate represents

the relative speed of crawl (normal speed
10093).

e : after 20 hours.

% : after 30 minutes in average,

R &R A ICERB NI D TH Bo

Table 7. Showing the recovery of the ciliary movement effected by diluted sea water
(hyposis medium).
N ¢ Spead of the ciliary movement (mm/min} Relative
e‘o, © i normal sea water at 18 hrs -after removed | at 12mins after returned speed
®pe l -8 in 4025 sea water, to normal sea water (2)
I 17.6 0.7 16.4 93.2
11 25.5 C.0 23.5 92.2
Table 8. Showing the speed of the ciliary movement in relation to the lower temperature

in various hyposis media. n. s. w. ; normal sea water,

Speed of the ciliarv movement {(mm/min)
medium/temp.(°c)| 18 15 ‘ 15 14 12 10 o] 8 7 5] 5 4
NS, w. 59| 5.1 42| 1.7 1.0 —| ©
nos. w. 13.6|11.6] —| 8.2] 8.8 3.2 2.0] 1.3| 0
2025 dil.s.w 7.3| 6.0 5.5 — | 4.0 — | 3.8] 3.7] 2.4| 1.0| 0
802, 2 6.3 4.1 — | 5.5 5.3 2.1 2.0 0
700, 2 13.3,10.6, —| 6.0| 3.8| 1.9| 1.8] 0

22—
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Table 9. Showing the speed of the ciliary movement in relation to the higher temperature
in various hyposis medium,

- Speed of the ciliary movement (mm/min) .
medium™Ntemp.[®c) 19 22.5 26 28 31 ] 32 34 37 38 38
n. s. W, 6.5 7.3 10.1 11.4 10.2 11.6| 10.0 7.6 4.2 0
Q02 dil.s.w. 10.6 | 13.0 14.0 13.9 11.5 12.1] 11.8 6.0 1.0 0
804, 2 12.2 14.9 17.6 18.3 19.1 18.1 ] 15.1 7.7 0
7024 2 18.5 18.1 19.3 2L.1 15.5 5.8 0
200 r- % g
- o7 T 9 HAQEEFCR TR = OR
s i LN
. ; \ SUE DT REE O DB Rk B &
g / Y MBS EN T\ DS, EFEN T EEC IR
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1 TR A\, BEESHSOEEE ST 31
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E B A CU DEELBNBDD, DER~<ERERL T
Fig. 6. Showing the effect of methylen-blue ~ . ; 2 - -
on the ciliary movement of pearl-oyster. AYHA @ﬁ(ﬁ%ﬁ:&fﬁ 7@%4%7&2-?2 b DT
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