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The resistance of the developing eggs to the shock and its

inferpretaion in the dog-salmon, Oncorliynchus keta (WALBAUM). L

By

SHUN S. OKADA
(Instltute of Zoology, Faculty of Agriculture, Hokkaido Umvers1ty)
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Fig. 1. The apparatus
of experiment.

Three kinds of height
(10, 30 and 50 em) were
used for the experiment.
G: A thick glass plate
bhaving ca. 4 em in dia-
meter. W : Water.
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W E R E, A EERTE & 4 R — O RBE k- #E 7 50
i F B IEED & LTI Ui,

ZEEO Y Y~ 24 BRI L, AS B
%‘ﬁ&tﬁﬂ (IR DB AT Te07 9N T) B L
T, HEEEIN RO NRIN O FEIPER & B Ui,

5 LR O Hiy L0 S FEO i & a8 &
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NLL) BV LETE LY 288G 34727
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9 1R ERTII 2 o Td 2

IV. BEINO3E4ERFE
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stage) #Win i F 313, —H 12-9°C oK T
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Fig. 2. The results of experiments.

Experiment A, B and C were carried out by eggs
fertilized on 16th, 24th and 28th of December,
1953 respecitively and reared in running water at
temperature 12-9°C.

Ordinate : Percentage of dead eggs to 50 experi-
mented eggs. The dead eggs mean that the yolk
turned white and opaque within 48 hours after
experiment. Abscissa: Days of eggs after fert-
ilization in each experiment. []; falling from 10
em high, & :falling from 30 em high, O: falling
from 50 cm high, ® : falling twice from 50 cm
high.

BoTH D, T HINT 2.9 mm N L,

B4k 23 R b, MR iRKE (Germ ring)
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Table 1.
Experiment—A.

No. of _ _ - _ - - -
experiments A -1 A-2 A-3 A -4 A -5 A -6 A-17
Days after . 3
fertilization 6 days 12 days 17 days 22 days 27 days 33 days 40 days

Embryonal stage .

(No. in Fig. 3.) 9 10 14 16 8 19 20
‘gg Control — 2 0 0 0 .0 0
(]
= | [0 cem falling 24 46 8 2 0 0 —
] o
% { 30 em falling 78 96 86 4 2 0 —
D
) .

8 | 50 cm falling 96 100 88 22 0 0 0
o
[
g 5em _ _ _ _ _ . 0
& | falling twice

Experiment—B

No. of - ~ _ ~ _ ' _ B
experiments B -1 B-2 B-3 B -4 B-5 B-6 B-7
Days after u
fertilization 3 hours 4 days 9 days 14 days 19 days 25 days 32 days

Embryonal stage . _ _ .

(No. in Fig. 3.) 3 8 9 12 14— 15 6 — 17 18— 19 20
% Control — 0 0 0 0 2 0
[+
-] 10 em falling 72 40 20 46 4 0 —
3
% | 30 cm falling 98 i 92 88 96 30 0 —
[

&0 .

_.g 50 em falling 100 98 98 ~ . 100 80 6 0

S .

2| 50 em . . . n .

& | falling twice 84 0
Experiment—C

No. of _ R B _ ~ B _
experiments C-1 C-2 C-3 C-4 C-5 C -6 C-7
Days after
fertilization 7 hours 5 days 10 days 15 days 21 days 25 days 30 days

Embryonal stage _ . _ B

(No. in Fig. 3.) 3 4 8 9 12 14— 15 18 18 9 20
% Control 0 - — 2 2 0 0
(4]

g | 10 em falling 54 54 70 | 64 12 8 0
o

% | 30 em falling 98 88 100 94 52 4 ¢]
Q

o0 . !

g 50 em falling 100 100 100 ‘ 100 88 24 0
@ .

(3]

% | 50 em . . . .

a | falling twice 100 88 4
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(Coatical cytoplasm) Jji
membrane) THHINL TV HICGHE v, 25
Wic PP (Perivitelline space) % JE-C Ciid 7
IR (chorion) T FEM T2 %3 &5 3 ik LT
I LR LIZ B DOTH 5,

8 BT B e U IS ) (Gastrula stage)
Bk Ly ORISR b A 231l 7
shield) & L-cHlbi, I
WekT 2 (12), 9RmT

G (Embryonic
{5 3.3 mm N
> IS R S i L 5D

R
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ki b, 10 BHICUE S mm NFE & b,
BEAR AR o C Rl )
([ﬁj 13. ) 12 BT TE A & BT 047k
PR CE D (1), 14 HoE WiediA TIsAk
RO B T5 e B33 MR O Bl 5L I B 5
(Blastopore) FHud (W 15.) 23, zoFnE 1~
2 HOBICITSEACHME D, WHZki%kE 15
T, DR s-IEaE ,L&/)J'l}\/‘”j) I R C5E i
&éﬂfLiﬁ
B S, MR wz i B AR R
W, #%bEehirc, 1 O B (Vascular
area) WEEEL DO B 2 EEO B, 1T B

{(Neurula stage) 1<

Fig. 3.

1 An unfertilized egg,
Tlive hours egg, 4 Nine hours egg,
hours egg, - 8 Two days egg,
11 Seven days egg, same stage with figure 10,

not

egg, 15 Fouteen days egg. 16 Seventeen days egg,
ezg, 19 Twenty-seven days egg, 20 Thirty-two days egg.

{0 Seven days egg,
12 Eight days egg,

The blastoderms of dog-salmon eggs reared in running water at temperature 12-9°C.

contacting with water,
5 Ten hours egg,
9 Five days egg,

2 One hour egg after fertilization, 3
6 Eighteen hours egg, 7  Twenty-four
(Kach figure ca. x10)

13 Ten days egg, 14 Twelve days
17 Twenty days ezg, 18 Twenty-two days
(Each figure ca. xX4)
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T2 QXEPUE WK CE cligT L (1 16.), X
How IPEk i Hath 20 B, 22 BT 2 PRk E
Wow®E2 (17 18.), 27 il Wit L

TR ORGT5 (@ TR e SV ek i 9 LAk
b (i 19.), 30~ 32 Hitch{BEENT I 2

(J7] 20. ), BB APRIEER 30 MY cIdskia Mo 2
O SIS e AR O AR I B0 TR A s

NZ, z OEBIOFELR RGO TN ek
BT BT H B, T ORGSR D
IFKENIR (Dorsal aorta) 7> & 43l L 7c P31 Ik
(Vitelline artery) %30 CEH¥ 0 MAF B i A
L, BR#EER (Vitelline vein) % #-COME~TiER
LCw 5,
M BRI W T 2O L MEFR T
CUTIRGR O B 2 Je S & 72 b, SRBED Lol

B PRAIHIAEN & LRI ARC I D, O
30 [ el & PG5
1135 A B D\ TH AR ORI 8

DTH D05 BRI PiRE R s T 93 Ok
15 AVB,C Bpk g Lk A Erc MR AL B e
HoTHINCT X 0 B4 BB L FE A0S & ORJR s
b, AEREOTEAEGRNIHT 3 B0
Bl R L LT iy LRl Lk, (2
XS AR B m‘l O 9—10 & &5 S il D 9 KU 10 DI

W R

2 il fir 3 BRET D ),
V‘ % g

(1) 10cm 3 F M 80 cm 3K F &

10cm FFFEcE Lcid, ABC %Li i
12 ~ 15 Hicid 50% MI-OIEIRFEEE L 2
17 ~ 21 Qe 2 OFERMTFRALN, © @A&H

HIC B CIRT-OHPL SR Licz L E5R L Twn

%, ROLLEFSEN (1932) {3 xuryp@y;g‘ﬁhu; 1T,
g Eh 2 P A D P & L <HER
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C XD CHEINBHTH L LR Lic, oD
BEEC T S, R OB 0l 5 BEY A0S
75 3 Il 3 2 L W B i n g g o Tk
b, RLLEFSEN O E L {—F L Tnod,

Hein (1907), 2l (1910), ol - JIJ (1924),
i (1927, 29) 2 0 fEHEHEIN T ORI T,

1 fi
e S

e 3

CHEHT A DWW TN F R LT w v
03, 2 L7 s T, © oFlilic
MR B pE N AL O T b L AR DO e i & b
N3

SRR &b 1500 BT B 2 I OEWT: i

' O\n“cmt-, HWm A RO BT 6~9 1 (Tl

B IR @ —FER T O A AL B LB 5
Wi C el 2 imiE 2 e d, HoTEOR

B b L e b, ROLLEFSEN O %
Z IO EE A Cidr, - 15 cm é@ TFTHigCH L,

stage 1 B 309, stage 25 31 9%, stage3 ([
IS ERIT) B0 44%, stage 4 5P 40%, stage 5 5H
25%, stage 6 (i EAIEIU 93 6 % OFEIREE
KL, EHECOMNE X {UTnws, Wic
EFSEN DR T 50, 35, 25 cm JK7F O 4k
RS & W 2 R OMIN T R, AL Hen (1907)
D~ A Salmo fario SpcOMKFEE < X LT, 3
22 10 1 HE{ % THOR e B2 4 L 13~17 |
i 35\~ ORI 54 1), 2R (1910) © il
Oncorhynchus nerka Jo 0k O. keta COIKT
EEBCRILE, ZRENCRE 2 MR, R 1
W THAL A8 & 22 D, Z OARIEIE BT H T3
AT 10 B, BHETCERH 7 REE ol 2
- B (1924) ORI IE O- masou TD
TERTE, SRR & W L 10 Hic
o E BB, WHLBHES 46 AT B 2D
RO T n%mm L M sET L CwS L
s d o, RLINOEE TE S AXT 10 H
P mﬂ:’fiﬂl LT w %, MH(1929) ©
FIEECOREVERC L E, TR c itk
FEL 16 A HICE /N E B2 Tw 3, A LuiHE
(1927) OEERCEZRIE L ™ 15 H Hic Hrdlik
fhEaR L, b B HE—REEHE R LTCn 2,
Z ORI A RO B OfiF & ‘U“Cv‘ Z;o
PO < R X b 5 AT 8 2 0
Ommmm,%%@mxﬁk@Wt%M&D@L
T s B LEwDS, HEROEBICRTE R
e AN B AL B N D e, 2 10
cm FE TR AsZ OO IR T B L -Cil Bt
MRS O T, I A3 BRI T e » I
FED B X O TEBRIC 21T 2 M D3BER Y

iz RoLL-
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CELZVWZ 958 0, R 2 NAsEERgc A3
Me#sz ek 2 :B2505, ez U
URLiIE7 R IVl of x-S N B el L1 7
BR T2 ERD B,
30cm FETHSCE L TiE, 10cm T OY)
A & LR D AElc koA s#@Zn s s
B, TOYGFREENOFEALBESC L L, 22~
25 BCEOTHD THEE A2 b L Tw
Do T ORHUNEHG 2 O IR i AGEE A3k
FNLL BT 2T A B,
(2) 50cm FF RN 2 MK Fiks
S0cm FE TR H Ui, ZRi%L b
TP 22 2 SO0 O TR-TE K5 Rs 0 T/ N CRE A
ERBEESET 2. FOPHUICIE I T2 it 2
2500 bIND A, 22~ 20 [ WEoOCHi R
ENXTIN /N R o R eh 11 pY () Da@%MIMW®m<
AL LA ek aid F L e P T BT
%, .
ALz Oy Td, HWEB M Cirily
hind 50 cm 2 [MFET RSB LT 2w i) 2 45
BnbOMHE L 85% MILDRIRE AT 2, M
L3wmznmua®m%aﬁitom N £
RBICHE DD, OFERINE M4 200 e Bl pt
LTHRMQCLC&”“Zﬂﬁﬁ,Z&QMHME<
LTI I I 2 SR OTRE A8 & e b, BPRE L.
MBI LTRD A 25 k%, BBl
A2 40, 47, 54 A OWIEGTE 50em 2 [H]3E T
B TR E A RN A R LT v B,
MNP TR O L AR T 5 2
Lk HeN (1907), 220 (1910), rhyf - J1 B, (1927),
(1927, 29 AFFLECK (1953) ot L il
ZTHOT, IT-OMEES T 2 OFRIN i
c&m“fu»ﬁ®%@&ﬁotm%o
ROLLEFSEN % 7 S PO Eka i n [A#i DL £
OES LR @D\ T Lunfavwﬁ), =D
R WUk B &, WL O /N s 15em
%ThwﬁﬁﬁgeﬁﬁnmmMWHﬁéﬁm@
7 81 59, stage 8 9) 5% OIEIFE LT A
BASFLLEE OYLHTEERTA S B L v a3, 50 em 7
FEETIL stage 6 I 30%, stage 7 5 17%,
stage 8 3P 13% TS J§ 0 BAHIBIZ D IH S

o

WAoo d 2 2 B b L3, §E2T Ror-
EFSEN OB T IHEmE Sific FREHpTd o
Jeifie, B OISR IC FEIRTE 2 O W s s

b F, = OBID &R 2Pk AR
HEEINIebDTHH 5,

(3) ¥ I 2Pk o oW T

Mg ¥ 2P OBEREC OWTid, RoL-
EFSEN (1932) /3 7 5 5 © 76 F E Bic iy T2 cin
K TeDBERE T2, MBI EHE L Tws
IRTEGE ORI OB T, 2 ARk (K
OTHWE 213 2 =K, WHcET 2 R8O AE
SEBEEA b2 G, IME OBEIESIIEERICEEA L
PSGLORK & 2, KD CTFELDOMT & R shin
WL R R ASIPE e s U, IR n P & g%
IR T BRI 5 2 1% ¢ ORI e ¥4
ZPHNEOHT KA DN D LE~TWn B, '

B B THT IR T X b SIS AE )

DRSS by 5D b, RN AK, B
w C 3 2 AFSRIL T S, SR O R
L CHEHEDMILF L, £ O3 LTz Globulin
WOV 213 TH 5 T LI DWTETEA E
st v, RUIBSEIO K, HWCH T 24558
SEPEE L OWEUC OV T HY 1, TS AT
Bk $i45 5 L/a{;\ L, N2, BEREZe Lo
F O & LT RN YRR DA T 5 A pe 51
e ij?‘ﬁi%‘i s,

IO IMBPE T L O T UEIR OSETE R 3é 73
TEEMImALBND T ETHOT, HOHHH:
IO AR EBIE AT 2 2 & bl il v
05, TROSSEHT B IPEO s AE N Rtz §
LI E Iowv, R BT (1939) fillpic i, IR
DIEL ORI BE5E (WA P R ) LT bR
T USRI ORG2 F T AIPRERD SR % Hirs
L, OB AENE RS Ry & edek L
Teo I BNE GIE AFFLECK (1953) 2 % 45 11
L, I3T-0 8080 B ORI LD TN w0
T 2 b IS LE~NT W D,

PO THRERICIAN G %, IO PR AE &
RO IN B IENE, T {0 TIPS
P 2N L 0 & B2 20 BHAKOR Ih I
Do (MmO IR I DT I I IR 0 e sE
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TR T A DL BN D) BRI 2 LR
JEBEAOPER T S B T A I n U, s
T 23S ORT AT 2 & v 5 HiEE s L
F\ne SR LTk 2 B EERL Ol c $f Ui Rk
BEL 2 it 2 o D3, 452 O MBI B f s
AP ST L TAT oo L THE R Bk
L, 258 iskE a3 5 3iticid, Ik
RN AT B O e L oTlE a N3
CHEICH LT3 LWtk b 373 0 &
K2 bird,

LT HEIANDLE, Wit X o TYEE T2 0]
TAE, SR OEPIEAE & ik R ol E &
Do GE2RE 40 B OFEIEE 50 st T T D7 BB,

50em 2% F, k5 EEF, 410 @k F Ok

Kk 2E, 4 RRCRTIKOHEAEY & o
7o b DE AL Bwvds, EHETINER &R LYt
P A 2 IR O3B O 15 ik & 48 L 72 )VF 50 cm 10
[ FIBO I S RATIO & OBFEH S L, 28
DIMRIT L OB R F 2 LEFE L T Y
P20 ZACHD T Z ORHICHCIL 88 2 mBELL o>
RS B HUS 3 20T, IWRZ0 b0
BEHGUWNICAE N 32 2 B2 b s, T LTHKD
PEVEAL A B KGR T 2 & R hyCHR & FE RS )
EROTHZ D, ZITBRDBEICIT X DRI B
PSR DD TAFTBIE R b N B/ TH A
5o

MEBL I~ 0 < RS B IR B E T o
TN AT, BT O e Bid b A o A
T2HBE, OYAIE SRS OMSTHE O 5L,
CIEH22 5D b, MREIROIEH M BIR
T2 L5252 BHAROTH 2, OB
DEPUHLOHET K E,  PREIFAR B £y OHUPT A
CEBATNET L b OTE WA, WEBIOPEEE
HHBNEBREREHETWE L0 LHB2 N2,

VI, S5 BRUBE
IR O FF TR 8 - 2 HEH T M O DR
WD THFGE LR DU & % 47 BRI
12 ~ 9°C .
1) ZHEE L b 12~15 HyiE TOITIE,
S0 cm K T H L Thh A EF 245 F, AHsr

GRS A I & 7o TIREIESMC B L 2

30cm T LTk 2 f{ikTh s, 20
MU 13 A IR o R Bk 78 5 2 i BB ER &
W 2B F, JPiL (Vitelline membrane) )
&z OB fif 2 45 FHW & 520 ¢ 2 iR D K,
KU BT 2402 e L, S0 o3t
SRR LT 2 ORI AL F L, 2 O L
Tz Globulin FHFVI AL L CERACAS B4
BT LD, JEHSEICE LTS b O LB LB
Do

10 cm FRFfEc ¥ LCik 2 bz 25093
WY& BB A, 6 ~9F IMEA ~ 5
WL ouic —FEEHLOMWAK T AR, 2
X Lz OSN30 Tl F 2454 & 23445 1
7oo T QWO DWW T, HHROKED
EEEERE L O K b OIS B L —F LT
Wiz\ne ic & O I EEHH UL OB LA
T M E ST, sk Bk U Ciiest
T BULERD D LEHER Do

(2) 12~15 O e 17T~21 |H s 3T, k-
S 3 AL MR B LATAL § 5P T- DSl
KBBLDILS, o OFRUNE b B oS & b
AR L e i BRER E R T BT, 2 O
ALK T 25 D L2352 BND, ROLLEFSEN
(1932) 1& # 2 SO 3 F S THUP LA 435 n
PAEUN & —5c T2 ¢ & R L, HPTrR of
T DWW TR TRk Uze 25, S8 OMER
FOPAL Y= LT D, HWHROHROWE
I OFRFHOMHEBHANCH A ElILTv kv
4% 2R L7 R T 2 kT, oFlc
WS R eI A DI T b N N0k BTH A
5o HEFOEERCHNT S S0cm FEFHERcE LT
IEIESBOFEA % { i DR RHP LT AR RS &
N\, 20 o OB EECH UCd I
Bib 2@t 2w ED 4w L ERT IO L
Brohz, _

(3) SRL 22~25 H OBk, 50cm K F
B L TL 3 LIPS A 2 Blb 3, o O
J00E TGP B 2 B WS A B 00D e Fh IR o
MAEBER RS, 28 U < #5E UCdekeid 2 bl 1.
EWET 2 THOT, 2P A O RIN &




Tl g ~——fE 00 > 74 AR I B Prdlit R U & o fhE 211

B2, L2 L 50cm 2 EHE FligcE L
TEM 2B WA 4, OB LT/
O TEWIEIIEE A %R T,

4) 30~33 Ho &, 50cm 2[R % T
B U C L A RTEIN T i 2k AR L CHEPETHES
WRT %, = OFERUNE AR B A8 A2 Bk &
BB LT, 2 OiM % Sic IR s s L
Tk, ZEWEPC XoTHEsNsBreF L
WHHHE DR NS DL EL BN D, b2 L
% R U < U TIRGR i S 0 2 RO PR niiag &
ZY, z OFNLIRE IR A & AN & L
THOE BT %, Bk 50cm 2 [E K FHEc
LTl ke sEII D 3 L - L v BEMUBILIER
CHHHEDH L (MWK % 2 LEFHEOVE LY
7 BT ® 5%, ROLLEFSEN $3z O M1 fif 6
BT I\ O, R L7 R A5~ AT
Sy CHOFfHIC, [N PEHRERS 7 Lo R OB
ALBIRD I B DB THH 5,

(5)  FEMLLASRIA ¥k 2 MEELL_ L O TR Pk %
BoET o R T Bhe, KED b DI
EHGEMIC T 5, MIHS2RH 40 RO FELEY
ZoWT 50cm 10 RS TEER 1T ORI &
2k, 4 BRCHTIROBBERERNE 0%k b
DEZE L v, IBRSEBAEN & 7 b A
TEILLTWwD P OBETHLN S, ZLEOIT
I FOHBKGCIPE bHEABE N & o CH 3
B3, ZEIMROBEICIC & b R EOEBCE A7 LA
BOWE WA T 2B THH5 B2 b2,

VL 2 3 30 H

1) AFFLECK, R. J.(1953): The stability of the vitelline
membrane and the requirements of developing
trout ova. Aust. Jour. Mar. Freshw. Res. Vol 4.

6

2

—

3)
4)

5)

=

~

7

8)

9)

=

10

—

i
12)
13}

14)

16)
17)
18)

No. 1. .
GRAY, J. (1932): The osmotic properties of the
eggs of the trout. Jour. Exp. Biol. 9: 277-299."
HOA=(1927): SBIRIC KT T 4 i o) o EHIC
T, REEEM AT EREEAY, Vol 23, No. 3.
——— (1929): FUSHIC BuEIREINGN o EICOR
W, kRN ATREREE, Vol 24, No. 5, ‘
Hein, W. (1907): Zur Biologie der Forellenbrut.
2. Uber die absolute Druckfestigkeit der Bach-
forelleneier. i
3. Uber die Wirkungen von Druck, Stoss und Fall
auf die Entwickelung der Backforellen, Allge-
meine Fischereizeitung. 32 (383).
HERTWIG, O. (1506) : Handbuch der vergleichenden
und experimentellen Entwicklungslehre der Wir-
beltiere. Bd. 1. Jena.
RETYK (1949) : Bhiie Bt (FHkBh4) 45 7 MK, B
ASHELCR) (1932) 0 (ESI O IRMGICE T 2 IRH N, [ERR
¥, Vol 4. No. 3.
KorscH, FR. (1898) : Die Entiwcklung der dusseren
Formen der Forellen-embryo. Archiv fiir mikro-
skopische Anatomie und Entwicklungsgeschichte.
Bd. 5i. Bonn.
R (1910); N eI T- o i B 3 2 3KHL
F, 88 3 bRtk e RS T

hUpsEh - MR ER(1924); BISBovE R I B T AR

hiREy, AkrEiERERE, Vol 20, No. 1.

filE # « SUAER(1939); ABF:AITERIPAEIN o BEsE
BT, (859, Vol (1. No. 39.
ROLLEFSEN, G. {1930): Observations on cod eggs.
Report et Proces-Verbaux. Vol. 65.

(1932): The susceptibility of cod
eggs to external influences, Jour. Conseil intern.
p. P’éxplor. mer. Vol. 7, No. 3.

SArTO, S.(1950): The embryological study of fishes.
I. General Observation on the early development of
the doz salmon, Oncorhynchus keta (Walbaum.).
Jour. Fac. Agriculure, Hokkaido Univ. Vol. 483,
pt. 3.

HIANESL(1943) . fafious 4 Hl U,

(1949) : Wi A o> ERy, AR,
ZIEGLER. H. E. {(1902): Lehrbuch der vergleichen-
den Entwicklungsgeschichte der niederen Wirbel-
tiere, Jena.



212 db ¥ uE & B KR SR e W

Résumé

The resistance of the egg of salmonoid fish to the mechanical influence like shock or
shaking has been studied by many authors since long times under the necessity of artificial
propagatidn. On the mechanism of the resistance, however, there is no information except
RoLLEFSEN’s investigation (1932) on cod eggs so far as the writer knows. Last winter the
writer studied on that problem with fertilized eggs of dog-salmon, Oncorhynchus kela (WaL-
BaUM), dropping them from 10, 30 and 50 cm height using the apparatus shown in Fig. 1.

The results of experiments are shown in Table. 1. and Fig. 2. and are summalized as

follows : :
(1) To the shock caused by the fall from 10 cm height, distinct resistance exists during
12-15 and 19-22 days after fertilization. In this period, the blostopore closes at the back of
the embryo and the egg-sphere is covered perfectly by a ectodermal membrane of the blast-
derm. (See Fig. 3; 14-15 and 17-18). This fact entirely agrees with ROLLEFSEN’s observation
which was carried out in cod eggs. '

(2) A strong shock such as the fall from 50 cm height, however, kills a number of eggs in
this period, but the eggs resist to this 22-25 days after fertilization. In this period, the meso-
dermal membrane of the vacular area which has developed prior to the closing of the blasto-
pore, almost spreads over a half of the egg-sphere. (See Fig. 3; 18-19).

(3) Most eggs cannot endure to the shock which was repeated twice from 50 cm height
in this period. To this shock, however, the eggs on 30-32 days after fertilization resist. In
the later, the membrane of vascular area closes in front of the embryo and thus the egg-sphere
is covered finally by two membranes, the outer of which is of blastoderm and the inner is
of vascular area. (See Fig. 3; 20). At this time, the eyes of the embryo are recognized as
black spots from outside. RorLLEFSEN has not mentioned at all on the resistace_ in this period,
perhaps having overlooked the period.

(4) As ascertained by many authors, eggs show a great degree of .endurance to shock
after this period. Even to the shock of falling ten times from 50 cm height, the yolk of egg
does not turn white or opaque, but sometimes the embryos die in the chorion turning opaque.
In this case turning white or opaque of yolk appears after several days of the death of the
embryo. , ‘ :

(6) From the ohservations mentioned above, it seems highly probahle that the successive
increase of endurance to the shock towards the later stages is brought about as yolk is
covered one after another by the embryonal tissues in place of the vitelline membrane as
RoLLEFSEN has mentioned, natin‘ally the growth of the embryo may concern partially to the
increase of the resistance. v

Concerning the resistance before the closing of the blastopore, a clear interpretation has
not been found in the present experiment.



