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The resistance of the developing eggs to the shock

and its interpretation in the river-lamprey,

Lampetra japonica japonica (MARTENS)

Shun S. Okxapa
(Institute of Zoology, Faculty of Agrieulture, Hokkaido University)
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FEREEDNCIE D B0 & & 2] (Total cleavage) %77
5T, MAIIFIC R CINAT: SR BRI
LMD EIN B0y, EelEoEE L HESTIRT 5
LB R OB 5B L L CHEER S B[]
B EEZERRE T O,

ARIHED, JLAREEIBREE AR, KRR
LU ARLIROHIEEIT YL, XEREHHOA
FILEROME Y 5 2 b TR s R L
T B EERIRINEICARS,  TLRTALBEERESE,
A+ RIEMED M iz LSO EZ F T %o

I = 8 # #

HENT I F i A o~ v 2 Lampetra japoni-
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2 1 %*& (Table 1)

(4 15%E) (Experiment 1.)
@ssamp | St 1| St 2. | St. 8. | St. 4. | St. 5. | St. 6. | St.7.|st.8 | St Stio.
‘ I | 28 | 8H | 4R 68 | TH

@Ry | S| 128 | 2000 | oy | ool | 2051 | 200 | 1810
®|GF % i 348 | 298 | 286 | 336 | 287 | 287 ' 218 | 262 | 25 | 274
%i ©7Emg, 205 | 250 | 266 | 205 | 226 B4 | 46 | 39 22 30

X | @sEsesk | 59.0%| 84.0| 93.0 87.8| 179.0| 18.8 ) 165, 14.8) 8.6| 110
@|®m #| 30 | 302 | sa ‘ 967 | 204 | 246 j 25 | s | 18 | 1
o @rEm | 14 67 | 123 23 4 1] 1 1 3 3

K | @sEms | 4.0% 222 383 86! 1.00 04] 04| 05| 1.8 1.6

(45 2%E]) (Experiment 2.)

(©F %3 St.1. | St. 2 | St 3 | St.4 | St5 |Ste |StT. | St 8 | St 9. | St. 10.
- ! T 1H . 285 | 88 | 88 | 5@ 68 TH
| QR | SUSH | 1SH | 22060 | 5 si | 14k | S nshy %%ﬁ!4%mI0ﬁm P
@| @ g | 859 | 78 | 667 | 504 | 650 | b4T | 597 \ 638 | 624 | 575

= t
§ @y | 211 | s | g8l | 452 ! 455 114 | 107 | 187 | 128 68

= | @remsk | 322¢ 91.7) 8111 761, 7.0 318 179 29.3| 205 118
@ @m %! 882 839 | 7111 | 609 ’ 654 | 645 | 598 | 690 634 622
M @ | 26 m s o ow | o7 1 20 13 30
X @smsk | 29% 9.2, 49) 28] 21 | 11 18, 29 20 48

@ Embryonal stages employed for the experiment. (%) Days after fertlhzatlon
(%) Number of eggs employed for

@ Control.

(7) Percentage of dead eggs.
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Percentage of dead eggs
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the experiment.

3 Experimental.

® Number of dead eggs.

Experiment 1

Percentage of dead eggs

0

Days after fertilization Days after fertilization
Fig. 1. The results of experiments.

Experiment 1. Eggs were reared in water of temperature 17+ 2°C and hatched out
between 9 and 12 days after fertilization. Experiment 2. The temperature of water
being 19+1°C, eggs hatched out between 8 and 11 days after fertilization.

O-Experimental, » Control.
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Stage 1. SpR5% b IFIRIE. RSEIN

Stage 2. st 12 Bk E, 8 HiAEID (8#Ek
PisERstE 10 R O Bibin 5)

Stage 3. SEHEEE 20 KRR B, 2EH (Morula

' stage) Ui

Stage 4. =Rtz l B TIEREE, Foitl (Blastu-
la stage) P (REMIERO-—E 2 B CEIBROFLE
BFG LRI e FIRERN: 24 BERILI ERE<)

Stage 5. PR 2 B 20 e, R (Gast-
rula stage) OFHEI (Bilir YA &7 OFE
BRRC AL R 5 % 55 IHEX 08k %)

Stage 6. SpfEs23 B 18 fiRiE. FBIREIN,
FRADREZET < BB FRIEIR)

Stage 7. SPREE: 4 H 18 BEE, MRS (Neu-
rula stage) 9 (FHEAREEBIZERD HILB)

Stage 8. pRef26 H 20 BHMERHE. W LIR (R
B & METHEERR & 7z )

Stage 9. SpHEEE6 B 20 FERlRRE. R _LIY (FREP
BNEED D, & OB e < B4 BB R ER)
IE5)

Stage 10. =2¥E7 H 18IEBE, FH LI (b
¥ 1 HED

e SIMETERNC (ISR TR 0§ L, RisimE <

O CYERN T DB b FMEIRER
#Hoos B UE S < By TIEPIC LT 5o T
BokX 4mm Pk,

55 2 SBERCIT IR A3 R0 2D P e D FELE U & T
2y, AHE RETERER & ISR RIS 54 0%
BLERIC AL oo

SEROBF AT, 1R 50 Stage 2,
3, 4, b IR T, 30em EFHENC X OTEIET S}
DYIEEILEA o Stage 1. |3 & JL BT Lh~EDCIE
WFE A0 < BT S P PN LR R
LT\ % KIT Stage 6. 12 BEo-CBETIEIIRED
ETogibh o OEEEc oy BHbh 5 &
*iL, Stage 10. ¥ Th & & O RETRET %
Stage 5. ZEBIROEICEIBOMADYE i ik
Ef%Tho, Stage 6. (2o B S HEFL TS
2 FEBRE TR Th %, )

HRAEREOYBIZUT X 5 &, Stage 4. (Fairi))
KE S F TS D 2R Bt v e
Stage 5. (EEBA®E) i<t (XKL Fig. 11

a) FapRlE (Bla?-tocoel)v 75 B ofiic B 5 B
B ot on s (R Fig. 11-b) %5 s
TIERTE SR LDy (7 Fig. 11¢),

$R L Stage 6. (EEWEHY) 127 5 & (RFig 12a)
BIEE A, BARERIIoaKmEWEL, K
PISSE R AHXIZ Rt LT 3s b, BRI BUAMIREE I Bh
AT L L (8 Fig. 12b), pEpmicR

CHRABEMBY L <\ 5 (- Fig. 12¢), 20%

o> Stage T IIEEIIEICEBICHBYEL 225t
P TCRSICHEHE EIN 5 5 FTE RV,

LI ESk~7=n<, Stage 5. 25 Stage 6. it
TR ST SRS MBS 2% hidd
B0 U S IR SN B & SE i i 5 B i A
7, ROLLEFSEN Dff, EEHDEICRGF HHE & —
W %o FAL Embryonal stage 2.5 BiiZig, i
S LR TR, BAMIRSE & IBPIIESE & 239 <
G L iniEos b OEEIT B % & &i%, Stage 6. Off
BrEE (8 Fig. 1228) Zowswitly (8 Fig. 12 d)
THENTH Do SRLECHRBECIME 2 BT R Eh
RS, FR, DRSS W REL < 5 B
G, @043 ROLLEFSEN OR X o Bl X isiF
FERTE D HIRHEEVE .

TR IO THBIT T IO AR E D}
DODFREEMIZEHET % X b 3, Embryonal tissue 3
DL HET o LBERT2HPARTEHD LELD
NEDTHEDC; ZDOEEIERI:Z ROLLEFSEN DT
HRGBRAETEET 2 0 L2 5,

V. HRXBoOERERTFORT

D EOHEROBIE 72 5, IIERHHE T 53BHAR
2] (Cortical cytoplasm) s{ixIp#E (Vitelline mem-
brane) OfEEHMEERIC & O CEERS LD TEH SN
ENIXBHELES IO TH 5 o kD v-it RoL-
LEFSEN zé@( ?&L“CL\?‘;L\O

INFICETHESREY & 2 o8, ETEME CHET %
&, BUEE (Chorion) i i3 B % B\ MR DO KR
A4 OME (R, BBk, 3R KRBl T, B
BEOBRIHEL Q53O0 ERL 5N 5. =DM
FEOWAIEEIC X 52 LIEE»TH B0, shad
BIEDRR CTh 5008 5 DT FED Bic O ROERY 1T
Dz,

e 30em 3 FHEERE 52 ok, MERINEIT T
IpfRERmEc 2 REoBD SR T5220y &, 5
LCIBHEORD LN S TR, L2ZHIL, Zh
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SR P £ CHRIE Lo, 2L 522IRo di ST
P23 Ul UL I % BEFE BB O BB 5
B»g 5 eErbh 5L, RISt

HEIN BE-SBIEORREF 04 (B2 IEmZz D
DOPETE) ITHFEAET B EE L b be & OHRERTHE
1 BRSO BT AR T D7,

& 2 % (Table 2.)

DT 8: Bepe { St. 1. St. 2. | St. 3. | St. 4. | St. 5. | St. 6. | St. 7. | St. 8 | St. 9. | St. 10.
@ | @ % | 118 69 0 0 0 73 29 57 85 188
% | GFEmE 9, 29 0 0 0 0 4
a9 | @peons 8.0 42.0 0 0 0 0 2.1
® ]()55 %% | 235 229 286 336 287 214 249 205 170 86
§§| @esmg | 196 | 221 266 295 226 54 46 39 | 22 2
5| @FEsEsE | 83.4| 96.5| 93.0| 87.8| T9.0| 25.5 | 185, 19.0, 13.0 30.2

@ Embryonal stages employed for the experiment.
@@ Eggs which were not ruptured at all in the falling experiment.
® Eggs which were ruptured more or less in the falling experiment.

@ Total number of eggs.

SHEERIIE 2ROBY T H %, Stage 2, 3, 4,
51CiCly, ETERY 52 BRI ORLH R
T <, BIONEEIN SN e 2R 07 JERIT 5
T LR FIER ST, WA Sl X 3R
LIERH < Frue Bk Stage 8,4, 5 <cirALT
JEENDE B L DI JLCHEINC AR T D CSE2 Tk
B th D, Stage 6 ~10. TrxliH OEHIIR L
WZET, HEIESELIIHUTBEAR L & 5 8I5
B mDne DT Stage 5. LIFHicOWCitic B35F
FeoSHAEER TV B A3, Stage 6. DB Tt
Stage 10. @ 2 2 OFFEF M FFEIPFERHMTEH D
<, < &4 Stage 6. LIFEEEEC XD TREIEL 700
FixEEBOWENIFERT % &5 T &k,

EEA T Ll B EBICHE F o Stock  IliAC
%, Stage 2, 3, 4, 5 OBRHNT [XHEEYI D <4
Hbh, HRODEFING BT It N &
BRT, X OEENICEL < FEMPFEET 2, KR
BXL-Cizz o Stock s SERRE O GIER IR
BUOHLCHELDOTE 55, %ER 1 o Control iz
3 & BRI b T, KD CHEE 2 TRERIIORE
REBEIC LEBESOII - I MR EEER #0016
2 - OEBIOFEIIFRA: TR AR EIHT 5 L
Shetne & OREEINC NG 5 KRR 8 D FR R HehRE
| b S D SR v K i e VA NSV N 26 77 (A Bt
IR3ES ST 2 8% Stage 6. LIBSIC7z 5 L BEZLEN
DRI B Z LIFFERIT A, o

RUBHOBE EWM TS5 ERAE R LT 23

® Number of dead eggs.

&) Percentage of dead eggs.

DTG, AL IR HINECHEL = R D
EFL TOL DL E, X ORBEN P ASE
2 OTRFEEVETL MM ES L 0 h 51T
Ed, Hi5 O TCERIEROE/ NGRS < WEEIE AT
HIER O BIET %, HAERIES R THERFEORKICD
WTHRBAT HRA DS, BEET 5 4 O G TN
BB L T, Wi CIMRD BRI IR (R
DI E FREIZEOCTIEIN &7 o

KB DT EOH G R AEET 20, A
EOELHERITH LR D BT, ER
BIKTEIE R B WRT 5 B2 Hh
L0 CHEEPMER WS & sk u-5s, Stage 5. I
B R CHAFE QBRI R S M FE DN RS FE
i, Stage 6. LB T ix ER AT oEmEE S
SNRBE ORI LA R b EN B ETIE & RO BN
f:o -

VI BRAUBR

S~y v 2 Lampetra japonica japonica (MAR-
TENS) D FA4 BRI AT SB35 a 5
BRUR DA 1570

(1) SSBRWHEIC 35 % CLRIERIC L C Bt
WS TONTC IR BTEINDFEED S\ o ALFRTE]
ez oCopERth o K @M% 5,

(2) FEBIRERC 5 LEL {ERM ALt
Bl 22T OWRER Rk LMEEIICE 5, -

(3) FBEy#cE, Kk (Blastocoel) o L
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& 5 SR A TSNS RO LR 5750Ch
575 RIS 5 L IR ORI SRS e L ic
SR TSI RN 5,

(4) ROLLEFSEN (1932) (i@ offiic i+ 51K
FitkoBEIc <, Ein (Blastopore) DAY i
L EFMEOBAT S EERAL, ZHuzdy
Eh s W FIZEBH S I (Vitelline memb-
rane) BIWREO I X OTHE SN LD TS D &
HER L oo FHIEINTA T LN ICHRBENCE LK
OO AYEHb I 5 & xR, RTAEFE
(Vascular area) WEDEICIIMEIE TS (b
PUHiC Y 5) BRI EE 2 ROZB U GEETMEE RS Bb
BT EEWME LI .

(5) v v 20BE LM T Ui el
BB % SR I IR G 2aA A TERE T BEBLIE D IR
FELI DT LIEBEAOE YT, DI TINE,
BEOBE & L —HL w5, RLKOREBEM» D
B3, vv2oBaRms cRGEETEOTESN
JRZE & BBRIE A58 < b L 72X b OIRITH %
25 88, MEOBEIRENCEEICH 0, AR
B ST, TR SRS SRl -
5-0

(8) WERIZXT DM RO FE B BR T
B &S IRAERE RIS, BIROEED D
WD RSN T T 5 & L OHIC KRS T HED:
55 EE2 B 5

(1) ETEBRY Sy v 2Ptz y,
Dz (Chorion) 1 ix BH 1258 B 7a\ D3 IHME O FKE
2ff 4 DEEICHAL CiiFE»RAHN LT 5 0%
BaRdbo Sk THZENL EIMRC 2RBR O
Bobhiw TEell L2 SHEELCRS &, B
BN ITEINDSERE N 523, SEEENITFR S
i BLEEIEZD L O EERIETLH 2D
THIIL, LW STEIIOHEY D TRENE
Th Do & DHERDIEIMOAD WA O TN
BICHERTLZ LOFRARRCC ERFEAT SO L
=3 Y I 9N

(8) ML LHBESEE BRI E 5 HOIT
BERICED L, TECHE HOIITIC 3 TEuH
PERBBN B ORI 4 S FEII T ET B &
THRY 5272 O TIRBAELCHRBI &7 0538
2B b D fod i BET OISO RIS ER S
B,

(9) BEERZTOBREFEMTOIITRIE L

DR EIIRICHEEL = ¥ ¥ HEICREL COMLET
Do BEIDRRENRLARER LD T, WML T
TSI b OH3%  BHMEB RSB O BT %0 55
FER TR EOR RIS Hskic - ns, B
BEHehSAE L Cok <, WiCONERD BRI D
FEWEICE DTSN &R 5o

3 F X K&

L) o Bh AvHEBXATREMEL AXIN VR
25 425 A5, deimakeEMtsse (1950).

B) R DT (BHEEMD THR, HNE
JEFAT (1949).

3) W & IIoETERCKHT S EAERY
ZOREEE L), Jbk-fE-#6id, Vol 2, No.
2, (1954).

4 AL GE2HY), dbk-8-H6E, Vol

3, No. 1, (1955).

5) ROLLEFSEN, G.: The susceptibility of cod

eggs to external influences. Jour. Conseil

intern. p. Iéxplor. mer. Vol. 7, No. 3, (1932).
6) MHIEE—: JtEEERTS v v 2 CET5E
¥t dpAe-Ak-BRE, Vol 1, No. 2, (1951).
T ARRE: SRR, TEIRT (1943).

Résumé

ROLLEFSEN (1932) has mentioned in the
study on the resistance of developing cod eggs
to the shock that the remarkable increase of
resistance appears at the time in which the
blastopore is closed up and the yolk of eggs
is covered entirely by an ectodermal tissue.
The writer (1954) also recognized in eggs of
dog-salmon the appearance of the resistance
at the same stage.

Though the egg of lampreys belongs to
telolecithal pattern, it performs total cleava-
ge. The present experiment was done to
know in which stage of development the
resistance appears in such eggs.

The stages showed at PL. I. Fig.1-10. were
employed for the experiment. The eggs of
each stage were dropped down on a glass
plate from 30 em height by means of a pipet-
te. They were reared in water to hatch as
usual.

As indicated in Table 1. and Fig. 1., the
remarkable resistance to the shock appears
between Stage 5 (early gastrula) and Stage 6
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(late gastrula). In the former, the surface
of eggs is not yet covered by ectodermal
epitherium except slightly differentiated part
of animal pole (Pl. 1. Fig. 11a, b, ¢). But in
the latter, all egg surface is perfectly enve-
loped by highly differentiated epitherium of
ectoderm (Pl. 1. Fig. 12a, b, ¢). Namely the
resistance to the shock oceurs in accordance
with the covering of egg surface by the ec-
todermal tissue. This fact agrees with the
case obseved in cods and salmon.

However the stage of embryonal develop-
ment is quite different between the both pat-
terns. In lampreys the stage is rather early
and at this time there are only differen-
tiated two germ layers (ectoderm and endo-
derm), while in cods and salmon there is an

embryo furnished with a neural canal, noto-
chord and mesodermal somites ete.

Therefore, it seems certain that the resis-
tance concerns essentially to the covering of
the ectodermal tissue on the egg surface
rather than embryonal stage.

Naturally, just after the falling, there
appear many eggs which are ruptured at sur-
face in various grade among normal eggs.
Most of the ruptured eggs turn to dead
before long. The eggs which are not ruptu-
red at all by the shockdo not die but hatch
out as normal (Table 2). This fact suggests
that such extent of shock does not directly
affect the blastodisc or embryo, but only
leads to rupture of the egg surface. The
death of the egg may be induced indirectly.

Explanation of Plate 1.

Fig. 1-10. Embryonal stages employed for the experiment;

Stage 1, unsegmented,

Stage 5. early gastrula,

Stage 10. one day before hatching.
Fig. 11 a. Sagital section of Stage 5.

Stage 2. eight-cells,
Stage 6. gastrula,

Stage 3. morula, Stage 4. blastula,

Stage 7.-9. neurula,

Fig. 11 b. Magnified view of the animal pole in the section.

Fig. 11 ¢. Magnified view of the vegetative pole in the section.

Fig. 12 a. Sagital section of Stage 6.

Fig. 12b. Magnified view of the animal pole in the section.

Fig. 12 ¢. Magnified view of the vegetative pole in the section

Fig. 12d. Transverse section of Stage 6.

Ar. Archenteron, Bl

Blastocoel, Ect. Ectoderm,

End. Endoderm



