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THE EFFECT OF MXTREVE PHYSICAL PACTORS OV PHE BARLY

SMBRYONIC DEVELO 3NT OF ASTRRIAS VULGARIS
: I¥TRODUCTION

Envira!montal. conditione exereise an influence upon the smbrye-
ology of enimels end for the normel course of embryonic develop~
ment certain factors ere requisite in the surrounding mediam.
Primerily, suiteble temperature snd salinity of the gea water are
requisite,among the necessery factors for merine animel®s Within
eertain limite extermel oconditions mey very without neticeably
elfering the typiesl develogpment of the enimal form , but an upper
end lowsr limit is alweye reached beyond whioh normal development
carmot take place. For example, with = rigsing tempernture s degree
of heat is finally re-ohsd.wh}oh destiroys the vitsl rrocesses obnp-
letely snd with it the embrfonic development, but prjvoun to this,
tewperature while not inbibiting development entirely will do so
partielly with the prdduoﬁion of abnormel ITorms. The same i@
the ease with the 1ownrftomporatnroo,and higher snd lower
selinities than those requisite for normal develoyment,

During the carly part of July 1025,a brief study of the
effest of extreme temperatures and salinities on the esrly
embryonic develomment of Astories vulgeris wes mede et the
Atlantio Bilologisel Station Ste Andrews, N. B. The o'feot of unfevor-
eble environmental faetsrs, during sertilisation, wembrene formation,
Just sfter formetion of the fertilization bembrane end

during the early cleavige slages,ves siudied,



METHOD :
teing brought into the laboretory the sterfish, were Jlsced

in clean glese aquérie with running water. They were slways

used as socn es poseible and genmerally within twenty four hours.
The progeedure of Gemmill (1914) wes followed throughout. The
gomads were exsmined microseopically to note their condition of
maturity and in the care of spermstosce of setivity. The whole
enimel was washked repeatedly in frech water snd then in clesr ses
water, and opened on & fresh interradius. OCne goned from esch
starfish wes removed entire end after ceversl washings was brought

inte o emell eyrecuse wetch glase with sbout en egusl bulk of waier

aend then tessed or shredded ont. After helf en hour dishes eontainiyg

the ovaries were gently cheken and many ove hed serarated out

by this tire md\':eaeecantad into other dishes confrining a small
guentity of sea water and thense into a larger dish with more

see woters In two hours time & drop of the sperm suspension,

in see woter was added to the ova.

411 solntions used Iin the experiment were previously rpre-
pared from filtered see water of known sslinity, diluted where
necegsary with aereied cistilled water or soneenirsted by evap-
oraiion end dleced in clesn four-ounze bottles. Then the egge
fettlod In the solutione the supermstent liquid was siphoned off
end fresh polution edded. This wss usuelly repeated twice.

411 mea w: ter employed was obtizinad shbout thirty feet from
shore o 1nsurs freedom from shore contemination end conveyed in

glass veseels to the laborstory.



Feirly oconstent temperstures wers muinteined at app=
: o 0

roxtnately 0°04, 6 Os 1070, 15°0,, by instplstion

boxes, £0 0 wsapproximeted hy Moom temperature, ind

26% by sn eleosric ineubstor,
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EXPERIMENTAL VORK

Startish with ripe ovaries were readily obtsined throughout July,
bﬁt during the lesst week the spermstozoe were not very active
and the testes were peragitized bty mirute protozeans.

Phe ses water ounteide of the lsboratory hed en sversge
gelinity of 50 (gme per Mille), emd 2 tempersture of sbout 1000.
Thege were chosen g8 sprroximete ctendards.

The experiments were clepged under four hesdinge =

1. Ove were fertilized at the temperature end sclinivy

at whieh further development was to be continuad.

11. Sperm were udded tc the ove in wever 2% 1000. gslinity

80 (gme per Mille), 80 seconds betore the trensference otﬁﬁva

to the various tempsretures and sslinities for individnel

instances

111« Ove were fertilized in sea water (1000. Selinity 80

{grems per milliﬁ and traneferred to the vaerious temperatures

and sslinities, after the formetion of the fertilization

menbrane and sbout the itime ¥F the Tirsy clesvage.

1V. Ova were jertilized in see waler {1o°o.) Selinity 30

( gme per mille), amé transferred to the veriocus temperetures apd

gslinities during the 4, & ond lé-celled sieges.




|

Experiment 1
The Asteriss ove were treated as recommended by Gemmill

(1914) About one hundred ove were dropped into ses wator et
temperatures end selinities se follow:- 10%3. galinities Of
distilled water), 5, 10, 15, 20, 25, 30, 35, 40, 50, gms per

o -t GRS o s W | A VAR TR
‘111.); 0%C., s=stnttsy S0-Cs——s=3r 3 £ =

lalinity 30 (gms per Mille) To eech bottle wee sdded & small

drop of the spirm euspension in sea water. The wrier in easch
bottle wes replenfkshed twice deily.
Teble 1

R RS G



Teble 1

ExperimentT Joiy 7, 1926.

Obrervations -

B

Bottle Salinity 38m raiure Ave . Pertilizstion Clesvage Hlestule Gestrulation Later
; , ~highesy TempaTeiure lMemlrenc rormation loveloypment
mitle and lowest C. Formation ’ :
1imige
e c——— ot m T . it B Gt -——— Bt ot
1 0 90=110 10,0 ~{aytolysis) - - - -
2 5 YO=11.0 10,0 -{eytolysis) - - - -
] 10 Pe0=11.0 10.0 ~{eytolyeis) - - - -
4 15 9e0=11.0 19.0 +(50%) ureynsal lerge celle st onfew
(Fig) one end tbhnormel -
6 &0 YeO=11.70 10.0 + ® (rigs) » ebnormel -
9 9,0-11.0 10.0 + normal normal normel reasred to
bipimmsarics
7 30 940=11.0 10.0 4 " {f1g1,8) " " "
8 kel 2 9.0-11.0 10.0 4 - " ” »
92 40 9.0-11.0 10.0 + » v - é¢ied in late
geetrals
10 50 P0=11.0 10.0 + (289.) - - - -
11 30 0=1.8 oRE + (28%) uneganl - - -
1& 30 daD=h ot bBeD + (boe) unegusl ebnormel abnormel -
12 20 13.7=16.0 LdeH + normel normel normel tipirnerie
& 0= - i-de =
16 20 21 e 5=R6 1) 24.5 + 4o - - - -




Experiment 1 .

Observations See Teble 1

Summary

1. To Asteries ove st salinities 0-50 (gme per mille) 10‘0.,and'
selinity 30, temperatures .25°0, 5%, 14.5°. 19%. ena 24.5°%.

e drop of sperm suspension wee added.

2. Asterise ova fertilized in sea wafter at 10°0. salinity 26-8b,and
ot 14.5%0. and 19°C. selinity 30, developed into mormel bipinmneria
(Comperison made with Germmill 1934, end Faxon, Agsseinm, Fewkes end
Mark) |

3 Fertilization liembranes separated distinetly in ova fertilized at
0. §°0. 15°. 20°0. 25°0. selinity 50,snd at 10°C. selinitdes

15 to B50. ) _

4. Hormal cleavage =nd gastrulation took rplace at 10%. salinity

25%0 40; 14.6°%, end 19°C. salinity 20

5« Unequel cleavige and sbnormel gestruletion (hesvy yolk leden col‘a
in the bessl ectoderm end entoderm See Fig 8) developed nt 10°C.
sal‘nity 15 to 20, bg 0??24.500, gelinity 50.

6.'AT 10%. gelinities Ot; 10, eylolysis or totel disintegration

took place rhortly after subjection of the owa to the low salinity.



Experiment L.

The Acteriss ove were treated as recommended by Gémmill (1914)
end ova to iiioh %0 seconds previcusly spermetozoa had been
edded (et 1000 pelinity 20, gme per mille) were distributed a8
follow (100 to a bottle)-10%0. selinitges O, 6, 10, 1b, 20,
25, 30, 55, 40, (gms per mille), selinity 90, a% o°d. 5°0. 15'0.
20%, 25°C+
Observetions See Teble £
Summery
1. Asterize ove during thi procese of formatienm of the fortilization
membrene were subjected to temperstiures end selinities es followi=-
10%. sslinities o, 5, 10, 15, 20, 25, 80, 26, 40, (gme per Mille’
2%, 5.0%. 156°¢. 19°C. ana 25°C, eslinity 20.
5. Selinities renging from O to 18, st 10°C, end 30 =t 25°C.
cause a general dieintogration of the ove.
3, Normsl development of the ovae te the bipimnnarie stage vook place
at 1990, palinities 501036, and 15% rnd 19Y%, gn1inity 30(ens per

mille).

4, Unecuel cleevsge and sbnormsl geptruletion followaed by desth
rerulted et 10°0, selinities 20 to 26, emd £t +Z°C end 670
galinity 30(gme per Mille)



Teble Z

Experiment 2

July 13, 1926

Observation
%
Bottle Salimity  Temperature Averege Clenvage Blastuls Gesirulation Letter
gms_por = C0.lighest Tenpers development
T L and lowesl fimifs (.
1 0 9.56-11.0 10.0 - - o -
b b 9.56-11.0 10,0 = - - -
5} 10 92.6~11.0 10.0 o - - -
4 16 95911.0 10.0 . - - -
b 20 9.6~11.0 10.0 unequal abnormsl sbnormel gvgg Léosru Stiop
. o RS N T— .
7 30 9.5-11.0 10.0 normel normel normal bipinnarie(norrel)
8 3b 9.5~11.0 10.0 normel normal (igr) mnormel - =
9 40 9.5=1140 10.0 ditzhtngra— " = =
10 30 0.0~2.0 0.8 unegual 'abnormal abnormsal dead at gestrulstion
11 30 4.0~60 5.0 unequsl sbnormsl  ebnormel deed st gestrulstion
12 30 14.0~1b.5 16.0 normsl normsl normel bipimmarie(normel)
15 30 16.0=20.0 19.0 normsl normel normal bipinmerie(norme1)
14 30 £4.0=-£5.5 2640 Disintegrated - - -
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Experiment 111

The Asteriee ove were trested o yreviously end i fter definite
rembrane formetion end in ecme instences the beginning of the
firet cleavage shout one handred cve were put in esch of # series
of betiles at temperctures end sslinities es follow:- 10°Q
delinities 2, 5, 10, 15, 20, 25, and BB erd 40 (gme per mille),

0%, 5.0%. 15.o°c so.o°c. zs.o°0- salinity 30 (gms per mille).
Observations See Table & .

Sammery

l. Asteriss ove effer the formstiom of the fertilization membrene
end up to the first alesvege divieion were subjected to temperat-
urer snd selinities ce follow:- 10°c. eelinities ¢, 5, 10, 15, 20,
26, 80, 35, 40, gme per mille end & eelinity of 80 st «3°0. 6%,
16%, 1900. ena 25°0.

2 The ova disintegrated st 10°0. sslinities 0-10, and 25°¢.
salinity 0.

8. Normel develomment to the bipinnarie efege took plece at 10°0.
solinities 26 to 40 (wery few at 40) and at ﬁgcz 15°cﬂﬁsﬂc.,
solinity 30 gms per mille. |

4. Unequsl cleavage, sbnormel blastulsc end gestrulse devaloped

[+]
st 107¢, ealinity 20, end 2.8, pedinity 50 (gme yer milleh These
ell died during early gestrulation. ‘




'

4 .
b+ 4% 10 0. salinity 156(gme per mille) end in & few ingtsnces

]
8t 5 0. melinity 30, the cleavege, wae sbnormsl, Develomment cessed

during clesvege snd wes followed by death.



July 14, 1925

Experiment 3

Ohgervatione
mw

~

Bottle Salinity ?emperatniq gvorago ~ Clesvage Blastula Geetruletion Later Develo ment
' emper-
sgflf:r and pighse® 335£: |
limits 5 i
M
1 0 9.6~11.0 10,0 Syl > : *:
b 9+6~11.0 10.0 - - - -
8 10 D+6-11.0 10.0 - - - -
S 16 Veb=11.0 10.0 unegual Mejority de: ad
Rest sbmormeal - -
b 20 9.6-11.0 1C.0 Unequal sbnormal abrormal
(£ig8) dead
6 25 9.6~11.0 10.0 Normal Formal Normsl bipimmeria
30 9.56~11.0 10.0 Normal Normal Normal bipimeris
8 36 9.6~11.0 10.0 Normsl ¥ormal Normal
(£ig7) bipinnarie
9 40 9.6~11.0 10.0 50% dead
50%8ormal Normel Normel bipinneria(56%)
» remainder desd
10 80 0.0=-20 0.3 60% deed;
50% unequal 2b%desd
Zbfebmormsl abnormel dead
11 30 4.9-6.0 6.0 90%normal 10%dead
10%unequel 90%mnormal normel early bipimmeris =
(20%) (7O%)> dead
12 30 14.0U~15.6 15.0 normsl normel normel biiinneris
13 30 16.0-20.0 19.0 normal normal normal bipinmeris &
14 50 24.0-25.b 25.0 - - - E N
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Experiment W

Asteries ova were fertilized end developed to 4.8 and 16~
celled stages 8t 10%), salinity 20, They were then distributed
(ebout 100 per bottle) st temperatures end salinities ss follow=
10%0. Salinities 5,10, 15. 20. 26. 30, 55, 40, 50, (gme per milie)
0%. 5%, 15%. 20°0. 25°C. selinity 50
Qbeervations Sece Tedbed
Dumrmery.
« Asteriss ova z2fter the second clesvs.ge snd ap %o the fourth
elosvage were subjected to temperaiures and selinities as followi=_
10°0. selinities B, 10, 15, 20, 25, 50, 35, 40, and 50, gns per
mille, end 5°C. 4.8 04 15070, 20.5°C gme—sormille, 24.5 g,
et & selinity of 30 (gms per Mille)
s The ove disintegrated st 10°¢ selinities 6, 10, end 50, end
st 24.5%. selinity 30 (gme per millel |
2. Wormal develoyment to the bipinnerie stege took plece st i0 0
sslinities 26 to 40 st 16 % and 2046 C+ selinity 3C (gme per Mille).
4, In the Mejority of inetances. apparently normel clenvage took
placs ot «5°C snd 4.8%, selinity 30, et 10 0- srlinity 20, but
fevelioiment only proceeded to gastruletion and juey 08 dlesiule
formetion at .s°o. salinity 50
§ Abnormal or unegusl eleavege of the individusl cells took place
et 10%. selinity 15, end the embryos died just previous to
gestrulstion



Teble 4

clesvaye;
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Experimant 4 July 21, 198
Obeervations
Bottle . Salinisy Temperatare Averege Cleavage Blsetule
gems per 9C. highest Tempers- (contimaeation)
mille snd lowest otnre
MM‘W
l 5 Y. n“ll -0 1000 - -
2 10 YeO=11.0 10,0 - -
& ib 9.0-11.0 10.0 individusl c¢ells lotulsted
varisble size dune
to difter-
ence n
celil size
4 2O G0=11.0 100 normal normel
H 2b Ge0=11.0 10.0 normal rormel
o 30 G0=11.0 10.0 normel normel
7 b 9.0=11.0 10.0 normsl normsl
8 40 9.0~11.8 10.0 normel noreel
9 b0 9.0=11.0 100 - -
10 30 0.0-2,0 0.5 Bornel iow apperenily
‘ instanceg of normal
varisble pize
ofeolis
11 30 &.5-5.0 4.8 normel normel
1z 50 14.0=16.56 150 normel normel
14 80 £340=26.b 24 .5 no farther
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General Surmmery

1. Asterise vulgerie ove before fertilisetion, during fertilizetfomy
#fter the sppesrance of the fertilizaticn, membrene snd furing eorly

clesvage atages were mubjected to salinities from 0 to 6O (gno; rer
mille) =t ;oob. ead a eelinity of 80 {gme per wille) at 0%, 5 G

1;‘5. 20%. sna 25°%. apyroxinstely.

11 In lou:!nl develoyment to the bipimmaris elsge wes poseible from
tqC

10°-19°% Ce \d8veloment to this point wee reached two deys soomer then

ot 1006. It wee possible %o ettein ths early bipimmeris etege et

0
5 Cs salinity 30 thongh only in cuses where cleavege hed commensed

8t & higher tempereture (m.c,) This 18 #leo true of ove at sslinity
40 et 10.0.‘

111 Abnormel gsetrulse, having thickenoed basel ectoderm end endoderm
partionlarly, developed in each of the four experimente et 10‘0-
eelinity 20 (gne per -illd)and ﬂoc. aelinity 50; in the first

experiment where the egge had beon fertiliszed st 1000. galinity 25
the gastrulae were abnermal. A} \ooC" sa\m\*‘ RZ,

end «5°C. palinity B0, in the instences in which the ovs were
eubjected during membrane formetion end in the latter emse when

sab jooted sfter membrena formation, the same was tve.

lv Unegual or shmormel clesvige, in instances where the ove were
fortilized in the eeme molution in which subaoqucnt develeynont tock
ylace with obtuined at 10 C. sulinity lﬁandno.ﬂ.aﬁ 0 ands'eo with
eelinity 30« In the reeond experiment ove subjected during membrane ﬂ
tornst!on showed umequsl slesvege at 10°C. selinities 20enaLs, «3 O
wmd 8 0 salinity 30 (gme per mille). The oloavzgo in the third
exyeriment in which ove were used - fter the formetion of the fertilis+
atlon.mombrano woE unegual at 1000. gplinities 1lBundkOsnd .z‘o.

and 500. eelinity 20 In the 1lset experiment ove were used -fter the
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iirst cleavsge divisions end unequal clesvege of individuel cells

i 0
took plece &% 1070, salinity 15(gms ver mille) end in & few

instances &t 5°o. salinity 30.
V Hembrane separation ( n oriterion of fertilizetion) took ylece ip
fea wrter at 10 C. aalinitios 15 to B0 (gms per mille) &nd at
25°0. 890, 14.5 %e. 19° Ce snd 24.5° Ce Belinivy 80.
V1 From reation 4 end 5 it 18 resdily ceem that:-
1l siembrane separation is poscible st esalinities now permitting
normal clesvage
11 Ovs subjected %o uniavorsble conditione (toe low salinity
or tempevature) during membrene separetion will not develop
even ebnormally et ee low s gelinity as edither ova Fertilized
or fubjeeted after fertilizetion to the gntnitahlo environment.
This egrees with the tindingse,
of Just (1923) who stetes thet for Echinsrschnirde parms "eggs
insemineted in d¢lutions of see water may osepsrats membrangdes though
they do not cleeve and aleo "egge mey be inseminated in a délution
that i8 destructive to the egg whieh is insem§insted in see weter
end exposed to this dilution during membrane Formation" .
Til In genmeral Asterias Ove eytolyze or disintegrata at 10°o.
selinities from U up to 15 {gms per Mille) and at %?C,sdmﬁjay
V1ill The most obvions varistcions in strueture of ove developing
in unfauvorsble environmentel conditions (low selinitdes at 10°C.
and in a few instences at low temperstures 000. 5005 are
A. Uneguel Cleavage
bes tnickening of the baa‘1~parts of the zaptralse
I should like to exprese my spprecistion of Dr. a. G.
Huntsmen®s very kind suggesiions snd sssistence.
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DESCEIPTION OF IFLATE

Early stages of Asteriss wvulgerie

Figl. Yormal two-celled stege (Expt.1. 7)

¥ig.1l. Uneguel cleavsge, two-celled stege {(Bxpt.1,4)
¥ig.11). Normsl four-celled stage (Expt. 1, 7)

Fig. 1V Avnormel four-celled stage (Exps. 1,5)

Fig V. Normel many-oelled singe or early blastmla (Bxpt. 11, 8)
Pig .Vi. Abnormel ovum st spproRimately seme oi&ge 58 7ig. b.
(Expt.1ll o)

Fig Vil. Wormel gastruls (Exptllll. , 8)

Pig.V111l. Abnormal ga‘atmll {Bxps.111, B







