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THE EFFECT OF EXTREME PHYSICAL FACTORS ON THE EARLY
EMBRYONIC DEV .LO M NT OF ASTERIAS VULG' . IS

INTRODUCTION

Environmental conditions exercise an influence upo n the embry-
ology of animals and for the normal course of embryonic develop-
ment certain factors are requisite in the surrounding medium.
Primarily, suitable temperature and salinity of the sea water are

r e quisite, among the necessary factors for marineani mals .
certain limits external conditions may ve ry without noticeably
altering the typical development of the animal form , but an upper
and lower limit is Always reached beyond which normal development

For exam ple, with n rising temper a ture a degree

Within

cannot take place.
of heat ia finally re ohed whioh des ~oys the vitBl vrooesses comp-

ilately and with it the embryonic development , but p eVous to this?
terreret» re T ile not Inhibiting development entirely \7 ill do EO

pertielly with the production of abnormal forms ,

the OMNI with the lsvsr temper lures, nd higher and lever
salinities than those ^e^uiBite ior n rmel devel ent .

During the c- arly fÊBt% of July 19S5, a brief study of the
elteot of extreme temperatures and salinities on the es’-ly
embryonic* develornert of Astoiiaa vulgaris wee made at the
Atlantic Biological Station Bt . Andrews , X . B *

rilMMitd factors, during sertiliaation, membrane formation,
«Just iter formation o the fertilization membrane and

The same is

The o f e o t of unfevor-

durlng the early oleavige stages, was studied*
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METHOD

On being brought Into the laboratory the starfish, were placed

in clean glass aquaric with running water. They were always

need at* soon as possible and generally within twenty lour hours.
The prooeedure of Ooanaill (1914) was followed throughout. The

gonads were examined mioroeoopioally to note their condition of

maturity and in the oa a of e ermatozoa oi otivity. The whole

cninel WBB washed repeatedly in frech water end thon in clear see
water, and opened on a fresh interradius. One gon»?d from each

starfish was removed entire f>«d after several washings was brought

into e smell Syracuse watch glass with rbout an equal bulk of water

and them tested or shredded out. Alter half en hoir dishes containing
tho ovaries were gently nhrhen and ^any ova had pejorated out

were
hy this ti e ond

^
docanted into other dishes containing n small

quantity of sea water end thence into a larger dish with more

so ? w . ter. In two hom tire e drop of the sperm ntpiifiM,
in sta water was added to the ova.

All solutions used in the experiment were previously pre-
pared from lilt I sea water oJ known Salinity,diluted where

necessary with aerated cistilled water or eoneerfratea by evap-
oration and placed in clean iour-ourze bottles. V.'hen the eggs

settled in the solutions the supernatant liqaid was siphoned off

and fresh solution added. This was usually repeated twice.
All sea r ter em loyed was ob -,aired ? tout thirty feet from

sh are to ' Oflllw : r MO short oart ? LastIon,csi oe yad in
gluss vesrels to the laboratory.
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Fairly oorstivnt t«rspern taran war® nalntelrefl rt »pp-crr»xi»Htely 0 0 *o
feome, »0 a *apjaroxln» tefl ‘ oo« tamperatiura, i r» d

o£b 0 by un «leo îrio irioubr. tor »

b°c *, n°o. î "'
0'

*, i>y 'reflationr

>

*



EXPERIMENTAL ! ORE

Starfish with ripe •srill were readily obi " Tied throughout July
^

but during the laEt week the spermatozoa were not very active

and the testes -were p.< asitized by minute protoseare.
The sea water outside of the laboratory had an average

o
ty of 90 ( gne er îîille), and ampereture of rb at la J.

These were chosen es approximate standards.
The experiments were oX&Btdl ardor four headings

1. Ova Hf|fertilized at .be temperature and rcl ^'nity

et which further development was to be continued.
o

11. Sperm were added tc the ova in water at 10 0. salinity

80 ( =ane per Ml lie ) ,
to the various temperatures and salinities for individual

tire
80 seconds before the tre^sfsre^ oe ofAova

instances

111» Ova were fertilized in sea water (10 C. Salinity 30

( grars }or millej) and transferred to the various temperatures

and salinities, after the formation of the fertilization

"enbr 'ine and about the tire Of he first cleavage.
IV. Ova «ere fertilised in see water ( 10°0. ) Salinity 30

( ,.np pay mille ) , and transferred to the viricus temi era tures tfid
salinities during the 4, b and 16-celled stages.

o
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E* périment 1

The Aeterias ova were treated as recommended by Gkmmill

(1914 ) About one hundred ova were dropped into sea wetor at
»

temperatures and salinities as follow:- 10°C. salinities 0,(

distilled water ) , 5, 10, 16, 20, 26, 30, 05, 40, oO, gms per
^° C , io ° C. , i?" C . . ao • ft »

) 26°0mille ); 0°C.7

salinity 30 ( gme per Lillie )

•/

To etch bottle wee added a small

drop of the sptrm sus , onsion in sea water. The w> ter in each

bottle w > s replenished twioe daily.
Table 1



ÏJ b.le 1

Kx;«rl»eTtT July 192b.
Obrerretlonu inMoetec no develo ment.

**1> fjtule
t oromtion

G - * trul»;lcm Liter
1'. vélo* vent^l11” ?8

~PI. Pertlliaistlon Oleevage
lieri r*BOî orrmtlon

Bottle Average
^enrereturf

R 'orature-highest
«ud joweet

Unit*
«C.

- ( oytolyclp )

-(cytclysie)
-(oytolynift)
+ ( 5Q f c )

ïfVUO0 10.o1

10.0Jo-ll.oY b

10.O9.0-11.03 10

large oeil# et Tfew
cne end

10.0 u’-e^ael(figa)

" ( . )

y.o-ii.o4 1'»
; bnor»? 1

ff10.020 y.o-ll.o etmornclb

retred to
bipinneri» B

TÏOrBel9.0-11.0 10.0 nom 1 Bornai+6 Y b

"(flütl) «M H9.0-11.0 10.07 30 +

* nn »*9.0-11.0 10.08 36 4

died i ate
gtetrale

Wff *10.040 9.0-11.0 +9

+ (2b? )
4 ( J

+ IbO? )

9.0-11.0 10.010 60

ureqartl0-1.b .*511 30

abnormalunequel etBor̂ elb.O30 4«0—6.0lîe

BOTWPI fc î p1-r > rier-ornf 114.5 BO rael13.7—16.O13 30 4

14 30 1%.0- 2 3 . O 4 WN S19.0
. 4 . 5

»»

+• io7.30 .5-26.01b
'
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Experiment 1

Observations

Summary

1. To ARtoriee ova at salinities 0-50 (gms er mille) ri°C.;end
salinity 30, temperatures .25®0, 5°C, 14.5°0. 19°C. and £4.5°C.
a drop of a perns suspension wee added.
2. Asterias OVB fertilized in sea water et 10°0. salinity ''5-35,and
at 14.5°<3. and 19°C. salinity 30, developed into normrl Mjinneria

(Comparison made nith Go 111 1914, end Faxon, A, assin, Fewkee end

Mark)

3 Fertilization Membranes separated distinctly in ova fertilized at

0°c. 5°0. 15°0. 20°C. 25°0. salinity 30,and at 1 °C. salinities

15 to 50.
4.Hornal oleavage end gastrulation took place at 10°c. salinity

25to 40; 14.5°o. end 19°0. salinity 30
v

Unequal ele? v; ge end abnormal gastrulation (heavy yolk 1 den cel^ein the basal ectoderm and entoderm See Fig 8) developed at 10°C.
o o

sal njty 15 to 20, 50 Cn 24.5 c. selinity 30.
«

6. AT 10°C. salinities 0to 10, oytolysis or total disintegration

took place shortly after subjection of the ova to the low salinity.

See Table 1
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E périmert 1

ïhe Arteries ova were treated as reocnmc-nded toy Oftmmill (1914)

and ova to which -*0 seconds previously spermatozoa had been

added ( at 10°c aalinity 30, gme er mille ) were distributed as

jonow (10 to a bottle ):-10°C. salinities 0, 5, 10 , U, ?0,
O ' o o

2b, 30, 35, 40, ( gm8 per mille ) , salinity ^0, at 0 C, 5 0. 15 C.
20°C, 26°C.
Observa tiens Sea Sable 2

Summery

1. Aeteriae ova during the prooess of formation of the fertilization

membrane wei o subjected to temperatures end salinities as follow:-
10°0. BElinitieB 0, 6, 10, 15, 20, 25, 30, 3b, 40, ( vs »r Mille)

•3°0. i>.0°0. lb°0. 19°0. and £5°0, salinity 30.
5. Salinities ranging from 0 to 1ft, at 10°o. and 30 at 25°C.
o? use a general disintegration of the ova.
3. Normal development of the ova to the bipinnerla sta^e took place

at 1 °o. BalinitieB 30 o35, and 15°C nd l b'C # a^ilnity 3o( gm8 par
*

mille).
4. Unecual cleavage and abnomrl gastrulation folio ;*- by death

. * o
rerultrd rt 10 c. salinities 20 to 25, end it

e ,:,Unity 30 (gms oer Mille).
.?°e and 5'0 *
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July 15, 1926Experiment 2

Observation

Bottle Salinity temperature
°0.oj£hest

and lowiisf limits

Cleavage G strulationAverage
Temper.- tare Biastale.

3
1? t$eraevelopnr.itgas per...! T

•

Mill- • C.

n1 0 9.5-11.0 10.0

w9.5-11.0Is 10.05

g it10 9.5-11.0 10.0
n15 9.5«pll.O 10.04

20 9.b-11 05 10.0 arequel abnormal abnonnf 1 no developmentbeyond guftrulsti
some normal (normal dr* ; ).few unequal abnormal(fi£ 6)

normal

normal(îig,p) normal

10.025 9.5- 11.0b
nabnormal

bipinnario(nor E1)
7 80 9.b-11.0 10.0 normal normal
8 9.5-11.0 10.0gb normal ft 1«

40 9.5-11.09 10.0 die!rtagre-eing
l 0 go 0.0-2.0 O.g unequal abnormal dead at gastrulation

dead tt gastrulation

bloinnaria(normel)

blplnnarlafnorms l)

sbnorma1
11 go • 4.0-60 5.0 unequal abnormal abnormal
12 SO 14.0-15.5 15.0 normal normal normal
15 go 16.0-20.0 19.0 normal normal normal
14 24.0—£5.6go 26.0 Dialntegretcd

-A
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Experiment ill .

The ÂBterioe ova were treated te -_ raviüiiBiy i > nd t fter deiinite
Tr'emtrnne formation end in some instances the beginning oi the

first cleavage about one hundred evr. were pit; in eaoh of a series

of Settles at tenperet tires and salinities ee follow:- 10°0
6, 10, 15, 20, 25, and 36 end 40 ( gma per mille ) ,

*0. salinity 30 ( gms } er mille ) .
Salinities 0,
0°C . 6.0o0. 15.0°0 20.0°C. 26.0
Observations See Table 3 <

Summary

1. Asterlas ova after the formation of the fertilization meabrano
and ap to the fir^t cleavage division were subjected to tamperet-

10°C. etlinitiee d , 5, 10, lb, £0,
0 O25, 30, 35, 40, gme per mille and a salinity of 30 at .3 0. b o ,

16°C, 1900. end 25°0 «

o 02 The ova disintegrated at 10 0. sslinities 0-10, a^ d 26 C.
salinity 30.
3. Kormal development to the bi^innaria stt ^e took plaoo at 10o0.

°Q tS' Unities 2b to 40 ( eery few at 40) and at 5-
salinity 30 gins per aille.

ares end sallnitiee s c- follov:-

0 *nd o„
, 15 0 ., 19 C - ,

4. fTnetjual cleavage, abnormal blastuleo and gestrulae developed

at 10°C, salinity 20, a&d at.3°c. salinity .' 0 (gE8 :er mille). There
all died during early gastrulation.
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»

b. At 10 0. salinity 15( gnB j.er rrllle ) end In a lew inet < noee

•slinity 30, the cleevege, war v ^normal, Development oeesed
during olaevtge and was followed by death.

o
at b c .

jt

»

*
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Experiment 3

Observetlone

July 14, 192b

Leter DevelopmentBottle Salinity
gme per
mille

'.'emparecm-e
JC « higbeBtana lowest
limits

Average Cleavage
Tempor-
al1re

Blastula Geetrulation

C^ol^S'S1 0 9.5-11.0 10.0

9.6-11.06 10.02

105 9.5-11.0 10.0

4 15 y.5-n.o 10.0 Majority tie: d
Reat abnormal

unequal

20 Unequal5 9.5-11.0 10.0 abnormal abnormal
(11*8) aeod

2b 9.6-11.0 10.0 Normal6 Normal Normal bipircnrrie

7 50 9.5-11.0 10.0 Normal Normal Normal bipinnaria

8 3b 9.6-11.0 10.0 Normal Normal Normal
(fig7) bipinnarie

50% dead
50%Nornal No i.-l

40 9.5-11.09 10.0
bipinneria(6^)
remainder dead

Norme!

10 30 0.0-2/J 0.3 60£ deed;
50% unequal 2fa‘> rie » d

26%ebnormel abnormal dead

11 30 4.0—b.0 6.0 90?inormal
lOJbunequal

lO^bdead
yo?«normal early bipinnarie

(209b ) ( 70« b dead

biiinnaria

normal

\30 14.0-15.b12 15.0 normal normal normal

13 30 16.0-20.0 19.0 nom:1 normal bipinnorianormal

14 30 24.0-25.5 25.0
j
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Experiment IV

Asterias o^a were fertilized end. developed to 4*8 and lb-
celled stages et 10crj . salinity 20, They were then distributed

( about 100 per bottle ) at temperatures and salinities ce follotr-
10°C. Salinities bt10 , 15.
0°C. 5°0 , 15°C *

Observations See Tshbe4

Shr-mary.
. Asterles ova after the second cleevr ge and up to the fourth

cleavego were subjected to temperstnires and salinities ce iollow:-
lr °0 . salinities 6,|0, 1 ~

> , 20, 2b , 20 , 99, 40, MA 90V gma per

4.8 0. lb.0°C. 20.6°C

et a salinity of 30 ( gras per Mille )

£ The ova disintegrated at 10°0 salinities 6, 10, and 60, end

at 24.6°0 • ssllnity 30 ( gms per mille )
o

Z . ÎTormal development to the bipinnarie stag® took piece et 10 C
%

•allailit» 2b to 40 et ir °c ar. d 20,5°C . et Unity 30 ( ms per : life , .

4« In the nu i’ority of InBtanoee. apparently normal cle^v^ge took
o

plaoc ot •b°C and 4, H°C , salinity 30, at 10 C . salinity 20, but

development only prooee âeâ to gastrulation and juct tà bios tula

•6°C. salinity 50

5 Abnormal or unequal cleavage of the individual cells took piece

at 10°0. salinity 10, end the embryos died Just previous to

gestrul1 tier*

20. 26. 30, 99, 40, W, ( r E , er r.
* lie)

20°C . 2B°C. salinity 30

24. b°
mil e , end 6°C. fSÜnU, C .

formatinn at
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E*,«ri»3rt * July il , iyL; >

Qbpervntiona

Bottle , SaliMty
gtkTi’B fl:
niii«

Average
Temper®-
0tnre

ülcfiVBge Blsetula
(C©nt*m»« tic n)

" emperatiir®
°C. highest

BT,d l0T.’OFt

Oseirai®tion i*et«r Dovelo ( ircn t

ü

51 10.0

H 10 ».0-11.0 10.0

1b ».0-11.0 10.0 Individual aellr. lobai* tod
verisfcle nls® due

to dlltçr-enc'! ïn
oeil Pl ?.e rie» d

4 ».0-11.0 10.020 norme! normal no:«cl iml
«on® n ti*r

broefi
normal

ea û ft râ
c i geetrul - t lon

übb ».0-11.0 10.0 normal rorwl bi oinnc rie

SO ».0-11.0b 10.0 normal norm;1 bl ; lnnarl ©

biplan?rie

normal

7 ».o-u.o»b 10.0 normal normal norm11

» 40 »•0-11.9 10.0 normel normal norm»1 bi|Imre rie

9 bO » . r)-11.0 10.0

so10 0.0—2.0 Borru 1 low
iretnncee of
Variable ri ^e
ofselle

O.b apparently
normal deed

11 SO 4.5-6.0 4.G normal normal gse truite
broad et
bot ' orn

deed

IP 14.0-16.6SO 16.0 norm*1 norm?1 norm 1 blplnntrla

IS SO 1G.0-2P..1 SO.6 normal norm*1 ncx-mtl bipirnerl

14 SO i.«".0-26.b 24.6 no further
cleave* «;

dead
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General Ruruarry

1* A; B valgnrle ova before fertilisation, during fertilityti^.n,
j ter tho t ï'Owranoe oi the fertilisation, membrfre ? rrl rj irirg e rly

cleavage stages were subjected to snlirltlrB iron 0 to bO (g-F. ,er
O i o ®

wills) at 10 c« ® srUnity of 30 igma per wills) at 0 0« 5 C.
ijj°C* 20°C. and Et>°C. apjroxira-tely#
11 In gmval, develo‘«cent to the bi innoria et> ge v/t« possible from
0 0 AtirC-13 C.udavciornnnt to this point VBI rsachcd tu* days sooner th

It was poselbls to attain tbs aarj.y bipinneria stag© at
0
b C« salinity 30 though only in oases v»here cleavf ge bed commencK'd

o
at s higher temperature(10 c.) This ir. > lao true of ova at atllnlty

o
40 et 10 C.

0
%at 10 0.

Ill / br ^rr 1 '.F irul e, bnvirg hiokenod til ectoderm md endodorm

artioalnrly, developed in ar.oh of the foar experiments et 10°C.
a:-Unity £0(gns er mille), i r, b C• s< Unity 30. in the firrt

experiment whr §i had been for :iiaed at 10°C. itUtllf tsrtill ^asWo^ic vltri at -ncrmal IH \û*C ' âaliWd^ £>p (

> nd.3 c* salinity 30, ir the 1rstancer in which the o v p were
cabjected during nerbrerc formetion « n<l in the latte - ones wh r̂
rai Jeoted *fte? rsmbTrno forr.ptiGnf Hi* was Woe.

lv Urequul or abnormal cleavage, in instenoen where the ova were

-tiiized in the seme eolation in which subsequent development took
O and 0 0

(&*••Aith obtained at 10 0.8» Unity UiattOt AiW C, 'and? C. with

r linity ; J. ir tb< rec m exicri ent ovi. rejected i 'ring membr» T>e
formation showed arequel clotvige at 10°0* at .Unities EQrndUS,.3 0*

o
'rid 6 0 salinity 30(grp jer nillo).
ey «rimant in which ova rare an.d fter the formation of the fertilize

o oytl n ronortre won me^anl at 10 C. 8f Unities lEt rdLOrrd .? 0*
o

and b C, rcllnlty »0 In the lent ex crirenl evt were used - fter the

The cleav? r;e in the third
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first cleavage divisions ard unequal cleavage of individual cells

took pince at 10°c. salinity 15(gins
instances at 6°Q. salinity 2>0.

mille), end in a fewner

V lietntrp.no separstion ( i criterion of fertilizi tlon) took pi! oe ijn
ottou nr ter nt 10 C. salinities 15 to 50 (gms per mille) and et

»H°0- b°0» 14.6*0.19 0# rnd K4.6 0. salinity 60.
71 From section 4 bnd 6 it ie readily teen thati-

1 toemb - ane separation ie possible et falinities not priait,ting

normal cleavage

11 Ove subjected to unfavorable conditions (too low salinity

or temperature) during membrane separation will no. develop

even ebnormally et os low r.p erlinity aft either ova fertilized

or subjected rfter fertilization to the unsuitable environment.
This agrees with the finding».

of Junt (19E.1) who fte tes that for Eci in >. :r? oh-al* perns,"eggs
inseminated in deiutions of sea water nay separate membranes though

thoy do not cleave” and ; go may bo imiominsted in e dilution
tint is destructive to ti e egg which is insei hin ted in sea water

end exposed to this dilution during membrane formation”
711 In general Aaterlas Ova oytolyze or disintegrate at 10°o.
salinities from 0 up to lb (gms per Mille) and at t^’C, SalmiijSo .

7111 The most obvious variations in structure oi ove developing

in unfavorable environmental conditions (low salinities at 10°C.
jĵ O / are:•and In a few instances at low temperatures 0 0.

A. Unequal Cleavage

b. tnickening of the b - sal parts of the gsstrulae

I shoxild like to express my appreciation of 1>r. .n. C.
Huntsmen's very kind suggestions and asristnneo.
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DISCî .IxTIOH 01' là* E

Early otages of Ast éries vulgaris

Flgl. Bornai frwo-celled stage (Expt .1. 7 )

Fig.11. VfttfMl cleavags , uwo-oelled stage (Expt .1,4 )

Hf.Ul* Bornai four-oelled stage ( Expt .1^ 7)

Fig. IV Abnormal ? oar-oelled stage ( Expt. 1, 5)

Fig .Y. Bornai mory-oe' led stage or esrl? ttfllMlf ( ,xpt.11, 8)

Fig .Vil. Abrormr’l ovnir* nt a.pprclimately same r tig- &

( isxp tj11 b )

V4ft.ni» Bornai gaetruls. ( Expt . 111 , 8)

fl|.fltt.J4lllVd> gaBtral* (Expt . 111, 6
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