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thr. absence of the liumanistie scicnces from 
the freshman and sophomore years, along with 
the requirement of continuing courses, has  
operated to  keep students out of theqe subjects. 
This  defect has now been remedied by intro- 
ducing ptlilosophy into t l ~ e  sophomore year, 
alld a course on '(social and economic insti- 
tutions" into the freshman year. 

'rbc curriculum now adopted is to  bc re-
garded as but  a station on the road to a course 
cilmo.t wholly prescribed, and organized about 
on(. great central purpose, that,  namely, of 
initiating the student into a n  understailding 
of human experience and the  illoral and intel- 
lectual l)r oblerns of the Limcs. President 
3leili-lejohn oKers a slcetch of the ideal college 
convie, as he sees it coming-merely a sketch, 
to~~fcssedly,which will need correction as the 
result of a l~undant  discussion. The  plan cer-
tainly is radical. Of tllc four-year course, 
66 per cent. is prescribed, and half of the  
rernaintler tnust bc devoted to the senior 
"major," which is itself to he a continuation 
of some junior study. The prescril7ed wn;orlc is 
divided as follows: 1 5  per cent. (of thc whole 
curriculum) to inathematics and ~laturr l l  sci- 
ence, 1 6  per cent. t o  literature and 36 p?r cent. 
to  the humanistic sciences. I n  favor of this 
plan, there is this a t  least to  Be said, tha t  i t  
follows the trend of the times. While discus- 
sion has been raging over the  relative values 
of natural  science and the classics, the student 
body. where free, has attaclled itself to  modern 
l i t r rature and especially to the  hmnanistic sci- 
ences. A t  I-Iarvard. according to Dean Ferry's 
figures, 3 per cent. of student registration goes 
t o  the ancient languages, 25 per cent. to mathe- 
111atics and scicncc, 28 per cent. to  modem 
literatures and 44 per cent. to "otller sub-
jects"; and Professor Ilervey has found al- 
rnosfi exactly the  same proportions among 
elective subjects i n  Columbia College. The  
emphasis on t h e  "other sub.jr.cts," in Presi-
dent Meiklejohll's plan, may thus be talcen a s  
lneeting a dcrnallcl voiced by the studelzts. 
Thc cluest ion may iudccd be raised whelher 
it is wort11 while, by faculty legislation, t o  re- 
quire all students to do what the majority do 
oS their own cllc~ice. hiother .  query is sng- 

gestecl by Prcsideilt 11Ieiklejohn7s objections t o  
tlte elcctive system. 

Vl~der the elect~ve scheme, no subjert is rssential. 
IVhy study physics llavd n.;lcn other s t~~dentsare 
gctting an education without it9 . . . The argu-
ment is ltad but none the less convincing. 

Under a retluil-ect curriculum, the rlifficulty 
may be to  lice11 tllc stu(le11t i n  ignorance of 
the fact  that  the requirements are  dificrent a t  
other college?. I t  may also be difficult to  ex- 
plain to 11im why he  should specialize on some 
one subject to  the extent of devoting most of 
his senior year to  it, when his  classrnate i s  
:rc,iluiring a liberal education, presmaablg just 
as good, without spccializatioll in this par-
ticular direction. I f  the student is  genuinely 
i n  love with his subject, wcll and good-or if 
hc sees a vocational i n  i t ;  butTT~IIIC voca-
tional valueq, we are assured, arc to  bc left 
c~ntircly asidc from the c*urricalurn of a 
lil )era1 college. It. 8. WOODWORTIT 

(>oLuMBJA UKIVERSI'I'Y 

ON cU&II: FOX-SPECIJ?IC FiCTORS FOR TIIF, EN-

TIZAUCI: O F  TITIC $PJgli LIkTUZOOX IYTO 

TIiC C(:(: 

1. JVltile forlncrlp Iertilization wsc. consid-
e r ~ da single p rocc~s  nllich conld he ade-
quately clescribcd by the eiitraticc of the 
spern1ato7oon into tlie egg or the fusion of the 
egg nucleus with the .;perin iluc.lrus, we lalow 
rlow, through i,he rneil~ods of e s p e r i m c ~ ~ t a l  
biologg, that  fertilization consists of a t  least 
three clifrerent groups of phenomena. These 
are, first, thc trarlsrnission of l3aternal char- 
acters throng11 the slierrnatozoon. This  proc- 
ess is obviously a function of the cllmri~osornes. 
Scconcl, the causation of dcvrlop~nncnt of t l ~ c  
egg, rrhich is apparently indcpenclent of the 
cliromosornes since the experitnents on arti-
ficial partllenogencsis ha1 c % l ~ o n ~ n  canthat  i t  
IIC induced by certaiil con specific agencies. 
The  causation of develol?mcnt is a complicatell 
process since it requires a t  least two agencies, 
olle inducing a n  alteration of the surface of 
the egg (which sets the chenlical processes 
underlj  ing develop~lent i n  action), and the 
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other a corrective agency which guarantees a 
normal development. 

The third group of factors involved in the 
process of fertilization is that determining the 
entrance of the spermatozoon into the egg. 
This note will deal with the latter problem. 

2. WE can undertake the analysis of the con- 
ditions necessary for the entrance of the sper- 
matozoon into the egg from two different start- 
ing points, namely, by finding lneans for frr-  
tilizing the eggs with the sperm of distant 
species against which the egg is naturally im- 
mune; or by rendering the eggs immune 
against sperm of their own species. The 
former problem was solved for certain cases 
when the writer found that the eggs of the 
sea urchin (Strongylocentrotus purpuratus) 
which under normal conditions can not be fer- 
tilized by the sperm oC the starfish or holothu- 
rians can be fertilized with such sperm if the 
sea-water is rendered more alkaline. 

Last winter the writer found that an addi-
tion of calcium chloride to sea-water acts in 
the same way. I n  this oase the above-men- 
tioned hybridization can be brought about if 
little or no allrali is added to the sea-water. 
This suggested the idea that the forces deter- 
mining the entrance of the spermatozoon into 
the egg depended upon the concentration of 
calcium and hydroxylions in the sea-water. 

3. If this idea was correct i t  was to be ex- 
pected that the elimination of these two sub- 
stances might render the eggs which are nat- 
urally fertilized in normal 3ea-water immune 
against sperm of their own species. This was 
found to he the case. If eggs and sperm of 
Arbacia or purpurat~ts are Creed front sex-
water and put into a neutral mixture of 
NaCl + KC1 or NaCl + AIgCl,, or of 
NaCl +TIC1+NgC.1, (in the concentration 
and proportion in which these salts exist in 
the sea-water) no egg is fertilized. Yet i t  can 
be seen that sperm remains motile in these so- 
lutions for a long time (twenty-four hours or 
lcnger) ancl i t  can also be shown that ~lewly 
fertilized eggs are able to segment in these so- 
lutions. If calcium chloride is added to these 
solutions fertilization will take place at once. 
The same is true when a trace of a base is 

added to the mixture of NaCl+ XgCl, or of 
NaCl +KC1 +MgC1,. 

011the other hand, these eggs can be fertil- 
ized by sperm of their own species in neutral 
solutions containing calcium, namely NaCl -t 
CaCl, or NaCl +KC1 +CaCI,, or KaCI -F 
CaCl, +MgCl,, or NaCl f- KC1 +AIgCI, -t 
CaC1,. Similar results were obtained in re-
gard to the fertilizatioli of the eggs of an 
annelid (C2iml-opterus) and a mollusk (Cum-
ingia) .  I t  can, therefore. be stated tliat tlie en- 
trance of a spermatozoon into an egg of its 
own or foreign species is determined by forces 
which are influenced by the concentration of 
calciuln and hydroxylions in the solution, the 
difference in both cases being only in the con- 
centration of these substalices required. 

4. The question arises ~ ~ h i c h  forces in the 
egg or spermatozoon are influenced by these 
two agencies. Since i t  seelns tolerably ccrtaiii 
that neither the strong hase nor the calciuni 
salts enter into the egg or the spermatozoon, 
the forces acted upon b~ these substances must 
bc located at the surface of the egg or sperma- 
tuzoon. There are only three Irinds of forces 
tliat need be talien into consideration; namely, 
(1) surfiace tension, (2) adhesion between 
spermatozoon and egg surface, (3) cohesion or 
degree of fluidity of the surface of the egg. 
Xxperiments which the writer carried out last 
winter in Pacific Grove seem to indicate that 
the adhesion of the spermatozoon to other bod- 
ies is strongly influenced by both calcium and 
bases. The egg of the sea urchin is surrounded 
bj  a jelly which the spermatozoon must pene- 
trate before it reaches the egg. If  i t  should 
stick to the inner surface of the jelly i t  might 
still come in contact with the egg and might 
be able to impart to the surface of the egg, the 
membrane-forming substance; but through its 
adhesion to the jelly it miglzt be prevented 
from entering the rgg. The egg should, in con- 
sequence, be in the same condition as one in 
which the lnemhrnne formation has been in-
duced by butyrie acid but which has not been 
treated with the second corrective factor. Itz 
should show a membrane formation and a be- 
ginning of derelopment, but should then 
perish. 
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The  writer had observecl i n  his carlier ex-
periments on heterogeneous hybridization that  
when 80 or 100 per cent. of the  eggs of pur-
puratus formed membranes upon Pertilization 
with the sperm of starf sh  i n  hyperaIl< a ine sea- I '  
water, often less than one per cent. of the eggs 
developed into larrzc, ~v11iIe the rest behaved as 
if only artificial nlcrnbrane formation had been 
induced. Last minter the  writer and Dr.  
Cclaric ~ n a d c  sure t h a t  (as was already indi- 
cated by observations oi' Dr. Elder) only those 
cggs developed into larvn: i n  which a sperm 
nlicleus waC3 fonnd, while the  cpgi  w l ~ i c h  
forrned membranes wil,hout developing did not  
contain a sperm u ~ ~ c l c u s .  The  writer found, 
also, tha t  whcn the  concentration of Nal-TO 
and CaC1, uqed was conlparativcly high a 
sniallcr proportion of the eggs with rncmbranes 
developcd than  when t h e  concentration was 
low. This  was easily understood on tlre as-
s ~ ~ r n p t j o nthat  the  adclitiun of KaTIO as well 
as of CaCI, to the sea-water incrcasetl the ad- 
hesion of t h e  starfish sperm to the jelly of the 
sea urchin egg, tlnls allowing the spcrnl t o  
induce nlemnbranc formation, b o t  preventing 
or rendering dificult i ts entrance into t l ~ e  egg. 

It occurred to tlie v r i t e r  i h a t  if thi.: as-
sumption was corrwt sea urchin eggs which 
hacl been d e p r i ~  ed of the surrounding jells~ by 
a treatment wit11 hydlocahSo~*ic acid .cllould all 
clevclop w l ~ e n  fertilized with st'drfi iI1 sperm 
and tha t  they shoulcl no longer sklow a mere 
membrane forlliation without dcvelopmerit. 
This  was l o m ~ d  to be true. Sea urchin eggs 
( p u r p t ~ r a l ~ ~ )were dcprivcd of their jelly and 
several Lours or a day latcr fertilized with 
starfish sperm i n  sea-water to  which some 
CaCI, and N a H O  had Gcen added. Often as 
many as 50 per cent. of the eggs forrned mern- 
brancs and practically a11 developcd into 
larviz; wliilo the egg3 o l  the  sanlo fei~lale  not 
deprivecl of jelly when fertilized under the 
same conditions would all form membranes, 
but  with a very slliall percentage of eggs de- 
veloping into larvze. This  indicates tha t  Ca  
and N a H O  rnay increase the  adhesion of the 
spermatozoa of the starfish to  the  egg jelly of 
the  sea urchin. It does not prove, however, 

tllat this increase of adhesive power i s  the 
factor by which tlrc CaCl, and NaIIO influ-
c1rc.e the entrance of tho sperlnatozoo~i illto the  
egg. Tt is  possible that  i n  addition these two 
substances also influenec tho surface concli- 
t ion of the egg by increasiilg the  fluidity of 
the surface of the egg, thus favoring the 
ilireailing of the fertilization conc of tlrc egg 
< < r ~ ) u n dthe spcrmntozoa. 

5. The question ariscs whctlier or not the 
uddition of CaC'l, and of bases favors thc phc- 
nonlenon of sperm agglutinationl caused by 
the supernatant sea-water of the cpgs of thc 
samc species, which F. TAillie has discovered. 
This is  not very probable, since thc addition 
of N a R O  t o  sea-water slioTtens t11c dura t io l~  
01the : ~ g g l u t ~ r r a t i o n ~  likearrd therefore act.: 
a n  " antiagglutinin." I t  is t ruc t h a t  thc adili- 
tion of &'aCI1 favors the agglutination, but, so 
does tlre addition of NgC1,; yet the latter sub- 
italice without, the presence of CaCI, or the  
iitlditiolr of a base does not r ~ l a l ~ l e  tlre spermn- 
tozoon to enter the egg. 

It is, however, possible, if not probable, that  
sonre specific substance i n  the surface of the  
egg or sperinatozoon or of both may also air1 
in the entrance of the spermatozoon into an 
egg of ils own species. Jf this be true, i n  cer- 
ta in caws a n  csceqs of nlliali or of GaCl, rnay 
colnpens~tet o  somc clcjire~ Il-ie l a rk  of specific 
substances fo r  the entrance of the spcnnato- 
xoon into t b e  egg, e .  g. ,  i n  tho fertilization of 
the egg of the sea urchin by thc sperm of star- 
fish, brittle stars, llolothurians ant1 others. 

JACQUESLoss 
THE R~CKCFET~T~ER FORINSTITUTE 
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1 On tlle basis of observations on the sperm of 
pzirpuratus tllo miter  nas  dou11)tful wl~ether tho 
spcclfic cluster fornlation o f  the sperm canscd by 
the supernatant sea-n7:ttcr of the eggs of tlre sanle 
speclos was a. phenomenon of agglutination or a 
t~opistic reaetion. In il rbacia tllc agglutinnt~on 
is much lrlore plonol~nced than in the caw o f  
2~u~pt~ratus.The surface tet~sion pl~cnomena 
whiclr the nriter desc~ibed may therefore iind their 
cxplanation on the assomptlon of an agglutjnation, 
at least in the case of Arbacia. 

2 The Journal of Expcrimcntal Zoology, Vol. 17, 
page 123, 1914. 


